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33 MH: EISA i486:• . 5 MH: EISA i4 6. 

• Imel &.'486 microproc""°r running at • Imel 4 mkropnxessor running at 
33 MH: with IZ KB external each<!. 25MH:. 

**Commncial uase Plan. uase for Commttcial Lease Plan. Lease for as 
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HM H: 3 .'" 16 MH: 386SX. 
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at 1 ~IH: . 20MH:. 
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40. • ICO, 190, 33 and 65 MB hard 	 a\-ailable. 
dnw configurations 3\dilable. 
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at 12.5 MH:. ar !6MH:. 

Commercial Lease Plan. uase for as Commercial uase Plan. uase for as 
""''as 559/monrh. Low as Sll21moruh . 
. l 	 ~ IB \'G._ Monochrome • MB, I MB RAM SZ,999 

"1 rem Sl.549 4(1 MB hard dri,·e configurations also 
Price li·ied includos I MB of R.AM.• a'ailable. 
ZO, 40. 80 and 100 MB hard drive 
configurarioru a'-ailable. 
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Ifall you're looking for i a cheap 3 6 ·· ysrem, 

you wont be disappointed. You' ll et a cheap 3 6 

system. Probably with marginal ervice. From 

a company that was born e terda). 

On the other hand, if 

you want a 386 system from 

a worldwide compan) that 

provide instantaneous ser

vice, and has won eioht PC 

Week Corporate Sati fac

tion Polls for PCs, call Dell. 

The clincher is, you'll 

spend roughly the same for 

a great Dell '"386 PC a a 

cheapo 386 PC. 

Our new 386 systems even pull a fast one 

on pricier computet'S. Both the 25 MHz Dell 

System 3250 and 33 MHz Dell Sy tern 333D are 

TOORDER, CAU. 

HOORS: 6AM-9 PMCTM·f SAM-4 PMCTSAT. 

In~ X'· j.)1)2. lnthtC.K.~\! iHSlS lnfun.::c 
1113"0.60. IX ln~ny~IOJ'iJl~.lnS.~iif\.'·iUX. Each holds up to 16 MB 

of RA on the ystem board. Which keeps all 

six slots free for expan ion cards-enough for 

even the most peripheral-happy people. 

The new Dell 3250 is a fast, reliable machine 

with a 32 KB cache, LIM 4.0 hardware support, 

an integrated 16-bit VGA controller that supports 

GREAT COMPUTERS,
GREAT SERVICE,
GREAT REPUTATION,
GREAT PRICES. 

fa ter an more ex

pandable than most 

h igher priced systems. 

up to 1 24 x 76 re elution, pa sword protec

tion, a software controlled re et switch and 

a P /2 compatible mouse port a tandard 

equipment. All of which i de igned into a 

compact footprint. 

The Dell 3330 is as good a a 3 6 PC can oet. 

THE :--JE\V DELL SYSTEM 3330 33 1- !H: 3 AN D THE 

NEW DELL SY TEM 3250 _5 MH: 3 6. 
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33 MH: tl lDlcr 25 MH: (l!'D). o;. ~IBllurJdi>kdm·••· 
• P.iige- m.xk 1nttrlQ\·cJ memorr archi:cc rt. • I par.did. ! ..,nal. I'S _compan~k moo."' 
•S<anJarJ I ~ I B oi R."\1. opt~onal l MS rorc. alt tmegr.u.J. 
o' 1 MB ' R..\~ t· txp>nJ.,~leto It> \!B •Sman\U-3J,;mc.:-J " tcm.s J1.32ncH1c 
oo i-\ em t<oard. d~~ 

• lm>CgratN \U~ contn.llltt "1th I'2 · x i6S • I~ ·INnth On·S1tt 5.=f'l.'K~ G.mrract 
wrroo:- r:\Jl.·.&J (-,;-Xtmx=

• 64 KB (3330) od : KB (31'0) lul)!\·'f"<d 
SR.->c\!. 

• - ~kf~ for Intel ... , ; ~t \VE1TEK .3161 
mathc~~r. 

• i25"'1.Z ~1 Bor .-.. 1. 44 !\1BJ ·er~Jnw,. 4" ~IS \ 'G.\ a.&.,r Plus 
• 6 mdumy ,nJ3,J <xponsoon slob. s . ·99 52.999 

ADCODE ll ELO Pnceo inclw• I ~IBoi R..\\I. 
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HERE'S OUR NEW STORE, 

SO YOU'LL NEVER HAVE TO GO 


TO THEIR STORE AGAIN. 


When you buy from a traditional 

computer store, here's what you get: 


A beefy retail mark-up. 


Pressure to buy something you 


don't want. 

That crummy feeling of not knowing 


what you're getting, because the salesman 


isn't sure what he's selling. 


And, when there's a problem, some 


guy with a screwdriver taking your 


computer apart. 


When you call Dell, on the other 


hand, here's v. hat you get: 


A frank talk with experts about what 


you need, and a recommendation about 
 THE NEW DELL SYSTEM" 3330 33 MHz 3 6. 
STA~DARD FEATU RES: 

• lntd• ~ J..."'6 mKrt)f'f'C t ~r runn1nea:. B \!H:. • Pl~~ mcl:'rle-l\bl m..:~ .:ll\:hma::rurt. • S<~n.J.MJ l :i..tB ..:iiR°'~1.the best 
TO ORDER. CALL ~1h~g~1.~j ~~"\~~~~'~,i~~ lbj~1~~1tEK11~7~-~~=~ \~~if~~·~1B~1J~~,~ !.~ ~ir· 

~bkt1tt dm'f'. • iri 1ndu_'-f.t'\ ~nJ.trd i::qwm.:in ~ll<l lrii."f' to-lm ,i.'l"k ~bt\. · HiJ,.+i·rcrfvrm.1ncc- !DE ( MB. "MB. ll\."'I MB. 
t9C ~181anJESDl13 ':\tB.6 ·o~!BI h.1rJJt~kJme"". • If\lr:t lk~ f'.'ll't . ~ <n.11 r«l>· - ~ c.:imJ\11·LNcm.~r(~t ..1ll 1ru..1.'f'.ucJ.overall packagesoo,365,14so • Snl3n.\\J ·• .,~J,-.lJ'k':~ S\"!-t11:m Di :ntbtlC O\'{'b\. • 12-mi;'lf'lth On·S1t(' $:r\·.c11: G..onrrxt J"fO\·Jtd k Xcro:ii:.
;c MB \CA Cdor Plus 1 "m ;;i.;w 
~L.i'.kN 1ncl...b I MBol RA~I. . &'. I(\). 19..\ Jk\ anJ 0. h.inl Jnw ccmngur.n'<I> I AD CODE ll ELO

for you. 

Custom configured y tern te t, an hipment b two-day 

configuration, with options including monitors, air standard. 

memory sizes, software, accessories and peripheral . A 30-day, no que tion a ked, money back 

Service-often voted the best in the indu try guarantee. 

-by computer experts who know our computers A one-year limited warranty. 

inside and out. And a great price, with no retail mark-up. 

A variety of financing and leasing0 options. Call u now. Why waste a trip when everything 

A firm promise to build your computers, a you need is right in from of you? 

http:S<~n.J.MJ
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UH, 

UH, 

UH,

GREAT PRICES. 


Not only is it 33% faster than the Dell 325D, 

it also has a 64 KB RAM cache for an extra kick 

in performance. 

We design etieJ)' machine to om· specs, then 

build it to yours. Wh n you call u , we take 

y u through all the choice you have in memory 

sizes, monitor , t rage devices, high perform

ance controllers and accessories. We'll help you 

decide exactly what you need, then cu tom 

build your computer and do a full) configured 

system test before we send it out. 

Then you get 30 days to use it. Ifyou aren't 

completely sati fied, send it back. We'll return 

your money, no que tion asked. 

Even if something goes wrong, it 100n't 

tvreck )'OUr da)1• Both the Dell 325D and 333D 

come with the built-in SmartVu" diagnostic 

display, an ingenious device 

that identifie problems 

even if the monitor goes 

down. 

1f you need help, the Dell 

toll-free technical hotline 

olves 90% of all problems 

over the phone, often within 

4 or 5 minutes. 

Ifwe can't solve it 

over the phone, a trained 

technician from Xerox will be sent to your 

de k the next business day with the solution 

in hand~ 

For sale,fo1· leaseJ fo1· less. Call us. Talk 

to a computer expert whose only job is to give 

you exactly what you want in computers, 

service, oftware, printers and financing. You'll 

get solid information that could save you time 

and money. 

Call us now. You'll get a great computer. 


With no "uhs'' about it. 


DELL 
COMPUTER 
CORPORATION 
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33-MHz 386DXw, 

EISA. .. $1995 


TheALR 
BusinessVEISA 


See us at 

©(~fM~~~~OFall '90 
Booth # 1886, Main Hall 

It's What You Need 
to Thrive in Today's 
Hostile Business World 

It's a sink or swim world out 
there. and if you don't take 
advantage of the latest in today's 
technology. your competition will. 
To survive in a sea of reduced 
budgets and accelerated time 
schedules. you need a computer 
that's both inexpensive and fast. 
You need a system that will 
exploit the best of today's and 
tomorrow's technology without 
exploiting your budget. You 
need the ALR BusinessVEISA. 

One of the easiest ways for your 
company to remain competitive 
is to reduce its spending: that's 
why we've priced the 
BusinessVEISA Model 101 at 
just $1995. With its 33-MHz 
386-processor and its advanced 
32-bit EISA bus. the 
BusinessVEISA gives you all the 
power you '11 need to devour 
today's most advanced business 
applications. 

Designed to survive the chang
ing tides of your business envi
ronment. the BuslnessVEISA 
can take advantage of both 
standard 8 - and 16-bit add-on 
boards and advanced 32-bit 
EISA enhancement products. 
This powerful system can feast 
on the latest in today's and 
tomorrow's high -speed I/O and 
multimastertng technology. 

As you conquer new territories , 
your BusinessVEISA can 
expand its jaws to accommo
date i486 power. Just Upgrade 
the CPU! TM Simply plug in an 
ALR VEISA 25 or 33-MHz i486 
CPU module to boost your per
formance up to 270%. Then 
watch your competition scatter. 

Don't ignore your killer instinct. 
Call ALR today. 

1-800-444-4ALR 

Hunt for the Real 32·blt System 
ALA AST' 

BuslnessVEISA Pramium "'11 

386133-10 1 386$Xi1 6·5V 
Archil&eture 
CPU Speed 

VEISA 
33·MHzol 

CUP1 0 · 32?~ 
16-MHz 

CPU 3860 Xol 386SX 
Data Path 32-Bllol 16·Bit 
Memory l·MB 1-MB 
Bus 32· B II EISAol 16·Bil ISA 
List Price $1995 52495 
Price of 25-MHz 
1486 Upgrade $ 1995 S•895 

Just Upgrade the CPU! ™ 

AT 'R 9401 Jeronlmo. Irvine. CA 92 7 18 

A.It/:_..~ (71 41581 -6770 FAX:(71 4) 58 1-9240 


Available at these selected resellers: 
ConnectingPoint·::an· emp ~ 

COr.\PIJTU ClNT!l>S 

Prices and configurations subject to change w~hout notice. Prices based on U.S. dollars. System shown with optional monilorlgraphics adap1er and 3.5" floppy. VE/SA. 
Business VE/SA. and Just Upgrade the CPU! are trademarl<s ar>d ALR is a registered trademark of Advanced Logic Research, Inc. All olher brand and product names are 
trademarks or registered 11ademarks ol the ir respective owners. Shark photo: Ron Taylor/ Tom Stack & Assoc. !01990 by Advanced Logic Research. 
AST, we saw your mailer. Would you like some ol our proCluct literature so you can get your information right next time? 
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6.0 AND COUNTING! 

Integrate sophisticated features 

into your Microsoft C and QuickC 
applications with 

CTOOLS PLUS/6.0™ 
C TOOLS PLUS version 6.0 is filled 

with many advanced routines for 

developing high-powered C applica

tions, including: virtual, stackable 

menus and windows with full mouse 

support and optional 


or 

"drop shadows"; multi

ple virtual pop-up 

help screens; a min

iature multi-line 

editor for gathering 

user responses in a 

robust fashion ; a 

single function call 

which can move, resize , 

and promote a window ~.....,. 

menu on top of all others; the 

ability to update covered windows 

automatically when they are written 

to; support for EGA, VGA, and 

MCGA text modes including 30-, 43-, 

and 50-line modes; support for the 

enhanced (101/102 key) keyboard. 

All this and more for only $149! 

C TOOLS PLUS/6.0 also contains 
functions for writing interrupt 

service routines; creating pop-up 
memory resident applications; 
general memory "peeks" and 

"pokes"; access to the DOS PRINT 
utility; as well as many other 
general utility functions and 

macros. 
COMPLETE PROFESSIONAL 


PACKAGE. 

Blaise Computing's function 


libraries offer easy to use solutions 

to your programming needs. You 

get source code, complete sample 

programs, and a comprehensive 

reference manual with extensive 

examples. Supports QuickC and 


Microsoft C 5.0 and later. 

30 DAY GUARANTEE. 


If during the first 30 days you are 

not completely satisfied, we'll 


refund your money. 

Other powerful products from Blaise 
Computing 
c ASYNCH MANAGERTM 189 
ASYNCH PLUSTM 189 
VIEW232rn 189 
POWER SCREENT" 149 
Turbo C TOOLSTM 149 
POWER TOOLS PLUSTM 1491 
Call today for more information 

(800) 333-8087 
BLAISE COMPUTING INC. 

2560 Ninth Street , Suite 316 
Berkeley, CA 94710 

(415) 540-5441 

FAX (415) 540-1938 
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JERRY POURNELLE: 

lOYEARS 


AND COUNTING 

There's a lot more to 

BYTE's senior contributing 

editor than just his column 

H
e's been called "the world ' s 
most popular computer colum
nist," and with justification. 
Jerry Pournelle's columns ap

pear in dozens of countries , both in En
glish and in a variety of other languages. 
He has fans from Michigan to Moscow, 
from Kokomo to Kyoto. 

As a BYTE reader , you probably al
ready know why : For the last 10 years, 
Jerry's blend of hands-on, first-person 
experience with every conceivable kind 
of hardware and software has provided 
some of the most entertaining and infor
mative pages in BYTE each month. 

But there 's a lot more to Jerry than his 
column. You've probably either read or 
heard of a number of Jerry's best-selling 
books (written alone or in collaboration 
with Larry Niven and others), including 
The Legacy ofHeorot, Footfall , Oath of 
Fealty, Lucifer's Hammer, The Mote in 
God's Eye, and many others. Jerry's list 
of published works would more than fill 
the space we have here; over 20 books 
are still in print. 

A native of Shreveport , Louisiana, 
Jerry earned a B.S. in psychology and 

mathematics, an M.S. in experimental 
statistics and systems engineering, and 
two Ph.Ds: one in psychology, the other 
in political science. 

With that broad a background, it's eas
ier to understand how Jerry has ended up 
employed by agencies as varied as the 
City of Los Angeles, Pepperdine Univer· 
sity, the U.S. Air Force, North Ameri
can Rockwell Corp., and Boeing Aero
space Corp. What's harder to understand 
is how he did it while still developing a 
world-class writing career. 

But wait, there's more: Jerry 's also 
made time to chair the Citizen's Adviso· 
ry Council on National Space Policy, and 
to be a consultant to the trustees of the 
California State Universities; a member 
of the Board of Visitors, Department of 
Mathematics , University of Texas; and a 
member of the advisory board, Lowell 
Observatory, Flagstaff, Arizona. 

Jerry was one of the first authors to use 
a computer for writing both fiction and 
nonfiction (see "Writing with a Micro
computer, " onComputing, Summer 
1979). His work began appearing in 
BYTE just one year later. 

We're pleased to be able to bring you a 
writer of Jerry's caliber each month. If 
you're already a fan, watch for some in
teresting, positive changes in the column 
over the next few months, as we usher in 
Jerry's second decade with BYTE. If 
you're not reading Jerry , do yourself a 
favor: Check out this month s column. • 
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NewFoxPro 

Shifting tire Balance OfPower in Database Management 


There· a ne\ leader in the relational database manage Nothing is Faster 
ment world. It name i FoxPro. 

Fox Software product are famous for their 
FoxPro is the fir t and 011 /y mi rocomputer database unmatched execution peed. FoxPro extend that 
management y tem that combine a toni hing per tradi tion. 
formance with a sleek interface of amazing power and 

FoxPro is up to eight time fa ter than dBASE IVbeauty. 
more than 15 time fa terthan dBASE Ill PL S! 

• FoxPro offer al I the elegance and acces ibility of a 
And that blazing peed translate into unprecedented graphic- ty le interface. yet operate at the tunning 
power. 'ow you can efficiently proce gigantic·peed po ible only with character interface . 
databa e with hundred . of thou and -e en 

• FoxPro is so ea y to learn and u e, even beginner millions-of records. 
can become productive immediately: yet it ' powerful 
and ophisticated enough to sati fy the need of the most demanding 
developer and power-u ers . 

• FoxPro give you choice in tead of limit : u e a mou e or a 
keyboard: type command or u e the object-oriented interface; run in 
one window. or hundreds. 

• Fox Pro i o efficient. it run in a 512K PC-XT. yet it' able to take 
ad antage of the speed. expanded memory and extended video 
mode of the most advanced machines available . You don't e en need 
a graphic. card or pecial windowing oft ware. 

Protecting Your Investment 
\: ith FoxPro. your exi ting FoxBASE+ or dBA E l!I PLUS pro
gram will run perfectly-fir t time. e ery time. no excu e . And 
FoxPro i language-compatible\ ith dBASE I . But FoxPro doe n't 
top there. It ha over 140 language enhancements not found in any 

ver ion of dB SE. We ' ve outdone our elve by adding more than 
200 language exten ion. you won't fi nd in Fox BASE+ . 

Best of all. FoxPro open up whole new world for your application 
by letting you move them onto a variet of different platform . 

The Tradition Continues 
Fox So f t\ are is committed to 
excellence - our pr duct pro e it. 

We· e been producing ·uperb databa e 
management oftware since 1983. And 
our product for both the PC and the 
Macinto h continue to win awards 
world~ ide. 

We've taken everything we kno about 
oftware engineering, databa e and 

interface de: ign. and focu ed it into 
one remarkable pr duct - FoxPro. 

FREE Demo D isk 
Shift the balance of power in your favor 
by trying FoxPro for your el f. 

Cal l (4 19) 874-0 162 now to get your 
free demo di k . Or ask for the FoxPro 
dealer neare. t you. See for your elf: 

othing Runs Like The RJx. 

System Re quirements: FoxPro operme.• in 
512K RAM (6-101\ reco111111e11dedJ 1ri1/r /lfSIPC-
DOS 2.0 or .~remer mu/ 0118086/ 0 . 80286 
or 03 6 microproce. •or. For op1im11111 per· 
fomumce. Fox Pro 1oke.< co11111le1e 11t/1·<111tt1/W of 
<my al'(1i/able EMS (1?.\f>a11tletl memoryl or a 
math rn11roceuor. 

Tratlemark/0 11·11er: Fo.rPm. FnxBASE+ IFox 
Suft"'are : t/BASE Ill PL US . dBASE / VI 
Aslrwn-Ttue. 

Fox Software 
Nothing Runs Like Tire Fox. 

FoxSoftware.lnc. 1-H9)l!7-t-016~ 
13-t W. South Boundary FAX: 1-t 19> l!74-X67X 
Perry~burg . Ohio -t355 I Tele\ : 650JO.JOX~7 FOX 
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Word forWmdows redef 


See what you do. 
With editahl.e WYSIWYG, you can see 
and edit text andgraphics formatting.
Virtually everythingfor that matter. 

Right on your computer screen. 

Don't get tied up.
Tahles make it easy to format 
numbers and words into rows ____ 

and columns. Ali without 
using the tah key. 

Cut comers. 
Cut and paste words, graphics, 

whatever. On your screen. Without-----------
an endl.ess string ofcommands. 

.... r1 ,... ..._____..____...._... __,,.._..__ 

.. 1..··--~:r-. ....__ 
,._,_.. ___.,......., .. .._ 

...........~-"-~ 

LTIVE Sl.!.\61AJU"l lllTlillltlrtw1n 

1• ;tf11'
~- ..... u .. ---. .. -- - ..... ____ ·--- --·-~·--

!'lo.-->#- ·--·...._...,.,..,.,...,._..._____,<II___ ·----.....-·-----·--..... ~ ·---.. _,.._______,_______..~'" 

:::-=:;.: =::.:~::-=...._.,. __ ,____ ,, .....__ 
.. _. .. __ ... -----··--.. -·---"---_... _____ 

Look like a professional.
Because weVe taken the hard work out ofthe process, 
it's easy to create professional-looking documents. 

Making something else look professional. Like you. 



mes thewordpro~I 


Just say the word. 
Microsoft Word for Wimrows:- The 
best thing to happen to word pro

cessing in quite awhile. Check it out. 

Save time. 
Document Templates make it 

quick and easy to create 
standard letters, memos and 

~~----------mor~Ensuringconsistency. 
As well as company standards. 

Something for nothing.
Get afull-featured Working Modelfree~ 

Call (800) 541-1261, Dept. M99 

Tailor your documents. 
With apoint and click, icons on the Ribbon and 

______Ruler allow you to fashion formats from basic to 
sophisticated. You can even save these formats as 

apersonal style or company standard. 

Mietosoff~ 
Making it all make sense~ 



EDITORIAL • Fred Langa 

LAPTOP TROUBLES 
AND TRIUMPHS 

Business practice
not technology-is now 
the impediment 

I 
Jove laptops . Given enough funds , 
I'd go for laptops the way lrnelda 
Marcos went for shoes. 

The list of portables I ' ve owned 
or used stretches back to the days when 
(figuratively speaking) computers were 
made out of animal bones and plant 
fiber. In fact , before there were por
tables, I routinely went on the road with 
an Atari 800, two external floppy disk 
drives , an acoustic coupler, a dictionary
size "interface box," and a shopping bag 
full of cables and brick-size power sup
plies. I had more than one chat with hotel 
security when maids panicked at the 
sight of the wires and boxes covering a 
room 's spare bed . 

A Winner 
Things got simpler with the first true 
portables and then , some years later, 
with the first laptop-the Tandy Model 
100. I still have my original MlOO, and I 
use it on trips where I am unwilling to 
risk loss or damage to more recent equip
ment, or where power supplies are a 
problem. 

Other Contenders 
I've had other memorable machines , too . 
The almost-compatible Data Vue, for ex
ample, stands out because it kept me up 
and running during the power outages of 
hurricane Gloria some years back. But 
the DataVue's idiosyncrasies meant that 
I couldn ' t telecommunicate the work I'd 
done, thus negating one of the prime rea
sons for having a laptop. 

Also-Rans 
Way back when , I had a brief flirtation 
with the almost-legible DG One, but I 
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decided that I really needed to be able 
to see what I was working on . Very re
cently , I tried lugging a 12-pound VGA 
laptop, but decided my arms were al
ready long enough . Other machines had 
great screens but nonstandard micro
floppy disks or powerful CPUs but pric
ey ROM-card software. 

Still other laptops seemed great in 
office settings, but they turned out to be 
usele on planes unless the person in 
front of me sat perfectly upright- if he or 
she tilted the seat back, it would fold the 
computer's screen shut. Palmtops were 
either too tiny to type on or too limited in 
use to fully replace a "real ' computer, 
even though they may excel at replacing 
paper-based pocket diarie , agenda 
booklets, and to-do lists. (And "excel" 
they do: A pocket computer such as the 
Sharp Wizard can be a perfect accompa
niment to a full-blown portable.) 

No More Compromises 
This theme-having to make substantial 
compromises when computing outside a 
traditional office setting-has been con
stant. Until now. 

Starting late la t year , laptops shed 
their last real technological hurdles. 
Smaller than ever, lighter than ever 
faster than ever, today's laptops (yes , I'm 
including the subclasses of notebook and 
palmtop computers) now truly can offer 
full-function portable computing with 
very few compromises. (Check out the 
cover story on the Compaq 386s/20 and 
this month's review of the Texas Instru
ments TraveJMate.) 

But there 's still one persistent catch . If 
the new crop of laptops is making you 
think of taking the plunge, it's ome
thing you should be aware of. 

It's human behavior-specifically, of
fice decorum and the etiquette of busi
ness meetings. Take notes on a piece of 
paper , for example and no one cares; 
take notes on a laptop , and the novelty of 
it can cause a commotion; the mere act of 
computerized note taking can pull a 

meeting offtrack-your use of a portable 
computer actually decreases productiv
ity instead of increasing it. 

Ifyou are making a presentation there 
is a similar problem: Speak from notes 
and your audience will listen to your 
message- but refer to notes on a laptop 
screen, and for a few minute , at least 
some in your audience will pay more at
tention to how you're delivering your 
message than to the message itself. 
That's a sure way to torpedo a presen
tation. 

While tho e can be serious problems, 
there are smaller snags , too: Working on 
a plane , if you write a memo in longhand 
your concentration will be undi turbed. 
Try typing on a laptop, and you can ex
pect friendly interruptions ("Heyl What 
is that? ' ) from your seatmate and from 
people walking by in the aj le . 

Problems Become Moot 
Of course, handwritten notes always can 
be rekeyed later. A speech given from 
note cards may well be better than one 
delivered from a laptop , because you 'll 
be able to walk around instead of being 
tied to a podium . And answering the 
question of curiou airline seatmates 
helps spread the word about computers 
and introduces a new set of users to these 
amazing machines . 

As more laptops move out into the 
world , the curiosity factor will diminish. 
and computers will become as accepted 
in boardrooms, on podiums, and in pub
lic transport as they now are on desktops . 
But for now, the relative novelty means 
there will be some inconvenience, and 
you may not immediately get all the time 
and productivity gains you hope for. 

Personally , I think it ' s a small price to 
pay for the huge gains that are to be had. I 
cant imagine traveling without a lap
top-and once you ' ve tried one of today ' s 
slick new machines, neither will you . 

-FredLanga 
Editor in Chief 

(BIX name ''flanga ") 



Limited time offer to owners of Microsoft C 


Borland's Turbo C++ Professional 

"Everything you always wanted 


in aCcompiler and more" 


Special upgrade offer for 
Microsoft®& owners! 

Are you ready for an upgrade that 
conforms 100%to ANSI C give you 
C+ , doesn t skimp on documentation 
featu re a fast reliable programming 
environment and provides the com· 
plete tool et nece ary to maximize 
your productivity? Then its time to 
make the move to Borland. 

And the time to move is now. 
We're offering Turbo C+-r- Profe sional 
to owner of Micro oft C or any 
PC.based C or CT+ compiler for 
only $14995.* 

Compare the features. 
COMPILER MSC 6.0 TC•• Pro 
C-r-t NO YES 
FuUA.t'lSI C NO YES 
Transparent overlay 
manager 0 YES 
Com plete printed 
documentation ~o YES 

ENVIRONMENT 
Overlapping windows NO YES 
Mouse suppon YES YES 
Integrated debugging NO YES 

TOOLS 
Debugger YES 
Profiler YES 
Macro assembler YES 

Turbo C++ Professional 
beats Microsoft C6.0. 

FMath 
~- 23.62 

- 24.33 
" 55.75 
~ 125.63 

String 
~ · 5.33• 5.35 
S  24.03 
~ - 24.03 

!Math 
51 I 4.34 

I 3.92 
s 
~ - 24. 25 

56.22 • re++ Pro 
• MSC6.0 

Files 
Soorce:)::I 30.59 
PC lASs34.03"' 
Bene mar s40.82s 
August, 1990~ 48.69 

Perloonance ,,,.su.&s: 

.fXE size given in 1 • •ipeed given in secornis. 


u.;'9• 16Mhz 386, tlMEMdri<et o.-.dPC-OOS3.3. tbd dislcr.dRMI 

disk opimized belw..., les!S; roropilod boncf.mad: programs M lrom RMI 

dill. Eod> comp<1es wm oplimiud le< speed. 


' ... if you want an excellent A I 
compiler with integratedenviron· 
ment overlay linkage, profiler, 
a embler,andan award-winning 
debugger- not to mention Cand C++ 
upport- look no further: Turbo C.,.+ 

Profe sional i here. 
- PC Magazin e, Augu t 1990 

Step up now to 
Turbo C++ Professional 

for only $14995 
That's half the suggested retail 
price of $29995. 

If you're not convinced that 
Turbo C +Professional is the best 
upgrade to icro oft C5.1, ju t 
return the product for a full refund. 

To order 

SEE YOUR DEALER 

(bring proof of ownership) 

or call now 

1 (800) 331-0877 


TURBOC++ ~ 
PROFESSIONAL 

1Mf'1SlllJ!l).~'lC•• 

F~l'M-ll'tutfOUO~'ltl~<o'G 

TURBO C++ 
PROffSSIONAl 

I 0 l l A II' 0 

B 0 R L A N D 

Makers of Turbo C+-, Turbo Pascal,® Paradox,®Quattro®Pro and Sidekick® 

·. I 'PTOQilol~D a'ICf~~ 1"'3\JiS.i;.i!~O'OiSi tl'ctroil,ver$01 ·S ' t®ieG or~~·es.~-oei 31 '990 ~l}OOIJ s ¥"1~¢/ Speoa ™Slcrttg$el!G i.rl>l"' CtrN!"e'S411'2"1?..D<! rr.Sct~ ~k .ctl)!tSlO
Code C13 S:t~ e.-~-w 1ne POS.11;660001 Sam ~f1 0.95067.000 AoaS.SOOk>r$1'l'"'h1QNC~t10P~ CA..CTG/\IL UAM1.NY. Ot1. P' w.~w;..~easeaaoat"?1"Y..a".tsa..~ta,.fflr1n~sru.s.11tli~US 
~-~· CO J.!08.l ~38-5300 \ctio C.,..+ ~ i.IDO l¥~ •e l'l'aGer.;irts ot ikrien) rtet"ratCflil."" C.CC/1"9"' Clt9'90 Btl.&\'l lrW"ol:Wl, Q; A r-.gu 1eserveo Bl 36.2 
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•Fly Ill bigger skies . 

Tir e 16" .lfo //i ync J, D and io• 5D monitors. 

0 111· larg st l1igh-1·esolutio11 color mo>1ito.-s. Digitally conti·olled . th 4D support· \"GA through /O'l4 x 76 . tire SD. up to 12 Ox 1024. 

It's a matter of space . And pace. 

Your ideas could use as much of both as they can get. Which is why 

you should consider upgrading to one of our larger MultiSyn e moni

tors . Then you can add the best graphics accelerator you can find. The 

Multi Sync Graphics Engine·· Board, to name one prime example . 

Together, they'll increase your system's productivity immensely, by 

Compu1ers and Communications 



On afterburner. 


Th Multi ' y>1c G,.aphics Engi •i Boa •· d. Uses 50 MHz T.\l 8~010 g •· aphics prncesso>" to acce/el'(l/e so/Iwate applications a much as 900 %. 

allowing you to put far more information on your screen, far faster. 

We're talking more windows. More words. More detail. 

Above all, more speed. 

Interested? Call 1-800-FONE-NEC for technical information. Or 
·...~ '.. ....... ,_, ....- -. . -.... ...~ 

1-800-826-2255 for literature. In Canada, 1-800-268-3997. We'll show 
, ,\'t"l"I '"~~ ·• ·.E.: •,. • •. , 'I'>. •.I. '· ; 

you how to give your productivity a major boost. 
~''" •'" •.• ~- •• ~•·.< •. ·~""" NEC 
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If you want the ultimate VGA graphics standard, and you 've resigned yourself to paying a premium of hundreds of 
dollars to get it, you 'll find our newest monitor pleasant viewing indeed. 

The P'anaSync Cl381 gives you a sharp 1024 x 768 pixels with 0.28 dot pitch. And virtually infinite color re olution. 
It's compatible with the most popular VGA boards as well as analog RGB MCGA, SuperVGA, and- of course -8514/ A 

standards~ 
It's comfortable in virtually any IBM-compatible or Mac II environment.•• 
And it"s a masterpiece of ergonomics. With front-mounted controls, tilt/ S\vivel stand, plu a non-glare tinted black

matrix screen. 
Peripherals, Computers Printers,Al l this at a suggested retail price comparable to many 

of the ordinary VGA monitors on the market right now. For Copiers, 'fjpeul'fiters and Facsimiles 
more information simplycall toll-free 1-800-742-8086. Panasonic 

Office Automation~ 
~ync"'Multiscanning Color Moniiors. 

• 	l'Gl. .I/CG-! and 8514/A are trade
marks ofln1PT111Jlional Business 
.lfacbines Corp. 

• • JB.11XT, n and PS/2 are regislen!d 
trademarks oflnlen1ational Business 
.llachine.s Ccrp. Macintosh is a reg
islerf!d trademark ofAPPie Computer 
Inc. '111 optional cable is requitr'd

(Mac SE) (Mac II) (IBM XT/ AT & PS/2 Model 30) 	 fer ,l/aci11tosh. 

.11.l ·B Circle 276 on Reader Service Card 



Dorlt lool( nqw, but 
moving on 

Suddenly, IBM Personal System/2®s with the new IBM CD-ROM that giv s you the 
Micro ChannelN on desks everywhere are exhib torage equivalent of over 400 diskette on 
iting some pretty wild and 
wonderful tendencies. They're 
creating incredible on-screen 
presentations. Interactive tu -
torials with full-motion video 
and stereo sound. Graphics, 
text and animation in har
monious coexistence. What 
makes it all possible is the 
multimedia capability of the 
IBM PS/2®with Micro Channel. 

MICRO CHA NEL 
MAKES IT LOOK EASY. 

The PS/2 itself i 
designed to put multimedia 
applications to their best use. 
Micro Channel ha always 
given the PS/2 extremely fast 
data rate and better 
multitasking capabil
ities. But in multimedia 
applications, it really gets 
a chance to hine. 
The multilane highway 
design of Micro Channel 
Architecture is perfect for 
processing complex multi
media applications. 
Mo t conventional 
PCs just don' t have 
the power or the 
data paths to do it at 
all. Plu , Micro Channel 
in the PS/2 lets you use 



- - ---- - - ---------

there's somethi 

a ingleCD, o you can have acce to all kind 
of data-inten ive material like clip art and dig
ital tereo sound. 

Do IT ALL.ALLATO CE. 


With a P /2 with Micro Chann l you can 
tart u ing ome hot products right now. On 

i IBM udio Vi ual Conn tion~ It' both a 
software and a hardware tool that allows your 
PS/2 to import high-qualit audio dazzling 
still images, even special effects, a well a te ' t, 
graphics and other 
data. Then, you can 
edit and present it in 
an combination you 
like right on your 
PS/2 creen., share it 
with a network or pro
ject it on a wall. It' impre sive, but don' t take 
our word for it-IBM' Audio i ual Connec
tion received PC Magazine' Techni al 

cellt>nce ward for 1989. 
nother exciting multimedia product 

i the IBM M-Motion Video Adapt r/i ~ 
Coupled with the power of Micro Channel, it 
lets you incorporate full-motion video and 
high-qualit sound from ources like vid o 
di ks, VCR and video cameras, digitize them 
and display them in an endle array of formats. 

And for software developers, there are 
ActionMedia"' card , a collaborative 

effort between IB 1and Intel. 
ctionMedia cards use the 

latest DVI"' Technology, 
which allows full
motion video and 

analog sound 

IBM, Personal Sy><em/2 ondPS/2""' ~-~s.,.,....,,,~ """° V'5U01Comecnon and 
~V<!Oo-/A""tra:JemaMol-Bumess""""*""Co<µaimon.DVlond
.,. .,_,,.,.,. ol - Cc<p.© 1990 IBM Cotp. 

to b compre ed, digitized, 
tor don a hard or optical 

di k and played back in real 
time, with incredibl harp 
re olution. 

YOU'VE ALREADY GOT THE BEST SEAT 

I THEHOUSE. 


B t of all, you can do it all today with 
the Micro Chann l PS/2 you ve alr ady got. 

o p cial monitors to buy. nd ou'll be 
perfectly poi ed for tomorrow' most e citing 
multimedia technology, like interactive 
touch displays and much more. 

Contact your IBM Authorized Dealer 
or IBM marketing representative. For a 
fr e d monstration videocassette or a dealer 
n ar you, call 1800 255-0426, ext. 20. 

our de k will nev r b the ame. 

r----------------------,
For a free P /2 Multi Media demon tration 

vid ocas ette call I 800 255-0426, ext. 20 


or -end t.hi~ ompleted coupon to: IBM orporation 

P.O. Box 9283-.Roche ter. NY 14692 


Name _____________ 


Title _______Phone _____ 

Company ____________ 

Address------------ 
City State __Zip ___ 

0 If you are a -ofl ware de elo1>er. che k here. 

L--~-------------------~ 

How'reyou
going to do it? 

PS/2 it! 
-~-------- .-..-- -. - ---
-~- ' 
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T H E R I G H T DEC I S I ON 

~~ The 486 Champ 

H~~~;,~~E "...THIS COMPUTER DESERVES YOUR ATTENTION." 


SEPT 1 t , 1990 

r:u7:J' PC MAGAZINE - SEPTEMBER 11, 1990 

O n the September 11, 1990, 24 of 
the industry's hottest 486 powerhouses 
went head to head for the honor of win
ning PC Magazine's coveted Editor's 
Choice Award. Tri-Star delivered knock
out punches in speed, price and virtually 
every other important category. 

Once again the choice is clear. If you 
or your company demands the most 
performance for the money, the highest 
quality components and unrivaled 486 
power, Tri-Star is more than the right 
decision - it's the only decision. 

ALL FLASH CACHE COMPUTER 
SYSTEMS INCLUDE: 

• 60 Day Money Back Guarantee • 2 Year Warranty 

Parts & Labor + 12 Month TRW On- Site Service 


+ Lifetime Toll-Free Technical Support 

• Air Express Parts Replacement 


Circle 354 on Reader Service Dud 
M poU>~~ 5Ul>je<t I0""°'90wilhoutno!iceMoney 1!3d! _...,.. doosno< 

indudo "'11>1*'9<Ntgt>.Al 'Y"""'.,..... l>Ml ..m.d"' corOO<d lo comply with ?¥1 t ~ al U.. 
fCCrute<for • ClassAaO>ls BC!lm1'<""'9-._ 

"...probably has the best mix of support, 

service, and customer satisfaction policies of 


all the computers in this review. • 

PC MAGAZINE - July, 1990 


"Support Policies - Excellent. • 

INFOWORLD - MAY 7, 1990 


FLASH CACHE 
486/25

$5295 


Complete with Intel's80486 CPU, 64K RAM Cache, 

4MB RAM, 1.2MB Floppy, 1.44MB Floppy, 200MB Hard 


Drive, 1024 x 768 WGA Color Combo, Parallel & 

Serial Ports, and 101 Keyboard. 


FLASH CACHE 
386/33 

$3695 


Complete with Intel's80386 CPU, 64K RAM Cache, 
4MB RAM, 1.2MB Floppy, 1.44MB Floppy, 200MB 

Hard Drive, 1024 x 768 SVGA Color Combo, 
Parallel & Serial Ports, and 101 Keyboard. 

FLASH CACHE 
386/ 25 

$2995 


Complete with Intel's 80386 CPU, 64K RAM Cache, 
4MB RAM, 1.2MB Floppy, 1.44MB Floppy, 104MB 

Hard Drive, 1024 x 768 SVGA Color Combo, 
Parallel & Serial Ports, and 101 Keyboard. 

~TRl,._STAR 
,... COMPUTER CORPORATIO 

1.800.678-2799 
707 West Geneva, Tempe, Arizona 85282 


Tech Support 1.800.688-TECH 

Telephone 602.829-0584 


Fax 602.345-01 1 O 


Monday - Friday 7:00am-7:00pm MST 

Saturday 9:00am-4:00pm MST 


All Tri-Cad Systems include 
the Flash Cache 386/486 
complete with Math Co

processor, Nanao 16" 
non-interlaced display and a 

12 x 12 Digitizer. 

TRI-CAD PROFESSIONAL 

325 


$4695 

TRI-CAD ADVANCED 

333 
$5495 

TRI-CAD ExPERT 
425 

$6495 

UPGRADES: 
RENDmON 11/256 V 

$695 

20" HrrACHI MONITOR 
$995 

''."THOSE OF YOU WHO 

WORK IN THE CAD 


ENVIRONMENT SHOULD 

INQUIRE ABOUT ITS 


(TRI-STAR'S) 

BUNDLED SYSTEMS." 


PC MAGAZINE 
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Research ne11·s and industry developments shaping the world ofdesktop computing 
Edited by D. Barker 

Minimalist Architecture Promises Speed, Chips That Can Mimic Others 

A ne\\' minimali t microproce or 
architecrure being developed by 

Teraplex (Champaign. IL) could lead to 
y tern that not only are fa ter but can 

emulate other pro e or architecture a 
we ll. Teraplex· Minimum In truction 

et Computer de ign u e . a it name 
implic . the minimum number of 
in tructions po ible to build a ba ic 
computer arch itecture. II C use long 
in t.ruction word to fetc h more than one 
operand at a time. and. according to 
Tempi x official . it proce se data 
ignifi antly fa ter than mo t current 

de ktop computer . 
Perhap an even greater benefit than 

peed i the MI C chip' ability 10 

imitate other proce or b mimi king 
thei r in truction with combination of 
it wn. Becau. e of it high peed. the 
proce sor can do thi quick!_ enough to 
attain ver good performance. the 
de igner ay . ording to Teraplex 
taffer . they ' ve built y terns that can 

directly ex cute M -DO program at 
aboUI -W1 time the peed of a 386
ba ·ed machine running ac MHz. 

The in cruction u ed in the . IISC 

y tem are a ba ic a po ible (e.g .. 
add. multiply. logic hifc. e cape. and 
crap). MISC handle in truction that 
are common on current microproce 
or . uch a move. by reading a data 

operand. hifting it by 0. and toring it 
to the in .. tructi n-fetch regi cer. The 
de ign al o u e a novel approach to 
floating-point operation : It fecche the 
number . unpack them into exponent 
and manti a. align chem. pa e chem 
through the integer unit. and then 
r align and repack them. Teraplex 
pre ident Philip M Kinney ay that thi 

P111 mrny tho e 3-D glasse . Texas 
l11srm111e11ts has prororyped a laser
based display sysrem for projecri11g 
three-dimensional images rhm ca11 be 
1·ieH·ed from any angle. As in real life . 
rhe 1·isuaf per pec1i1•e of rhe imaoe 
changes 1rirh the 1•ieH·i11 angle. Don 
\Villiams. a de1•elop111enr engineer at 
Tl 's Complller Systems Laborawry. is 
sholl'11 here ll'i!l1 1he 011111iViell' 
display. de cribed in rhe company 's 
pme11t applicarion as "a real-time, 
muo-stereoscopic, m11!1ipla11ar 3-D 
di play y te111. " The di play 111:face 
is a 1ra11 tu ent double-l1elix di k 
rhat 's mounted 011 a roratin shaft. As 
the disk spins ( ar 600 1p111 ), a loH·
po11·er la er beam passe over i1. This 
beam cans the disk i11 t-.ro dil11e11 
sio11s. bur. as Tl explain it. the eye of 
the beholder "fuses the discrete points 
of fig/11 painted 011 Ifie disk" i1110 a 
3-D image. The pi1111ing di k can be 
adjusted to change 1he si::.e and shape 
ofthe display space. either short and 
\\'ide or rail and thin. Resol111io11 of rhe 
laser scan11i11g system is abo111 750 by 
750 pixels. Th e prorotype as currently 
configured can displarfuff-color 
images ge11era1ed H·irh a 51111 
1rorkstario11. Tl is seeking parmers to 
de1•elop applicario11 thar use 1he ne1r 

di play teclmolo ·'" 
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This won't be the year for the debut 
of the certified 50- 1Hz i486. as it 
tum out. Intel officials ha e 
conceded that the top- peed model of 
the i486 processor won ' t be ready 
until next year. The orig inal target 
date for the i486/50 wa '·by the end 
of 1990... An In tel spoke per on said 
it now looks like " ometime in 
1991." That means announcements 
of 50-MHz i486 machine should 
begin any day now. 

So wh ile Intel keeps working on the 
50-MHz i486, a young California 
company is chilli ng out. Velox 
Computer (Santa Clara. CA) claim 
that it can speed up an i486 just by 
refrigerating it. Velox says it Ice 
Cap module allow i486s to run 50 
percent fa ter than their rated peed . 
A 33-MHz i486 can run reliably at 
50 MHz, according to Velox presi
dent Mel Snyder. The Ice Cap is a 
refrigeration module, about 3 inche 
tall , that fit on top of the proce or 
in a conventionaJ microcomputer and 
cools it to 0°C. It u es a otid- tate 
them1onic element to combat the 
effects of heat. Active cooling ha 
been used in mainframe for year . 
but it ' rare in microproce or 
application . So far, Snyder . ays, hi 
company ha sold modules LO about 
40 firm , includ1ng Digital Equip
ment and Everex. Everex isn ' t 
planning any products that u e the 
cooling tower. but a pokesper on 
said it ' playing with it "to ee what 
50 MHz does." 

The techno-legal moras of cloning 
Intel's 386 CPU has bewitched and 
bewildered ome chip maker . But 
Integrated Information Tech
nology (Santa Clara. CA), wruch 
already makes its own ver ion of 
Inter math coproce or , confirms 
that it is working on a replicant 
of Intel's top-of-the-line CP s. 
"We do have an R&D program LO 

do a 386/486-compatible product." 
ITT president Chi-Shin Wang told 
BYTE. It will be a stand-alone CPU 
that' s code-compatible with Inter . 
Wang aid. Although Wang would 
not say when that chip will be ready, 
source say that it ' likely to appear 
sometime in 1991. As for potential 
legal problem , Wang aid. "In our 
de ign we can get around [Inter s] 
patents." 

technique on the Teraplex 32-bit CMOS 
de i!?n is about as fas t a on a MIPS 
R300o RISC proces. or with an FPU. 

One advanta2e to u in !! such ba ic 
in truction i that they can be com
bined a ily to form more complex 
in tructions. A a result, the MISC 
de ign can emulate other proce or . 
Teraplex officials ay they have 
checked thi with a system runni.ng MS
DOS program and have test y terns 
that can run MIPS and SPARC pro
grams. Teraplex i al o in vestigating 
running Motorola 68000 code. 

One of the big advantages of the 
MISC design i that it doesn't require 
instruction decoding . nencoded 
in truction word directly control the 
hardware of the ch ip. The current 32-bit 
design from Teraplex u e a long 
in truction word (LIW) technique that 
fe tches 128 bit at a rime. The fi.r t 64 
bit tell the control unit and uni er al 
functional unit what to do with the other 
64 bit , which are two operand . The 
benefits of thi s technique include the 
elimination of microcode and decoding 
circuits , as we ll a the ability to proce 
larger amounts of data more quickly. 
Tbe current design i capable of 
operati.ng at about the equivalent of 60 
VAX MIPS, accordi ng to McKinney. 

The MISC approach minim1zes the 
use of clock cycle . which help to 
eliminate waiting period required to 
make sure that all ignals are ready 
before i uing a clock. The control and 
fu nctional units that handle proces ing 
are designed to filter in tructions 
through without rigidly timing them. 
McKinney de cribe thi de ign a a 
·'big Pachinko machine.' ' after the 

Japane e arcade mach1ne that filter and 
bounce hundreds of ball beati ngs 
through metal pins. 

Teraplex program its chip u ing 
compilers and a language called 
Teraplex Intermediate Language 
Interface. Thi is a high-level assembly
like language for an imaginary seria l 
proce or. It i expanded by the TTLI 
compiler into direct machine in truc
tion . Higher-level languages like C are 
first compiled into TTL! for execution. 

Teraplex plan to begin prototype 
production of chips by the end of the 
year and hopes to have commercial 
workstations and desktop computers 
ba ed on the chip in the fourth quarte r 
of 1991. Company official say they 're 
deaUng with everaJ thi rd parties to 
de ign computer systems around MISC. 

Teraplex i not the only company 
involved i.n re earch in thi area. There 
are a few VLIW SPARC systems in the 
work . and British computing pioneer 
Clive Sinclair i rumored to ha ve 
developed a imilar processor with a 
96-bit in truction word, a design that 
ource ay can emulate exi ti ng m1cro

proce or . 
Some experts have predicted that 

arch itecture u ing long (and very long) 
instruction word might super ede RISC 
de ign . By combining th1s technique 
with a minimal in truction et, Teraplex 
is attempting to bring about two design 
revolution : raisi ng peed linuts, and 
developing proce sors that can im1tate 
other proce ors. The lauer goal of 
proce sors that can share binary code 
could herald true interoperability among 
computers of different de ign . 

- Owen Linderholm 

Montana Researcher Claims Optical Processor 

A researcher at the Rocky Mountain 
Re earch Center (Mis oula. MT) 

ay he ha developed the fir t working 
optical logic device, capable of per
formi ng the Boolean operati ons that are 
basic to the electron ic transi tor. 
According to John Hait. he ha de igned 
a hologram-a photographic recording 
of a pattern of light beams- that can 
accept two beam of light a an i.nput 
ignaJ and return a ingle light beam as 

an output. This form the basi for an 
inverter or amplifier that can perform 
exclusive-OR and OR operation , 
among other . 

Hait told BYTE that ··a patent search 
ha not turned up" any comparable 
device . Although some researchers 
have written off the pos ibi li ty of 

performing logic operation en tirely 
with optics. Hai t claim that his 
invention form the basic building block 
for de igning purely optical computers. 
Hait' "optical tran istor" performs the 
logic functions optically. thereby 
eliminati ng the need for expensive 
electronic logic device such a gallium 
arsenide ubstrate which are neverthe
le slower than the equivalent optical 
device. Ha1t ay hi optical tran istor 
could fom1 the ba is for optical RAM 
ystems. regi ter . multiplexers and 

demultiplexer , and other standard 
computer components. 

Hfilt says he demonstrated his logic 
hologram in a laboratory at Montana 
State University in Bozeman. According 
to a lener from an MSU pby ic 
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Ittakes less to crackCand 
Assemblerthanyoutl • 

• 

With new Microsoft QuickC' and QuickC 
with QuickAssemble( mastering the hard-core 

stuff is so easy it's almost 
criminal. You see, the 
Quick environment in
cludes what we call the 
QuickAdvisor, an inter
active, hypertext manual 
that furnishes answers 
on demand. As in on-line. 

While yrnire programming. 
QuickC Compiler and 

QuickC with QuickAssembler 
also include the new language features found in 
the Microsoft C 6.0 Professional Development 
System. So you'll find yourself in quite a powerful 

position. And, at the same time, you'll be assured 
of upward compatibility with both of these prod
ucts' professional counterparts. 

Which means there's no need to trash any 
of your existing code. 

Plus with the QuickC with Quick.Assembler 
Development System, Cand Assembler are totally 
integrated. Ensuring easy access to the features 
you need to develop powerful applications. 

To fmd out how easy it is to tap C and 
Assembler or to upgrade call (800) 541-1261, 
Dept.L91.You'll find we offer the right combination. 

MiclOsofl· 

Making it all make sense



For 25 years , Epson printers 

have p laced ink on paper with 

fine-crafted precision and ever

increa ing peed. Each character 

a impre i\·e a the la t. feat 

that Ep on 24-pin printers have 

Do anything 
and you would 

2 Year Warranty 
just one more measure ofhow 

dependable yo ur Epson printer will be. 

accompli hed 15 trillion time over. 

T: da , dot matrix is the most 

widel y used printing technologr 

in bu iness. Of course , the most 

wide! · u ed dot matrix printers 

are made b ' Ep on . The \"er y 

\\'O \Car "'llrrnnl\ a' ailablc- on all Epson prin ters. cx<"cp1 1he LQ·2i50 <inrl OF X Sc-riit:s "'·hi\h offrr a onit:· \ ear limi1cd "'' :ur.inl~ - F..po;on i~ a regi.,,1cn:d trademark of SC:"iko F..pson Corpora1ion_Smart Park and 



15 trillion times 
be good at it, too. 

company that im·ented them two decade ago. ki llful martPark'" paper handling. The e and 

Epson printer -from dot matrix to la er to other om·enience make operating an Ep on a 

inkjet -are the epitome of reliabi li t . But where flawle a the printing. 

there i brawn, there i al o a brain. onsider We could ao on. But you alreadr ha,· 15 

Ep on' ingeni ou elecTrpe'· control pan 1and trillion rea on to choo e an Ep on. 

Engineered For The Wa You V\ork '." PSON 
SelccT\ pearl' trach.•111<11 '"of f.pson .-\meri a. Inc. H1~10. ~:p,on .-\ mC"nca. Inc.. 2780 lnmirn Bhd.. orrance. CA 90)0,j. (800) 922· 91 L 
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Dell Computer (Au tin, TX) has 
developed a new disk drive control
ler card that aimed squarely at a 
irnilar device annou nced by 

Compaq la t November at its 
System.Pro introduction. The Dell 
Drive Array card features the Intel 
i960 32-bi t RISC chip. a 256K-byte 
tatic RAM ca he, and connector 

for IO Intelligent Drive Electronic 
hard di k drives. The card can read 
and write imultaneou ly from five 
djsk drives, a company executive 
aid. Dell officials claim that u ing 

the controller with four di k drive 
will yield a y tern with not only 
four tjme the torage capacity but 
approximately three time the per
formance. The company is till 
working on the code for the i960 
chip, u·ying to bring the controller up 
to thi level of performance. When 
we poke with them, Dell official 
hadn't decided on a price yet for the 
Drive Array, but they e timated that 
it could be somewhere around 
$1200. 

Mac upgrade or Mac clone? Texas 
MacExpress (Au tin. TX) ha 
de igned an "upgrade'· for owners of 
the Mac Plu , SE, and Mac 5 l 2KE 
that the company drums will give 
them the performance of a Mac Ilci 
for on ly $2299-about half the co t 
of the genuine Apple product. The 
Sy tern 30 come in a box that look 
like an IBM-type PC. ..The Apple 
ROM that are u ed in the product 
have been bought by the customer 
who di able their old machine when 
they are taken out:' explained Kevin 
Cochran. president ofTexa MacEx
pre . a ub idiary of Cork Comput
er . The ystem i uppo ed to hip 
thi s month. Cochran aid. ··we ' e 
had a team of programmer working 
for the la t ix month in-hou e to 
produce our own proprietary 
operating system that bypasses 
Color QuickDraw. Ifs copyrighted 
software. That ' s how a Mac Plu 
u er with ROMs that don t ha e 
Color QuickDraw in them can 
upgrade to color," Cochran told 
BYTE. The Sy tern 30 has three 
NuBu slot , runs a 68030 at 25 
MHz, and ha a built-in paged 
memory management unit and 8-bit 
video, along with a 1.44-MB FDHD 
floppy di k~dri ve that u es the Apple 
File Exchange utility. 

profes or, Hrut demon traced·· everal 
optical digital devices," including 
"exclusive-OR, OR. amplification, and 
inverter.· 

Accordi ng to Hait, his hologram can 
be manufactured "synthetical.ly" using 
oftware for de igning hologram . Hait 

i looking for a major re earch lab or 
company to licen e hi technology and 
to interface the nece ary de ign 
oftware to existing hologram program . 

Major improvement in hologram 
de ign oftware are needed to make his 
invention a viable product. he concedes. 

Optical computing device ha e 
made great progre s in storage and 

connection applications (e.g., fiber
optic connect ion and optical disk 
drive ), but they have proved to be 
inaccurate when used for computation. 
Therefore, mo t research in optics has 
been devoted to the development of 
hybrid "electro-optical" computers, 
which use optic for torage and data 
Iran fer and employ electronic ernicon
ductors for performing logic operation . 
Re earcher at AT&T' - Bell Lab . 
Briti h Aero pace. Fujitsu. and other 
R&D center have focu ed on linking 
optics to high-speed gal lium ar enide 
logic devices. 

- Nick Baran 

IBM, Metaphor to Build Platform for Portability 

Moving application program to 
different operating ystem . and 

getting them all to work together, i one 
of the bigge t challenge facing 
oftware developers today. 1 o~ JB M 

and Metaphor ay they· re going to try to 
make it easier. The two cornpanie have 
formed a joint venture, called Patriot 
Partner (Mountain View. CA), to 
create a new application , oftware envi
ronment that they hope will offer an 
object-oriented development y tern for 
building easily po1table programs. 

The environment will be independent 
of current operating sy tern in that it 
will ride above the operating- ystem 
kernel , but the re ultant application 
will be able to run on 0Sf2 and Uni x 
machine , the companie said. An 
application written for a particular 
processor architecture will run on that 
processor without being modified, 
regardles of operating system: for other 
proce ors. application will only have 
to be recompiled. a etaphor official 
aid. Initial hardware targets are 386

ba ed machine running 0Sf2 or Unix 

and IBM' RSl6000 running AlX. 
Current application and the e new 
application are expected to be able to 
hare infonnation through Dynamic 

Data Exchange. Although the acin
to h i n' t currently a target of the 
project, a Metaphor poke per on said 
that it could be in the fultlre. 

The planned graphical u er interface 
for the e new application will be 
different than existing GUis but will 
mo t likely resemble, and will incorpo
rate a uper et of, Presentation Manager 
and Motif. The Patriot programs will 
operate on the major PC network 
y tern . uch a ovell etWare, and 

will po · ibly have di tributed object 
capabilitie . 

The new venture hopes to release a 
pecification for it environment next 

year and a toolkit in 1992. 
It ' s an arnbitiou project. and IBM 

and Metaphor official concede that it 
wi II take them rwo or three year to get 
it all working. Patriot expects to have its 
·oftware working ornetirne in 1993 . 

- D. Barker 

Tl 's New Printer Technology Does It with Mirrors 

Many printer design . such a tho e 
in most laser printer , involve 

the use of mirror . But Texas In tru
ment has developed a new type of 
printer technology that i taking thi 
approach to something of an ex treme. 
TI1e company" new technology use 
multiple mirrors-hundreds, in fact. 
What" more amazing is that all the e 
mirrors fit on a ingl; silicon chip. 

Tl' s novel printer technology is ba ed 
on a nev rype of chip cal led a deforn1
able mirror device (DMD). It consi ts of 
an array of everal hundred microscopic 

mirror that can wive!, in see aw 
fashion , on a tiny axle . By varying the 
electrical charge around the mirror, Tl 
can change the orientation of the mirror. 
mo ing ir to one of three po ition . The 
mirror can be complete! horizontal or 
tilted lightly to one ide or the other. 

TI produce the DMD chip in a new 
three-dimen ional chip-manufacturing 
proce . Fir t a base layer is put down. 
followed by a layer of aluminum that 
funcrion a the mirror. Thi layer i 
etched in uch a way that the aluminum 
i arranged in tiny quare . with small 

24 BY TE • OYEMBER 1990 

http:synthetical.ly


our customers expect software that works. 
All the time. The key to software quality is 
exhaustive testing. Its also an engineer 's 
worst nightmare. But it doesn't have to be. 
Because now you can automate your soft
ware testing. 

Introducing the Atron Evaluator. The first and 
only non-intrusive automated PC-based software 
testing tool . 

The Atron Evaluator automatically runs your soft
ware regression testing programs. All of them. All 
day. All night. Giving you thoroughly tested higher 
quality software. 

The Atron Evaluator is hard~ are-based. And since 
it's non-intrusive software beha ior is tested with
out the risk of alteration. Once your tests have run , 
you can refer to automaticallygenerated test reports 
to double-check test results. 

The Atron Evaluator saves time. And time makes 
you money. Development cycles are shortened so 
your software gets to market sooner. And while your 
test programs are running you can be more produc
tive. Start a new project. Or go home. 

For more information about the Atron Evaluator, 
call us at (401) 351-2273. And put an end to your 
worst nightmares. Automatically. 

Circle 66 on Reader Service Card 

In Europe, contact: CADRE 
Eh·erex Llmiled, Enterprise House 
Plassey Technology Park, Limerick, Ireland

Cadre Technologies Phone: 061 -3381ii 
19545 .W. Von eumann Dr. QA Training Limited, Cecily Hill CastleSuire 200 Ci rence ter. Gloucestershire, GL- 2EF, England 
Beaverron, OR 9 006 Phone: (0185) 588 



That' Intel ' . And our 
new family of Math 

CoProce or i faster
up to 50% for the 2 XL. 

In fact orking ide b ide with the Intel 
microproce or already in ide . our computer 
an Intel Math CoProce or can increase the 
peed ofyour preadsheet graphic , CAD and 

database progran1 by a mu has -00%. That 
good to know. 

And the fact that it' made b) Intel i al o 
oood to know. 

Becau e Intel developed the fit t Math 
CoProce or in 19 2 and we·ve hipped 
million ince then. Each one i manufactured 
b Intel in the world ' mo t advanced logic 



facility, and then tested and retested against an Literature Packet #F6 on Intel s new and im
exacting set of oiteria. proved Math CoProcessors. And put an Intel 

And we can guarantee that every Intel Math CoProcessor inside your computer. It's the 
Math CoProcessor lives up to the indu try only one with the Intel name to live up to. 
hardware standards we helped develop, 
delivering the same re ults regardle of what intel 
type of computer you're doing calculations on. 

So call Intel at (800) 538-33 3. Ask for The Computer Inside'." 
©1990 Intel Corporation. 386 and 387 are trademark of Intel Corporation. 
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Eager to get the software develop
ment ball rolling, Quarterdeck ha 
provided ''key developers .. with 
alpha toolkits for Desqview/X, 
which combines the company· s DOS 
multitasking ystem with the X 
Window System. The two available 
kirs support development for 
Desqview/X using standard XI I 
libraries and OSF Motif librarie . 
They are " table enough" for devel
oper to begin application develop
ment cycle , Quarterdeck aid . The 
company plan to oon relea e a kit 
for Xview, ba ed on Sun ' s Open 
Look. De qview/X is uppo ed to be 
commercially ready in early 199 I. 

Japanese companjes are apparently 
planning to produce the next two 
generations of DRAM chips on 8
inch ilicon wafer . Becau e bigger 
wafer yield more part , thi hould 
re ult in faster production of 4- and 
16-Mb DRAM through bigger 
volumes. An 8-inch wafer of ilicon 
has nearly twice a much urface 
area a the 6-inch wafer now 
commonly u ed. According to 
report from Japan, Toshiba is 
expected to tart it 8-inch line for 
4-Mb DRAM oon. NEC plans to 
tan te ting this year or early next 

year and expect to have it 8-inch 
line operational by 1992. 

According to figure from the Japan 
E lectronic Indu try Development 
A ociation, half of the 327,000 
laptop computer old in Japan this 
spring (April to June) were o f the 
notebook ariety. 

Incompat.ibilitie between applica
tion running under various lntel
ba ed version of nix should be 
eliminated by the new edition of the 
Intel Binar_ Compatibility Specifi
cation. Intel. AT&T, and The Santa 
Cruz Operation ay they ' II collabo
rate on a new specification that will 
enable developer to write but one 
ver ion of an application instead of 
one for each Unix variant. Develop
ers working with AT&T nix 
Sy tern V/386 relea e 3.2 or 4.0, 
SCO Unix System V/386, SCO 
Xenix 386. or Open Desktop will be 
able to have their application run 
under any 386- or i486-ba ed 
operating y tern that complie with 
the new binary specification. 

axle: projecting from two oppo ite 
corners. Then Tl u e a combu tion 
proce to remove the mate1ial under 
rhe main body of the mirror . The result 
i that the mirror are uppo11ed only at 
two comer and can swi vel freely. TI 
officials admit that thi manufacturing 
process i complex, but the company 
hope to eventually produce 2-D array 
containing thou ands of mirror . The e 
could be used in a new type of video 
di play . 

TI ' first application of the technol
ogy will be in a printer. The company 
has created a chip that contain 840 
mirror arranged in a linear array. The 
DMD chip will be u ed omewhat like 
an LCD array in ome page printer . 
electively letting tiny beam of light hit 

a xerographic print drum. TI ay that a 
DMD printer will have 10 percent fewer 
moving parts than an equivalent la er 
printer. Tl al o claim that the DMD 

chip will be cheaper to manufacture 
than a large LED or LCD array. 

Because it can horten the amount of 
time that a mirror is "on" for each 
pixel , the DMD chip will enable a 
printer to generate variable-size pixels, 
thus producing true gray scales. By 
contra t a la er beam mu t scan across 
an entire row of pixels and conceivably 
ha less time on each pixel in which to 
vary it brightness. 

The fir t DMD printer will be u ed in 
one of TI' s most uccessful printer 
markets: the airline industry. The 
device will be u ed to print the new 
ATB (automated ticket/boarding) 
tickets which look somewhat like 
computer punch cards. TI claim that 
uch a printer will be able to output 40 

ticket per minute at a re olution of 240 
dpi. Tr officials say they're not sure 
when thi new printer will be avai lable. 

- Rich Malloy 

AMO Accelerates RISC Line with FPU 

A dvanced Micro Device ay it 
new 32-bit RISC proces or, the 

Am29050, will significantly peed up 
uch device a color la er printer 

graphic board , optical character recog
nition canner , X Window System 
termi.nal . and imaging sy terns. To 
create the n w hip, AMD has e en
tially added a pipelined FPU to it 
29000 proce or, currently embedded in 
many graphic -inten ive product . 
including pple' Macinto h Display 
Card 8•24 GC, in which it accelerates 
Quick.Draw creen-drawing operations. 

Running at it peak of 40 MHz. the 
29050 can perform arithmetic opera
tion IEEE-compatible ingle- and 
double-preci ion) at a top peed of 80 
MFLOPS, AMD claim , putting it in the 
ame MFLOPS league a lntel' i860. 

The new chip i code- and pin-com
patible with the 29000. o application 
tai lored to that proce or will be able to 
run on the 29050 without any change . 
AMO says. In ·'floating-point-intensive 
situation ... tho e application will be 
fa ter "by a factor of four .. according ro 

an AMO spoke per on. The crup ha a 
64-entry memory management unit, a 
1024-byte in truction cache upport for 
burst-mode acce . and a three-address 
in truction architecture. The processor 
will be available in 20-, 25-. 33-, and 
40-MHz model . 

Although Apple ha n't yet committed 
to u ing the new AMD chip, a member 
of the graphic hardware design depart
ment aid that the company would like 
to have the floating-point capabilities 
that uch a proce or will offer. "With 
floating-point , we cou ld do ome of the 
tran forms for 3-D drawing fa ter," he 
said. "Quick.Draw is JOO percent integer 
right now. but if we wanted to go to 3-D 
coordinates if we wanted Quick.Draw to 
have a 3-D architecture, floating-point 
would be nece ary.' Apple officials 
have aid one rea on they put the 29000 
on the 8•24 card i it '·growth path"· in 
other word , because they' re plug
compatible. future member of the 
29000 family could easily replace the 
current chip . 

- D. Barker 

Intel Designs an SX for Laptop Computers 

I ntel (Santa Clara, CA) has de eloped 
a new ver ion of it 386SX proce or 

that' built for laptop and other 
portable computer . The new 386SL 
Microproces or SuperSet i e entially a 
rnicroproce or with a chip et to back it 
up. The 386SL includes critical design 

change that extend the 386 architecture 
to add advanced power management 
feature at the proces or level. 

The SuperSet consist of the 386SL 
proce or and the 82360 UO chip. The 
chlp operate at 20 MHz only, matching 
the highe L peed of the 386SX, which 
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DRDOS5.0. 

WE COULDN'T HAVE 


SAID IT BETIER. 


So what's all the hoopla about? ting, upgrading to DR DOS is simple. Since DR DOS 
MemoryMAX.. for one thing. A breakthrough in 5.0 also includes ViewMAX .., a graph ical interface, 

memory management that can give you more than DOS is easier than ever to use. 
620K so you can run today's memory-intensive Now if we could just get a word in edgewise, we 
applications, including, for example, dBASE IV. would simply like to add that DR DOS 5.0 is available 
on Novell NetWaree. now. Call your local dealer today. 

In fact, John Dvorak calls MemoryMAX nothing 
short of "amazing:· 

The Press goes on to mention that because DRDOS5.0
DR DOS 5.0 is fully DOS compatible, you can run 
all your current DOS applications. And because it is S:. Digital Research ® 
easy to instal l and requires no hard disk reformat- ~ CO MPl.lT[RS WOR K';' E M.o ::c 

For Laptop and Notebook manufacturers. DR DOS 5.0 is fully executable from either RAM or ROM. And, it's available 

with BatteryMAX .• , a battery-saving feature that can increase battery life 2-3 times (dependent upon OEM implementation). 


Digital Research is a registered uademafk. and 1he D1g1ial Research logo. DR DOS, 

MemoryMAX. ViewMAX. and BaneryMAX are trademarl<s of Dig1ial Research Inc. Copyright © 1990, D1gnal Research Inc 


Repnn!ed from PC Wee May 14, 1990. Copyright© 1990 ZiH Commun.cations Company. 

Reprinted wilh permission from The San Francisco Examiner. Copyrighl © 1990 The San Francisco Exarn1ne; , 
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Agreac ploc begins wich a greac Idea. easily 1ranslated through Exchange your DXF"'files with ocher CAD syscems or insen designs 
euery phase ofdesign wich Generic CADD 5.0. Imo desktop publishing programs co create cechnlcal Wus1rat!ons. 

-""' ------ '"' - ·- $ ~ · ._-- , 
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1o marter the complexily. symbols keep your work.flowing unln1er eed cojic a conuentional design In a nonconueniional space? Reulse 
rupced. Tap our professional libraries orcrea1e your own symbols. and lmproulse In less time wiih Generic CADD's one-stop conuenlence. 

Ask any of over 250,000 users of Our latest version, Generic CADD 5.0, 
Generic CADD'.'" They've discovered CADD is just $395. It's a complete design and 
that's powerfulwithoutbeingcomplicated. drafting program backed by a support team 
And professional without being pricey. that's drawing rave reviews. 
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\\lhecher !l's mlllimeiers or miles. coum on Generic CADDjor Deadline pressure Is a chlngojche past Designs can be quickly 
jloallng point precision ac any scale. edtced and annolaled co producejlna! working drawings. 

Generic CADD 5.0 suppons ploners as well as doc matrix and 
laser prinlers. including PosrScripc• prlncers. 

-
~-c:t..CCICl•.llK."&.1 

r .. ~;:- -

Any way you look ac It CADD Is a natural tooljor bringing clarity co 
complex ideas and designs. 

Generic· Call us at 1-800-228-3601 for our free t 0 f T W J. 11 f 

tJ An Autodesk Companyfull-color CADDalog~ and portfolio of 
CADD drawings. IT DOESN'T GET 

ANY WIER.You'll see evety plot has a great ending. 
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National Design, Inc. (Au tin , TX , 
plans to bring out thi month a 
TMS34020-based VGA card with 
the !owe t price we· ve seen yet on a 
board u ing Texas In trument · 
latest graphic proce sor. The new 
Volante board will ell for $995, 
according to an DI official. The 
card i designed to work in different 
graphics environments, including 
Windows, 8514/A, TIGA, theX 
Window System, and CGI. The 
boards will also hip with AutoCAD 
driver from Panacea. 

Share or LAN? The Multiuser DOS 
Federation ls promoting multiu er 
PC a an alternative to LA . One 
MDOS member ay it' ..a myth" 
that LAN are the only way for 
group of computer u ers to work 
together. The organization hope to 
establi h standards for multiuser 
computing. Among the charter 
members are repre entatives of 
Digital Research , Theo Software, 
SunRi er, DigiBoard, Alloy , and 
Viewport International. 

The National Institute of Stan
dard and Technology say it 
Computer Security Bulletin Board 
i now much easier to access and 
navigate. The board i a ource of 
information on computer ecurity 
from bibliographies of article to 
listings of eminar . The lST al o 
posts infomiation on incidents such 
a vim attacks. To connect with the 
BBS dial (30 l ) 948-5717 (at 2400, 
1200, or 300 bp ; 8 data bit ; no 
parity; l top bit). To connect with 
the help quad, dfal (30 I) 975-3359. 

Paper is still the primary informa
tion storage medium, according to 
a urvey of information manager 
conducted by Du Pont (Wilmington. 
DE). Almost half the polled atten
dees at the As ociation for Informa
tion and Image Management 
conference said they u e hard copy 
a their main means of toring 
document and drawing . About half 
that many said they u e microfilm 
and aperture card . Only 11 percent 
u e optical disks, but 40 percent said 
they see rewritable optical di k a 
the next big thing in torage. A for 
their biggest management challenge. 
almo t half aid it' finding cbe 
information they're looking for. 

the 386SL clo ely re embles in per
fonnance term . Intel ha added a 
hardware-level interrupt and a new 
memory-addre pace. The e are 
reserved for a new interrupt, called the 
ystem management interrupt (SMI). 

Using a sy tern management handler. 
hardware companie will be able to 
acces reserved y tern management 
memory and UO addresse . 

The SMI allow uspend and re ume 
operations, peripheral tandby, CPU 
peed cono·ol. uninterruptible power 
upply capabilitie , and programmed 

exten ions by OEM to cover almo t 
any other imaginable power manage
ment activity. De pite thi extra logic 
that can remove proce or time from the 
operating ystem, Intel claims that the 
386SL outperf01m a 386SX. 

The 386SL include a main-memory 
ub y tern controller with a 32-MB 

addre pace, an EMS 4.0 memory 
controller, an AT bus controller, a fuU 
cache controller, and support for the 
80387SX math coprocessor. The 
companion device, the 82360SL, 

supports CPU, memory, and peripheral 
function , as well a providing program
mable feature to manage power to 
prolong battery life. Intel provides a set 
of low-power support logic chip . 

The 386SL and 82360SL are sold 
eparately and co t $176 and $45, 

re pectively, in quantitie of 1000. 
The new SL line signifie that Intel i 

tarting to attack the chip set market. 
Several companies currently ell chip 
ets that offer many of the power 

management feature of the 386SL in 
upport logic device designed to be 

u ed with the 386SX. However Intel 
ha omething those companies don't: 
the ability to tie tho e feature into the 
proces or itself. Intel ay its approach 
to power management is inherently 
safer than that of the chip et manufac
turers becau e the 386SL i n"t having to 
continually fight for control of memory, 
intem1pt , and the CP with the 
operating ystem and appljcations. The 
new chip set hould lead to laptop with 
longer battery lives by late next year. 

- Owen Linderholm 

New Material Could Ease Pains of Chip Making 

T hey ' re called arylaced poly (p
phenylene sulfide) (APPS) 

polymers, and they cou ld change the 
way microcircuit are made. Re earch
er at the niver ity of California at 
Berkeley ay the e new materials could 
greatly reduce the time and complexity 
involved in fabricating chip . 

Building microchip i a tediou 
proce that take as many as nine tep , 
including coating ilicon lice with 
ilicon oxide and a pbotore ist polymer, 

ma king off the area that are to become 
electrically conductive from tho e that 
aren't, printing the circuit pattern onto 
the siUcon, expo ing thi sandwich to 
light (photolyzatio11 ). etching away the 
nonconductive silicon oxide, and 
stripping off the photresi t. 

But with the e new polymers, that 
proce can be implified '·to two or 
three teps, •· ay Berkeley chemi try 
profe or Bruce ovak. The new 
polymer nonnally function as in ula
tors, but the Berkeley team led by 

ovak di covered that when the 
materials are expo ed to light, they 
become semiconductors· masked-off 
area remain in ulators. Thjn films 
made of APPS can be laid over a circuit 
pattern and mrned into microcircuits. 
with the expo·ed area working as 
conducting wire · . The thin film 
basically becomes a microcircuit after 
being photolyzed, o no additional 
proce sing i nece sary, Novak says. 
Because the photolyzed films are 
capable of conducting electricity chip 
makers would no longer have to use 
ilicon wafer ; APPS film could be put 

down on different kind of material . 
APPS films could also end up on 

your computer screen. Becau e the 
films are so thin (0.25 micron) and 
optically transparent, they could be 
painted directly on the creen, like a 
coat of microcircuits. Current running 
through the circuits would generate 

isual pattern , ovak ay . 
-D. Barker 

ARE YOU AN INNOVATOR? Ifyou, your company. or )Olli' research group is 
working on a new rechnology or developing producrs thar will significantly ajfecr 
the world ofmicrocomputing, we'd like to wrire about it. Phone the BYTE news 
departme/1/ at (603) 924-9281 . Or send a fax to (603) 924-2550. Or write 10 us at 
One Phoenix Mill Lane, Peterborough, NH 03458. Or send E-mail to "microbytes" 
on BIX or to "BYTE" on MCI Mail. An electronic version ofMicrobytes, offering a 
wider variety ofcomputer-related news on a daily basis, is available on BIX. 
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In Redondo Beach, 
California . .. 

You'U find breathtaking ocean views. 

sensational surfers and Gateway 2000 
computers. 

Dive ' Surf. famou for BodyGlove 

customer in California. Dive ' Surf 

Computer Sy rem Manager Graham Pask 
cho e aGateway25 MHZ 386 machine for his 
network erver. The y tern run point-of- ale. 
inventory control. \ ord proce ing and desktop 
publi hing software. 

''I decided to buya Gateway 2000 system 

because they had everything I wanted for a 
good price." aid Graham. "But what reaU 

impre ed me wa the ervice. I had a problem 
with my3 in inch drive o they em me a new 
drive the very next da ." 

Graham aid he wa o happywith his 
Gateway ystem at work that he bought a 
Gateway 2000 25 HZ 386 Cache machine for 
his home. 

Umil well afrer sunser. surfers ride rhe big 11·a1·es 0111/ie 

Pacific Ocean near Redondo Beach.Califorma. 



And In Barrow, 
Alaska . .. 

Over 300 miles north of the Arctic Circle, 
you'll find polar bears, seals, whales, walrus, 
lemmings. snowy owls and what appear co be the 
largest mosquitoe in existence. On a ummer 
afternoon you'll al o see parka-clad tourists 
walking among local 
residents in horts. And 
of course you'll find a 

good Mexican restaurant 
and Gateway2000 
computers. 

Cape Smythe Air 
Seivice, a regional 
commuter airline erving 
Barrow, Kotzebue, ome 
and remote villages in 
Alaska, has one of several 
Gateway2000 computer 
operating in Barrow. Jeff 
Frier, Cape Smythe' 
accountant, cho e a 
Gateway 2000 386SX to 
run spreadsheet, data base and accounting 
application . 

"I was trying to decide between Gateway 
2000 and acompetitor," Jeff commented, "so I 
talked to a person who owns the competitor's 
system. He was disgruntled about the service 
he received from them. Then I talked to another 
person in Barrowwho has a Gateway and he 
was happy wi th the product and ervice. The 
choice was pretty obvious -- when you're doing 
busines in a remote area, the mo t important 
things a vendor can offer are reliability and 
good service." 

Jeff said he also appreciated Gateway's 
features and price. "When you have to pay S6 a 
gallon for milk, it's nice to find a bargain 
omewhere." Jeff plans to buyanother Gateway 

2000 computer in a few month . 

On a mid-July day in Barro\\~ Alaska.fishing boars 1\'eare 
in and om of icebergs on the Chukchi Sea. 



In Bradford, 
Pennsylvania • • • 

You'll find a charming small city nestled in 
the Allegheny ational Fore t. The city's most 

prominent local bu ine i the Zippo 
Manufacturing Company. where you'll find 18 
Gateway2000 computer in u e. 

windproof lighter made famous during the 
econd World War although todaythe 

company's product line include many other 
specialty adverti ing items. Fred Gronemeyer, 

Systems Analyst for Zippo, cho e Gateway 
2000 a the company' tandard PC. 

"We needed to et tandards for PC' and 
oftware to make the mo t efficient u e of these 

tools." Fred remarked. "We tarted out with 

PC's from different manufacturer . but once I 
tried Gatewa I wa convinced we could get the 
highest quality. most reliable machine at the 

best price from Gateway2000. I was also 
impressed by my ale man and the tech support 
people I've dealt with at Gateway." 

Fred aid b the end of the year Zippo will 
be running every y tern Gateway 2000 makes, 
from 286's up to a 4 6 and everything in 

between. 

Main Street , U.SA .. is located in Bradford. Pennsylvania. 



And In New York 
City ... 

You'll find your ense overwhelmed by 1he 

coumless sigh1s and sounds of 1his one-of-a
kind city. And of course you'll find 1housand 

of Ga1eway 2000 compulers here. 

independent record producer and engineer Jim 

Rondinelli . Jim u es his Ga1eway 2000 386SX 
wilh a ophis1icated player piano equencer 10 
compose mu ic. 

"The oftware I u e is written for !he Mac and 
for IBM compa1ibles," Jim said, "but it runs 

much better on IBMcompatibles. And ii run 
bes! of all on my Ga1eway. l travel often and 
I've u ed my software on a 101 of 01her 
machines. They don'1 even compare wi1h m 
Gateway 2000." 

Jim said he bough! his Gateway 2000 becau e 
it was equipped for the real world wi1h ample 
harddrive capacity and RAM, bolh ize of di k 
drives and color VGA graphics. 

"It's the fas1es1file lransfer computer I've 
ever used "coniinued Jim, "plus it ran righ1 out 

of the box. One afternoon and I wa fully 
functional on a brand new sysiem ." 

The streets ofManhattan are a constant blllr ofactfrity. 



Near Camp Verde, 
Texas . .. 

You'll find the magnificent Hill Councry of 
Texas with ranlesnakes, prickly pear cactus and 
huge cattle ranches. You'll also find Larry 

Mahan and hi Gateway 2000 computer. 
Larry Mahan i to rodeo what Jack icklau 

is to golf. He i Six 
Times World Champion 

All-Around Cowboy and 

i a member of the 
Cowboy Hall of Fame. 
But Larryal o runs 
acattle and hor e ranch 
and i involved in a 
we tern apparel 

manufacturing company 
and a new Southwestern 
food company. His 
Gateway 2000 20 MHZ 

386 y tern i an integral 

pan of hi busine 
operation . "We run 

cow and calf oft\ are for 
our Longhorn cattle herd." Larry aid. "You 
can't reall manage a live tock bu ine 

efficiently wi thout it. Plu we do accounting, 

preadsheets and word proce ing on our 
Gateway 2000 computer." 

A ked why he cho e Gate\ ay 2000. Larry 
aid. 'The had the be t f eatu re and price - and 

I thought acomputer compan that puts pictures 
of cattle in their ad had to be my kind of 
people. And I wa right. The people I've talked 
\ ith at Gateway 2000 are hone 1-10-goodnes 
nice folk . It' a plea ure doing bu ines with 
them." 

Larry Mahan raises regis1ered Texas Longhorn caule. 
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ACROSS THE COUNTRY 

YOU'LL FIND 


You'll find so many Gateway 2000 computers in so many 
places today because people everywhere know a good value 
when they see one. In all 50 states and in over 70 foreign 
countries, thousands of people are comparing prices, quality 
and service - and choosing Gateway 2000. 

But value alone doesn't explain how a little company in 
the Midwe t, started just five years ago, managed to 
outdistance hundreds of other companies, selling more 
ystems through the direct market channel today than any 

other PC manufacturer in the country. 
The explanation is that the company has always main

tained a small company attitude. With Gateway2000, you 
still get the little things you'd expect only from a small firm. 

Little things like apositive technical support depart
ment. When Graham Pa k told his Gateway 2000 tech rep 
that his 3 1/2'' drive didn't work he received a new drive the 
s Y s T E M s s o L o very next day. 
100.000 
90.000 

Little things like 
so.ooo the way Gateway 
o.ooo 2000 systems are 
~:: fully loaded with all 
JO.ooo the features you 
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10.000 

want. Jim 
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AND AROUND THE WORLD, 
GATEWAY 2000! 

I J -- - - - - - - - -
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they're "equipped for the real world." 
Little things like the way Gateway 

2000 sales people develop excellent 
business relationships with their customers. 
Fred Gronemeyer tried his first Gateway because he was 
impressed by his sales person. Eighteen systems later, Fred 
is still impressed by his sales person. 

And the biggest little thing of all is the feeling you get 
when you deal with the people at Gateway 2000. As Larry 
Mahan said, "they're honest-to-goodness nice folks ." 

Compare prices, quality and service. Then add up the 
little things you get from small town people running an 
old-fashioned,high-tech business. 

Gatf\ral . 000 Ne~· Cusromers From 

Oaober 19 through Jri ly 1990 


D OVER5.(XXl 

• 2,500 TO 5.000 

D 1.000 TO 2.499 

• 500 T0999 

D 150T0500 

D COi.it-TRiES WHERE 
GATEWAY 2000 
SYSTE~SARE L'\ USE 

What you get is everything you're looking for. Whether 
you're from Indiana or Switzerland Georgia or ova Scotia, 
you've got a friend in the business at Gateway 2000. 

610 Ga1eway Drive •N. Sioux Ci1y, SD · Oi9 •605-23.-2000 •Fax 605-232-2023 



l 2MHZ 286VGA 
80286-12 Processor 
2MegsRAM 
1.2 Meg 5.25" Drive 
1.44 Meg 3.5" Drive 
40 eg 28ms IDE Drive 
16 Bit VGA with 512K 
14" 1024 x 768 Color Monitor 
I Parallel & 2Serial Ports 
I0I Key Keyboard 

• MS DOS 3.3 or4.0J 
$1695.00 

25MHZ 386CACHE 
64K Cache RAM 
4Meg RAM 
1.2 Meg 5.25 " Drive 
1.44 Meg 3.5"Drive _';;;.;:_ 
11 0 Meg ESDI Drive 
ESDI Cache Controller 
16 Bit VGA with 512K 
14" I024 x768 Color Monitor 
I Parallel & 2Serial Ports 
IOI Key Keyboard 
MS DOS 3.3 or 4.01 
MS WINDOWS 3.0 

$3395.00 

CACHE SPECIAL 
Sarne features as our PC Mag 

Editor's Choice 25 MHZ 386 
Cache system except this 
machine has an 80 Meg l7ms 
Drive instead of the 110 Meg 
EDSI Dri ve. 

$2995.00 

GATEWAY 2000 SYSTEMS 

GATElt!tl' 386SX 
2MegsRAM [g
1.2 Meg 5.25" Drive 
1.44 Meg 3.5" Drive ..;. ~"1.;; 
40 Meg l7ms IDEDrive 
16 Bit VGA with 512K 
14" 1024 x768 Color Monitor 
I Parallel & 2 Serial Ports 
JO I Key Keyboard 
MS DOS 3.3 or 4.01 
MS WINDOWS 3.0 

$1995.00 

33MHZ 386VGA 
64K Cache RAM ~. 
4 Megs RAM iii 
1.2 Meg 5.25 '' Drive 
1.44 Meg 3.5 " Drive 
150 Meg ESDI Drive 
ESDI Cache Controller 
16 Bit VGA with 512K 
14" 1024 x 768 Co lor Monitor 
I Parallel & 2Serial Ports 
101 Key Keyboard 
MS DOS 3.3 or 4.01 
MS WINDOWS 3.0 

$3695.00 

20MHZ 386VGA 
4Megs RAM 
1.2 Meg 5.25" Dri ve 
1.44 Meg 3.5" Drive 
80 Meg l 7ms IDE Drive 
16 Bit VGA with 512K 
14" 1024 x 768 Color Monitor 
I Parallel & 2Serial Ports 
101 Key Keyboard _._._, 
MS DOS 3.3 or 4.0 I 
MS WINDOWS 3.0 !....!....!.... 

$2595.00 • • • • !J OI 
~ 

25 MHZ 386 VGA 
$2695.00 

25MllZ 486VG,\ 
64K Cache RAM 
4Megs RAM 
l.2 Meg 5.25" Drive 
1.44 Meg 3.5" Drive 
150 Meg ESDI Drive 
ESDI Cache Controller 
16 Bit VGA with 512K 
14" 1024 x 768 Color Monitor 
1Parallel & 2Serial Ports 
101 Key Keyboard 
MS DOS 3.3 or 4.01 
MS WINDOWS 3.0 

$5295.00 

STANDARD FEATURES AND SERVICES 
• Microsof WINDOWS™with all 386 and 486 systems 
• 30day money-back guarantee 
• One-year warranty on pans and labor 
• ew leasing options now available 
•Toll-free technical support for the life of the machine 
• Free on-sire service to most locations in the nation 
• Free overnight shipment of replacement parts 
• Free bulletin board technical support 

if our srandard configurario11S don'r fir }Our needs. we'll be happy ro cusrom configure a sysrem jusrfor you. 
Due ro rhe 1·0/ariliryof 1he DRAM marker.all prim are subjerr ro clumgt. 

8 0 0 • 5 2 3 • 2 0 0 0 
610 Gateway Drive • N. Sioux City, SD 57049 • 605-232-2000 • Fax 605-232-2023 



LETTERS 


Computer-Aided Independence 
As a disabled computer user, I would like 
to thank you for " Opening Doors for the 
Disabled" by Joseph J. Lazzaro (Au
gust). Lazzaro provides an invaluable 
service by making more people-both 
disabled and nondisabled-aware of the 
full scope of adaptive technology. 

He and I both have a vital interest in 
this area, since without adaptive technol 
ogy neither of us could function as inde
pendently as we do . I am a quadriplegic , 
and I work (and play) on a computer 8 
hours a day using the Magic Wand Key
board , a miniature IBM-style keyboard 
that my husband originally designed for 
me . This keyboard works with a wand 
and requires no strength or dexterity . We 
now sell the keyboard, and earlier this 
year , our company was awarded a grant 
for $30,000 from the New York State 
Science and Technology Foundation for 
projects relating to the keyboard ' s use as 
an educational/vocational tool . 

Anyone interested in obtaining infor
mation on adaptive computer technology 
shou ld contact the Trade Center in Madi
son , Wisconsin , at (608) 262-6966, and 
the IBM National Support Center for 
People with Disabilities in Atlanta , 
Georgia, at (800) 426-2133. 

More articles like Lazzaro's are need
ed to reveal exactly what is available and 
how profoundly computers can affect a 
disabled person ' s life . At stake are not 
spreadsheet performance and network
ing capabilities , but basic needs of self
realization . 

Susan Crouch 
Spring Valley, NY 

Wolf in Fly's Clothing 

I enjoyed " The Flight of the Bee Wolf" 

by Ben Smith (June). 


I would like to suggest one correct ion. 
The bee wolf is not a fly , which would be 
found under the order Diptera . It is found 
in the order Hymenoptera , which con
tains sawflies , parasitic wasps , ants , 
wasps, and bees. 

The bee wolf, taxonomically , is lo
cated under the family Sphecidae , sub
family Philanthi11ae, tribe Philamhini , 
which contains 29 species in North 
America. They are also known as bee
killer wasps . 

I do not want to take away from your 
efforts to produce interesting articles . I 

and Ask BYTE 

just wanted you to know that entomolo
gists do read BYTE through to the last 
page . I have a great fascination for both 
insects and computers. 

Harry L. McMenemy 
Memphis , TN 

IBM Bashing? 

Am I the only one who finds Joel S. Mos

kowitz's Stop Bit (" Quest for a Mouse

ball " July) just a wee bit strange? 


First , he blackmails IBM into giving 
him a brand-new mouse- just because he 
Jost the parts of his old one-or else he ' ll 
write a big expose about the fact that this 
part does not have a part number! For the 
nuisance value and for gracious customer 
relations , IBM accedes to his " request. " 

And then he writes the article anyway. 
This , from a lawyer? First blackmail , 
then breach of contract? No wonder the 
world delights in telling jokes about the 

WE WANT TO HEAR FROM YOU. Please 
double-space your leuer on one side of the 
page and include your name and address. 
Leuers two pages in length or under have a 
be11er chance ofbeing published in their e11
tirety. Address correspondence to Le11ers 
Editor, BYTE. One Phoenix Mill Lane , Pe
terborough, NH 03458. You can also se11d let
ters via B/Xmail clo "editors. " 

Your letter will be read, but because ofthe 
large volume of mail we receive, we can11ot 
guaramee publication. We also reserve the 
right to edit fellers. It takes about four months 
from the time we receive a le11er until we pub
lish it. 

greed and venality of the lega l "pro
fession. " 

Lucien R. Greif 
Chappaqua , NY 

Bridge Work 
In Jon Udell s review of a program cal led 
Bridge ("Windows Shopping: 3.0 Appli 
cations Take Shape," July) , he states that 
the program " activates the clock, ... re
sizes it , and moves it to the lower right
hand corner of my screen.... There 's no 
straightforward way to do this on a Mac 
or in any of the Unix graphical user 
interfaces. ' 

This, at least with respect to Unix , is 
false. Put the following line in your log
in or profile file: 

xclock -d i spl ay un ix: O. O - geomet r y 
50x50-50-50 & 

This line will load an xclock , using 
Unix-domain sockets , on screen zero of 
display zero with a window size of 50 by 
50 pixels and the window placed in the 
lower right-hand corner of the screen . If 
xclock follows the lnter-Cliem Commu
nications Con ventions Manual (and as 
an X Consortium-distributed demo, it 
ought to), then it will pop up under any 
comp liant XI 1R4 window manager 
without your intervention. 

Garrett A. Wollman 
South Burlington , VT 

What you say is true: An X Window Sys
tem manager can indeed comrol the ini
tial size and location ofan application 's 
window. My clock example, in retro
spect , wasn 't well chosen. (Even under 
Windows, there is no need to resize the 
clock 's window, since the clock can up
date its displa y while running as an 
icon.) The more interesting capability of 
Bridge, as I pointed out, is its ability to 
launch and interact wirh a collection of 
graphical applicario11s under program
matic control. A Bridge program can, for 
example , launch a spreadsheet and a 
word processor and then cut a range of 
numbers from the spreadsheet and paste 
them into the word processor. Bridge uses 
graphical programs as components of 
meta-applications, just as Unix shell 
scripts and DOS batch files use com
mand-line programs. 

Nothing precludes the i11ve11tion ofsuch 
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a graphical scripri11g la11guagefor X Wi11
dow. bw it's my 1111derstandi11g that it 
hasn 't happened yet. I have no doubt that 
resourceful X Window aficionados will 
soon bring g raphical user interface 
scripting 10 Unix. And, of course, Mac 
usu are anxiously awaiting 1he scrip1ing 
features promised for System 7. 0. 

-Jon Udell 

E DI E ·planation 
I am cu riou as to how author Roger C. 
Alford arrived at the conclusion that no 
one use hard ectoring ( .. The Evolution 
ofESDI. " June). 

Where l work, we u e large ESDI 
drives from Fujitsu and Micropoli . and 
controller ca rd from SMS Tech nologies 
and PSI Technologie HyperStore). and 
everything we buy i hard- ectored at the 
factory. In fact, on the SMS Omti8640 
and 1he HyperStore . no option ex ists for 
ofc ectoring. 

Although oft ectoring is preferable, 
hard ectoring eem to be the norm . 

Dave Harrison 
Los Angeles, CA 

My sta1eme111 that hard sectoring is nor 
generally used in ESDI implementations 
is incorrect. As you point out, hard sec
toring is still common in modern £SDI 
implememations. The important thing to 
nore is thar ESDI supports both soft and 
hard ectoring. I apclogi:.e for any confu
sion this may hm·e caused. 

- Roger C. Alford 

Corvus Responds to Review 
BYTE reviewed our Ready et in its 
Product Focu " ·etworks of Peers" 
(June). We would like to addre the 
complaints of your editor . 

In the cabli ng connections for the ! 
megabit-per- econd Ready et. you open 
a tap box and in ert pretinned wi re into 
a punch-down block . While thi is more 
difficult than plugging the cable directly 
into the tap box (a you do with the 4
Mbps ve r ion). it i no more difficult 
than plugging in a stereo speaker. 

In the ver ion that BYTE tested. it is 
true that Ready et did not supporc sector 
size la rger than 512 bytes for volumes 
larger than 32 megabytes. Thi ha been 
changed in the latest ve rsion which 
hipped in June. 

If you type in connection from the 
command line . the yntax ha one more 
parameter than the standard MS- ET 
syntax that most other y tern use . How
ever, the Ready ec manual in no way ad 
vise user to type in con nection tring 
from che command line. Ready et pro
vides a sim ple menu program called 

Quick Connect that eliminates typing in 
command-line string . And si nce Quick 
Connect provides the option of auwmat i
cally making the connections after every 
reboot, there is no need to ge.nerate batch 
file for connection loading. The BYTE 
editors seem 10 have overlooked Quick 
Connect. 

It is false that there i no way to change 
node or u er name . You ca n change 
them u ing NetView, another network 
management program that the BYTE edi
tors overlooked . 

It is incredible that the BYTE editors 
did not notice the print pooler . The print 
pooler is automatically set up on the 

first server. and it can be set up u ing 
Quick Connect on any other node a 
wel I. The queue manager was left out of 
the original Ready et 1-Mbp version , 
but it ha alway been available from 
Corvus on the technical-support BBS. It 
is currently available in the 4-Mbps and 
the new I-Mbps versions . 

Ready et is designed for use in a 
small office environment by people not 
familiar with network operation. I am 
ure that the BYTE editors try very hard 

to be fair in their evaluations. but per
haps their technical proficiency Jed them 
to overlook ome of the features that have 
been included for the novice. 

Janel Killheffer 
Marketing Manager 

Con·us 
San Jose, CA 

We agree that you don 'r need an elecrrical 
engineering degree to install Ready er 's 
/-Mbps tap boxes. Still , these were the 
011/y no11111odular co1111.ec1ia11s that we en
countered in the review. We don 't 1111der
srand why the entry-level version of a net
work advertised as "selfi11s1alli11g " does 
not s11pply modular connectors. 

We are glad to hear that the latest ver
sion ofReady el can work with non-512
byte sectors and volumes larger than 32 
MB. More and more vendor versions of 
MS-DOS have such characteristics: it is 
critical ro support rhem. 

ft is true that Quick Connect automates 
connections, and that you can specify 
those connections by way of a menu sys
tem. However, you use thar menu sys1em 
to piece together connection strings ex
pressed in terms of concepls (i.e . . plugs , 
sockets , and modules) that confused us 
and that we think will confuse no ices 
even more. 

We didn 't say that Ready et won't let 
you change the defaulr user names-it 
will. We did not find a way ro change the 
names of workstations and printers. We 
raised this question with a Corvus repre

senratil'e. He t0ld us that primer names 
are indeed fixed and that 11orkstatio11 
names can be modified only by means of 
a workaround . 

We are glad that the / -Mbps version of 
Ready et 11011· includes the queue man
ager. It was . as yo11 say, left out of the 
original I -Mbps version , and we did not 
receive a supplememary copy by press 
rime.- Jon Udell and Rob Mitchell 

The Problem with Toner 

We would like to clarify cwo points about 

the Kyocera F-J OOOA laser printer re· 

viewed in your Jul y Product Focu s. 

.. Lase r Printer Get Per onal. " 


From the article' na rrative. it is clear 
that the fir t toner was insta lled incor
rectly. The toner i never opened and 
poured into the hopper a de cribed . A 
in tructed on the top of the cartridge, you 
place the cartridge in the developer and 
keep it there unt il it is empty. Once the 
cartridge i locked in place. you pul l a 
Myla r strip from the right to relea e the 
toner into the developer. 

We trongly believe that by manufac 
tur ing the ent ire printer, includi ng the 
engine. we can maintain the highest level 
of quality in our product , for which 
Kyocera ha been recognized for over 30 
year . Thi quality ha al o been recog
nized by both ni ys and Manne mann 
Tall . which cho e to u e our printer en
gine . 

Michelle Chri tian 
Marketing Communications Manager 

Kyocera Unison 
Alameda , CA 

We did follow the procedure you describe. 
We locked rhe toner imo place, pulled the 
Mylar strip. and released the t011er int0 
the developer. We 11·ere then required ro 
remove the toner receptacle before re
placing the hopper. Ar tha1 poi111 . 11·e 

were exposed to any loose toner left in the 
receptacle. That \\'OS th e difference. 
Primers using the Canon engine elimi
1wred the need ro deal ll'ith the toner at 
all. £\'en among those primers requiring 
separate toner, the Kyocera Unison mod
el was the only one that didn 'r leave the 
toner receptacle a11ached 10 rhe toner 
cartridge. With the other printers. yo11 a1
1acl1 the toner and p11/l 1he strip, and the 
dirt \' work is done. 

We can see the adva111ages ofmanufac
iuring the emire primer. We just think 
that b11yers sho11ld make sure rhat ex
pendables (e.g., roner and drum) and up
grades are readily available. In general, 
third-party support adds value 10 any 
product. 

- Stanford Diehl and Stan W zola 
COllli/1111.'d 
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We slash interface 

development time. 


(and we can prove it!) 

C-PROGRAMMERS: 
See for yourself how 


Vermont Views ™ 

can help you create 


user interfaces 

the easy way. 


If you want to start saving a tre
mendous amount of time and 
effort, call for your free Vermont 
Views demo 
kitandputus • """ "' 1-1 """"".,,.. 

When you create an interto the test. 
VermontViews face with Vermont Views. 
is a powerful, you can port it among 

PC-DOS , OS/2 , UNIX,menu - driven 
XENIX, and VMS.screen design

er that comes VermontViews can be 
' - 4with a C li '' ... ' • • .•.,' ' •' ' '• -- r ~ 

brary of over 
550 functions. Which means you 
can create user interfaces in just 
a fraction of the time it takes to 
write the code yourself! 

Why try to reinvent the 
wheel when Vermont Views lets 
you interactively create pull-down 
menus. window-based data-entry 
forms (with tickertape and memo 
fields). scrollable form regions, 
choice lists, context sensitive 
help , and a host ofother interface 
objects. 

Vermont Views combines the 
convenience of a fourth genera
tion language with the power, 
flexibility, and blinding execution 
speed of native C code. 

Tum your prototype 
into the application. 

Lefs face it. With most systems, 
you have to throw away your proto
type when coding begins. Which 
means you waste precious time 

and effort. With Vermont Views, 
things are a lot different. In fact , 
the prototype actually becomes 
the application. So menus and 
data-entry forms are usable in the 
final application without change. 
Names of functions for retrieving, 
processing, and storing data 
can all be specified as the proto
type is created. And that's just 
for starters. 

Here's a truly 
"""' 

1 universal solution. 

- , used with any database 
that has a C-language in

terface (most do) , and will create 
interfaces for any roman-based 
language. Our form-locking ver
sion lets you develop quickly and 
safely on networks and multi 
user operating systems, too. 

Ifyou need DOS graphics in 
your applications, we also have 
the answer. Vermont Views ™ 
GraphEx allows all Vermont 

... ' 

Views' windows, menus, 

forms to work in CGA, EGA, VGA, 

and Hercules graphics modes. 

So you can use your 

favorite graphics package 

to create charts, graphs, 

and other images to enhance 

text displays. 


Vermont 

Creative 

Software 


Pinnacle Meadows ,-Richford, vr 05476 
Phone: (8021 848-7731 
FAX: (8021 848-3502 

and (802) 848-3502. 

~ Copynght 1990 
Vennont Crea tive Software 

****** *** 

** WE GUARANTEE 

YOUR SATISFACTION. *** 
FOREVER.** We're so sure you'll * ** love Vermont Views that ** 

we make this Iron-clad,* money-back guarantee. If ** you're ever dissatisfied ** With Vermont Views, for ** any reason, return it for a * * prompt, no-questions- * 
asked refund. (All you* have to do is certify that ** you haven't incorporated ** our code into any ap- * * plication.) * 

************* 

Call for your FREE 

demo kit! 
800-848-1248 
(Please mention "Offer 074") 

Don't take our word for it. Put 
Vermont Views to the test by 
calling for your personal, free 
demonstration kit. Or fax us at 



There are 
threeways 

to get 
everything 

· youexpect 
fromala5er 

printer. 
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0JjJie1:'" 'f.itJe11rile1:,· aJ1d Fr1c,'imi/£{\' 

Panasonic 

Office Automation ~ 

When you want corporate-size 
features in a desk top_pacbge,_ 

Speed, fonts flexibility. Everything you 
want in a personal laser printer, in 
a package that fits comfortably in your 
office or home. The KX-P4420 prints 
at a fast 8 letter-sized originals per 
minute - up to twice the speed of some 
personal laser printers. And its standard 
features include a large-capacity paper 
cassette 22 internal fonts available in 
25 symbol sets (including legal), plus 
512K of memOJ.Y: expandable to a full 
4.SMB. The 4420 personal laser printer. 
Corporate-size features. Personal price. 

The Panasonic® 
Personal Laser. 



When Y-OU have several people in 
Y-Our department,_you need a 
printer that can handle them all. 

Lots of speed, lots of capacitY: lots of 
emulations. The KX-P4450i is meant for 
the whole department It has dual-bin, 
high-capacity paper cassettes. And does 
a full 11 pages per minute even if every 
page is different Each page will be crisp 
and clear, no matter which of the 28 
internal fonts you 're using. And the 4450i 
emulates LaserJet Series II, as well as 
popular dot matrix and daisy wheel 
printers: This is one laser everyone will 
be happy to share. 

What makes the companyJook 
good makes Y-OU look good 

When appearance is all choose the 
KX-P4455 with Adobe PostScript. With it 
you can dramatically enhance every 
document with multiple fonts varied type 
sizes, even images rotated and scaled to 
fit At 11 pages per minute, and with 
superb print quality. The features you 
want most are standard. From 39 Adobe 
fonts to dual-bin, high-capacity paper 
cassettes. Plus a wealth of optional 
typefaces. And its interfaces work beauti
full with MS-DOS NIX or Apple 
environments: With the 4455 you don t 
just print your documents you publish 
them. 

The Panasonic 
Shared Laser. 

~ H'44&01 -

D 

The Panasonic 
PostScript*Laser. 

D 

FOR FURTI-IER fNFORMATIO , SEE THE PRODUCT SPECIFICATIO S 0 THE NEXT PAGE, OR CALL TOLL-FREE 1-800-742-8086. 



Three greatlaserJ)1inters.

Designed specifi.callytQrtheways


people do bUSll1ess. 

The KX-P4455 
Panasonic Post.Script Laser. 
Printing..S~d: 11 pages per minute.• • 

Comf!atibility..: Adobe PostScript, HP LaserJet 

Series II and Diablo 630 emulations~ 

Fonts: 39 Adobe Fonts.• 

Paf!er Handling: 1\vo 250-Sheet Cassettes. 

Resolution: 300 Dots Per Inch. 

RAM: 2MB Standard, expandable to 4MB. 

Interfaces: RS-232C/ 422A Serial, Centronics 

Parallel and Appletalk.* 


-CJ 


The KX-P4420 
Panasonic Personal Laser. 
Printing..SP.eed: 8 pages per minute~• 
Comf!atibility..: HP LaserJet Series II 
emulation~ 
Fonts: 22 Internal Fonts-11 available 

in both portrait and landscape. Thro 

slots for optional font cards. 

Paf!er Handling; 250-Sheet Cassette 

with Manual Feed. Face-up and 

face-down output. 

Resolution: 300 Dots Per Inch. 

RAM: 512K Standard, expandable 

to 4.5 IB. 

Interfaces: Centronics Parallel; 

Optional RS-232C Serial. 


The KX-P4450i 
Panasonic Shared Laser. 
Printing.Speed: 11 pages per minute~• 
~f!3tlbiliW..: HP LaserJet Series II 
P'anasonic, Epson, IBM and Diablo 
emulations~ 
Fonts: 28 Internal Fonts-14 available 

in both portrait and landscape. Two 

slots for optional font cards. 

Paper Handling: Thro 250-Sheet 

Cassettes with Manual Feed. 

Resolution: 300 Dots Per Inch. 

RAM: 512K Standard, expandable 

to4.5MB. 

Interfaces: Centronics Parallel and 

RS-232C Serial. 


'HP and LaserJet Series II , Epson, IBM, Diablo. Adobe and PostScript, MS-DOS, UNIX andAppletalk are registered trademarks or trademarksofHew1eu-Packard Co., Seiko Epson Corp., 
lmema11onal Businesi; Machines Inc., Xerox Corp., Adobe Systems Inc., Micro;oft Corp., AT&T, and Apple Computer Inc., respectively. ..letter size, text mode. 5.5%image area. all originals. 

(Specifications are subject to cnange without notice.] 

LPF-BY Circle Z74 on Reader SeTVice Card 
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Like, Squaresville, Man 
I am wondering if all present computer 
systems divide the display into o many 
quare pixel . Ifhigh resolution is impor

tant, as in animation and CAD, then the 
square tes ellation of the display doe not 
seem to be the best choice. 

There are only three regular tessella
tions of a planar surface: covering the 
surface with squares. with regular trian
gles , or with regular hexagons. In any of 
these cases , ci rel es can be inscribed 
within each of the polygons of a given 
tessellation . This results in three differ
ent methods ofuniforrnly packing circles 
on the plane. The sizes of the square, the 
regular triangle, and the regular hexagon 
can be chosen so that the ciicles are the 
same size for all three method of circle 
packing. It is then fajrly easy to how 
that, for a given area of reasonable size , 
the hexagonal tessellation leads to the 
greatest number of circles of a given 
radius. 

These circles inscribed within the reg
ular polygons correspond to the beam of 
electrons that activates each pixel of the 
CRT (when the brightness is adjusted 
properly). A circle in cribed in a regular 
hexagon covers over 90 percent of the 
area of the hexagon . The same circle in
scribed within a square will cover less 
than 79 percent. Thus, the hexagonal tes
sellation leads to about 15 percent more 
pixels for a given area. This should indi
cate a slightly better resolution for graph
ics work. (The method of grouping the 
pixels for the creation of a character set is 
another matter.) 

Thank you for any explanation that 
you can give . 

Lem Chastain 
Brooklyn, NY 

This is really a question for people who 
design graphics systems , bw I will join 
you in supposition. 

Perhaps the reason behind the rectilin
ear pixel arrangement has to do with the 
history ofthe most common display medi
um: the CRT. The beam is sweeping left 
to right in horiwmal scrokes. lfthe pixels 
were shaped as hexagons, clre beam 
wouldn 'r be able to sweep smoorhly 
across the display. Early TV grew from 
black and white to color, and then com
puters began painting pictures on TV dis
plays through graphical display drivers. 
We have always thought of display coor
dinates as straight Cartesian (x, y) coor
dinates , and making the changeover to 
hexagons might freak people out. Still, 

the increased resolution might be useful. 
With display technology changing on a 

daily basis, it would be relatively easy to 
implement your approach in LCD, plas
ma. or electroluminescent display tech
nologies. Electronically, we drive the dis
plays from banks ofmemory anyway, so 
it 's just a matter ofaddressing the data to 
the right cell. The 011/y real difficulty 
would be to get programmers to think in 
hexagons. We would have to rewrite all 
the line- and circle-drawing algorithms. 
get new versions of Microsof1 Windows 
and Macintosh Toolbox dril·ers .. and so 
on. Do any display manufacturers have 
thoughts 011 this? It 's an interesting idea, 
and I hope rhar people remember thar 
they read it here first. Lem, ifwe receive 
any royalty checks, we'll be sure to pass 
them along to you.-H. E. 

A Storm in the Port 
With IBM XT compatibles , it is a simple 
matter to switch the turbo mode on or off 
by reading a port (often at address 62 
hexadecimal) and reserting I or more 
bits , depending on the type of board . 

I recently purchased an AT compatible 
with the Texas lnstiuments AT chip set 
and Award 286 Modular BIOS 3.03HD. l 
would like LO be able to witch the ma
chine into and out of turbo mode u ing 
this technique. Unfortunately. I do not 
have any information on the speed set
t ing. Do you have any ideas on the 
subject? 

R. D. B. Fraser 
Tewantin. Queensland, Australia 

Unfortunately. you ha ven 't given me 
enough informarion to completely an wer 
your question. The software control over 
the turbo funcrion is often handled by rhe 
keyboard comrollerlmicroprocessor 011 a 
PC-compatible machine. As you pointed 
out, ir 's usually a mat1er of twiddling a 
bit or two at an 110 port , usually in the 
range 62h to 6Fh. According to Award, 
the company has never made a version of 
its BIOS for the Texas instruments AT 
chip set. Because of thar , there's no way 
thar Award can ref/ you where the 110 
port is on your machine; that information 
would have to come from rhe mother
board manufacturer. If you wam to send 
your lefter anyway, you can reach Award 
at 130 K11owles Dr., Los Gatos , CA 
95030. or by fax at (408) 370-3399. 

All is not lost. If your BIOS supports 
speed-changing through the keyboard 
(often Ctrl-Alt-+ and Ctrl-Alt- - or Ctr/
Alt-I and Ctrl-Alt-2) , you ca11 find the 
port by tracing through the BIOS in the 
debugger. The address of the keyboard 
handler (INT09h) is 0000:0024. Get that 

address (probably in the FOOO segment) 
and disassemble the code. If you are 
lucky, you '/I find an OUTinsrruction to a 
port in the 60h-6Fh range. Wh en you 
find so1nething interesting, \Vrite a short 
test program to twiddle the bits, and see 
what happens. 

Finding that 110 port is a good rainy
da) act ii ity, one that should keep you en
tertainedfor hours. Be prepared ro reboot 
often·; it's likely that 1f you tweak the 
wrong bit on rhe keyboard controller, 
you 'fl totally mess up your machine. 

- H. E. 

Frantically Foraging for Fractint 
Would you please let me know how or 
where I can obtain information on a pro
gram named Fractint? 

Arthur Trantolo 
East Hartford. CT 

Fracri11t is a public domain fractal dis
play program by Berr Tyler and a few 
other hotshot programmers. Source code 
and executable copies are available on 
BIX, CompuServe, and many BBSes; irs 
latest release is version 14. 0. 

If you have trouble obtaining the pro
gram 011-li11e, coll/act the author at Tyler 
Software (124 Wooded Lane. Villanova , 
PA 19085).-S. A. 

Missing Manuals 
In July 1989, I bought a 20-MHz Arch 
Tech 386 Tower Computer from Tech 
Center in Boulder, Colorado. and the 
system has worked great. My problem i 
that not all the manual were in the 
boxes . I thought you might be able to give 
me ome good ideas on how be t to ad
dress the problem . 

For the las! year, I have been trying to 
get the manuals from the people at Tech 
Center, but I have had no response from 
them. I guess that 's because they know I 
am a foreigner, and they think that there 
is no marketing benefit in he.lpi ng me. I 
have thought of addressing Arch Tech di
rectly to purchase the manuals, but I do 
not want the company to think that I want 
the documentation to duplicate its system 
here. Also I do not ha e Arch Tech 's 
addre s. 

How should I address this problem? 
Francisco Basciinan ogue.ra 

Santiago , Chile 

I 'm glad ro hear rhat you 're enjoying your 
new machine. Unfornmate!y, wirhota 
more information, l can 'r help you rrack 
down manuals for £t. The Boulder phone 
book doesn 't list any business under the 
name Tech Center, and I ended up speak
ing with several people who work for 
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companies with similar-sounding names 
(thanks to all who helped!). If that 's the 
correct and full company name, perhaps 
it 's out ofbusiness now. 

I 'm more concerned about the name on 
your computer. No one seems to have 
heard ofa computer built under the name 
Arch Tech. Perhaps your machine is from 
Arche Teclmologies? In that case, you 
can reach Arche at 48881 Kato Rd. , Fre
mont, CA 94539, (415) 623-8100. Be 
specific with the exact configuration and 
model numbers of your system compo
nents. I 'm reasonably convinced that 
your experience was simply the result of 
bad communication , 1101 because you 're 
a foreigner. Companies that do business 
that way simply don 't sta around very 
long.-H. E. 

More on Fractint 
A number of year ago , J obtained a disk 
displaying Mandelbrot fractal s from 
BYTE. ow I have obtained Fractint ver
sion 12. 0 . but I have a problem . 

I have an Olivetti M24 computer that I 
under rand is equivalent to an AT&T 
6300 computer. Mine is fined with CGA 
and a color monitor. The computer has 
been upgraded using Sota 286i and i 
al o fitted with an 80287 math copro
ces or. 

My problem: Using Fractint , I get only 
four colors . With WordStar , Turbo Pas
cal, Paradox , Quattro Pro , and GW
BASlC, I can obtain all the colors I desire 
on the screen . 

By the way I am having the same 
problem using Flight Simulator 3, but 
not using the American version ofTetri . 
I have been a subscriber to BYTE for the 
la t four years. and I have become aware 
of your sympathetic approach to reader 
problem . 

J. Yodaiken 
Cape Town, South Africa 

Unfortunately, CGA graphics capability 
hits its peak arfour colors. The other ap
plications that you mention are text-mode 
programs and provide more colors by 
using characters to make up the screens. 
Quattro Pro will also run in graphics 
mode, but it will then give you the same 
four-color limitation. 

I am not familiar with the Terris pro
gram that you mention. but again , I sus
pect it is a text-mode application. Obvi
ously, text mode is not appropriate for 
detail-intensive programs like Fractint 
and Flight Simulator. 

If you spend any time at all running 
graphics software, you may wall/ to look 
into upgrading to a VGA system; the dif
ference will be startling.-S. A. 
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I Just See Stars 
I recently bought a new machine. and I 
was a bit dismayed to find my pread
sheet file full of tar when I tried to u e 
them . All the labels were there intact. but 
no numbers . It didn 't take too Jong to fig
ure out the cause; I had to deal with simi
lar problem on my old machine as well. 
The software think the machine ha a 
numeric coprocessor. but it doesn 't. so 
all the number are garbage. 

Most software packages with the capa
bility to use a coprocessor run a short 
routine at tart-up that asks the copro
cessor to store the control word (F'STCW) 
or the status word (FSTSW) into memory. 
If thi s work (i.e ., If the value in the 
memory location is changed or is a al id 
value). then the software assumes you 
have a coprocessor and uses it thereafter 
to do numeric operation . 

Both the machines that I have owned 
will return values when asked to do one 
or other of the above operation , and I 
know several other people who have run 
into thi type of problem . Where doe the 
fault lie? 

Why do software companie include 
such flimsy and potentially fallible 
checks for the 80 87 in their oftware 
and compilers? I tarted getting weird 
numbers in my spreadsheets one time be
cause the 80287 was ha! f out of its ocket 
after I'd been messing around putting in 
a board . It still pas ·ed the check for pres
ence, even though half the pin were not 
connected. Why doe n ' t the routine 
check the result of a division or a multi 
plication? 

Jon Waterhouse 
St. John's, Newfoundland, Canada 

If your spreadsheet software (whose 
name you fail to mention) checks for a co
processor in the way you describe. then 
you 're right to feel dismayed. Most soft· 
ware will look for a coprocessor via the 
BIOS equipment check interrupt (I 1 hex
adecimal). This illlerrupt returns a word 
full off lags that is set by your machine's 
power-on self test routines . How the 
POST routine does its job probably varies 
from BIOS to BIOS. Some machines re
quire you to install a jumper whenever 
you install a coprocessor, and in that 
case the BIOS ma simply look for the 
presence of that jumper. Also , AT-class 
machines expect a flag set in the nonvola
tile CMOS RAM indicating the presence 
ofa coprocessor. Ha ve you checked your 
machine for either ofthese possibilities ? 

Finally, ifyou want to know how soft
ware can detect and identify an 80x87 co
processor. Look for BYTE's March 1988 
issue. Prakash Chandra of Imel shows 

assembly language source code in his ar
ticle "Programming the 80387 Copro
cessor. "-R. G. 

Po tScript Preview 
I 'm crying to find a PC program that will 
let you preview. one page at a time. the 
contents of a text file a it would appear 
when printed on a LaserWriter Plus. 

This program would be used by tu
dent of the Chi , olm In titute of Tech
nology to print their assignment . At 
pre ent , we have a program that convert 
file from various word proce si ng pro
gram to PostScript. This transformed 
file i then ent lo the La erWriter Plu 
for printing. 

There i a shortcoming with thi ar
rangement. After you ' ve committed the 
text file to laser printing. there is no turn 
ing back. Consequently , student can 
lo ea lot of money on wa ted printing. 

Graham Brown 
Dromana. Victoria, Australia 

Most word processing programs these 
days will support Pos1Scripr. You should 
call the vendors ofthe various word pro
ce sing programs and ask for a PostScript 
driver. At rile same 1ime, ask if the pro
gram has a preview mode. Many word 
processors will either show you what the 
printed output will look like on-screen or 
will print the ourpw to a disk file . As long 
as you have a PosrScrip1 driver insralled, 
the preview should look exactly like the 
final primed outplll. Jfyou can find driv
ers , this would be your best bet. 

Another solwion is a PostScript inrer
preter. Th e primary purpose of a Post
Script interpreter is ro convert Post Script 
files so thm 1hey can be primed 011 11011

PosrScript printers. Although you would 
not need one for this purpose , a Post
s cript interpr111er mighr include a preview 
mode as well, so you could use such a 
program to see how the final primed page 
will appear. LaserGo (9369 Carroll Park 
Dr., Suite A, San Diego, CA 92121 . 800
955-3668) should be able to help you. 
Th e company's GoScript program will 
display Post Script 0 11 EGA or VGA moni
tors. It will also display TJF and PCX 
files.-S . D. 

FIXE 


In '' Fa ter Get Smaller " (August), 
Compaq inadvertently provided BYTE 
with the wrong FCC rating for the Desk
pro 386/25e. The correct rating is FCC 
Cla B, not Class A. • 



Here's what they say 

about Zortech C+ + 


"Zortech is a trulyfme compiler ... if you've 
been waiting for a major player to offer a 
professional C++ development systemfor 
OS/2 and Windows, as weU as D OS, 
wait no longer .. . Zortech has i t! '' 

Richord Hole Show, PC Mogozine, p.38, Morch 13, 1990 

11 Zortech C++ is one of the best MS-DOS 
products I've had the luck to use .. .. .I can 
highly recommend the Zortech 2.0 release." 

Scott Robert Lodd, Dr. Dobbs Journal, pp. 64-73, Jonuory 1990 

1 11 Zortech has done a commendable job 
with C++ 2.0 and I recommend it 
highly.. . The debugger is impressive... Get the 
Developers version ... it's worth the money." 

Bruce Eckel, Micro Cornucopia, pp. 8-17, Morch 1990 

"We have devoted virtually a full issue to evalua
tion of C Compilers . .. . it's an easy choice. We 
pick ZORTECH." 

J. D. Hilderbrand, Editor, Computer Language, p. 7, May 1990 

AT&T"' C+ + V2 C+ + Source Level 
Specification Debugger 
./ Multiple Inhe ritance ,/Also Debugs C 
./ Type Safe Linkage ,/Assembler Debugg jn g 
./Pointers to Members with access to registers 

ond memory. 
Compiler Fea tures ./ 16 D.ebugging Windows 

. . . ./Multiple Statement Lmes 
,/ Notwe code comp1/17r with ,/ Breok/ Troce/Wotchpoints 

separate global opt1mzer ./ Duo/ Mon jtor Support 
./ Improved MSC Sou rce ./ F II C+ + 

Level Compot jbi/ity u . nofme 
MS w· d ™ C t'bl 1' unmong 1ng or easy u.se ., rn ows ompo 1 e I k .

, C d v· ,. C t'b/ ./ Boc memory write protect" o e 1ew ompo 1 e 
./ Fast Graphics Library with C T I Cl 

C++ interface + + oo s asses 
,/ Easy to use TSR functjons ./ 25 C ++ Classes wjth fu ll 
./Standard Library Source source code 

Code included wjth ,/ Includes new Text User 
Developer's Edition Interface Classes 

./Seamless LIM/ EMS ./Event Queue, BCD Moths, 
Support via new handle Linked Lists, Money, DOS 
pointers or directly via error handling classes, 
EMS library functions. text windows and editing 

./ Full MS Mouse Library c_losses, virtual array~, 

./ OS/2 Comp iler Option time and dote hondlrng, 

./ 99%ANSI C Compatible r;Jirectories and filen ames, 
,/ Improved code size/speed rnterupt vectors, etc ... 

PRICES USA: Zoriech Inc. 
C++ Compiler $199.95 4-C Gill Street 
C++ Debugger $149.95 WOBURN MAO l 801 
C++ Tools $149 .95 Voice: 617·937-0696 
Libra ry Source $149 .95 Fox: 617·937·0793 
Save $200 - Gel the 
Developer's Edition fo r EUROPE: Zoriech Ltd. 
only $450 (includes a ll the 1 06-108 Powis Street 
above items). LONDON SE18 6LU 
OS/2 Option $149.95 Voice : 44 + 81-316-7777 
C+ + Video $499.95 Fax: 44 + 81-3 16-4 138 

''ANNOUNCING V2. 1" 

640K Memory Barrier Smashed! 

• New VCM ™ (Virtual Code 
Manager) technology 

• New Rational DOS Extender 
technology for compiling/ 
debugging massive programs 

• New Virtual C++ Source 
Level Debugger requires only 
4k RAM! 

Zortech VCM ''" for DOS 

• New Remote Debugging via 
serial port 

• New Powerful Environment 
with Browser 

• New Completely Revised 
& Expanded C+ + Tools 

• New Improved Compiler 
Optimization 

With Zartech's Virtual Cade Manager (VCM) you con comp ile stondord 

MS·DOS applications containing up to 4Mb of code. VCM is o sophisticated 

virtual memory system thot dromoticolly improves performance over 

conventional overlay methods. Noturolly, our debugger understands VCM too! 


Rational '"' DOS Extender Technology .. . 

Version 2. 1 incorporates this new technology for compiling and debugging 

really bjg programs on 286, 386 or 486 based PC's. Yo u con also use V2. 1 

together with Rational Systems DOS Extender (purchased separately) to 

produce your own applications which con access memory beyond the 640k 

DOS lim it. 


C+ + Debugger in 4k RAM! 

Zortech 's Virtual C + + Source Level Debugger con now locale itself in extended 

memory on 386 machines. This requires only 4K of conventional RAM! 


STOP PRESS NEWS FLASH 

386 Comp iler/De bugger Option (using Phar Lapp 
DOS Extender) , UNIX 386 Compiler and OS/2 
De bu gg er al l available soon . Also new C++ 
Cl as s e s and Addi s on Wes l e y ZTC++ book . 

ORDER/UPGRADE HOTLINE 1-800-848-8408 
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i86SX N ul•li·Task Force 

Launch and run two, three, four or more programs simultaneously. Blast the 640K memory barrier to cut 
even the most massive programs down to size. And, rocket through spreadsheets, word processing, 
desktop publishing andmore with lightning-fast 16MHz, 32-bit speed. With this new BSR 386SX computer 
and your FREE bonus Microsoft Windows 3 .0, you 'JI infuse your computing with the time- and work
annihilating might of true multi-tasking and 386SX power. PLUS, you get $2,850 worth of FREE NAME
BRAND software. Plus, as an addedSuper Bonus, you also get $495 Quattro Pro. You 'II be armedand ready 
to assault any business, learning and creative project, all for DAK's industry-busting price ofjust $1, 799. 

By Drew Kaplan 

Get ready to un leash breakthrough 
computing power. Imagine writing a sales 
report with your word processor while simul
taneously recalculating a spreadsheet. 

Imagine running massive desktop pub
lishing programs with plenty of RAM to 
spare. And, imagine blazing through all 
your computer work with ligh tning-fast 
16MHz 32-bit speed all for just S 1,799. 

Sound like a fantasy? With most com
pu ters it would be. But, not with this new 

-ri r .-If,., ~ ~ (t •• c;. 

~386SJC/16 

BSR 16MHz 386SX Computer with 1 full 
megabyte of RAM, massive 28 millisecond 
hard drive and .31 dot pitch VGA monitor. 

It's the most powerful, fully-loaded com
pu ter OAK has ever offered. 

Plus, with the included Microsoft Win
dows 3.0 and S2,850 worth of additional 
FREE bonus software (i ncluding WordStar 
5.5), you'll be armed to make short work of 
any computer project. 

Read on and together we'll explore all 
the amazing feats you'll accomplish with 

-c 


this work-vanquishing, time-savi ng, pro-
ductivity-enhancing 386SX computer. 

ANATOMY OF A 386SX 
At the heart of this new BSR 386SX com

puter is the latest 386SX microprocessor. 
Unlike a 286 microprocessor (found in 

AT computers), which processes informa
tion in 16-bit chunks, a 386SX can process 
information in 32-bit chunks. So, it can 
handle more than twice the information a 
standard 286 can, in less time. Wow! 

Plus, you'll be able to run the latest 386pro
grams and all PC/AT compatible programs. 

This 16MHz, 0-wait state speed demon 
can calculate spreadsheets, reformat desk
top publishing documents and run any of 
the FREE programs in record time. 

But, if you're like me, you use your com
puter mostly for word processing. So you 
might not be too concerned wi th speed. I 
wasn' t either, until I pitted my old 286 
against the BSR 386SX. 

I spell-checked the same 50-page report 
on both computers. I was astounded to dis
cover that the 386SX spell-checked the 
document over a minute faster. 

Asingle minute may not seem like much, 
but when you think of how many reports, 
letters and proposals you spell-check in 
one week, those minutes add up. 

Plus, just wait till you see how quickly 
this 386SX boots up, and how fast you'll 
run through complex spreadsheets like 

INCLUDED BONUS SOFIWARE 
Retail Pr ice 

Microsoft Windows 3.0 ... .. .... $149 
Quattro Pro .. ................. S495 
WordStar 5.5 Professional . ..... S495 
Reflex 2.0 .. ...... . .......... . . S249 
Gem Desktop Publisher .. . .... .. S299 
Gem Graph .. .. ............. .. $299 
Gem Draw Plus ... .. ... . ....... S299 
Gem WordChart .. . .. . .. ....... S 199 
SideKick .. ... . .... .. . ......... S 89 
Key FormDesigner . ... .. ... .. .. S 179 
KeyMailer .. . . ....... . ....... .. S 149 
Three-Button Mouse ........... S 99 
Grammatik IV .... .... .. ... . ... $ 99 
PC Paintbrush ... ..... . ....... . $ 99 
PC USA ............... .. .. .... S 69 
Keyboard/Keypad Trainer . ... ... $ 69 
KeyDictionary ............. .... S 99 
WordFinder ...... .. .. ........ . S 59 
It's S3,494 worth of BONUS software 
induded with your BSR 386SX computer! 

Quattro Pro. But, speed is just one small 
part of the sheer might of this fantastic 386SX. 

DOWNTIME DECIMATOR 
The true power of this BSR 386SX 

is its astounding memory handling 
capability. It shatters the 640K 

RAM barrier which shackles 
286 computers. 

o longer will you be lirni ted 
to 	the old DOS standard of 
640K RAM. Sure, some 286 



With your FREE iricluded three-button mouse you'll 
zoom through databases, desktop publishing and 
word processing al meteoric speed. 

computers have 1 meg or more of RAM. 
But, most programs don't actually use it. 

But, with your 386SX and a memory
managing program like the incredible 
Microsoft Windows 3.0 1 (yours absolutely 
FREE}, you'll use all of this computer's 1 
full meg of RAM (or 2 full megs with op
tional upgrade for just S7990). 

Now you can run high-performance busi
ness spreadsheets, (like your just-released 
Quattro Pro bonus), huge databases (such 
as Reflex 2.0) and desktop publishers (like 
the included GEM Desktop Publisher, com
plete with Gem Graph, Gem Draw Plus 
and Gem WordChart) with ease. 

And, look at this. With your 386SX and 
Microsoft Windows 3.0, you'll be able to 
multi-task. That means you can run several 
programs simultaneously and transfer in
formation between most programs. 

For example, you can work on a sales 
report with the included WordStar 5.5 and 
then instantly pull up Quattro Pro to dou
ble check your sales figures without exit
ing WordSta.r. It's a real time-saver. 

You can even 'cut' figures directly from 
Quattro Pro and automatically 'paste' them 
into your report, on-screen. 

And, wait till you discover multi-tasking . 
With Microsoft Windows 3.0 this 386SX 
computer can do the work of several ordi
nary computers, concurrently. 

Forget having your computer tied up 
while it recalculates a spreadsheet or for
mats and prints out a complex desktop 
publishing document. Your 386SX obliter
ates downtime forever. 

"IRE COMPUTER OF THE FUTURE 
The experts like PC Magazine and lnfo

world agree that the 386 is the future stan
dard. And, most of the new programs 
developed over the next few years will be 
created for 386-compatible computers. 

So, with your BSR 386SX you' ll already 

by prepared for the future of computing 
with full 386 compatibility. Plus, you' ll 
have complete 286 compatibility too. 
LOADED Wl1H COMPUTING POWER 

This awesome computer comes fully
armed with an arsenal of work-annihilating 
features. With other computer companies, 
most of these features are optional. But, 
they're all standard on your 386SX. 

14" VGA Monitor (Standard). With its 
phenomenal 640 X 480 (.3 1 dot pitch), 
slide-like resolution, this easy-on-the-eyes, 
non-glare 14" color VGA monitor is the 
most brill iant I've ever seen. 

Plus, just wait till you see how the palette 
of 256,000 colors can make all your graphs, 
charts, paintings and even word processing 
and spreadsheets explode off the screen 
with sharp, vivid power. 

And, with the included tilt swivel moni
tor base, you can easily adjust the monitor 
to the perfect viewing angle for you. 

40-Megabyte Hard Drive (Standard). 
The powerbase behind your work-vanquish
ing 386SX is a mammoth super-fast, 28
millisecond, 16-bit, 40-megabyte hard drive. 

You'll have the informational storage 
power of over 110 traditional floppy disks 
to ave all of your creations and programs 
with plenty of room to spare. 

And, if you're running a company or 
need all the storage space you can get, you 
can upgrade to a colossal 80-megabyte hard 
drive for just Sl9990. 

1 Full Megabyte of RAM (Standard}. 
You'll have plenty of power to run even the 
most massive memory-devouring programs 
with the included 1 megabyte of high-speed 
RAM (expandable to up to 8 megabytes on 
the motherboard), complete with LIM 4.0 
emulation capability. 

And, you can upgrade to 2 megabytes of 
RAM for virtually unlimited multi-tasking 
power for just S7990. 

Both 5 1/~· AND 31/2" Floppy Drives (Stan
dard). You get two floppy drives with your 
BSR 386SX computer. 

First, there's a l.2MB, high-density 51/1" 
floppy disk drive. You can store nearly 4 
times more information on a l .2MB floppy 
than you can on a standard 360K floppy. 

And, you can still use and exchange 360K 
floppies with less sophisticated computer 
users than yourself. 

Plus, there's also a l.44MB high-density 
31/2'' floppy disk dri e, so you can easily 

switch floppies between your 386SX and 
the latest IBM computers and even l .44MB 
and 720K laptop computers. 

4 Expansion Slots. With its 4 expansion 
slots (3 available), your 386SX is engineered 
to grow with your computing needs. 

You' ll have plenty of room to add a fax 
card, a scanner card or a voice-mail card. 

OTE: This computer's advanced 386 
motherboard requires only a cool-running 
145 watt power supply, so you'll have plenty 
of power for expansion cards. 

Serial, Parallel and Mouse Ports (Stan
dard). You'll have two serial ports to use 
with serial devices. You get a parallel port 
for printer hook-up. 

And, there's a mouse port for your included 
3-button bus mouse (more later). 

101-Key Extended Keyboard (Stan
dard). Virtually all interaction with your 
computer is through the keyboard. That's 
why this breakthrough computer comes 
with the newest extended keyboard com
plete with separate arrow/cursor keys. 

You'll never have to hunt through the 
number keys to find the cursor keys again. 

Plus, the solid feel of the sculptured keys 
ends fi nger fatigue forever. Whether you 
'hunt &peck' ortype90words-per-minute, 
you'll really appreciate the tactile feedback 
of this high-quality keyboard. 

MS DOS 3.31 and GW-Basic (Standard). 
It amazes me how many retailers sell com
puters without DOS and Basic. At OAK, you 
get e er thing to have your computer up 
and running right away. 

Special Note: DOS 3.31 breaks the 32 
meg hard disk ize limitation, so you can 
use your 40 meg (or optional 80 meg) hard 
drive without cumbersome partitions. 

Clock/Calendar with Battery Back-Up 
and More. Plus, this extraordinary com
puter has a clock/calendar with battery back
up, a front panel reset switch and 80387 
math co-processor socket, 8MHz/16MHz 
switching and dozen more features. 

ON-SITE SERVICE 
ith a lot of companies, once you buy a 

computer, you're on your own. If you're 
lucky, they'll give you a 90-day warranty. 

But, your BSR 386SX computer is backed 
by a 12-month, on-site standard limited 
warranty. You'll receive in-home or in-office 
service anywhere in the continental United 
States. You're totally protected. 

(Next Page Please ... 

Nulii-Taskina Explained 

It's called multi-tasking. And, it's revolutionizing the way we work with computers. What 'mult:i-tasking' means is you can run several pro

grams at the same time. For example, you can have a spreadsheet program like Quattro Pro run calculations while you use a word processor like 
WordStar 5.5 to write a Jetter or report. Plus, you can 'pull-up' other programs WITHOUT exiting the program you' re working in. It's a real 
time-saver if you switch programs a lot. Here's just one example of how you can use multi-tasking to blast through your work. 

J . let'ssaniou're the sales manager 
fora company or you own your own 
business. You're writing a report with 
WordStar 5.5. As you work, you 
decide to double-check some figures 
in you r Quattro Pro spreadsheet. 

2. Without exiting WordStar, you 
pull up Quattro Pro in another win
dow. Now you can check your spread
sheet and even cut figures from 
Quattro Pro and paste them directly 
into your WordStar report. 

3. ext, you decide to check the per
formanceo(you r sales people. With
out exiting WordStar or Quattro Pro, 
you pull up Reflex 2.0in a third win
dow. Now you can easilyscroll through 
your sales da tabase. 

4. After you've confinned all our 
figures, (and rnt and pasted ;ust the 
ones you need into >'ourreport), with 
a click of your mouse, you pull tile 
WordStarwindow to the front ofthe 
screen and firzish 1 riting your report. 



. . . 386SX Multi-Task Continued) 

Plus, you get DAK's own toll-free soft
 Here's a preview of just a few 

ware support lines, manned with helpful, Jas•Lookof the name-brand software 
knowledgeable DAKonjans ready to answer 
all of your software questions. 

WHYBSR? 
DAKonians know about BSR through 

their audiophile stereo equipment. But, 
what most people don't know is that BSR 

~ was one of the world's leading manufac
turers of computer power supplies. 

And, this new BSR 386SX follows in that 
same industry-leading tradition. Plus, be
cause of DAK's direct-from-the-factory pur
chase, I got a fantastic price. 

Now you can command all the comput
ing muscle of a fully-loaded 386SX for less 
than the price of many 286 computers. 

And, let's not forget your Super Bonus 
S495 Quattro Pro. Plus, Microsoft Windows 
3.0 and the $2,850 worth of brand-name 
computer software (including WordStar 5.5, 
Gem Publisher, Key FormDesigner and 
more) you get absolutely FREE. 

COMMAND A 386SX 

MULTI-TASK FORCE 


RISK FREE 

Wait till you experience the blinding 

speed of 16Mhz, 32-bit computing. Wait 
till you cut and paste information between 
two different programs with ease. And, wait 
till you work on two, three, four or even 
more programs concurrently. 

lf you're not completely thrilled simply 
return it to OAK in its original box within 
30 days for a courteous refund. 

To order Your Work Annihilating 16MHz, 
32-Bit 386SX Multi-Task Force complete 
with Massive 40-Megabyte, Super-Fast 28
Millisecond, 16-Bit Hard Drive, 1 Full Meg 
of RAM (upgradable to 8 Megs), 1.2 Mega
byte 5'.4" Floppy Drive, 1.44 Megabyte 31h" 
Disk Drive, 14" Slide-Like .31 Dot Pitch 
Color VGA Monitor with Ti lt Swivel Base, 
Advanced DOS 3.31 and GW-Basic, PLUS 
Microsoft Windows 3.0, PLUS $495 Quat
tro Pro, PLUS $2,850 worth of the Name 
Brand Software Bonuses D 12-Month 
On-Site Service Warranty, call toll free or 
send your check for DAK's industry-busting 
price of just Sl ,799 (S69 P&H ). Order o . 
6335. CA res add tax. 
------- - - Options --- - ----

RAM BREAKTHROUGH OPTION 
Turbo-charge your 386SX with even 

more multi-tasking power by upgrad
ing to a full 2-megabytes RAM for just 
S799o (SO P&H). Order No. 6336. Note: 
The RAM upgrade must be ordered 
with your computer. 
86-MEGABYnHARD DRIVE OPTION 

ow you can have an enormous 80 
megabytes of hard disk space to store all 
your work and programs for just SI 999° 
(SO P&H). Order o . 6337. Note: The 
hard disk upgrade must be ordered 
with your computer. 

You'll command the power to run 
two, three, four or even more programs 
concurrently. And, with the S3,494 
worth of included name-brand software 
you'll be armed and ready to vanquish 
any computing task. ~ 

DAK •DUSIRIES 
Call Toll Free For"'ed...Card Orders Only 

24 Houu A Day 7 Days A Woek 

1·800-iltS-0800 
ForToll Free Information, Call 6A.M·SPM Monday·FridayPST 
Technical Information ..... 1-800-888-9818 
Any 0th.er Inquiries ... .... .. 1-800-888-7808 
8200 Remmet i\ve., Canoga Park, CA 91304 

programs included with your BSR 
386SX computer. 

~~~~~	Quattro Pro com
bines BIG corpor
ation spreadsheet 
power with 1•ivid 
graphics. You can 
analyz.e, forecast 
and print out your 
data in numbers 
and 3-D charts. 

i.=:=======~=="-~~-"-' 

'J!iJ~ij~=-~=;
WordStar 5.5 has I 1 
over 300 work-sav
ing enhancements, 'II 
including easy-to- Ii 
use Pull-Down 
Menus that ob/it- I 
erate keyboard commands. 

You can easily 
create reports, pro
posals, newsletters 
and more witfi 
cliarts, drawings, 
graphs and multi
ple font styles with 
the Gem Desktop 
P11b/ishing System. "l".fiRL -.. 

P<'!'~"P.'~~:;:;;r.;;:==-=n Gem Graph's vivid 

With the touc/1 of 
a hotkey, Ke)'Dic
tionary, with 115,
000 on-line, full 
definitions, gives 
you insta11t answe~ 
to questions about 
word mea11ings, 
spelling, usage and 
hyphenation. 

lt'sa cinch to illus
trate any graphic 
from a professional -
organization chart ~,....;., 
to a Mojave Desert ,__,,.-...--= 
Sunset with PC 
Paintbrush's icons 
and pull-down 
menus. 

3-D bar graphs, pie 
charts, symbol 
graphs and line 
charts will infuse 
your reports, pro
posals and presen
tations with explo
sive visual power. 

KeyMailer's fill-in
the-bla11k fom1at is 
theeasy "U)' toamte 
extensive mailing
list data bases and 
thousands of per
sonaliza:i letters com
plete with address 
labels.. 

Let's take a quick look at the $3,494 worth 
of name-brand software programs included 
with your BSR 386SX computer. 

SUPER BONUS Quattl"O Pro 
(S495 Value) 

Now all of us small businessmen can take ad
vantage of BIG co.rporation spreadsheet power 
without needing a degree in accounting. 

Top-rated Quattro Pro can effortlessly 
lay out a financial strategy for you. And, 
you'll see it in numbers, dollars and 3-0 
graphs on-screen or printed out. 

Plus, Quattro Pro's new VROOMM (Vlr
tual Realtime Object-Oriented Memory 
Manager) reads and writes even the largest 
Lotus files without translation. 
FREE BONUS #1 MicrosoftWindows3.0 

(S149 Value) 
We've already explored the incredible 

memory managmg, multi-tasking, and 'cut· 
& paste' abilities of Windows 3.0. But it can 
do so much more. 

It obliterates complex DOS commands 
with an easy-to-use icon-based environ
ment. You can launch any installed DOS or 
Windows-based program merely by dou
ble-clicking your included mouse on an 
icon. It's a real time-saver. 

Plus, you also get a file manager, a print 
manager and much more to help you finish 
all your computer work easier, faster and 
better than ever before possible. 

FREE BONUS #2 WorclStar 5.5 
(S495 Value) 

WordStar 5.5 has over 300 new features 
and enhancements to make writing power
ful letters, reports and proposals a breeze. 

The lnstant you fire-up WordStar, you 
can type a letter, add bold, italics and under
line. It's easy with the Pull-Down Menus. 

With Editing Windows, you can edit two 
documents simultaneously. You can even 
copy and move text between them. 

Plus, you can view up to 32 pages at once 
with the Advanced Page Preview. So, you 
can check page centering, margins and 
layout before you print. 

FREE BONUS #3 Reflex 2.0 
(S249 Value) 

It's the easiest and most powerful flat-file 
database I've ever used. ow you can store 
and organize all your critical business, club 
or personal data quickly and easily. 

Plus, top-rated Reflex can also turn your 
raw data into attention-grabbing pie, line 
bar and scatter graphs that instantly give 
you the meanings behind the numbers. 

And, you can instantly cut and paste 
information from Reflexdirectlyintoyour 
word processor or spreadsheet. Reflex is a 
quick and easy way to compare, summarize 
and analyze all your vital data. 

FREE BONUS #4 Key FormDesigner 
(SI79 Value) 

Create any type of form from simple per
sonalized appointment book pages to com
plex inventory control forms . Imagine 
easily designing purchase orders, employ
ment applications, ledger sheets and more. 

With Key FonnDesigner, you can custom
tailor forms to your EXACT needs. In 
minutes, you can produce new, more effi
cient forms for the whole company, for 
your department, or just for you. 

And, you can print out your customized 
forms on any dot-matrix, ink jet or laser 
printer. Bestofall, you' ll never need to wait 



A• All You Ge• FREE 

weeks or pay for custom forms again. 

FREE BONUS #5 Sidekick 
($89 Value) 

Sidekick is a powerful desktop organizer 
that puts 4 essential business tools right at 
your fingertips. You get an electronic note
pad so you can take down notes easily. 

There's an on-line, pop-up calculator and 
a perpetual calendar/appointment scheduler, 
too. Plus, with Sidekick's phone book, you 
can store all your frequently called modem 
numbers in an on-line directory that dials 
the numbers for you. 
FREE BONUS #6 Gem Desktop Publisher 

($299 Value) 
Now you can create spectacular brochures, 

multi-columned newsletters, graphic-packed 
manuals, mind-grabbing reports and even 
your own magazines right at your desk. 

With just the click of a mouse, you'll 
insert maps, diagrams, schematics, artwork, 
logos and graphs into any document. And, 
you'll compose eye-catching professional 
reports, articles and academic papers. 

FREE BONUS #7 Gem Graph 
($299 Value)

Now you can easily create dazzling re
ports, proposals and brochures filled with 
attention-grabbing 3-D graphs and charts. 

Wait till you see all the two and even 
three dimensional bar graphs, pie charts, 
and comparative line charts that jump off 
the page with sit-up-and-take-notice power. 

You can choose from a huge selection of 
graph and text styles (including striking 3
D), to add that extra amount of punch to 
really drive your point home. 

FREE BONUS #8 Gem WordChart 
($199 Value)

What Gem Graph does with numbers, 
Gem WordChart does with words. Create 
extensive fact tables for sales reports. 

Make bullet charts to add graphic impact 
to your presentations and proposals. And, 
even make eye-grabbing sale fliers for your 
business that will have customers streaming 
in. It's a cinch to create everything from 
party invitations to menus. 

FREE BONUS #9 Gem Draw Plus 
($299 Value)

You can effortlessly design anything 
from simple floor plans to complicated elec
trical schematics. Create graphics for club 
newsletters. And, you can even draw flow 
charts and organizational charts with ease. 

There's also a full library of pre-drawn 
clip art that you can insert directly into 
your documents. Plus, Gem Draw Plus is 
object-oriented. So, for example, if you 
overlay a circle with a square, they mix on the 
screen but are kept separate in the memory. 

Gem Draw Plus is the easy way to trans
form your ideas into vivid drawings. 

FREE BONUS #10 PC USA 
($69 Value)

You'll command a wealth of vivid gra
phics and fact-filled tables packed with 
current and historical information on all 
the 50 states and even Puerto Rico. 

You' ll have instant access to beautifully 
detailed state maps showing elevations, 
cities and geographical features. You'll easily 
pinpoint distances between cities. 

And, you'll effortlessly access statistics 
on population and age distribution, health, 
crime, tourist attractions, climate trends, 
taxes, state histories and much more-all 

with a touch of a button. 
FREE BONUS #11 KeyMailer 

(S 149 Value)
With KeyMailer's menu-driven, fill-in

the-blank format, anyone can create an 
extensive mailing-list database. 

Now you can print out envelope labels, 
telephone directories and even merge your 

data with WordStar to effortlessly make 

and send 100, 1,000 or even 10,000 per

sonalized letters for your business or club. 


FREE BONUS #12 

Keyboard/Keypad Trainer 


(S69 Value)

Here's an easy way to increase your typ

ing speed and finish your work 25%, 50% 
or even 100% faster . 

Th is amazing breakthrough program 
uses Artificial Intelligence (Al) to tailor 
exercises to your learning needs. Plus, you' ll 
have customized AI lessons for your com
puter's numeric keypad, too. 

FREE BONUS #13 Grammatik IV 
($99 Value) 

Grammatik IV uses 42 grammar rules to 
automatically check all your reports, essays 
and everything you write. 

You'll never worry about incomplete 
sentences, punctuation errors or using 'it's' 
instead of ' its,' 'they're instead of 'their,' or 
'two' instead of 'too.' Grammatik IV never 
changes your writing. Whether you use its 
advice or not is completely up to you. 

FREE BONUS #14 KeyDictionary 
($99 Value) 

With 115,000 full , on-line definitions 
complete with hyphenation and usage rules, 
this awesome electronic dictionary makes 
writing captivating documents a breeze. 

You can instantly define words, in or out 
of word processing, with just the touch of a 
hot key. Plus, you can even define words 
within definitions and spell-checker and 
thesaurus suggestions. 

FREE BONUS #15 Wordfinder 
(S59 Value)

Infuse (penetrate, instill, inject) the power 
of WordFinder's instant-access 220,000
word Thesaurus into your reports, pro
posals and contracts. It's great. 

Now everything you write, from SO-page 
reports to 1-page memos will be filled with 
passionate (enthusiastic, fiery, intense) 
persuasion to really get your ideas across. 

FREE BONUS # 16 PC Paintbrush 
($99 Value) 

With PC Paintbrush, you'll unleash your 
creativity with computer-generated shapes, 
designs, patterns and drawings. 

You' ll have 5 different brush shapes, a 
paint roller, computerized air brush, and a 
palette of up to 16 colors to create and 
print-out everything from breathtaking 
landscapes to company logos. 
FREE BONUS #17 Three-Button Mouse 

(S99 Value) 
Obliterate clumsy keyboard commands. 

From drawing and painting to accessing 
menus and windows to controlling the 
cursor, you' ll do it all infinitely easier and 
faster with the new BSR 3-button bus mouse. 

$3,494 Of Softwai-e FREE 
You get it all , a total of $3,494 worth of 

software and hardware (including Micro
soft Windows 3.0, PLUS $495 Quattro Pro), 
PLUS the BSR 16Mhz 386SX Computer with 
VGA monitor for just $1,799. 

And, here's just a sample of 
what you can do with all of 
your FREE name-brand 
software programs. 
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WHAT'S NEW 

HARDWARE• SYSTEMS 

The J550sx is the latest in GRiD 's line oflaptops. This one 
features the rolling Isopoint device shown here. 

hard disk drive, a 600-MB 

lsopoint Device 
Makes a Case 
for GRiD 

T he GRiDCase 1550sx is 
the first PC-compatible 

laptop to use the built-in Iso
point device. Also unique to 
the 20-MHz 386SX laptop is 
a 60-MB hard disk drive with 
Windows 3.0 installed. 

The Isopoint device takes 
the place of a mouse and is 
built into the keyboard below 
the space bar. The Isopoint 
buttons are accessible to both 
right- and left-handed users. 

The hard disk drive has an 
access time of 16 ms and a 
64K-byte memory cache. 
Also standard on the 12-pound 
laptop are 2 MB of RAM and 
a 31h-inch 1.44-MB floppy 
disk drive. The screen is a 
film-twisted -nematic backlit 
LCD VGA. The internal/ 
external battery has a rated 
life of2 hours and charges in 
21h hours, according to 
GRiD. The system measures 
ll 1h by 15 by 21h inches. 

Options include a 120-MB 

CD-ROM drive, a 2400-bps 
modem, an 80387SX math co
processor, and an external 
rechargeable battery. 
Price: Base system, $6295. 
Contact: GRiD Systems 
Corp., 47211 Lakeview Blvd., 
P.O. Box 5003, Fremont, CA 
94537, (800) 222-4743 or 
(415) 656-4700. 
Inquiry 1290. 

Things Are Getting 
Small in Texas 

T he new Tandy 1500 HD, 
a notebook computer that 

weighs 6 pounds , comes 
standard with a 1.44-MB flop
py disk drive and a 20-MB 
hard disk drive for less than 
$2000. 

The 1500 HD, which mea
sures 10 by 12~ by 1 Ytoinches , 
has a backlit screen, a 10
MHz NEC V-20 processor, 
and 640K bytes of RAM (ex
pandable to 1.64 MB) . The 
system also comes with DOS 
3.3 and Tandy's DeskMate 
graphical user interface in
stalled on the hard disk drive . 

The blue-on-white LCD 
screen provides a resolution of 
640 by 200 pixels (CGA). 
The removable nickel-cadmi
um battery weighs ~ pound 
and recharges in as little as 4 
hours, according to Tandy. 
An AC adapter is also included 

with the 1500 HD. 
Price: $1999. 
Contact: Tandy Corp., 1800 
One Tandy Center, Fort 
Worth , TX 76102 , (817) 
390-3011. 
Inquiry 1291. 

T he CompuAdd Compan
ion, which measures 8~ 

by 11 by 1%inches, has a 12
MHz 286 processor with 1 MB 
of RAM (expandable to 3 
MB), a 20-MB hard disk drive, 
and a backlit VGA screen 
that measures 8 by 6 inches 
and displays 16 gray scales. 

LapLink software is in
stalled in ROM, as well as 
DOS 4.01 and diagnostics . 
The system also has an 80287 
math coprocessor socket. A 
rechargeable battery pack and 
an AC adapter are included. 
Price: $2895. 
Contact: CompuAdd Corp. , 
12303 Technology Blvd., Aus
tin, TX 78727, (800) 627
1967 or (512) 250-1489. 
Inquiry 1292. 

The Peregrine SX 
Has Landed 

T he Peregrine 20/32cSX 
is a 20-MHz 386SX with 

2 MB of RAM, a 1024- by 
768-pixel Super VGA display , 
a choice of floppy disk 
drives , a Microsoft Mouse, 
Windows 3.0 , and DOS 4.01 . 

Hard disk drives are avail
able in 4-0- , 80- , 105-, or 200
MB configurations , and the 
system will support an 
80387SX math coprocessor. 
Price: $1769; with 4-0-MB 
hard disk drive, $2159. 
Contact: Peregrine Com
puters, 110 East Canal St., 
Troy , OH 45373, (800) 326
7015 , ext. 3119 or (513) 339
3151 . 
Inquiry 1293. 

CompuAdd's notebook-size Companion weighs less than 
5 pounds and has a VGA screen that displays up to 16 levels 
ofgray scales. 
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HARDWARE • PERIPHERALS 

24-wire Serial 
Printers in Wide and 
Narrow Versions 

T he MT130/24 and 
MT 13 1/24 printers cost 

less than $1000 each and 
were tested to operate for over 
7800 hours before failure, 
which is 30 percent longer than 
the nearest competitor, ac
cording to Mannesmann Tally. 

The 24-wire serial printer 
operate at 300 cps in draft 
mode, 150 cps in near-letter
quality mode, 100 cps in let
ter-quality mode, and 12 cpi 
in all modes . 

Paper-handling capabili
ties include single sheets, con
tinuous forms, and four-part 
forms. The printers also have 
the ability to print single 
sheets without removal of con
tinuous forms and to print 
continuous forms without re
moval of the optional sheet 
feeder. 
Price: arrow-carriage 
MT130/24 , $899; wide-car
riage MT131 /24, $999 . 
Contact: Mannesmann Tally 
Corp. , 8301South180th St ., 
Kent , WA 98032 , (206) 
251-5500. 
Inquiry 1294. 

Postscript Laser 
Printer Crosses 
Bounds 

N EC's Silentwriter2 
Model 90 is a Postscript 

laser printer that is compat
ible with Macintosh and DOS 
environments and sells for 
less than $2500. 

The 6-page-per-minute 
printer provides 2 MB of RAM 
(expandable to 4 MB). It has 

Mannesmann Tally offers low-cost wide- and narrow-carriage 
printers. 

a Motorola 68000 processor 
with a bui lt-in 16 .7-M Hz 
Adobe Postscript interpreter 
that provides 35 resident 
scalable typefaces. The printer 
also provides 13 resident 
fonts in Hewlett-Packard 
LaserJet UP emulation. 

The Silentwriter2 Model 
90 prints at a resolution of 300 
by 300 dpi. It weighs 44 
pounds. 

To hook it up to DOS or 
Mac systems, it comes with 
standard parallel, serial , and 
AppleTalk/RS-422 interfaces. 
It also comes with a software 
kit that shows you what the 
screen fonts will look like in 
printed documents. The soft
ware runs on Macs or under 
Windows in DOS environ
ments. 

A 250-sheet-capacity 
paper tray is included that 
holds up to 24-pound letter or 
legal-size paper, envelopes , or 
transparencies. The toner 
and optical photoconductor are 
in replaceable cartridges said 
to last for 6000 pages. 
Price: $2495. 
Contact: NEC Technol
ogies , Inc. , 1414 Massachu
setts Ave. , Boxborough, MA 
01719, (508) 264-8000. 
Inquiry 1295. 

HSD Now Scanning 
the Mac Market 

L ike Scan-X for the NeXT 
machine, Scan-X Profes

sional for the Macintosh fea
tures image-enhancement tech
nology, which HSD Micro
computer calls Gray Spectrum 
Enhancement, that allows 
you to produce 256 shades of 
gray with superior quality, 
according to the company. 

The Macintosh scanner 
supports resolutions of up to 
1500 dpi for line art and 300 
dpi for gray-scale image . It 
comes with Enhance soft
ware from MicroFrontier . The 
Enhance software offers 80 
real-time filters , real-time 
gray-level manipulation and 
color painting , cropping, scal
ing from 25 percent to 800 
percent , rotating, brushing, 
masking, text entry, process
ing, colorization, and 
ghosting . 
Price: $1995 . 
Contact: HSD Microcom
puter U.S., Inc. , 1350 Pear 
Ave. , Suite C, Mountain 
View, CA 94043, (415) 
964-1400 . 
lnqu.iry 1296. 

SPREAD THE WORD 
Your new producr is important to us. Please address information ro 
New Products Editors, BITE, One Phoenix Mill Lane, Peter
borough, NH 03458. Better yet, use your modem and mail new 
product information to rhe microbytes.hw or microbytes. sw 
conferences on BIX. Please send rhe product description, price , 
ship date , and an address and telephone number where readers can 
get more informarion. 

Compact Bernoulli 
Drives 

I omega has announced its 
Universal fami ly of Ber

noulli removable disk subsys
tems . The family includes two 
portable Bernoulli subsys
tems: The Transportable is the 
smallest, lightest Bernoulli 
subsystem, according to Io
mega; the Portable is a bat
tery-powered version of the 
AC-powered Transportable. 

All the subsystems in the 
Universal fa mily work with the 
IBM PC , the Macintosh, and 
in networking environments. 
They all use the SCSI stan
dard and also have optional in
terface kits available. 
Price: Transportable, $1399; 
Portable , $1699. 
Contact: Iomega Corp. , 
1821 West 4300 South , Roy , 
UT 84067 , (800) 456-5522 
or (801) 778-1000. 
Inquiry 1297. 

An IOcomm-Crafted 
Monitor 

IOcomm , maker of the 
Wave keyboard, has intro

duced the CM-4210, a 14
inch Super VGA monitor. It 
features a .28 dot pitch and 
operates at 45 MHz with a res
olution of 1024 by 768 pix.els 
(interlaced) . The monitor has a 
nonglare screen and meets 
worldwide safety regulations. 

While theCM-4210 is not 
inexpensive, IOcomm says that 
it offers brighter colors, 
sharper details , and firmer 
picture stability than its com
petitors . 
Price: $549. 
Contact: 10comm, 12700 
Yukon Ave., Hawthorne, CA 
90250, (213) 644-6100. 
Inquiry·l298. 
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WHAT'S NEW 

HARDWARE • ADD-INS 

16-bit Data 
Acquisit ion 

T he 5508HR is a half-size 
analog input module for 

PCs and laptops that includes 
detachable screw terminations . 
The board has eight differen
tial and 16 single-ended analog 
inputs and a choice of 15- or 
50-kHz AJD throughputs . 

The detachable- crew-ter
mination design allows you to 
wire analog and digital sig
nals directly to the rear of the 
computer, eliminating ca
bling and external crew-ter
minal panels . The board 
measures 3~ 0 by 6 inches . 
Price: 15-kHz model , $895 ; 
50-kHz model , $1295. 
Contact: Adac Corp., 70 
Tower Office Park, Woburn , 
MA 01801 , (800) 648-6589 
or (617) 935-6668. 
Inquiry 1299. 

Multimedia for Windows 3.0 

V ideoWindows digital 
v ide o board co mes 

with multimedia software 
that runs under Windows 
3.0 . The board and software 
combination lets you posi
tion windows offull-motion , 
full-color video anywhere 
on a VGA display , according 
to New Media Graphics. You 
can scale, reposi tion , crop, 
and zoom the video in real 

time . And image-capture ca
pabilities are also included . 

VideoWindows works 
with any TSC or PAL video 
source, and you can overlay 
graphics on the video. 
Price: $2390. 
Contact: New Media 
Graph ics Corp. , 780 Boston 
Rd ., Billerica, MA 01821 , 
(508) 663-0666. 
Inquiry 1303. 
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Adac 's Direct Connect 5508HR data acquisition board. 

Rapid Prototyping 
with Protosystem AT 

P rotosystem AT is a wire
wrap prototype card for 

rapid prototyping of circuits 
forthe IBM AT, according to 
Cana Group. 

The manual wire-wrap 

card has pins soldered in place 
on every signal line, along 
with bypass capacitors on 
every power line. According 
to Cana, it holds more than 
100 16-pin IC sockets . 

For ease of use, the signal 
pins are never closer together 
than ~ inch . The signal lines 
are grouped onto address , 
data , and control buses . For 
quick troubleshooting, each 
signal pin has a label on each 
side of the board . 
Price: $149.95 . 
Contact: Cana Group, Suite 
402 , 100 Walnut St. , Peoria , 
IL 61602, (800) 747-2262 or 
(309) 674-9009 . 
Inquiry 1300. 

Shift Your LaserJet 
into High Gear 

An expandable memory 
board for LaserJet IIP 

and III printers, the LaserGo 
Memory Board lets you add up 
to 4 MB with one board . You 
can install the board with just a 
screwdriver, according to 
LaserGo, and it automatically 
senses whether it' s in a 
LaserJet IIP or III. The board , 
wh ich comes with 1 MB, is 
expandable to 4 MB and is 
compatible with Hewlett
Packard memory boards al

ready installed . 

Price: $295 . 

Contact: LaserGo, Inc ., 

9369 Carroll Park Dr ., Suite 

A, San Diego, CA 92121 , 

(800) 955-1132 or (619) 450
4600. 

Inquiry 1301. 


Graphics 
Controllers Do Unix, 
DOS, and OS/2 

Using a 10-MIPS proces
sor, the Info SGX graph

ics controller is 60 percent 
faster than other graphics pro
cessors, according to issei 
Sangyo America. You can fur 
ther speed up the board with 
an optional coprocessor with 
dedicated program memory. 

The Info SGX family of 
boards supports a range of res
olutions of up to 1600 by 
1280 pixels , including 8514/A, 
Super VGA, and VGA. All 
models support single- and 
dual-screen modes . 

The graphics boards in
stall in a single card slot and 
come with drivers for major 
DOS applicat ions. Drivers for 
OS/2 Presentation Manager 
and the X Window System are 
also available. 
Price: $4295 and up . 
Contact: Nissei Sangyo 
America , Ltd ., 800 South St. , 
Waltham, MA 02154, (800) 
441-4832 or (617) 893-5700. 
Inquiry 1302. 

continued 
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See us at 

1--:l Get High Performance 
Li Under Microsoft 

Windows 3.0n1 With 
db VISTA ill DBMS. 
Develop Windows applications 
that are better, faster, and more 
profitable. db_VISTA III 
combines speed, flexibility, and 
productivity into one DBMS tool 
for C and Windows programmers. 
Add db_VISTA Ill's high-speed 
SQL retrieval to your application 
and watch your users enjoy power 
they've never experienced before. 

Built For Windows. 
db_VISTA III for Windows 3.0 
follows all of the Microsoft 

db VISTA
1

III 
Database Management System 

guidelines for memory use. 
Dynamic linked libraries (DLL), 
multi-ta king, and multi-user 
environments are all upported. 
For even faster development, u e 
db_VISTA III with product like 
ToolBook®, Windowcraft© or 
Acto1 . 

No Other DBMS Opens 
Windows Like db VISTA ID! 
• Speed. Benchmarks how 
db_VISTA III significantly 
outperforms any DBMS under 
Windows. 
• No Royalties. Increase your 
profits; decrease your overhead. 
• C Source Code Available. 
For total programming flexibiljty. 
• Portability. db_VISTA III 
support most environments. 

0 COMD/!!1Ai'Fall '90 
November 12-16. 1990 


Las Vegas. NetJada 


,---------
1 Special $195 Developer's Edition 
I For a limited time only. you can get 

your hands on db VISTA for 
I Window for only 195. Call today
I and a k about our Developer' Edition 
I and experience how db_VISTA m 
I can open Windows for you. 
~ De"clopc r liccn$<! only: nm for di,uibu11on. 

Call 1-800-db-RAIMA 
(1-800-327-2462) 

In Wahington 1a1ecall: (206) 747.5 · 70 

Full Raima Support Services 
Including Training. Develop 
your applicationseven faster with 
Raima Training Classes: 

ov. 19, 1990 - Taiwan 
ov. 26-30. 1990 - The etherlands 
ov. 26-30, 1990 - Sweden 
ov. 28-29, 1990 nited Kingdom 

Dec. 10-14, l990 - SanDiego CA 
Dec. 17-1 , 1990 - Taiwan 

Specifications: Single & multi-user. Automatic recovery. Automatic referential integrity. Relational and network ~RAIM~Mdata models supported. Relational SQL query and report writer. Complete revision capability. Csource code is available. 
oroyallies. Supports: MS Windows, MS-DOS, OS/2, ·IS, UNIX, BSD, Q X. SunOS, Macintosh. ~CORPORATION 

Raima Corporation 3245 146th Place S.E.. Bellevue. WA 98007 USA (206)747-5570 Telex: 650301 237 MCJ UW Fax: (206 )747-199 1 
ln1erna1ional Dislrib ul or : Argen tina: 5J I 313 5371 Australia : 612 419 7177 Austria: 43 33 43 I 61 Brazil: 55 11 29 1687 Ce ntral America: 506 2 07 64 Denmark: 45 42 1!49 
france :J3t.l6092784 llat)·: l9455 47 11 Japan: 13 651140 ~ l e>ico:52 3495300 TheNethorlands:310215946 14 Norwa) :47244 &SS Sweden:46013124780 Switwland:4164517475 
Taiwa n: 6 2 552 3277 Turkey: 90 t 152 0516 United Kingdom : .14 0992 500919 Uruguo): 59 2-92 0959 U R: 0 1 32 35 99 OJ: 12 !92 19 65: 01 42 437952 West Gorman." 49 7022 :>IO 
C{}pyrir:htl'til990Rai"ma Corporarjon.All rir:hu rt'itrwd. db_is r~J:wuNJ in ;hr U~.PorenlalfiiTrad<rr..arl.' Oflk~ . Wi'ldoi.o.·.s: J 0. T°"l8.(Jtf)l., u·r11dcno "t raj,. arul Anorar~ trod~marbtif 1/f.elrruJH'ti~Y t<Nr'.p1uut$ 
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im 
FOR IBM 

4:)ew ScanMan Model 256 puts professional gray scale scanning with

in everyone's grasp. It does almost everything a big , expensive scanner 

con do, for a fraction of the price. 4:)ew ScanMan Model 256 lets you 

capture the subtlest details in your originals, in 256 shades of gray. Special 

retouching software tools let you enhance difficult originals and preview 

the results . You con dramatically improve the contrast and brightness of 

any image. So you always give your monitor and printer the best possible 

image to work with. 0 hot really sets SconMon Model 256 apart is its 

ingenious Ansel -. software (Windows ... 3.0 compatible). Ansel lets you scan 



LD SCANNER REQUIRES A MUCH BIGGER HAND. 


and print 8" x 11 " images by effortlessly stitching two 4" x 11 " images 

together. You can instantly re-align, resize, flip or rotate images to create 

special effects. O he possibilities are endless. You can scan photos, line 

art, illustrations or logos and create magazine quality layouts. With 

optional CatchWord"' Intelligent OCR software you can scan text in most any 

typeface. 4)ew ScanMan Model 256 comes with Logitech 's"' legendary 

quality and lifetime warranty. All for only $499 (Micro Channel version, 

$599). For more information call Logitech Customer Sales: in California 

(800)552-8885; in Canada (800)283-7717; in Europe ++41-21-869-9656. 

®/TM· Trodemorb of regr5.tered ownert Circle 206 on Reader Service Card (RESELLERS: 207) 

Outside CA call: 
800-231-7717 ext. 348 
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WHAT'S NEW 

HARDWARE • OTHER 

Power for the Road 

Z irco's PowerTrip lets 
you power up a computer, 

fax machine, or any other AC 
device from an automobile cig
arette lighter. 

PowerTrip provides 100 W 
of continuous 115-V AC 
power. It features a low-bat
tery alarm, a power switch , a 
safe-power light , and surge 
suppression- and it ' s small 
enough to fie in your shirt 
pocket , according to Zirco. 

PowerTrip also comes in 
an international version , which 
converts power from a vehi
cle cigarette lighter to 100 W 
of 220-V AC power . 
Price: $199.95 . 
Contact: Zirco, Inc. , 10900 
West 44th Ave. , Wheat Ridge 
co 80033 , (303) 421 -2013 . 
Inquiry 1304. 

Brackets for Your 
Hardware Keys 

A re your hardware keys 
forming a key chain be

hind your computer? If so, 
you might need an adapter 
bracket. 

Software Security has such 
a device , which fits into an 
empty slot in your PC and 
keeps your hardware keys out 
of the way. The company 
claims that the device is diffi
cult to remove, so it adds 
even more security than the 
hardware keys alone . 
Price: $15 . 
Contact: Software Security , 
Inc ., 1011 High Ridge Rd ., 
Stamford, CT 06905, (800) 
333-0407 or (203) 329-8870. 
Inquiry 1305. 
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PowerTrip gives you AC 
power on the road. 

Safeguarding 
Intellectual Property 
with Hardware Keys 

S 
entineJScribe is an exe

cution control device de


signed to help software de

velopers safeguard application 

programs from unauthorized 

use. 


Rainbow Technologies 
says that it is the first field
writable memory-based hard
ware key. The key contains 
120 bytes of EEPROM, 
which is enough to protect 
more than one software pro
gram, according to Rainbow. 
" Field writable" means that 
your software applications 
have the ability to write to 

SentineJScribe's memory. 
The key connects to the 

computer 's parallel printer 
port. It operates transparent
ly but must be present for the 
software to run. It executes a 
password system customized 
by the software developer. 
Price: $39. 
Contact: Rainbow Technol
ogies, 9292 Jeronimo Rd ., Ir
vine, CA 92718, (800) 852
8569 or (714) 454-2100. 
Inquiry 1306. 

Extend Yourself 
with the SCSI Plus 

I f your SCSI devices are too 
far apart , the SCSI Plus Bus 

Repeater will give you an ad 
ditional 19 feet of extension , or 
you can daisy chain them to 
any desired length . 

Applied Concepts says that 
the SCSI Plus is easy to install. 
It hooks directly into stan
dard SCSI adapters. It s com
pletely transparent to the 
user, according to the manu
facturer , and supports 5
MBps data transfers over a dis
tance of 19 feet. 
Price: $350. 
Contact: Applied Concepts , 
Inc ., 5350-H Eastgate Mall, 
San Diego, CA 9212 1, (619) 
453-0090. 
Inqu iry 1307. 

A Friendly 
Programmer 
from Xeltek 

T he Logic Universal Pro

grammer for programma


ble logic devices works with 

PLDs from all manufacturers, 

according to Xeltek. The Pro

grammer offers an interface 

that combines pull-down 

menus, windows , and a com

mand line. 

Price: $395 . 

Contact : Xeltek 764 San 

Aleso Ave., Sunnyvale, CA 

94086, (800) 541 -1975 or 

(408) 727-6995 . 

Inquiry 1308. 


12-V Battery Tester 

T he Performance Univer
sal 12 Volt Battery Tester 

determines the condition of 
lead-acid batteries including 
maintenance-free types such 
as sealed , recombination , and 
gel cells. It subjects the bat 
tery to an 80-amp load for 10 
seconds and indicates wheth
er the battery is good weak, 
or bad . Pin jacks on the tester 
accommodate an auxiliary 
voltmeter that allows precise 
measurements during testing. 
The 2 Yl -pound tester resides 
in a thermoplast ic case. 
Price: $239. 
Contact: Performance Tech
nological Products , P.O. Box 
947, Roswell , GA 30077, 
.(404) 475-3192. 
Inquiry 1309.Software Security 's adapter brackets hold a line ofhardware 

security keys in place. 
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WHAT'S NEW 

CONNECTIVITY 

You can remotely control up to four VGA displays from eight 
systems with Network Technologies' matrix switch (bottom) and 
remote-control unit (top) . 

Remote-Control 
VGA Displays 

Network Technologies' 
SM-8 X4-15V video ma

trix switch lets you connect 
up to four VGA displays to up 
to eight computers and re
motely control the displays 
from up to 1000 feet away 
with the SM-RMT-8 x 4 re
mote unit. 

The system comes in two 
parts: the matrix switch and 
the remote-control unit. The 
remote unit has 32 backlit and 
touch-activated switches for 
choosing which VGA to con 
trol. Each VGA source on the 
control unit can be connected 
to one or all four VGA 
displays . 

The remote-control unit 
connects to the matrix switch 
via a 5-pin DIN connector. It 
comes with a 25-foot cable for 
connecting to the switch. 

The matrix switch comes 
with eight 6-foot VGA cables 
for connecting to the eight 
systems. It measures 814 by 
1114 by 12 inches . 
Price: Matrix switch, $2450; 
remote unit, $525. 
Contact: Network Technol
ogies, Inc., 19145 Elizabeth 
St., Aurora, OH 44202, 
(800) 742-8324 or (216) 543
1646. 

Inquiry 1310. 


Low-Priced 
LAN Control 

L AN Command is LAN 
management software that 

combines database manage
ment with low-level network 
analysis. It loads on one cli

eat workstation, requiring 
260K bytes of RAM. From 
that workstation, LAN Com
mand can monitor and con
trol your entire Novell or et
BIOS-based network. 

The relational database 
system tracks node data (in
cluding user name, location, 
phone number, address, and 

node name) and more than 50 
additional fields. Portions of 
the database are populated 
automatically by the network
monitoring commands to 
build a traffic history for every 
node. 

A report generator pro
vides standard and custom re
ports using Boolean opera
tors on any field in the record. 
For example, the administra
tor might request a custom re
port for every Ethernet node 
on the fourth floor that uses a 
server named Accounting 
and has been rebooted more 
than five times in the last 
week. 

Other monitoring features 
include packet activity , col li
sions, ring faults, bridge fail
ures, router failures , band
width use, traffic errors, and 
data loss. And you can monitor 
single stations, sets of sta
tions, or the entire network 
across bridges and routers 
from any single DOS or OS/2 
workstation . 

A TSR program called 
Snooper lets you perform re
mote administration of the 
client computer. 
Price: $395. 
Contact: Dolphin Software, 
Inc., 6050 Peachtree Pkwy., 
Suite 340-208, Norcross, GA 
30092, (404) 339-7877. 
Inquiry 1311. 

continued 

ISDN Communications with a PC 

T he PC SNET Card is an 
ISON terminal adapter 

board that provides ISON 
basic rate access. It allows si
multaneous voice, data, and 
image transmission. 

One card has an aggregate 
throughput of 144,000 bps . 
This is made up of transpar
ent data transmission at 
64,000 bps over two B chan
nels and 16,000-bps packet 
signaling over the D chan
nel, OST reports. You install 
the card in a full-size expan

sion slot in the PC. It oper
ates under DOS, Unix, or 
Xenix. 

The card provides the 
standard S-type connection 
along with an audio jack, an 
RJ-11 modular telephone 
jack, and a 15-pin serial con
nector. Internal connections 
include a parallel connector, 
a private bus connector, and 
a bus interrupt connector for 
use in installing multiple PC 
SNET Cards in a single PC. 
Price: $1695. 

Contact: OST, Inc ., 14225 
Sullyfield Cir. , Chantilly , 
VA 22021 , (703) 817-0400. 
Inquiry 1312. 
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INSTANT WORKSTATION. 

JUST ADD OPEN DESKTOP. 


Take a look at the vast majorityof graphical workstations 
developed over the past decade and you'll see something 

theyall have in common: 
An integrated U IX® System environment. 

ow take a look at the vast majorityof businesses that have put 
computing power directlyonto their office desktops over the 
past decade, and you'll see something theyall have in common: 
Industry-standard personal computers. 

It doesn't take a computer to forecast the platform that's going 
to put graphicalworkstations on the vast majorityof business 

and engineering desktops in the next decade: 
An integrated U IX System environment for industry-standard 
personal computers. 
And that's what Open Desktop'" is all about. 

pen Desktop is the complete graphical operating systemOthat's built on the most popular UNIX System platform of 
all time- SCO '". And it lets you create your own networked, 
icon-driven workstation environment using the industry
standard 386 or 486 computers and peripherals of your choice. 

In a single, easy-to-use, fullysupported-and completely 
integrated-package, Open Desktop delivers: 

• 	the full 32-bit, multitasking computing power of SCO U IX 
System V/386 

• compliance with POSIX'" and X/Open®standards 

• an OSF/Motif '"-based, Presentation Manager-compatible, 
graphical user interface 

• distributed SQL database management services 

• compatibilitywith existing DOS, XEN IX and U IX Sy tern 
applications and data files 

• FS '", TCP/IP and LA Manager networking facilities 

And all at an unbelievablyaffordable price. 

Discover the complete graphical operating system that 
leading companies worldwide are choosing a their devel 

opment platform for the '90s- and using to turn their 386 and 
486 PCs into instant workstation today. 
Open Desktop from SCO. 

COME SEE US 

AT COMDEX, 

ROOM B-1!


Tbe Complete Graphical Operating .\)'Siem 

sea 
For more information, call SCO today and ask for ext. 8400 

(800) SCO-UNIX (726-8649) (408) 425-7222 FAX: (408) 458-4227 E-MAIL: . . . !uunet!sco!info info@sco.COM 
SC0.1he SCOl~h. Opt-a ~klop. and 11\t~ btst1opl0Jfi irt!l"ldetn:id;:Jof'Tne-$anu Crw0ptn.iloft. IJ1C.. FS IX 6.1r~isffftd1~m1rkt,ATU In liw\!~:md Dlhtr coualrib. POSIX: h:1 tnditm.1rlolTht l11..'ililulttol'EIK'1ric'll11od EW<"lf!Xlto: flt~inttn; UU:U X/UptJll~:31 
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ADAM GREEN 

President, Adam Green Seminars, Lexington, MA: 


"Its significantlyfaster in some 

very important areas, especially in 


the fancy, attractive user 

interface... Its avery stable 

product, very reliable. Ican 


safely recommend it." 


BOB DAVIES 

President, SBT,Sausalito, CA: 


"Memory utilization is much better 

than either dBASE III PLUS or 

dBASE IV version 1.0-a very 


substantial improvement 

This means we are able to 


nm our products, which require 

lots ofmemory and the need 


for anetwork, in 

adBASE IV 1.1 environment:' 


PAT ADAMS 

President, DB Unlimited, Brooklyn NY: 


"With standardization on the 
dBASE IV language, we have our 
database standard, which makes 
life easierfor me, for my clients, 

and every other dBASE user... Its 
asolid, reliable product that 

performs the same way every time." 

SCOTT ROBERTSON 

President, Champion Business Systems Golden, CO: 


"We think that its solid. We think its 

reliable. We think its an excellent 


foundation for future development 

The great thing about dBASE IV 

is that it has aflexible language 

and agood user interface. With 

dBASE IV version 1.1, end-users 

can talie the product and tailor 


it so itfits their exact needs." 


After running their own extensive tests, these independent experts have come 
to some very favorable conclusions on dBASE IV®version 1.1. We think you will, too. 



se 

• • 
TONY LIMA 


Author of "Inside cl.BASE IY,'' President, Pacific Systems 

Design Workshop Inc., San Carlos, CA: 


"Version 1.1 should dominate the 

market Its added features make it 

the best development environment 

availablefor PC database products 


... None ofthe other products 

have the pmver and ease ofthe 


dBASE IV Control Center." 


RICHARD BRENNER 

President,WestarSystems,Colorado Springs, CO: 


"I'm nmv taking on some major 

consultingjobs that Iwouldn't do 


before dBASE IV and its multiuser 

capabilities ... I'm excited about 


the way they've gone through 

and enhancedjust about every 

one ofthe newfeatures within 


the program and the 

programming language." 


HOMER BRANCH 

ProgrammerAnalyst Chevron CEPS, ew Orleans,LA: 


"I'm using version 1.1 to develop 

applications right nmv ... It~ 


much easier to use than either 

dBASE III PLUS or 1.0... 


Because ofthe Control Center, 

version 1.1 allmvs my users to 


do queries and get their 

reports without calling me." 


SAM GILL 

President, DataWiz International, Foster City,CA: 


"dBASE IV version 1.1 is 
significantlyfaster ... Memory 
management has r~ally been 

improved. We can nmv load and 
nm asystem very comfortably in 
640K bytes ... Features like the 
form, report and application 

generators allmv us to cut down 
development time." 

Call 1-800-437-4329, ext.1403,for more infonnation. Better ~ AshtonT,ate® 
yet, call l-800-2ASHTON for an immediate upgrade. .,~\\ •1c 
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WHAT'S NEW 

CONNECTIVITY 

Wireless 
Communications 

T he DR 96 is an asyn
chronous/synchronous 

half-duplex modem that of
fers portable and wireless data 
transmission . Both the radio 
and the modem are contained 
in the same 151.h-ounce 
package. 

The DR 96 uses the radio 
frequency band of 470 MHz 
and has a sensitivity of .35 
microvolts . The unit also of
fers 10-ms RTS (request to 
send) and CTS (clear to send) 
signaling times . 

A rechargeable 71/2-V bat
tery pack that comes with the 
modem can operate it for 
from 4 to 10 hours . A recharg
er is also included that can 
recharge the batteries in 3 
hour , according to UDS. 
Price: $1295. 
Contact: UDS , 5000 Brad
ford Dr.. Huntsville, AL 
35S05. (205) 430-SOOO. 
Inquiry 1313. 

Modem 
with a Memory 

T he Visionary 2400XT is 
a direct-connect 2400-bps 

modem with battery-backed 
internal memory and a real 
time clock/calendar to con
trol when you send and receive 
messages . A blinking mes
sage-waiting light let you 
know when you have mes
sages. You can even send and 
receive messages when the 
host computer is turned off. 
All this internal intelligence 
is controlled by an S085 
microprocessor. 

In addition , you can store 
dozens of phone numbers and 
messages for distribution at 
various times . Other features 
include redialing on busy or 

The DR 96 is a wireless, battery-powered modem for portable 
communications. 

no answer, auto-answer during 
particular times onl y, auto
matic log-on, data retrieval, 
XMODEM file transfer , re
mote access , and password se
curity. The modem also has a 
printer port and a nickel-cad
mium battery. 

The modem is available in 
three versions : SK-byte, 256K
byte, and 1-MB. It measures 
5:Y. by 8'Y. 0 by 1~ inches. 

Price: SK-byte unit , $49S; 

256K-byte unit , $595 ; I-MB 

unit, $74S. 

Contact: Visionary Electron

ics, Inc ., 141 Parker Ave., San 

Francisco, CA 941 IS , (41S) 

7Sl-SS11. 

Inquiry 1314. 


Notework Moves 
Out into the Field 

Notework recently an
nounced Notework Re

mote , a remote version of its 
SK-byte Notework E-mail pro
gram. Remote allows laptop 
users or branch offices to pop 
up Notework over the phone 
line. The software automati
cally makes the connection 
and does the uploading or 
downloading of mail. 

Like the original Notework 
for Novell Net Ware, Remote 
takes up only SK bytes of 
RAM , employs the same user 
interface , and lets you 
pop into it without leaving 

your application. 
Notework alerts you with a 

tone when you receive mail, 
and you see a flashing sym
bol in the upper-right corner of 
the screen. Other features let 
you attach files, print notes , 
confirm notes, and import 
and export ASCH files. 
Notework offers a gateway to 
Mes age Handling Service. 

The most recent version of 
Notework now supports multi
ple NetWare 3S6 servers 
without requiring additional 
gateways or mail servers. 
Version 1.1.4 supports up to 
3500 users on a single inter
network, according to Note
work. 
Price: $99 ; installation kit, 
$99; two-user authorization 
disk, $99. 
Contact: Notework Corp., 
72 Kent St., Brookline, MA 
02146, (800) 767-6683 or 
(617) 738-5295. 
Inquiry 1315. 

Linking Buildings 
via Infrared Light 

B uilding-ro-Building 
Photolink lets you con

nect computers in adjacent 
buildings up to 600 feet away, 
according to Photonics . 

Two versions of Photolink 

are available: AppleTalk/ 
LocalTalk for the Mac, and 
an interface for systems 
equipped with RS-232C 
ports . 

At the end of each connec
tion is a Photolink transceiver 
that communicates with its 
corresponding unit. Photonics 
says that the device can oper
ate through two panes of stan
dard office window glass. 

Photolink can connect to 
existing cable-based systems 
and is compatible with 
AppleTalk routers and bridges . 
It transmits at 230,400 bps. 
The RS-232C version trans
mits up to four channels si
multaneously at 9600 bps . 
Price: $3390 per connection 
for both versions. 
Contact: Photonics Corp ., 
200 East Hacienda Ave. , 
Campbell. CA 9500S, (40S) 
370-3033. 
Inquiry 1316. 

Modem Sharing 
for Networks 

Modem Assist lets you 
share up to 20 modems 

connected to a LAN. It elim
inates the need for a dedicated 
communications server and 
the cost of rerouting all modem 
phone lines, according to 
Fresh Technology Group. 

The software works with 
multiport erial cards that sup
port up to 16 modems on a 
single workstation . It requires 
less than lOK bytes of RAM 
and runs in the background on 
any workstation with the 
modem. 

Modem Assist requires 
PCs running on NetBIOS or 
Net Ware networks with DOS 
3.0 or higher. 
Price: $495 for up to five 
modems; $995 for six to 20 
modems. 
Contact: Fresh Technology 
Group, 147S North Tech 
Blvd. , Suite IOI , Gilbert , AZ 
85234, (602)497-4200 . 
Inquiry 1317. 
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Programmer's Paradise (800) 
445-7899has the Utilities that you need ! 

A WINNING COMBINATION! 
T URBO EMS - Memory Manager 

• Supports PC, XT, AT, PS/ 2, and 386 
systems 

• Ability to relocate TSRs and device 
drivers 

• Automatic installation and configura
tion on 386 systems 

• Windows 3.0 support 

FAXcet.:ra #'2213 -0001 

List: $99. 95 Ours: $89 

gh1ffiRILL 
Ol...BRYAN 
14 ~H4 -14sltffWM4 

nfoSpotter - Diagnostic tool 

• Detailed description about memory 
and system configuration 

• 	 Displays TSRs and device drivers 
loaded between 640KB and 1 MB 

• Ability to edit AUTOEXEC.BAT, 
CONFIG.SYS and batch files 

• Special MicroChannel support 

FAXwera #2273 -000:1 

List: $79.95 Ours: $69 

HIJAAK RELEASE 2.0 


H iJaak 2.0 is a graphics 
conversion and capture utility 
that translates more than 36 
graphics file formats. HiJaak 
provides batch conversion 
capability from the DOS com
mand line or from the user 
interface. 

Supported formats: GEM, PICT 
I&Il, GCM, HPGL, PIC, DXF, 
PCX, MAC, TIF, and support 
for more than 16 group 3 fax 
devices. A SK pop-up provides 
capture function of text 
screens, graphics screens, and 
laser printer output. 

FAXatero #19-b -0002 

List: $199 Ours: $139 

~q-

l11S('{ Syst <'Ill s 

SWITCH-IT 
,.. user's Guide 

SQUISH PLUS ,t·~ SundogSoftware Corp. 

s quish Plus can enlarge the capacity of all your disks- hard, 
floppy, or silicon. By compressing data, it can get up to 240MB 

on a 120MB hard disk-without any new 
~ hardware. Unlike archive programs, it's 

~~~ completely automatic and invisible. 
~/ Squished files stay compacted on disk 

\ 

.r· even while they're being used, and 
you're free to choose which files 

to compress. Because it's a 
device driver, it's totally 

compatible with all your 
2a......itr~-~.. f:'l·'il\l•i other software: any 

!I/Ill database, compiler, backup, 
cache, etc. . 

FAXcctcro #16% -0001 

List: $100 Ours: $75 

S wITCH-IT is a task-switching package that allows users to 
switch programs (up to 100) to their EMS or hard disk, freeing up ~ 

RAM space to run large applications. The easiest to use of any 
product of its kind, SWITCH-IT offers automatic installation, ~ 

a customizable menu, a cut & paste feature, complete 
network compatibility and SWITCH-IT only uses 26K of RAM. 

FAXcetera #2396 -0001 List: $100 Ours: $69 

I 



Progranuner's Paradise~.. 


We'll 8eatThe Competition's Advertised Prices! 

LIST O URS LIST OURS 
CASE TOOLS LINKERS/ LIBRARIA S
EasyCASE Plus 295 265 Overlay T oolkil 395 369

Profes ional P41d: 395 355 Plink86+ 395 335
Personal CASE 199 179 Plink/LTO 495 419 

PolvltbrJrian 24 209COBOL LA GUAGE .RTLlnk 29S 265 
Micro Focus: .RTL ink/Plus 495 419 

COBOU2 wf Toolset 1800 1499 
Personal COBOL 149 129 OBJECT-ORIE TED TOOLS 

MS COBOL 900 629 Objective-( 249 225 
Realia COBOL 995 849 Smalhal 100 8S 

SmalltallJV 286 200 169
CODE GE ERATORS 
Logic Gem 99 69 OS/ 2 TOOLS 
Ma<ri' lavout 2.0 200 159 Brief 249 CALL 
PRO·C 399 339 CA5E :PM for C 1495 1420 

Ep ilon 195 159 
DATABASE DEVELOPMENT \KS LEX S. \'ACC 349 279 
Clarion 2.1 CALL CALL 1S 0 2 Pres. \anager Toolkit 500 H9 
Clipper 5.0 95 519 MultiScope ior 0 2 449 HS 
Da1a Juncrion dvanced 299 269 PC\ACC 695 625 
dBASE IV 795 489 Pl Editor 249 225 
dBfast/PLU 345 295 mal/tal · 1 P I 495 369 
dGE 195 249 Vitamin C 10 _) 34" 279 
Dr. S\\ ilch ASE 100 89 
Facelt 99 90 PASCAL LA GUAGE 
FlashTools! 89 79 synch PLU 149 115 
Flipper 195 169 B-<ree Filer 125 109 
Force 2.1 695 589 M QuickPA L 99 69 
Fo•Pro 795 489 Object Professional t50 109 
FU CKy Library 195 179 PO\\ et Tools PLU /5 .() 149 109 
R R Repon Wnler 150 129 Topaz 99 89 
RS.R Code Generator 150 129 Topaz Multi-us~ 149 135 
Sav I hai l! 50 39 Turbo nal\• 1 99 89
SilvorComm C Interlace 99 89 TurboMAGIC 199 179 SilverComm library 2.0 249 209 

Turbo Pascal 5.5 150 105Tom Renig" Libmv 100 80 
U12 Ver ion T"o 595 4i9 Turbo Pascal 5.5 Protessional 250 175 

Turbo-Plus 5.5 199 159 
DEBUGGERS (DOS) Turbo ProresS10nal 5.0 125 109 

ulriScope 179 135 
Penscope VS 12K 595 475 SOU RCE MAI TE A CE 

LIST OURS UST OURS Peri cope II w/ sw ilch 225 179 Codan 395 345 
Periscope I /1 6. 25 IHz CALL CALL Code Ched. 49 469

386 CONTROL PROGRAMS C++ Trapper 200 179 1KS Make 149 119 
DE Qvfew 386 w/ QEMM 120 169 C++ 'ie\\S 495 419 w/ Optional cable 240 219 MKSRCS 189 149 
Microsofl Window 3.0 150 99 NDP C+ 495 479 Turbo Debu&ller Tools 150 105 M S Sohware Mgm1. Team 29 239 
V1'V386 245 209 Rogue I \lave ,\,\a<h.h• + 200 179 PolyMa~e 1 79 149 
VM/386 1ulti U1er 895 839 Ro~ueWaveTools.h+-- 200 179 DOCUME TING/ PVCS Professional 495 419 
VM/386 Multi User S1aner 395 339 Turbo C++ 200 139 SMS 495 399FLOWCHART! GTurbo C+-.,.. Proressional 300 205 OURCEOOC 99 89 allCLEAR JOO 229Compe<,li•e Up rade 150 139386 DEVELOPME T TOOLS TLIB IJ9 109Clear+ I S 169

Zinc Libra" 200 179 386 A M/LinkLoc 1295 1145 C-Clearlv 130 11 5 5 Sta11on LAN 419 339 
C-Terp 386 139 189 Flow Chan1ng 3 250 199Zortech C+- D<>bugi:er I 50 129 

Zonech C•~ 200 165 WI DOWS (MS) TOOLS L•hey f 77L·E•\\132 fw/ 0 38!>1 1290 1035 lnter.acli\e E.asyflm\ 150 125 
Meta\Vare High C 386 895 849 Pdginate 100 79 Zonech C++ DO\ elope<'• Ed1uon 450 399 Acror 3 .0 895 719 

•o,ell C Ne1"ork Compiler/386 995 799 Source Print 99 74Bundle<h, / C++Nie•\S 945 595 yme1"' Toolboo/... 395 CALL 
Parado 86 629 Zortech c~• Tools 150 129 295 245 Bridge Tool 11 695 659895 The Documentor 
PC-lin1 386 239 179 Zortech C+t Video Course 500 449 Case:\ i95 759Tree Didgrammer 99 74 
Phar Lap 386 ASl\o\lll 495 435 C-Talk/\'i"'" 45() 375C-COMMU ICATIO S\ ATCOM C 8.0/386 Proi. 1295 1099 EDITORS dBFasv\Vindm' 395 335Breakoul II 149 189w/ Phar Lap 386 A ~VLINK 1790 1399 BRIEF 3.0 249 CALL DialogCoder 499 435C Asvnch Manager 3.0 189 139I ATCOM C 8.0/386 S1andard 895 n9 EDT+ 295 269 Graphic Se""' 495DK 419Essential Communlcallon 329 259 EMACS 325 265 M Windo" De.elopmen< ' it 500 349ADA Greenleai CommL1b 359 287 Epsilon 195 159 MuhiScope for Windo1» 3 79 289Academic ln1egrAda 249 225 Greenleai ;.-, Comm 399 319 KEOIT 4.0 150 125 Objec1Graphlc 445 365Ada cope Debu$8er 495 445 ilverComm CA inch L1bmy 249 209 •\KS Vi 149 129

da Training fovironmenl 895 809 ie" -232 189 149 Proto ie" 695 625Pl Editor 195 175
tldagraphics 695 629 Windo\\sMAKER 595 535Sage Proies 1onal EdHor 295 249 

SLICK Editor 195 154lnlegrAda 795 719 C-FILE MA AGEME T WinTri"'e 395 339 
Meridian AdaS1uden1 -o 45 ccSvs ior dBASE or Par.•do' 395 349 W DX GUI Toolbo• 499 449SPF/PC 245 199

Blne>e De. e l. y tern 595 449Meridian Ada De,eloper'< ii 1195 1095 Y DIE 495 399Codebase IV 295 219 VEDIT PLUS 185 CALL
ASSEMBLY LA GUAGE c-1ree 395 31 S SPECIAL DEAIS!! dBC 111 Plus 439 
A ~!Flo" 99 89 db_FILE Bundle 295 249 Lin · & Locate ~ 395 349 
Dis Doc Professional 250 225 Ellentlal 8-Tree w/ source 198 149 Link Locate ++ El<1endod 4 9 395 

Advani•ge Disas embler 295 279 500 EMBEDDED SYSTEMS 
Microsoh Buy One, Get One FREE 

MS 1acro sembler I SO 105 fa irCom Toolbo' ·Prof. Edit ion 1095 789 Paradigm Locale 295 265 Buy any MS Quick language or a 
OPTASM 150 129 FairCom Toolbo' · Special 695 509 Microsoft Mouse, and $•• one of the 
Re:Source 150 129 Parado\ Engine 495 349 FORTRA LA GUAGE ollowing FREE: MS Filgh1 Simulator, 
Sourcer " j Pre-Processor I iO 149 Graf ma tic 135 119 PC Tools, or Sign Designer. IMail 
Spon1aneousAssembl1 395 189 ERAL LIBRARIES lahe1' F 7L 535C·GE 595 included coupon direal to Microson.1 
Turbo Debuflller Tools 150 105 Blacks1.1r C Funetion Library 99 79 Lahei Personal FORTRll ' 99 89 

C TOOL PLU 16 .0 149 109 Zortech C++ Developer's Edition Vi ible Compuler: 80286 I00 89 MS FORTRAN 450 299 
C Utilit\ Libra<) 249 199 Plotmaiic 135 119 2.1, C++/Views Bundle 
Greenleai Functions 229 179 R~VFORTRAN 595 499BASIC COMPILERS Gel the first and only native C++ 

MS BA IC Prof. De.el. y 1em 495 349 Greenleaf SuperFunctlons 299 239 \\ATCOM FORTRA 7 /386 1095 CALL compiler supporting MS \Vindo,~. plusTurbo C TOOL 12.0 149 109Power Basic 129 89 over 60 C++ objecl classes for a 
QulckBASIC 9 69 GRAPHICS LIB RARIES spedal low price of $595! C SCREE S 8dbv Orher 250 199 
BASIC LIBS/ UTILITIES C-Worthy 399 CALL Essential Graphics 399 319 
GraphPa Pro ·essional 149 129 Greenleaf Da<a\\lindo" 395 315 Fon<-Tools 150 119 Borland's Turbo C++ Professional 

Competitive Upgrade P.D.Q. 129 115 Panel Plus 495 395 Graf/Drhe Plus Develope~ 299 269 
ProBa 159 149 Quick\l'indow Advanced (Cl 169 149 GraphiC 5 .0 395 319 Ready to switch from your C compiler 
ProBas Toolki1 99 94 ermoni 1e\\ ~ 493 395 GSS Graphics De, el. Toolki1 595 509 10 Borland'> Turbo C++ Professional/
QBase and Qulckscreen 149 125 Vi1amin C 225 165 GX Graphics 149 135 It's eas .and i~pensive-just S 139 al 
QuickComm 149 119 VC Screen 149 125 HALO 395 279 Programme~• Paradise. C.11 for de1a1ls. 
QuickPak Proies lonal 169 149 H LO Proie sional 595 419 
Quic I indow Ad-.nced 149 119 C-UTILITIES/ OTHER HALO Window Toolk it 595 419 Objective-C 

Bar Code Libra!\' 389 319 lcon-Toolil!'lus 150 119 
for Microsoft Cprogrammers interesled C COMPILERS Meouei 325 279Clear ~ 200 169 in gaining the benefits of object-orienled Lau ice C 6.0 250 155 Me1aWindo\\ 250 209C hroud 198 149 iechnology without losing the familiarity, Microson c 6.0 495 339 Meta\\1indow Plu 325 289DIVVY 229 209 efficiency & portabililY ot C. Augmenls w/ Objecli\·e-C 699 539 PCX EllectS 99 89Heap E>pander 80 70 C with an object data type, a message MS Quic ·C .5 99 69 PCX Prog,.mmer's Toolkit 195 175MKS LE Y CC 249 197 expression and a class definitionMS Qulc ·C " ' QuickMsembler 199 139 Ob1ecllve-C 249 225 PCX Te l 149 135 mechanism.Turbo c 2.0 99 69 Sil\erPainl 129 109PC-lin1 139 105 
Lisi: S249 Ours: $225 

WATCOM C 8.0 S<andard 395 335 TlmeSlicer 295 279 Turbo Geometry Librarv 200 179 
WATCOM C 8.0 Professional 495 419 PCYACC Pro·cssional 495 459 Sla1e w/ graphic 448 415 
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(800)Guaranteed Best Prices! 
445-7899 

FAXcetera 
Want more produc1 information 

on the items in the gold box 10 

!he right? Try FAXcetera!! 

Just pick up your FAX phone 


and dial 201-389-8173. 

Enter the FAXatera product 


code listed below each product 

description-information will be 


faxed back 10 you ins1an1ly! 


LIST OURS 
XE IX/U IX 
BLAST U 'I ENIX 495 395 
Ep<ilon 195 169 
Interactive Produc1s CALL CALL 
LPl·COBOL 1495 1199 
LPl -FORTRAN 995 799 
Me1aWare High C 895 849 
MicropOrt Products CALL CALL 
MKS RCS 395 335 
MKS Trilogy 119 105 
Pl Editor 349 319 
SCO Products CALL CALL 
VEDIT PLUS 285 249 

ADDITIONAL PRODUCTS 
APL •PLUS 695 549 
Dan Bricklin'• Demo II 199 159 
dB dBPo~ 600 459 
Guido 249 CALL 
Lanice RPG 1600 1285 
MK ,\\VK 99 79 
Op<·Tech Sort/Merge 149 119 
PC Scheme 95 79 
Personal Rexx 150 139 

APPLICATIO som-vARE 

COMMUNICATIO s 
BLAST 11 250 225 
Carbon Copy Plus 199 129 
Laplink Ill 150 99 
PC Anywhere Ill t45 99 
Procomm Plu 99 63 
SideTalk 120 99 

DESKTOP PUBLISH I G 
Adobe Products C LL CALL 
Corel Ora\\~ 5 5 399 
HALO OPE 195 139 
PageMaker 795 509 
Ven1ura Publ isher 895 549 

MATHEMATICS 
Derive 200 179 
Mathe D 495 315 

la<hemalica 386 695 625 

SCIE CE & ENGi EERI G 
utoCAO Release l O 3000 CALL 
uto kerch 150 95 

Chi\.Vritef 150 129 
css 495 469 
DADiSP 895 759 
De•ign CAD l·D 400 292 
Drafix Window CAD 6 5 CALL 
EXACT 475 380 
Generic CADD Level 3 350 289 
LABTECH Acquire 195 179 
LABTECH No ebook 995 779 
MICRO-CAP Ill 1495 1269 

Our Guarantee... 
Product.' Ii ·ted hen: .ire IJ3cki:d 

by lhc· following !(U:tr:mle<:": 

Should you see one of the e 

products li ted at a lower 

price in another ad in this 


magazine, CALL US! 

We'll beat the price, and still 


offer our same qualicy 

service and support. 


Terms of Offer: 
• Offer good 1hrough November 30, 1990 
• Appl icab'e 10 pricing on current version 

of soitware listed : NOY , issue prices only. 
• Oiier does not apply toward obviou 

errors in compclirors' .ids. 

"' Subject to same term~ and conditions. 

SCIENCE & E GI 
(co111i11ued) 
Dread PCB 
PC-MATLAB 
PC TEX 
CHEMAlll 
y 1a1 w/ Sygraph 

Tango PCB Serie> II 
TECH"GRAPH"PAD 
T' 

SPREADSHEETS 
Lotus 1.2.3 
Microson Excel 
Quattro Proiessional 
SuperCalc5 

LIST OURS 
EERING 

1495 CALL 
695 625 
249 229 
495 449 
895 759 
595 559 
395 319 
595 479 

593 389 
495 319 
495 329 
495 319 

UTILITIES 
386 1AX5.0 130 99 
above DISC 119 64 
AboveMEM 80 72 
8001con 60 55 
Cache 86 50 39 
FASTBACK Plu t89 109 
HeadRoom 2.0 130 109 
Hilaak 150 105 
Hold Ever)'lh ing 199 159 
Info poller BO 69 
MACE 1990 149 129 
~\agellan 195 CALL 

\KS Toolkit 249 199 
MOVE'EM 89 79 
Nonon Commander 149 99 
Nonon Utilities 5.0 179 129 
PC Tools Deluxe 6.0 149 95 
Pi.lazz Plu 149 79 
p,eeursm 6 79 
SitB.ck 99 90 
Software Carou el 90 72 
SpinRite II 89 75 
Squish Plus 100 75 
$1\llCh·ll 100 69 
Tree 86 90 69 
Turbo Hv\S 5.0 100 89 
Upshot 95 89 
XTreePro Gold l i9 109 
ZENO 269 239 

WORD PROCESSI G 
r\m j 199 129 
Micro oh Word for W indO\\ s 495 349 
WordPerfect 5.1 495 CALL 

SOFTWA RE FOR SUN 
WORKSTATI01 5 

Ba mark Quic B1\SIC CALL CALL 
C Programmer's Toolbo un 495 449 
Edi< 425 339 
EMACS for Sun 395 369 
lnformi CALL CALL 
LolUs 1-2·3 for un CALL (All 
Ma1hema1ic; for Sun C LL CALL 
Meia\ are High C 895 849 
Nevr'11\Vorks. Proie sional II 4095 CALL 
Panel Plu !Sun 31 t595 1355 
\ ordPerfect ior un 495 CALL 

Programmer's Policies 
Phone Order 

Houn; 8:30 AM·7 PM EST. We accept 

MC,Visa, AME . Domestic shipments. 

please add $5 per item ior shippin 

handling by UPS ground. For dome tic 

COD shipments. please add SJ. Rush 

service available. 


Mail or FAX Orders 

POs are welcome. Please include 

phone number. 


International Service 

Phone number required with 01der. 

Ca ll or FAX for additional information. 


Dealers and Corporate Accounts 

Ca ll for information. 


Unbeatable Prices 

We' ll beal the compe1i1ion's advenised 

prices. Prices subject to change 

1 i1hout notice. 


Return Policy 

JO days. Due 10 copyright laws, we 

cannol take back software wi1h 1he dis 

seal broken unle s authorized by the 

manuiacturer. Returned product mus1 

include R.A. number. 


WindowsMAKER 
WindowsMAKER is a code generator 1hat build 

complete Windows 3.0 applications. Prototype 

the entire user interiace (menus, icons. buttons. 

control , etc .) in a WYSIWYG eduor, then 

generate 'Vlicro oit C code for MS-Windows. 

Cuslom code is preserved during regeneration . 

WindowsMAKER handles mes age processing. 

memory management, child windows. debugging, 

compiler settings, \DI and much more. 

Generates excellent C code. Porl DOS 
 ~ 
programs to Windows in record lime. A musl ii Candlelight ,.._, 

you are writing applications ior Windows in C. 

30 day money-bock guarantee. 


List: $595 Ours: $535 

WATCOM CB.0/ 386 
WATCOM CB.0/386 is a 100% ANSI C optimizing compiler and run-time 

library for 1he lniel 80386 architecture 
generating applications for 32-bit protected 
mode. With C8.0/386, you can go beyond the 
640K DOS limi1. Library and source code 
compatibility with Microsoit C simplifies man1• 
porting projects. Significam ieatures include: 
protected mode 1er ion of lhe compiler; VIDEO 
full-screen source-level debusger· Microsoft 
library and source compatibility ; execution 
profiler; high-performance linker ; grophic 
library. 

l•ndard List: 5895 Our>: 5719 
Profe ional Lit: 51195 O urs: 51099 

FAX " '" ~1683-0001 

SpontaneousAssembly 
An assembly language library that lets you produce the fastest , 1ightes1 

pos ible programs with the ame ease you 'd 
expect from a high-level language. It 
includes an impressive colleclion oi over 
700 functions and macro for high-speed 
lext windowing, heap management, array 
searching and soning, critical error 
management, 32/64 bit integer ma1h. and 
much more! Comprehen ive 750+ page 
manual. Full source code. No royalties. 
Easv integra1ion wilh C. 
"If you program in assembly language, 

you gotta have Sponlaneou5Assembly.• 
• Michael Abrash 

List: $395 Ours: $1 89 FA.·'i"""" #26 t .J-0001 
basetwo 
DEVELOPMENT 

Internationa l: 201 ·389-9228 Corporate: 800-422·6507 
Customer Ser ice: 201-389-9229 Canada: 800·445-7899 
Fax: 201 ·389-9227 FA..,,.cetera : 201-389-81 73 

Call or Write for Latest Free Catalog! 

1-800-445·7899 
p, I 

~ 
A Division of Voyager Software Corp 


1163 Shrewsbury Ave., Shrewsbury, ) 07702 
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Menuet · The GLl Development Toolkit. 
Menuet is a sophistica1ed. simple solution ior Graphical 
User Interface {GUI) development that pro' ides over 400 
callable iunclions and supports most all GUI constructs. 
It is currently available in versions for use with 
MetaWl1 DOW, lrom 
Metagraphics Software 
Corporation, and GSS "CGI, 
from Graphics Software 
Systems. Other lihaca Street 
products include: UpShot, 
PiXelPrint, Fon!· Tools, Icon· 
Tools. and Babv Driver. 

List: $325 Ours: $279 F.\Xre ta<1 H2263·0003 



WHAT'S NEW 

SOFTWARE • PROGRAMMING 

Unix Programming 
Environment Has 
All the Tools 

S aber Software has 
brought its environment 

for Unix workstations up to 
speed to support all phases of 
C programming, including 
development, debugging, test
ing , and maintenance . Saber
C 3 .0 lets you debug code han
dled by the interpreter, 
object code produced by the 
compiler, or libraries. You 
can use Saber-C to set break
points and to step, trace, and 
debug object and source code 
modules. 

Saber-C includes a multi· 
window graphical interface 
that you can customize by de
fining commands and new but
tons. Saber-C automatically 
detects more than 250 static 
and run-time errors. 

Saber-C runs on Sun-3 and 
Sun386i workstations, SPARC
stations, DECstations run
ning Ultrix, and ASCII and X 
Window System terminals. 
Price: $2495. 
Contact: Saber Software, 
Inc., 185 Alewife Brook 
Pkwy., Cambridge, MA 
02138, (617) 876-7636. 
Inquiry 1271. 

New MitemView Supports 
the MaclRMA Family 

V ersion 1.1 of Mitem
View, the HyperCard 

development tool that lets 
you create graphical user in
terfaces for accessing IBM 
mainframe applications, sup
ports Digital Communica
tions Associates' MacIRMA 
products, including coaxial 
and LAN-based System Net
work Architecture gateways. 
Mitem says 1.1 uses DCA's 
MacIRMA application pro
gramming interface to pro
vide connectivity to the host. 

MitemView simplifies 
the connection to VAX and 

IBM 3278 and 3279 main
frames, providing easier 
access and information re
trieval for local processing 
without requiring modifica
tion of the host code. Mitem
View already supported Tri
Data 's NetWay and Avatar's 
MacMainFrame products. 
Price: Developer's toolkit, 
$995; MacIRMA driver, 
$495. 
Contact: Mitem Corp., 
2105 Hamilton Ave ., Suite 
190, San Jose, CA 95125, 
(408) 559-8801. 
Inquiry 1275. 

Saber-C 3. 0 combines an incremental linker, static and run-time 
error detection, source-level debugging, and a multiwindow 
interface in one system. 

Zinc Releases 
Class Library 
for C++ 

W ith Zinc's user inter
face class library for 

Borland 's Turbo C++ you 
can create a user interface for a 
DOS application without hav
ing to develop the interface 
from scratch. The Zinc Inter
face Library 1.0 lets you write 
applications that run in true 
graphics and text modes , in
cluding on dual monitors , 
from one set of source code 
without recompiling or re

linking, the company says. 
The library also supports 20 
input field types with built-in 
cut-and-paste and full Undo 
and Redo . 

By calling the Zinc BBS, 
you can download additional 
capabilities for Zinc 1.0, in
cluding support for both the 
Meta Windows Graphics Li
brary and Borland 's Graphical 
Interface. 

Other features on the BBS 
include enhanced scroll-bar 
support to provide both verti
cal and horizontal scroll bars 
in the window object, in ad
dition to vertical scroll-bar 
support for text and matrix 
objects . Zinc has also added a 
new List object with full in
sert, delete, and modify 
capabilities. 

The library exploits C+ + 
features such as virtual func
tions, class inheritance, oper
ator overloading, and multiple 
inheritance. 
Price: $199.95; source code, 
$200. 
Contact: Zinc Software, 
Inc., 405 South 100 East, Suite 
201, Pleasant Grove, UT 
84062, (800) 638-8665 or 
(801) 785-8900; BBS, (801 ) 

785-8997. 

Inquiry 1272. 


High-Level 
Routines for the Mac 
User Interface 

Maclnterface 1.1 auto
matically implements 

many segments of the Mac 
interface. The library supports 
the Undo and Redo of Edit 
menu commands without re
quiring coding on your part. 
It provides automatic support 
for the dragging, growing, 
and zooming of modal and 
modeless dialog boxes. 

The program is compatible 
with Lightspeed C and Pascal , 
MPW C and Pascal , and sev
eral Modula compilers . 
Price: $295. 
Contact: Holder, Egan & 
Co., Inc., 4148 Spring Hill 
Rd . , Midland , Ml 48640, 
(800) 782-9976 or (517) 
636-7373 . 
Inquiry 1273. 

Structured Design 
Analysis for Windows 

S ystem Architect 2.1 , the 
CASE tool for structured 

design analysis that runs 
under Microsoft Windows , lets 
you take an entity model sim
ilar to that of the IBM Reposi
tory and expand it graphical
ly to show both key and nonkey 
data. It supports supertype 
and subtype relationships and 
provides for automatic syn
chronization of any two data 
dictionary types. 

System Architect runs on 
an IBM AT with Microsoft 
Windows 3.0. An OS/2 Pre
sentation Manager version is 
scheduled to ship by year's 
end. 
Price: $1395; Booch Object 
Diagraming option , 
$495 . 
Contact: Popkin Software & 
Systems, Inc ., 11 Park Place, 
19th Floor, New York, NY 
10007, (212) 571-3434. 
Inquiry 1274. 
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Ill hether you're protecting 
frontiers and temples in 

anchuria, or software 
and data on the PC or 

Mac, the Great Wall is a lesson 
Rainbow Technologies has learned 
very well. 

Software developers must deal 
daily with the consequences of 

unauthorized 
copies and millions 
of dollars in lost 
re enue. At the 
same time, both 
individual and 
corporate users 

mu t be able to make and distribute 
copies within legal guidelines. 

Today 's information-driven 
companies must secure their data 
files against theft and unauthorized 
access. o less than protecting 
personal wealth and 
tangible property, 
guarding data files is 
a necessary invest
ment in competitive 
survival. 

Protecting 
"intellectual 
property" 
is the 
security 
d1ailenge for 
the '90s. Which 
is why Rainbow 
Tedmologies builds a 
little of the Great Wall into 
every key it makes. 

For developers, the Software 

Times Change. 

The Need To Protect Doesn't. 

(J RAINBOW TECHNOLOGIES 
9292 Jeronimo Road. Irvine , CA 92718 
TEL: (714) 454-2100 · (800) 852-8569 (Out ide CA) 
FAX: (714 ) 454- 557 · AppleLink: 03058 
Rainbow Technologies. Ltd . . Shirley Lodge. 470 London Road 
Slough. Berkshire SL3 8QY. TEL: 0753-4 1512 ·FAX: 07 "3-43610 

Sentinel ·· family of 
keys protects IBM, 
PS/2 and compatible 
software, while Eve.. 
guards software for 
the Mac. Rainbow's 
DataSentry ,. is the 
solution for PC data 
protection. 

Software and data protection from Rainbow 
Technologies. Information on how you can have a 
little piece of the Great Wall to protect your software 
and data worldwide is as close as a toll-free call. 

Copyright 1990 Rainbow Technologies. Inc . 
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How to make the work go fas 


NEC PowerMate 3861255. 

Th e affordable entry to high performance 386 processing. 

For advanced applications like CAD/CAM, presentation graphics or 

financial modeling, you can't go wrong with the PowerMate®386'~/258. 

For far less than comparable 386 systems, you get 25MHz speed, 2MB 

Computers and Commun1cat1ons 



ter and the money go slower. 


of RAM (easily expandable to 16MB via SIM modules) and a 32K memory 

cache. You also get something you can't get from anyone else at any price: 

NEC. For more information call 1-800 -NEC-INFO . 

NEC 
Circle 255 on Reader Service Card 



WHAT'S NEW 

SOFTWARE • BUSINESS 

Occam Says, 

Go Ahead, Ask Me 


E ven with the best graphi
cal user interface, it can 

still be difficult to find the 
right data in an acre-size 
spreadsheet and graph it 
appropriately. 

Occam is addressing this 
problem with its new program 
for the Mac, called Muse. 
Muse lets you perform data re
trieval , manipulation , and in
terpretation using English lan
guage through the keyboard 
or other input device such as 
the Voice Navigator. The 
program also lets you pull only 
the data you need from vast 
data sets and graph it 
immediately on your com
mand. 

Muse can import data in 
flat files , ASCII , DBF, WKS , 
and several other formats. 
The program organizes data in 
databooks, which you can set 
up to reflect company divisions 
such as personnel, manufac
turing, or sales . As you ask or 
type questions in English, 
Muse retrieves the relevant 
data and puts it into a work
book with the level of detail 
you need . When you want to 
graph a workbook, you simply 
type or say , "Graph that ," 
and Muse does the rest , auto
matically numbering graphs 
by titles , legends, axis identifi
cation, and data identifica
tion. Graphs can be 2-D , 3-D , 
or animations. 

Occam is releasing Muse 
to a number of corporate sites 
this fall, with general distri
bution targeted for 1991. 
Price: $695. 
Contact: Occam Research 
Corp. , 85 Main St. , Water
town, MA02172, (617) 
923-3545 . 
Inquiry 1276. 
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Ask and you shall receive is one ofMuse's concepts. Another 
is to provide only the data that you need. 

Generate Database 
Applications 
with PAM 

PAM (for Program Auto
mated Method) 2.0 , the 

relational DBMS that in
cludes an application generator 
and natural user interface, 
adds new data types , new rela
tional capabilities, matrix 
table processing, expanded 
database capacity, and many 
other features, while running 
in less than 256K bytes of 
RAM on the IBM PC. 

Designed for nonprogram
mers, PAM 2.0 lets you design 
applications with built-in 
field verification . Support for 
transaction processing allows 
multiple fields in multiple 
databases to be updated in a 
single screen. PAM 2.0 also 
supports mathematical oper
ations for multiple fields in 
databases from one numeric 
entry , allowing for easy 
update. 

Advanced relational capa
bilities link one database to 
multiple records in another 
database without the need for 
common fields . 

Put an International Business Expert 
in Your PC 

For companies seeking to 
learn more about how to 

enter and succeed in the 
world marketplace, Gate
Waze has developed x-prime 
World Trader . The pro
gram's four integrated data
base modules let you look at 
information in a variety of 
ways th rough the use of 
hyperlink ing. 

The Market Analyst mod
ule provides a set oftools for 
analyzing the 50 major trad
ing partners of the U. S.; the 
World Atlas module gives 
up-to-date information on 
125 coun tries ; the Info
Deck supplies a directory of 

international contacts ; and 
the Export Reference Guide 
offers information on the ex
porting process. Other fea
tures include currency, 
weight, and measures infor
mation ; time-zone calcula
tions ; and an international 
glossary. 

The program runs on the 
IBM PC with 512K bytes of 
RAM. 
Price: $289. 
Contact: GateWaze, Inc ., 
66 Summer St. , P.O. Box 
743 , Manchester MA 
01944, (800) 752-4711 or 
(508) 526-7406 . 
Inquiry 1279. 

Version 2.0 supports Hew
lett-Packard laser printers and 
mail merge. 
Price: $145 to $345 . 
Contact: Software Compos
ers, Inc. , 4500 Newcombe 
Dr., Plano, TX 75093, (214) 
985-8018 . 
Inquiry 1277. 

EASI Puts Forms 
and Database 
in One Package 

FormType 3.0 provides a 
forms creator and dBASE

compatible relational data
base in one package , letting 
you use the information 
that s collected in day-to-day 
operations to help you make 
business decisions. 

FormType 3.0 supports 
form fill-in and report genera
tion. A LAN version is 
available. 

With FormType 3.0, you 
can link several different form 
types to the same database. 
This lets you store common in
formation such as name , ad
dress, or sales history in one 
place, although it is used re
peatedly in various office 
forms , Easy Automation Sys
tems says . 

You can perform relational 
database operations and inte
grate and transfer common 
information among the forms , 
saving keystrokes and reduc
ing input errors. 

FormType 3.0 runs on the 
IBM PC with 640K bytes of 
RAM . A run-time version 
lets valve-added resellers and 
OEMs insert a company logo 
and application name into 
shrink-wrapped fonn sets. 
Price: $229.95; run-time 
version , $99.95; LAN version, 
$695 per server. 
Contact: Easy Automation 
Systems, Inc ., 5555 Triangle 
Pkwy. , Suite 440, Norcross, 
GA 30092, (800) 627-3274 or 
(404) 840-0474. 
Inquiry 1278. 
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As the people responsible for as you've probably guessed by now, 
the MicrosoffWmdows'" environment, is the Microsoft Mouse. 
we believe we're in a good position You see, the Mouse allows you 
to offer some very sound advice on to navigate theWmdows environment 
Windows Computing. And that, and applications with untold ease. 
For 11wre i11fonnolirm, coll (8()()) 541-1261, Dept. M29. 011tsitk the U.S. and Canada, coll (206) 882-8661. bi Canada, coll (416) 673-7638. ©1990 Micr=ft Corporation. All nghts reserved. Microsoft Oii 



As well as unparalleled accuracy. Visit adealerand check it outfor 
Furthermore, weve made the yourself We think you'll see our point 

decision to buy a Mouse even easier. 
Now it's available either with software, MiclOsott~ 
or on its own for the purist. Making it all make sense~ 

he Microsoft logo are registered trademarks a11d Windows and Making it all make sense are trademarks ofMicrosoft C{)rporatio11. The Microsoft Mollse design is pate>ited. (Desig11 Patent #302, 426.) 



WHAT'S NEW 

SOFTWARE• SCIENCE AND ENGINEERING 

The Protein Visualizer lets molecular biologists and immunolo
gists visualize protein structures in 3-D. 

Visualize Protein 
Structures 
on the IBM PC 

A molecular graphics tool 
called the Protein Visual 

izer lets you visualize how 
different chemicals and other 
substances interact with vari
ous molecules. The program 
lets you create 3-D models of 
complex protein structures and 
rotate, separate, and other
wise manipulate molecules for 
further study. 

With the program, you can 
overlay up to four mixed-mode 
models at the same time. The 
overlays can show the interac
tion of substrates in an active
site cleft or hormones and their 
receptors, and capture the 
results . 

Protein Visualizer features 
zooming, full-color space fill
ing, and all-atom or main
chain display of up to 5000 
atoms . 

The program requires a 
286 with VGA capability and 
640K bytes of RAM. A hard 
disk drive is recommended . 
Price: $495 . 
Contact: Synthetic Genetics, 
10455 Roselle St., San Diego , 
CA 92121, (619) 587-0320. 
Inquiry 1280. 

Real-Time Process 
Modeling with OS/2 

W ith RT-Graphics, you 
can create and edit 

graphical symbols and inte
grate them with sensor moni
toring, simulation , and other 
real-time applications running 
under OS/2 Extended Edition 
and Presentation Manager. 

Animated presentations 
can be in the form of histo
grams, dials , fluid levels, or 
other graphics. You can set up 
an application so that a 
change in the graphical display 
of a process is reflected in 

In addition to showing how your Mac CAD drawings will work, 
vPower can revise a drawing with new specifications and 
parameters, m-aking multiple versions ofthe same drawing. 
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the related alphanumeric text. 
This capability lets the pro
gram display numeric repre 
sentations of sensor output 
values with their associated 
graphics symbols. 
Price: $1100; developer's li
brary, $800. 
Contact: Commercial Soft
ware Dept. , Farradyne Sys
tems, Inc ., 3206 Tower Oaks 
Blvd. , Rockville , MD 20852 , 
(800) 828-7863 or (301) 
468-5568. 
Inquiry 1281. 

What-If CAD 
Analysis 

0 nee you've completed a 
mechanical , architectur

al , or other drawing in Versa
CAD, Claris CAD, PICT, or 
DXF format on the Mac , you 
can use vPower to describe the 
motion and rotation of ob
jects. This what-if tool for 
CAD lets you see how your 
design works . A spreadsheet 
lets you assign up to eight 
value sets to an unlimited num
ber of variables. 

vPower runs on the Mac 
Plus with a recommended hard 
disk drive. 
Price: $799. 
Contact: Vision Software, 
3160 De La Cruz Blvd., Suite 
104, Santa Clara , CA 95054, 
(408) 7 48-8411. 
Inquiry 1282. 

Digital Elevation 
Model Data 
on CD-ROM 

Two companies recently re

leased digital elevation data 

from the U.S . Geological 

Survey on CD-ROM. 


Rocky Mountain 's CD

ROM set of 3-arc-second 


terrain elevation data has the 

contiguous U.S. , Hawaii , and 

Puerto Rico. 

Price: Complete set of five 

CD-ROMs, $3000; one CD

ROM, $1000. 

Contact: Rocky Mountain 

Communications, Inc ., 12844 

West Iliff Ave., Lakewood , 

co 80228, (303) 988-3395. 

Inquiry 1283. 


M icro Map & CAD's 

CD-ROMs are available 


in two grids: a 3-arc-second 

grid and a 30-arc-second grid 

for the entire U.S . 

Price: Complete set of six 

CD-ROMs, $5000; one CD

ROM, $1000. 

Contact: Micro Map & 

CAD , P.O. Box 621135, Lit

tleton , CO 80162 , (303) 

973-2768. 

Inquiry 1284. 


Solve Math and 
Thermophysical 
Problems 

I n addition to solving alge
braic and initial-value dif

ferential equations, the Engi 
neering Equation Solver (EES) 
has a physical-property data
base to help you solve prob
lems in the thermal sciences. 

EES runs on the Macin
tosh with 1 MB of RAM and 
supports a math coprocessor 
if you have one. 
Price: $400. 
Contact: F-Chart Software, 
4406 Fox Bluff Rd., Madison, 
WI 53562, (608) 836-8536. 
Inquiry 1285. 



We've 

gotanew2MB 


WOR.M. 

Now 


we're fishing for 

ideas from you. 


Introducing the Optical Card, the remarkable new 
personal data storage and retrieval medium from 
Canon. An IBM AT-compatible RW-10 Reader/Writer 
uses a laser to read and write up to two Megabytes of 
digitized text, graphics or sound on the Optical Card 
(shown here actual size). Data can be added, but 
not erased, and isn 't susceptible to magnetic or 
electrostatic fields. 

The Optical Card and RW-10 combine speed, 
high rel iability and convenience that just cry out 
for the development of entirely new systems 
applications. And that's where you come in. 
Don't let th is "big one" get away. Find out more 

about the Optical Card by call ing Bruno Dasso at 
Canon at 516-488-6700, ext. 4535. 

Cl 1990 Canon U.S.A.. Inc. .One Canon Plaza. Lake Suo:ess. NY 11042 Canon 
Circle 67 on Reader Service Card 



WHAT'S NEW 

SOFTWARE • OTHER 

Glue for Multimedia 
on the Mac and 
the IBM PC 

Two new programs help you 
combine video with sound, 
graphics, and animation. 
One runs on the IBM PC, the 
other on the Mac. 

Anew version of 
Ask*Me-a program that 

integrates animation, voice, 
sound, graphics, and images 
into multimedia presenta
tions-supports PCX image 
separation and manipulation 
and the ability to pan across 
images larger than your 
screen. 

With Ask*Me 2000 and its 
English-like programming lan
guage called Stratos, you can 
combine images from Auto
desk Animator, video cap
ture boards, PCX-compatible 
paint programs, and bit
mapped font packages that are 
in the GEM format with 
voice and sound to create inter
active presentations. The 
program also supports loop
ing, for canned, repetitive 
presentations . While the pro
gram includes Stratos, no 
programming experience is 
needed to create most appli
cations. 

Ask*Me uses its own 
graphical user interface and 
comes in two ver ions: 
Ask*Me 2000, for the casual 
user, and Ask*Me Profes
sional. The professional ver
sion includes a multiuser cus
tomizable image database that 
can open up to 256 files at 
once and supports full-motion 
video. This version also bas 
an optional Display program 
for distributing run-time pre
sentations. Run-time capability 
is standard with Ask*Me 
2000. 

As.k*Me requires at least a 

Once you 've captured a photo with Ask*Me, you can manipulate 
image hue, contrast , and other attributes. 

286 with a 28-ms or faster hard 
disk drive 7 MB of free hard 
disk space , 640K bytes of 
RAM , and VGA graphics . 
Price: $495 for regular ver
sion; $1795 for professional 
version ; $195 for profession
al run-time license. 
Contact: Ask*Me Informa
tion Center, a division oflnno
vative Communication Sys
tems, 2534 26 Ave. S, Fargo, 
ND 58103 , (701) 293-1004. 
Inquiry 1286. 

U nlike MacroMind's Di
rector, which is a tool for 

creating professional-quality 
animation on the Macintosh, 
the company 's MediaMaker 
is for nontechnical people who 
want to create relatively sim
ple video presentations. 

MediaMaker is divided 
into two parts : collections and 
sequences. Collections are 
media databases, snippets of 
video, compact-disk audio, 
Mac audio, graphics and ani
mations. You play back the 

media selections by double
clicking on a picon , Macro
Mind 's term for a visual cue of 
an image. 

To create video presenta
tions , you drag picons from the 
collection window to these
quence window, arranging and 
rearranging the media in de
sired order and editing the 
length of each clip. You can 
also synchronize other media 
such as CD audio and graph
ics. To use the program, it's 
best if you can tap into exist
ing video libraries the com
pany says. 

To use MediaMaker, you 
should have a Macintosh with 
support for color, a videodisk 
player, CD-ROM audio, a digi
tizing board , and a videotape 
recorder. A color Mac is not 
required. 
Price: $495. 
Contact: MacroMind , Inc ., 
410 Townsend St. , Suite 408 , 
San Francisco, CA 94107, 
(415) 442-0200. 
Inquiry 1287. 

Protect Your Unix Data from Power Loss 

W itb their complex file 
structures and file 

buffering mechanisms , Xe
nix and Unix systems are 
susceptible to data loss when 
power is removed from the 
computer before it can write 
the buffers to disk. A pro
gram called PowerMon 
monitors signals from your 

UPS and, when it detects a 
power loss, issues messages 
to users that the system may 
have to shut down if power 
isn't restored . If the power 
does not return within a cer
tain number of minutes, 
PowerMon flushes every
thing in the system's buffers 
to disk, preventing data loss . 

Hand Recognition 
for Windows 
and the Mac 

D atacap developer of the 
Paper Keyboard hand

writing recognition program 
for the Macintosh, now has a 
version for Microsoft Win
dows 3.0 that reads handwrit
ten characters on paper forms 
directly from an off-the-shelf 
scanner. It recognizes 
names, addresses , dates, num
ber , and multiple-choice 
check boxes without having to 
convert written characters to 
typed or printed text. 

Datacap says that Paper 
Keyboard encounters , on the 
average, one character out of 
every 20 that it can' t identify. 
When that happens , the cor
rection portion of the program 
kicks in . With corrections , 
the program recognizes about 
20 to 25 characters a second. 
Paper Keyboard also supports 
automated verification . 

Datacap claims 99.9 per
cent accuracy with a target 
confidence of 9 (you can 
choose target-confidence levels 
from a scale of l to 10). 

On the Mac or IBM PC 
with Windows 3.0 , the pro
gram requires 2 MB of 
RAM, a hard disk drive, and a 
forms layout package. You 
also need an optical scanner. 
Price: $895 . 
Contact: Datacap, Inc. 5 
West Main St., Elmsford, NY 
10523 , (914) 347-7133. 
Inquiry 1288. 

PowerMon runs on SCO 
Unix, SCO Xerux, and Unix 
systems from Sun, DEC , and 
IBM . 
Price: $149. 
Contact: Systems Enhance
ment Corp. , 761 Spirit ofSt. 
Louis Blvd ., Chesterfield , 
MO 63005 , (314) 532-2855 . 
Inquiry 1289. 
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EXPERT ADVICE 

COMPUTING AT CHAOS MANOR • Jerry Pournelle 

~ 
~ MULTIMEDIA VIDEO 


When Jerry combines 
computers, video 
cameras, and VCRs, 
seeing is believing 

A
JI of us in the computer busi
ness get used to two kinds of 
video. On the one hand, there 
is the full-motion video you 

see on your TV. This is known as NTSC, 
for reasons that don't matter. What does 
matter is that it is quite low-resolution 
compared to what you see on your com
puter screen. It has to be, because if it 
were high-resolution, the full motion 
would be a great deal more complicated. 
Full motion, after aJI , requires on the 
order of 30 frames a second if it's not to 
look jerky (some older newsreels, as well 
as some of the first pictures taken in 
space during the Mercury/Gemini days, 
use a lower frame rate, which is why they 
do look jerky). 

A VGA screen has a higher resolution, 
but that's also why it's tough to do full
motion video out of a PC: the amount of 
information that would have to flow at 
that resolution at 30 frames per second 
would swamp the system. 

Genlock, Anyone? 
On the other hand, a PCompatible is per
fectly capable of displaying NTSC out
put, if there is some way to get TV video 
into the system: which is where genlock 
boards come in. These boards accept 
video input, mix it with what comes out 
of computer programs, and display the 
mixture on-screen. They will also pipe 
that mixed signal out to a VCR so that 
you can record it. (You can't record that 
live-action video on your hard disk 
because it wouldn't hold more than a 
minute or so; live-action video record 
ings use a lot of megabytes. And yes , 
there are some tricks involving video 

compression, but that's not important 
here.) 

This is important to us because Mrs. 
Pournelle' s Reading Program needs 
some good promotional materials. We 
figured the best way to do that was to 
make videotapes; alas, the problem was, 
how do you videotape the output of a 
computer? You sure can ' t just use a video 
camera on the screen, as Roberta found· 
at least, you can't just use our video cam
era. The results are awful. 

We thought of using an Amiga, which 
knows how to put out NTSC output, but I 
wrote the program in Microsoft Quick
BASIC, and it is not easily ported to the 
Amiga. 

Then I discovered the USVideo TVGA 
Video Board at a BYTE Editorial Expo. 
It looked to be the answer to our prayers: 
this is a PC board that accepts video 
camera or other TV input, mixes that 
with what's on the screen, and puts the 
combination out for recording by a VCR. 
Not only that: you can also mix in the 
output of Autodesk Animator, which is a 
program that, if you have artistic talent 
or can hire someone who does , will pro
duce results best described as amazing. 

Want fairies to dance on your screen? 
Perhaps a screen background of program 
output, with fairies to illustrate your 
point? Birds in full color? Really weird 
titles? You can get it all from Animator . 
In a word, the USVideo board and Ani
mator seemed the perfect combination 
for presenting Roberta's program. 

About that time, we discovered Wil
low Peripherals. Willow also makes a 
Genlock Video Board. Moreover, our 
copy came with Entropy Engineering's 
Video Titler , which will make all sorts 
and conditions of high-resolution titles 
and screen effects that can be mixed in 
with other PC output and stored on 
videotape. Now we really had everything 
we needed. 

Thus, when Larry Aldridge of Ster
1ing Microsystems brought over the 
Cheetah Gold 486, we tried to install one 

of the genlock boards. There was only 
one problem: we didn't have a monitor of 
poor-enough quality. 

That is, the monitors that we had avail
able at the time included my Zenith Flat 
Technology Monitor, which I use every 
day and which is about the best text-work 
monitor I know of; the 19-inch Electro
home monitor, which I have had nearly 
forever and which everyone loves; and a 
very high-resolution 19-inch Hitachi 
monitor primarily used for CAD. None 
would work properly: they just d.on't go 
down low enough in frequency to display 
NTSC output. Sigh. 

I have, somewhere around here , a con
verter for the Electrohome monitor that 
will let it eat NTSC output, but it would 
have been a great deal of trouble to get it 
out and connect it up, and besides , we 
were anxious to get the Cheetah 486 run
ning with a Sota VGA board and look at 
some really high-resolution CAD and 
Animator work, which looks terrific on 
the Hitachi monitor. Thus, I put both 
genlock boards away for another time. 

A few weeks later, Alex and his room
mate tried to get things running on a 
Gateway 2000 system, but they had the 
same problem: both genlock boards want 
a multifrequency monitor, and we didn't 
have one. Meanwhile, at Spring Comdex 
Roberta had been mightily impressed by 
the USVideo demonstration and was now 
anxious to get started . 

Of course, it never rains but it pours. 
Two days later there arrived two multi
frequency, auto-sync monitors. One was 
from Princeton Graphic Systems: I'd met 
Princeton's president Tom Anderson at 
Spring Comdex and told him my story , 
and he'd arranged for an Ultra-14 to be 
sent. I knew those worked, because that 
is what came with the Northgate system I 
reviewed last year. The other monitor 
was a Panasonic PanaSync C1391 , 
which was recommended by Willow as a 
good one for use with their board. 

After that, things were simple: using 
the Gateway 2000 (a good, solid, reliable 
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CHAOS MANOR 

Frequent

Flyers. ~ 

See us at COMDEX/Fall, Booth #N4438 

If a portable computer has improved the and capable, built for the rigors of business The WorldPort familyof modems. They're 
way you do business away from the office, on the road. built for travel, whether it 's to extreme envi
thi nk what a portable modem can do for ronments, to exotic locations or just downTheyconnect to practically any telephone, 
you. With it, you'll be able to send and the hall.public or private, via standard RJ-11 jacks or 
receive data, and even faxes , anytime an optional acoustic coupler. Theyadhere to Call us today for the dealer nearest you: 
you want. In or out of the office. Bell and CCITI standards world-wide so you 
The WorldPort family gives you a choice of can connect to other modems (or fax ma 800-541-0345. 
four portable modems, including an MNP® chines) almost anywhere. They' re powered (In 1ew York 516-261-0423.) 
error-correcting modem and an electronic by a single 9-volt battery or through an AC ........, li
• • • •• • ouc hbase systems. Inc. fax/data modem. outlet, whichever is more convenient. And, 

•• • •• •• •••:• • 160 Laurel Avenue 
they' re easily shared as external peripherals : •. • • •••:.:I Northporl, NV 11768Each is no more than 8ounces and can fi t •• : • •••:·:.: (516) 261 -0423among co-workers.in a shirt pocket. They're small but tough • : ,. '• • .:.: • Fax (516) 754-3491 

machine) as the basic engine, we in
stalled both the Willow and the USVideo 
boards , connecting them to the VCR/TV 
I keep in the back room up here. Both 
boards work with both monitors. The 
images on both monitors are rock solid. 
Alex and I set up the Willow board with 
Video Titler and turned things over to 
Roberta- and the adventures began. 

Both Willow and USVideo advertise 
their products as if reasonably knowl
edgeable people who aren't computer ex
perts can use them. We make no doubt at 
all that this is true, but it's not simple. 
It ' s going to take time. As Roberta says, 
before you can genlock, you have to 
understand what genlocking is all about; 
and you only think you know that. 

First came the Willow manual: she re
ports that in 12 pages of text, there was 
not one single sentence that she under
stood . Part of it is the terminology, but 
some of it is the English: she's not at all 
sure some of the sentences actually say 
what Willow thinks they say. The US
Video manual wasn ' t a lot better. 

On the other hand , both companies 
have very good telephone technical sup
port . "They both put up with my stupid 

w thboth 
genlock boards, you 

cannot easily mix 
monochrome and color. 

questions," is the way Roberta put it . My 
guess is that they have no choice, since 
these products are going to find their way 
to art departments and account execu
tives, creative people with little com
puter experience, who will desperately 
need the output-genlock stuff can be 
spectacular- and they will have less ex
perience than Roberta , who has , after 
all , lived in Chaos Manor during the en
tire computer revolution. 

Technically, both boards work, except 
that you cannot easily mix monochrome 
and color: Roberta describes that as sim
ilar to what happens when you watch oil 
and water mix, and it seems to be the 
same with both boards. Neither one is 

easier or harder to use: they ' re both sim
ple enough to set up once you have the 
right monitor, and both are equally con
founding when it comes to making the 
software do what you want it to. 

I wish I were more of an expert on this 
subject, because it's important; maybe I 
can trigger BYTE's expert test crew to 
do a complete evaluation, because I'm 
really not competent to tell you which is 
the best product in this line. I can tell you 
why it ' s important , and that we have two 
systems that are state of the art. 

And there, alas, matters stand. Ro
berta has done the beginnings of some 
work. I've seen it, and it ' s already pretty 
good. Not spectacular, but she's only 
getting started. I'm sure 1'11 have more to 
say on this next month . 

Rogers Specialist 
When it came time to hook up a monitor 
to the Willow board we needed a gizmo 
to convert a 9-pin video into a 15-pin 
video. We put on our safari outfits and 
made an expedition into the cable room, 
and there among the monsters we found 
the cable we needed, but there was a gen
der problem, so we searched some more. 

MNP is a regisiered 1rademark of Mlcrocom, lnc. WORLDPORT and TOUCHBASE SYSTIMS are trad~marks ofTouchbase Syscems. l nc. Cl 1969 Touchbase S!'stems. Inc. 
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Everything\Ou Ever Wanted In UNIX. 

And Less. $99.95.* 


OK. We know it's hard to 
believe. So just consider this. 
CoherenC is a virtual clone of 
UNIX. But it was developed 
independently by Mark 
Williams Company. 
Which means we 
don't pay hundreds of 
dollars per copy in 
licensing fees. 

What's more, 
Coherent embodies 
the original tenet of 
UNIX: small is beautiful. This 
simple fact leads to a whole host of 
both cost and performance advan
tages for Coherent. So read on, 
because there's a lot more to 
Coherent than its price. 

SMALLER, FASTER...BEITER. 
Everybody appreciates a good 

deal. But what is it that makes small 
so great? 

For one thing, Coherent gives 
you UNIX capabilities on a machine 
you can actually afford. Requiring 
only 10 megabytes of disk space, 

Coherent For Sanla Cruz 
the IBM-PC/AT Operation'sLESS 
and compatible XENIX 286,IS MORE! 286 or 386 Version 231 
based machines. 

No. of Manuals 1 8 

No. of Disks 4 21 

Kernel Size 64K 198K 

Install Tune 20-30m.in. 3-4 hours 

Suggested Disk Space lOmeg 30meg 

Min. Memory Required 640K 1-2 meg 

Performance• 38.7 sec 100.3 sec 

Price $99.95 $1495.00 

'Byte Exec! benchmark, 1000 iteratioru; on 20 MHZ 386. 

:1d:'.sts'"idr::=Jt.:r"!~~-bi~ 1!~!'t~"::~ 
Microchannel machines. 

UNIX Communication Pro
gram that connects you to a 

world-wide network of free soft
ware, news and millions of users. 
All for the cost of a phone call. 

We could go on, but stop 
we must to get in a few more very 

important points. 
EXPERIENCE.SUPPORT 

AND GUARANTEES. 
Wondering how something as 

good as Coherent could come from 
nowhere? Well it didn't. It came frorp. 
Mark Williams Company, people 
who've developed Ccompilers for 
DEC, Intel, Wang and thousands of 
professional programmers. 

We make all this experience avail
able to users through complete techni
cal support via telephone. And from 
the original system developers, tool 

Yes, we lrnow $99.95 may still 
be hard to believe. But we've made it 
fool-proof to find out for yourself. 
With a 60-day money-back no-has.5les 
guarantee. 

You have to be more than just a 
little·curious about Coherent by now. 
So why not just do it? Pick up that 
phone and order today. 

You'll be on your way to having 
everything you ever wanted in UNIX. 
And for a lot less than you ever 
expected. 

1-800-MARK WMS 
(1-800-627-5%7or1-708-291-6700) 
60-DAY MONEY BACK GUARANTEE!IJMark Williams 

Company 
60 Revere Drive 
Northbrook. IL 60062 

'Plus shipping and handling. Coberenl is a trademark of Mark 
Williams Company. UNIX is a trademark of AT&T. XENIX is a 
trademark of Microsoft. 

Coherent can reside with DOS. So 
you can keep all your DOS applica
tions and move up to Coherent. You 
can also have it running faster, learn it 
faster and get faster overall perform
ance. All because Coherent is small. 
Sounds beautiful, doesn't it? 

But small wouldn't be so great if 
it didn't do the job it was meant to do. 

EVERYfHING UNIX 
WAS MEANT TO DO. 
Like the original UNIX, 

Coherent is a powerful multi-user, 
multi-tasking development system. 
With a complete UNIX-compatible 
kernel which makes a vast world of 
UNIX software available including 
over agigabyte of public domain 
software. 

Coherent also comes with Lex 
and Yacc, a complete C compiler and 
a full set of nearly 200 UNIX com
mands including text processing, 
program development, adrrrinistrative 
and maintenance commands. 

And with UUCP, the UNIX to 

http:20-30m.in


Circle 148 on &oder Senice Card 

Finally, a fast, powerful text 
editor that integrates your 

favorite 
programming 
tools and uses 
no memory! 
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• Mouse support 
• Pull-down menus 
• Columnar blocks 
• 1000 Level Undo 
• Regular Expressions 
• Small 70K, super fast 
• DOS, UNIX/XENIX, FlexOS 
• Also VEDIT $69, VEDIT Jr. $29 

FREE Evaluation Copy 
Call 1-800-45-VEDIT 
The new VEDIT PLUS is the productivity 
breakthrough programmers have been 
looking for. Run not only popular com
pilers, but all of your favorite tools from 
within the editor. When shelling to DOS, 
VEOIT swaps itself and any desired TSRs 
out of memory to give you more memory 
than when you entered VEDIT. 

Only VEDIT gives you the advantages of 
a powerful and flexible editor without 
giving up the convenience of an integrated 
environment. 

VEDIT offers stunning performance, ver
satility and ease of use. Completely writ
ten in assembly language, it's small and 
lightning fast. Edit text and binary files of 
any size, even 100+ megabytes. Installa
tion Is trivial ; VEDIT.EXE and an optional 
help file are all you need - no overlays, no 
configuration files. 

Other features include multiple file editing, 
windows, unlimited keystroke macros, 
"hot keys", context sensitive help, word 
processing , automatic indenting and total 
configurability . VEDIT has been the 
choice of 100,000 programmers, writers 
and engineers since 1980. 

VEDITPLUS adds a powerful "off the cuff" 
macro programming language, complete 
with source level debugging. 

VEDIT PLUS - $185 for DOS, $285 for 
UNIX/XENIX. Call for a free demo today. 

Greenview 

P.O. Box 1586, Ann Arbor, Ml 48106 
(313) 996-1299 •Fax (313) 996-1308 
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"Aha," Alex said. "The very thing. " 
He hauled out a large bag of cable 

adapters, gender changers, 9-pin to 25
pin converters , and other such stuff. It 
took me a moment to remember where 
I'd got it: just as we were leaving the last 
West Coast Computer Faire, I'd stopped 
at a booth that sells cables, cable adapt
ers, data switches, general small parts , 
and other such stuff, and grabbed some 
of everything in sight on the theory that 
they would come in handy. It came to a 
bit over $100, and I don't regret a nickel 
ofit. 

Alex noticed the bill: Rogers Special
ist (27712 Pinehills, Santa Clarita, CA 
91351 , (805) 251-2520). "We order 
from them all the time," he said. "They 
del.iver what they promise, no nonsense. 
Good outfit.,. This exhausts my knowl
edge of the firm, but I figure that when I 
can identify a good guy , I ought to. 

Stony Brook Modula-2 

I was an early enthusiast of Modula-2, 

even back in CP/M days; indeed, when 

Modula-2 first came out, I was confident 

that it would be the language of the fu

ture, replacing Pascal, C, and BASIC

truly a language for the rest of us. Of 

course, things didn't work out that way. 


In my defense, one reason I was so 
pleased with Modula-2 was that I had an 
early Lifah, a machine that uses Modula
2 as its assembly language. Modula-2 in 
the Lilith environment was a program
mer's dream: the machine kept track of 
versions, and libraries, and what had to 
be recompiled, and all the other details 
that make programming tedious. With 
Lilith, programming was fun, especially 
compared with the other machines avail
able then. Alas, the Lilith dido 't survive. 

There have been many problems with 
Modula-2. Probably the biggest is that 
there haven 't been any good, standard 
run-time libraries of 1/0 routines for 
PCompatibles and other machines. Al
though Logitech developed a really neat 
debugger, the Logitech compiler, while 
quite adequate, is only that. And the 
Logitech programming environment has 
never been described as fun. Other com
pilers had some good features , some bad. 
The Taylor compiler produces small and 
speedy code, but it's not easy to use. 

Worse, Modula-2 has design flaws. 
Not just the traditional 1/0 problems that 
any Niklaus Wirth language seems to 
have, but some odd quirks, such as rigid 
enforcement of case sensitivit}' and odd 
variable-name syntax (InOut is not only 
legal, but mandatory, but big_screen 
would not be a legal variable name) . All 
these difficulties can be overcome, but 

they're obstacles to learning and enjoy
ing a language for which there never 
were any really good tutorial manuals. 

I am happy to say that many of those 
problems are no longer relevant. 

The Stony Brook compiler comes with 
a programming environment that takes 
some getting used to, but once learned, it 
can actually be fun . The editor is more 
than adequate, and the environment does 
a good job of keeping track of libraries, 
versions , recompilations needed, and 
suchlike. It's not a Lilith, but it's easily 
the next best thing I've seen . 

The Stony Brook documents include 
an introduction with lots of examples. 
They begin, as they should, by telling 
you in exact detail how to set up the envi
ronment, begin your library manage
ment, and then write, compile, and run 
PROGRAM HELLO. Then they move 
on systematically through the different 
features of the system. 

Moreover, with the Professional pack
age (will anyone ever admit that some
thing might be good for amateurs?), you 
get not one compiler but two: one that is 
fast, perhaps as fast as Borland Turbo 
Pascal , and which produces damed good 
code; and an optimizing compiler that 
produces really good code-small , fast, 
tight, and generally neat. Code from this 
second compiler is Microsoft object 
code-compatible, meaning that you can 
link it up to compiled BASIC, C, Micro
soft Pascal , or FORTRAN code. There 
are good instructions on how to do this. 

The Stony Brook compiler can pro
duce code you can debug with Code
View; Stony Brook also provides a good 
debugger of its own , along with a tutorial 
on how to use it in the environment. 

The Stony Brook package comes with 
advertisements and coupons for other 
Modula-2 products, all compatible, in
cluding sorts, B-tree, and a decent UO li
brary. I'd like to see more of that sort of 
thing: what Modula-2 needs is a body of 
compatible libraries of programs and 
toolboxes easily available for all flavors 
of PCs, and particularly all keyboards 
and video boards. This is a good start. 

Realistically , I suppose, Modula-2 has 
Jost out in the language wars, and the 
likelihood that it will surge ahead to cap
ture the place held by Pascal or C is low. 
I think that's a pity: in my judgment, 
Modula-2 is more powerful than Pascal 
(even Turbo Pascal) and incomparably 
easier to use than C. Modula-2 really 
shines when you have a large project to 
be worked on by a number of program
mers : with Modula-2 , you really can 
have the programmers get together to 
write Definition modules and then work 



You always find something in the last place 

you look.Unfortunately, the average hard disk 


has about 20,000 places. 

Of course, you might get lucky. keystroke launches the applica

And find the file you want in the ion and loads the file. 
19,992nd place. 

Or, you can 
find it almost 
immediately 
with new L<Jtus® 
Magellan® 2.0. 

When you 
can' remember a 
file name , j us 
type in a word , 

Magellan sim
.. •' ... pIi fies all of the 

- us"" other utility func
tions you use 
most too. Copy, 
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Sort, Back-up or 
Rename files , 

Magellan lets yau 
find afiJ.e in seconds, even when you groups of files , or 

can 'I renurmberit.s name. 

phrase, or concep related to it. 
Magellan will search your entire 
hard disk and come back with a 
list of relevant files in seconds. 

Scroll down the list and you'll 
see each one as it actually ap
pears in its application. Even if 
i 's a graphics file. When you 
find the file you want , a single 

entire directory 
branches in the Tree mode, with 
one keystroke. And Undelete 
erased files just as eas
ily. Even view a 
deleted file before you 
decide to restore it. auto demo disk. 

Magellan also lets You ' ll see. Its 
you save disk space by exactly what you've 
compressing data files been looking for. 

up to 50 %, with the built-in 
PKzip"" file compressor. And view 
compressed files without expand
ing them. 

And since agellan is custom
izable , you can turn any of its 
functions on and off. or even build 
custom menus. 

All of which is why PC Maga
zine said, " Iagellan could very well 
be the finest utility ever written 
for the PC '. And why every major 
computing magazine has given it 
practically every award hey have. 

Call 1-800
TRADE-UP, exten
sion 878, for a free 

---NewMagellan 2.0 from Lotus--____. 

rr you own the oliginal ~lagellan , upgra<le to new ~!agellan 2.0 for only ~39. Call 1-000-TRADE·UP. ex1<nsion ;;_ and as· forthe upgrade Information kit . PKZJp is a registered 

trademar · ol PK\\~RE . Inc. 0 1990 Lo1U.1 De-·elopment C<lrporation. All rights rese!'\-.d. !.«us and ~l~llan are registered trademarks of Uitus 00\·elopment C<lrporailon. 
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POWER DEBUGGING 

BOUNDS-CHECKER 


Finds out-of-bounds memon; accesses 
AUTOMATICALLY. 

Flush out those Nasty pointer problems and 
other out-of-bounds memory accesses 
AUTOMATICALLY. 

Each time you make a change to a program, run 
BOUNDS-CHECKER while testing the new 
code. If you accidentally access out-of
bounds memory, BOUNDS-CHECKER 
will pop up displaying the offending 
SOURCE LINE. And your program runs 
at full speed. 

Ship Bug-Free Products 
You can run BOUNDS-CHECKER while 
testing your program. There are no 
additional steps to your testing cycle, 
but you can feel secure when the program 
has passed through BOUNDS-CHECKER 
with no reported problems. 

Many over-write problems and other out-of
bounds memory accesses do NOT show up 
during normal testing. An out-of-bounds memory 
location may be modified, but that particular 
location doesn't happen to be important at the time. 
Once the program is in the field and a certain 
network is loaded or a certain T&SR or device 
driver is loaded, that memory location suddenly 
becomes very important... AND THE SYSTEM 
CRASHES. 

You can prevent these problems by making 
BOUNDS-CHECKER a standard part of your 
testing procedure. 

Gives you the protection of a protected 
operating system under MS-DOS. 

BOUNDS-CHECKER uses the 80386 virtual 
machine technology to provide real-time memory 
protection. In addition BOUNDS-CHECKER uses 
the symbolic information output by your compiler 
to differentiate CODE and DATA. When your 
program is running, BOUNDS-CHECKER 
protects the program's CODE and all memory 
outside your program. 

Requires 80386 PC. 
MS-DOS is a trademark of 

"BOUNDS-CHECKER and Soft-ICE make 
sophisticated use of the most powerful 
versions of Intel's processor family to track 
down some of DOS programming's most 
insidious bugs. If you're developing programs 
for DOS, these are essential tools." 

PC Magazine 
July, 1990 pg. 48 

Soft-ICE 2.5 
New Version, New Features 

The only debugger specifically designed to 
solve those problems unique to MS-DOS that 
we call the DOS Nasties. 

• Memory over-writes 
• Hung programs 
• Program too big to debug 
• Debugging T&SRs and Loadable Drivers 
• Multiple Symbol Tables 
• Supports Microsoft C 6.0 & Turbo C++ 

MagicCV 3.0 
(with LOAD-BIG) 

A set of tools designed to ease the memory crunch 
with Microsoft C 6.0. 

• Rw1 CodeVievv in Less tlzan Bk 
• Run Code View with EMM & VCPI 
• Increase heap space when compiling 
• Increase mem~ry with make 
• Load high T&SR's and device drivers 
• VCPI support 

BOUNDS-CHECKER ................. s249 

Soft-ICE 2.5 .................................. s386 

MagicCV 3.0 ................................ 5199 


Special Ofter ... 
Buy BC & S-ICE ............... Save s100 
Buy S-ICE & MCV .............. Save 586 
Buy all three ....... ....... ........ Save 5186 

30 Day Money-Back GuaranteeMicrosoft Corporation. ~Nu-M~ 

~-TECHNOLOGIES 

CALL TODAY (603) 888-2386 or FAX (603) 888-2465 

P.O. BOX 7780 • NASHUA, NH • 03060-7780 • U.S.A. 
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'It. 
The moment you suspect a PC problem, run CheckV' lt. 

~~~~'~!h!!!~· 
nt 01990 T""""5tone Software Co!poration. AU RIGHTS RESERVED. 
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SAVE 30 MINUTES 
EVERY TIME YOU 

HAVE APC PROBLEM! 
By using Checkvlt to find out if the problem is 
Hardware or Software 

The second you suspect a problem wfth your PC. you should reach for CheckV'lt, 
the world's most popular PC diagnostic software. Running CheckV' lt should be the 
first thing you do - because confirming or eliminating your PC's hardware as the 
source of the problem can save you time, money, and unnecessary repair calls. 

CheckV'lt will test your PC's main system board. memory. hard disk drive and 
floppy disk drives. video subsystem, communication ports. printer, keyboard , 
mouse. or joystick. CheckV' lt will also display key software and setup data, 
including your PC's exact equipment configuration, current IRQ assignments, 
memory allocation. device drivers. and CMOS table. 

Take a minute to run CheckV' lt the next time you have a PC problem. Then 
you'll know the answer to these key questions: Should you back it up, pack it up, 
and send it out for repair? Should you fix a hardware problem yourself? Or. 
shou ld you concentrate on the software and configuration problems that you can 
correct? 

It's about time' 

Look for Check.tit at leading 
retail stores everywhere, 
Or call Touchstone TODAY! 
(714) 969-7746 or (800) 531-0450 

2130 Main Street, Suite 250,Huntington Beach, CA 92648 
Chedw' His a r lsto<ttd IJ'ademati< of T""""5tone Software Corporation. Copy 
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apart on their implementation, yet have 
some hope that when they get back to
gether, the code will run with no side ef
fects. Of the other languages, only Ada 
can make that claim with any honesty. 

Thjs isn't meant to knock Turbo Pas
cal, which is a realistic choice for many 
programs . Borland provides excellent 
support for Turbo Pascal and continues 
to improve it and add features . 

Then , too, I still like BASIC, and 
modern compiled BASICs have incorpo
rated a number of advanced features 
derived from ALGOL, Pascal, and Mod
ula-2. Given the on-again, off-again na
ture of the programming I do, I'll prob
ably stay with QuickBASIC and the 
various Crescent tool libraries for most 
of my work; however, ifl ever went more 
nearly full-time as a programmer, I do 
believe I'd adopt the Stony Brook Mod
ula-2 environment, which has hooks to 
Windows and OS/2 (you'll still need the 
Windows and OS/2 development kits, 
understand). 

If Stony Brook Modula-2 had existed 
in the early days, I think it would have 
the place that Turbo Pascal has now, and 
more. If you 've ever wondered about 

If Stony 
Brook Modula-2 had 
existed in the early 

days, I think it would 
have the place that 

Turbo Pascal has now. 

Modula-2, or if you tried it and sort of 
liked it but gave it up, or ifyou ' re looking 
for a language look at Stony Brook Mod
ula-2. Recommended. 

[Edjtor ' s note: See "Modula-3 " on 
page 385.] 

Zero Surge 
One of the participants in the sciences 
conference on BIX told a story of a meet
ing of meditation people at a European 

village near a lake. The guru in charge 
told the group to concentrate on the 
weather, which they duly changed to 
something wildly improbable; the next 
day, supposedly, they did it again, this 
time changing the weather a dozen times 
in the course of an afternoon and playing 
merry hob with the local tourists. As in 
all such stories, the guru isn' t named 
the group isn't named, the lake isn't 
named, and the date and year aren't 
specified. Moreover, the person telling 
the story wasn't there himself, but heard 
it from someone who was . 

" Great," said I. "Tell you what. Get 
that guru to make it rain in Los Angeles 
on the afternoon of August 7 , 1990. Spe
cifically, rain in the Hollywood Hills ." 

I thought no more about it until on Au
gust 5 came a freak lightning storm and 
rain . Then more on the 6th, with a really 
spectacular show of lightning and thun
der . Some of the lightning came quite 
close to Chaos Manor, with thunder less 
than a second after the flash . Alas, it 
didn't rain on the 7th , although there 
were showers on the 8th . . .. 

However, the lightning got me think
ing about surge and spike suppressors. 
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Note that I say "may" and "can be"; 
none of this is inevitable. Unfortunately, 
many people out there seem determined 
to convince you that it is: that if you use 
ordinary surge suppressors, you are play
ing Russian roulette, and you 'Jl probably 
lose your expensive computer equipment , 
so you had better replace those now. 
Even an uninterruptible power supply 
(UPS) isn't going to save you, because, 
as one article I have here says, "their in
puts are 'protected' by the very same fif
teen-cent MOVs as the average surge 
suppressor! " There is , according to this, 
only one exception to this, Abacus Con
trols, which licenses their technology 
from Zero Surge. 

And this leaves me with a dilemma. 
It's certainly true that the Zero Surge 
protection systems are excellent, better 
than the stuff you buy at Radio Shack or 
at swap meets; it's true that shunting 
power spikes to ground can blow up a 
modem. It's true that UPS systems often 
rely on MOVs. It 's true that MOVs can 
die and you won't know it, because doing 
a nondestructive test on an MOV requires 
extremely sophisticated (and expensive) 
test gear. 

It's also true that in The Great Power 
Spike at Chaos Manor when, due to an 
automobile accident, 16,000 volts AC 
was shunted into our house wiring , not 
only was there no damage to the com
puters connected to our Clary UPS, but 
there was absolutely no damage to the 
UPS-we had it tested. Moreover, of the 
equipment connected to the off-the-shelf 
surge suppressors we use, the only thing 
killed was the Mac stuff, which had been 
connected to a different-premium!
brand. Everything else was fine . 

So: yes, the Zero Surge suppressors 
are qualitatively different, and better, 
than the usual device. They don't shunt 
power spikes to ground, they work faster , 
and they don't deteriorate. You will cer
tainly be safer with Zero Surge than with 
a random MOV device. I sincerely doubt 
that you'll be safer with Zero Surge than 
with a Clary UPS, or let me put it another 
way, I sure don't want to have to be pro
tected from anything worse than our 
Great Power Spike. However, if you have 
LANs and modems and generally inter
connected devices not all connected to 
UPS systems, you probably do want to 
look into Zero Surge. 

It's Binary 
I love gadgets. I don't usually have a 
chance to write about them, but this is 
November and Christmas is coming up . 
Perfect time. 

The neatest gizmo I've got all year is 
continued 

Regular readers may remember The literally died in its defense. 
Great Power Spike that hit Chaos Manor Since then I have learned that a lot 
last year: light bulbs literally exploded, of surge suppressors do not work very 
and the Priam MacDisk on the Mac II well. The passive metal-oxide varistors 
suffered a hit to the power supply, as did (MOVs) may over time lose their capabil
the Mac II itself, although both were ity , especially if subjected to power 
plugged into a commercial surge sup spik~s . In addition , since most surge 
pressor. We also lost a Tandon computer, suppressors divert the power surge to 
a TV and VCR, and some other elec ground, and most LAN and modem sys
tronic gear, none plugged into a suppres tems have one side of the signal system 
sor; and we did not lose Roberta's ma grounded, there can be power surges in 
chine, although its surge suppressor the resulting "ground loop ." 

BY HAND. OR BY N,OON. 


Now, even complex flowcharts that 
once took days to perfect can be presentation
perfect-inno time! 

Quick to master and asnap to use, 
Patton &Patton's flowcharting software is the 
standard of both large and small businesses 
around the world - and is available through 
all major software dealers. 

See your dealer todayIOr, for a PATI'ON &PATI'ON
"live;· interactive demo disk, call: 
Software Corporat i on800-525-0082, ext.BY44. 

International: 408-778-6557.ext. BY44. Excellence in charting the flow of ideas! 

Works on IBM &100%compatible PC's, supports CGA/EGA/VGA and over 150 dot matrix andlaser printers. 
with multiple print densities and 10 font sizes.Creates multi-page charts, portrait or landscape, on 
most standard paper sizes. Mouse or keyboard controlled. 
llM il 1 reti1t1r1d trw.d11111rk of lnt1rn.tionml Businass M1chin11 Corporation. 
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All®PllllUT 
UNINilRRUmBLE POWER SUPPLIES 

TOTAL POWER PROTECTION 
* BLACKOUTS * UNDERVOLTAGE 
* BROWNOUTS * SURGES
* OVERVOLTAGE * SPIKES

* EMl/RFI 

STANDBY UPS MODELS 
• 250 VA To 2300 VA UNICATIONS 
• 	Sinewave output - t millisecond 

transfer time INTERFACE 
• Communications interface and 

For Unattendedexternal battery packs available 
for extended run times System Shutdown 

ON-LINE UPS MODELS 	 COMPATIBLE WITH: 

• 500 VA To 5,000 VA • Novell 
• Static By-pass Standard • LAN 
• True On-Line - Sinewave outputs 	 Manager 

• 	Communications Interface and • ALTOS 
external battery packs available • BANYAN 
for extended run time • VINES 

• Only software to communicate 
with LANs and WANs 

• Novell 286 VAP and 386 NLM 

SLIMLINE &. UPRIGHT MODELS 

PARA SYSTEMS, INC. 
\elephone: 

(214) 446-7363 

'iAX: (214) 446-9011 TELEX: 140275 OMEGA 

-c-

- -JIC- --	

• System VNETWORK MANAGER UNIX 
• Shutdown software for • Custom 

unattended operation Configuration 
Any 
System 

• SCO Xenix 

NOVELL 
Monitor 

Boards 


Available 


FOR L.A.N. 

NOVlll lAIS1455 LeMay Drive 
Carroll ton . TX 75007 TESTED AND 

APPROVED 
Ne1Wore Compot1ble 

1-800-238-7 2 7 2 "Distributed in over eighty countries " 
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T3200 X:/7.0po11nds.I6.l!Hz3 6 Xzrith 03 7 X·/6 
coproce sor socket. 5 b11ilf·i11 port . 40.\18 hard di.k 
1nth 25111scc acce s. I .\IB RA.11 expa11dablc to /3M8. 
gas plasma l'GA display with 16gmy cale , I.4-IMB 
3'h ·di ketlcdrire. IB:\1 is a registered trademark of 
lutcmatio11a/ Business .\Jlaclzines Corp. 386 is a 
tmdr111ark of lute! Corporation. 
For 111ore i11for111atio11 call l·B00·./57-7777. 

NOWAVAILABLE IN 

120MB 

HARD DISK MODEL 

7im !8.\l·compatib/eexpa11 ion lots (onc;itll·le11gth
a11d 011e half·le11gth) a11d 011 intcmal modem slot let 
you co1111ect to LA1\ 's. 111ai11fm111es a11d more. Plus. 
three dedicated intemal exfl<J11 io11 slots let you 
increase 111emory up to /3M8. 



At first glance what you see 
is a sleek, 17.0-pound portable. 

But looks can be deceiving. 
Because with a powerful 386n'SX 
microprocessor, 6 internal expan
sion slots and 5 built-in ports, our 
new T3200SX easily replaces 
desktop computers. 

Which means it does every

thing a bulky desktop computer 
can do. Like networking, com
puter aided design, data bases 
or even complex spreadsheet 
analysis - anywhere you can 
plug into an AC outlet. 

It has a built-in VGA gas 
plasma display system that lets 
you connect an external color 

In Touch with Tomorrow 

TOSHIBA 


monitor. And it can even accom
modate an optional 101-key 
enhanced keyboard. 

So you can take advantage 
of today's and tomorrow's most 
powerful new 386 applications, 
wherever you think best. 

The new Toshiba T3200SX. 
Take it. See how far you can go. 

Toshiba America Information Sys1ems Inc.. Compuier Sys1ems Di\'ision 
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v 8 Mbytes of memory + 2 serial ports. 

v Extended and expanded memory. LIM 4.0. 

v Works with all of your programs. 

v Run DOS or OS/2 effortlessly. 

v Fast and simple switchless installation. 

v Auto-configuration for all operating systems. 

v Works in aU Micro ChanneP"' computers. 

v Expanded memory 10 times faster than Intel. 

v Risk free guarantee. Two year warranty. 

v IBM approved ID. Best price. Fast delivery. 


Call today 1-800-234-4232 or 617-273-1818 

Capital Equipment Corp. 
Burlington, MA. 01803 

PSll and Micro Channel are tradeoiark'i or IBM 

the Amazon Binary Clock, which is not 
cheap, but nothing in the house attracts 
more attention. It looks like a golden
mean dimensioned rectangular block of 
black plastic about 8 inches tall. There 
are three columns of six lights: left col 
umn for hours, middle for minutes , and 
right for seconds. They give the time in 
binary, which is to say: the bottom row is 
1, row two is 2, row three is 4, up to row 
six for 32; to get a number , add all lights 
that are on. Thus , if l , 3, and 4 in a col
umn are on, the number would be 13. All 
18 lights flash once per second and then 
settle into the current time. 

Time can be displayed in a 12- or 24
hour format. Depending on which setting 
you choose, the top one or two rows of 
hour lights are superfluous. It will take 
either 50- or 60-cycle current; it comes 
set to 50-cycle, which gives the wrong 
time over here, but it ' s easy to change. 

The instructions are complete and 
foolproof, and actually , after a few 
weeks , you learn to read it fairly well , or 
at least I did. This isn't somethi ng any
one needs, but if you ' re into unusual 
things for your mantle or coffee table, 
this will do it. I have it on a living room 
display table with my collection of ar
chaeology artifacts: somehow, it seemed 
in good company with an ancient Roman 
(obscene) oil lamp. And it keeps good 
time, too . 
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Go! 
I don't keep track ofcomputer go tourna
ments , so I don't recall whether COSMO 
or Bruce Wilcox ' s emesis-Go master 
version from Toyogo is the current cham
pion, but one of them is, much to the vex
ation of the Japanese go programmers . 
Go is the Japanese national game; it's 
played on a board of 19 by 19 lines , the 
rules are extremely simple , and the strat
egy is much more complex than chess. 

I long ago became fond of Nemesis-Go 
for the Mac and PC, so much so that I 
have the PC version on my Zenith Z-386 
laptop portable, in case I get stuck in an 
airport lounge with nothing to do . (Fat 
chance; there's always a deadline , so I 
end up writing. Oh , well.) Now, though , 
there 's another way to have go with you 
wherever you are: Toyogo has a dedi
cated go-playing hand-held machine that 
is called Nemesis Igo Dojo. 

It plays excellent go-unless I give my
self a handicap, it will usually beat me
and it's well designed, with a good user 
interface. The screen is easy to see, and 
the controls are easy to use. There are 
bays to plug in additional modules (not 
yet available). I had some trouble figur
ing out what the controls do-some of it 
isn't obvious-but straightening that out 
only took reading the manual , maybe IO 
minutes of work, after which it's quite 
intuitive. 

CHAOS MANOR 

Nemesis Igo Dojo plays by both Chi
nese and Japanese rules . In Chinese 
rules, the handicap stones may be placed 
anywhere; the stronger player passes 
until the weaker has placed handicap 
stones where be wants them . In Japanese 
rules, the handicap stones go on fixed 
points. In addition to handicaps , there 
are levels of play, although the book 
doesn ' t recommend that you use the 
weaker ones; as Wilcox says , you won't 
become a strong player by watching 
weak play. Use the handicap system if the 
machine continues to beat you. 

The only real defect , so far as I can 
tell , is the size: at 9 by 5 by l 1h inches, it 
is considerably larger than a Sharp Wiz
ard , larger even than the Atari Portfolio. 
You won't carry this in your pocket, or 
even in a gentleman ' s shoulder bag· 
you ' ll want a briefcase or small back
pack. 

What more can I say? The Nemesis Igo 
Dojo works, works well , and is just the 
thing for a go fanatic or someone who 
wants to become one. It 's made in the 
U.S. , and many are exported to Japan . 
And, of course, if you just want a strong 
go opponent for your computer, there are 
PC and Mac versions of the program it
self. Recommended . 

Scene Generator 

This doesn't quite qualify as a gadget, 

but there are similarities. 


Graphics capabilities on the PC have 
pretty well caught up with the Mac and 
Amiga , although you'll spend a bit doing 
it. Even so, every now and then there's a 
program unique to the Amiga. This is 
one of them: ifthere s anything like it for 
the Mac or PC, I haven't seen it. 

Nature loves fractals , curves of infi
nite complexity that have the property of 
being similar no matter what level of de
tail you go down to. Case in point: coast
lines, seen from orbit, are irregular. Get 
closer, and they still are. Get down to 
resolution in feet, and they still are; and 
even down to grains of sand, there are 
still these irregularities, similar al
though not identical to what you saw 
from orbit. 

Scene Generator uses this property of 
nature to generate scenery. Some years 
ago, the designers of the game Starfl ight 
used a similar technique to generate the 
scenery for the thousands of planetary 
areas you could explore, but the scenes 
they generated weren ' t nearly as realistic 
as the ones Scene Generator comes up 
with; indeed, some of Scene Generator's 
fractally generated random scenes are 
nearly indistinguishable from scanned-in 
photographs taken in the High Sierra, 
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and others would convince you they were 
from the moon. 

There are six resolutions . The pro
gram gives you a great deal of control 
over what you generate-how much 
water, snow, greenery, clouds, and such
like . I can't think of much practical use 
for this program except to generate eye 
candy, although you might use it when 
building a game; but it 's fun to play 
about with. If you have an Amiga , this is 
likely to be interesting. 

Disney Animation 
As Jong as we are talking about the 
Amiga , Walt Disney Software presents a 
paint and animation program, The Ani
mation Studio, in which Mickey Mouse 
and Donald Duck teach you how to do 
animated drawings; for my money, it ' s 
the easiest such program I've seen. I was 
about to push the Amiga into another 
room , but now I have second thoughts: 
this thing might even make me an artist, 
and that would take some doing. 

I was recently back at Douglas Trum
bull's Berkshire Studios, where we had a 
meeting about Klaus Heiss's Mars Cup, 
to be awarded for racing a solar sail vehi
cle from Earth to Mars; there's some 
hope actually to get that started as part of 
the 500th anniversary of the first voyage 
of Columbus. One of Klaus 's demonstra
tions was a videotape of some solar sail 
models and their deployment; this was 
done by some Georgetown University 
students using an Amiga and Degas 
Paint . It would have been even easier to 
do with The Animation Studio. 

Every time I think the Amiga is about 
finished , someone comes up with new 
and unique products for it. As long as 
Amiga has friends like Disney 's pro
grammers, you can't count it out. This 
program is good-and it'sfun. 

Multi-Media Birds 
CMC Research continues to refine their 
DiscPassage CD-ROM retrieval soft
ware. Now there are help files, and the 
video imaging works with just about 
every major video card, including those 
from Tseng Laboratories, Video Seven, 
and Tecmar. The help routines aren ' t al
ways as helpful as they think, and there's 
a harshness to some of the retrieval inter
face that wasn't there on their first Sher
lock Holmes disk; on the other hand, it 
does the job, and once you 're used to the 
interface, it works on a whole raft of CD
ROM disks . 

CMC's lineup includes a number of 
medical books and journals, and I'd ad
vise any physician to look into them: you 
may find that what you want is on a CD

PSl2 IDd Mkro Channel are trademarks of IBM 

ROM , meaning that it is nicely orga
nized , with search and retrieval capabili
ties superior to the best paper indexes. 

Their latest CD-ROM is Multi-Media 
Birds of America, which consists of the 
complete John James Audubon Birds of 
America lithographs . There are also re
cordings of bird calls and the Audubon 
text. 

The bird calls, which are pretty nice, 
are what justify calling this "multime
dia." There's no animation, the text it
self is pretty dry, and, worse, it was all 
written a long time ago and couJd use 
some modern commentary. 

Example: there are families of red
tailed hawks in the hills above our house, 
and we go up to visit them quite often; so 
naturally I looked up red-tailed and hawk 
in the search pattern, to find that this 
bird is not known as a red-tailed hawk, 
but Harlan's buzzard. There's no entry 
at all for the peregrine falcon . Now, I'm 
no expert , and it may well be that the real 
experts call a California red-tailed hawk 
"Harlan 's buzzard" and have some eso
teric name for peregrine falcons making 
them impossible to find; but Peterson 's 
Field Guide to Hawks sees it quite differ
ently, as do all the other bird books we 
have. 

I had similar problems looking up the 
goatsucker: from this CD-ROM , you 
may or may not be able to find out that 

the whippoorwill and the common night
hawk are members of the goatsucker 
family , but I didn ' t. 

In other words , this isJ. J. Audubon's 
book and nothing else; for the practical 
bird watcher it's no substitute for the Pe
terson guides, which, alas, have yet to be 
put onto a CD-ROM. On the other hand , 
the 500 Audubon pafatings are magnifi
cent, they show up beautifully on a VGA 
screen, the bird calls are interesting, and 
the retrieval software works fine: if the 
information is on the disk, DiscPassage 
will find it . You don 't buy this for the 
text, though. 

Grolier Again 
It is my practice to send the text of my 
column to the company or people af
fected, with a notation that I'll correct 
errors of fact , I'll listen to arguments 
concerning errors of judgment, and I re
serve the right to determine which is 
which. I did that with the Grolier text last 
month; alas, they took a very long time to 
respond, so that by the time they did, the 
column was set in galley. When an au
thor rewrites in galley , it is very tough on 
the composition and layout crew; and 
after some thought, I corrected the things 
easily done and let the rest stand. 

Herewith then , not quite a retraction. 
First, Grolier is reconsidering their li

cense policy, in part due to my nagging 
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Amazon Binary Clock .. .. ........ . $150 
Eugene Amazon 
13, Rue de la Madelaine 
1204 Geneva, Switzerland 
022-21 -18-96 
Inquiry 1146. 

Autodesk Animator . .. . .... .. .. .. .. $395 

Autodesk, Inc. 

2320 Marinship Way 

Sausalito, CA 94965 

(800) 525-2763 

(415) 332-2344 

Inquiry 1147. 


Genlock Video Board 
with 512K bytes of RAM and 
Video Titler program ... ..... .....$895 

Willow Peripherals, Inc. 

190 Willow Ave. 

Bronx, NY 10454 

(800) 444-1585 

(212) 402-0010 

Inquiry 1148. 


Grolier Encyclopedia 
Americana .. ... ... .. .... .. .. ...... ... $399 
Grolier Electronic Publishing, Inc. 
Sherman Tpk. 
Danbury, CT 06816 
(203) 797-3500 

Inquiry 1149. 


Modula-2 Professional 

for DOS and OS/2 ... ... ... .. .. .. .. . $295 

Stony Brook Software 

187 East Wilbur Rd ., Suite 9 

Thousand Oaks, CA 91360 

(800) 624-7487 

(805) 496-5837 

Inquiry 1150. 


Multi-Media Birds of America .... $99 

CMC Research , Inc. 

7150 Southwest Hampton St. , 

Suite Cl20 

Port.land OR 97223 

(800) 262-7668 

(503) 639-3395 

Inquiry 1151. 


Nemesis-Go .. ..................... .... $79 
Nemesis Igo Dojo .. ........ ....... .. $695 
Toyogo, Inc. 
P.O. Box F, Dept. Y 

Kaneohe, HI 96744 

(800) 869-6469 

(808) 254-1166 

Inquiry 1152. 


PanaSync Cl391 ........... . ........$899 
Panasonfo Communications & 
Systems Co. 
Office Automation Group 
2 Panasonic Way 
Seacaucus, NJ 07094 
(800) 742-8086 

(20 I) 348-7000 

Inquiry 1153. 


Scene Generator ................. $49. 95 

Natural Graphics 

P.O. Box 1963 

Rocklin, CA 95677 

(916) 624-1436 

Inquiry 1154. 


Surge Eliminators ...... $149 and $199 

Zero Surge, Inc. 

!03 Claremont Rd. 

Bernardsville, NJ 07924 

(201) 766-4220 

Inquiry 1155. 


The Anjmatioo Studio ..... .. .. $179.95 

Walt Disney Software 

500 South Buena Vista St. 

Burbank, CA 91521 

(818) 567-5340 

Inquiry 1156. 


TVGA Video Board ... . ... ... .... .. $799 
Geo lock Overlay Module .........$399 
USVideo 
62 Southfield Ave. 
One Stamford Landing 
Stamford, CT 06902 
(203) 964-9000 

Inquiry 1157. 


Ultra-14 .. ....... .... .... .. .. ..... .... ,$899 

Princeton Graphic Systems 

1100 orthmeadow Pkwy., Suite 150 

P.O. Box 100040 

Roswell , GA 30076 

(800) 221-1490 

(404) 664-1010 

Inquiry 1158. 


Video Titler EGA and VGA .. ... . $495 

Entropy Engineering 

12317 Village Square Terrace, 

Suite202 

Rockville, MD 20852 

(301) 770-6886 

Inquiry 1159. 


them. They were concerned that if they 
routinely released the " network version " 
of their CD-ROM retrieval software 
they would have dozens of people using 
one CD-ROM . I asked how many estab
lishments there are in the U .S. where 
that's .likely. Or even possible. Could 
there be more than 20? 

And of course there are not, meaning 
that they re inconveniencing thousands 
ofusers in order to prevent the possibility 
(hardly a certainty) of being ripped off 
by a couple of dozen customers at most. 
That's assuming that Grolier is being 
ripped off if several people on a network 
access a single CD-ROM in rapid succes
sion . They can ' t, after all, access it si
multaneously, because the laser can ' t be 
in more than one place at once-and in 
any event , how is it worse than when sev
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eral people use different volumes of the 
printed encyclopedia? 

So: as I said, Grolier is reconsidering 
that policy. At the moment though , what 
I said is true : if you have a network card 
in your machine, even if it is not enabled, 
you 'll have to get the network version of 
the Grolier retrieval software. They say 
they are willing to end the network ver
sion free to anyone willing to sign a state
ment that it won ' t be used by more than 
one person at a time. 

Second, if you have multiple CD-ROM 
drives , you must invoke the Grolier re
trieval software as EE -dO or EE - dl , de 
pending on which one of your drives you 
have the CD-ROM in. Don ' t bother look
ing for that in the manual: it's not there. 
There are apparently further undocu
mented features in the software. In addi

tion, ifyou use the Install program on the 
distribution floppy disk, it does not copy 
over all the files , and thus you will be un
able to reconfigure unless you have the 
original disk; however, you can man
ually do a COPY *. *. which will bring 
over all the files; the disk isn ' t really 
copy-protected. That, too , is not in the 
manual. 

Someone in the Grolier hierarchy de
cided that explaining all this stuff would 
confuse the user. I am told that this pol 
icy has now been abandoned and there 
will be a new appendix to the manual ex
plaining the switches and other undocu
mented features. to which I can only say , 
hurrah. 

I am becoming increasingly fond of 
the Grolier Encyclopedia Americana 
itself, and once you get used to it the 



CSS/3 "' Complete Statistical System11ith <Mr 1,000 presenta· 
tion ·qual ity graphs futi )' iniegrated with all procedure and on-screen 
graph customiza1ion • The largesl seleClion of statistics in a single 
system: in-depth. comprehensive implementations of: Etplomtory 
tecb11iq11es; 111111/i-lt'ay tables with ban11ers; nonparametrics: dis· 
tribu tio11 ji1ti11g: 11111/tiple regression: ge11eml 11onli11ear eslima· 
lion; logitlprobil a1111(rsis; general ASCOVAf.lfA\"COi!!: stepu•ise 
discri111i11a11t analysis: log·li11eara11alysis:factorana(rsis; cluster 
rmalysis; m11/1idi111ensio11al scaling; ca11011ical correlation: item 
a1111l)'sislreliabili(1' srmiival analysis: time series modeling: fore· 
casting; lags muilysis; quail()' co11trol: process analysis: experi· 
mental desig11 (rl'i t/J Taguchi); and much more • ~1 an uals with 
comprehensh·e introductions 10 each procedure and example • 
ln1egrated StalS Achisor expen system • Ex1ensire data manageme nt 
facilities (powerfulspread heet with formulas: rela1ional merge:data 
1-erification; Oexible programming language) • Optimized (plain 
English menu mouse) user interface: e'·en complex anal) es require 
ju t few self-explanatory selections (CSS can be run wilhout manual: 
Quick Starl booklet explains all basic conrentionsJ • Macros. batch/ 
commands also suppor1ed • All output displayed in croUsheel5 '" 
(d)'namic tables with pop-up windows and in tant graphs) • 
E.~ 1remel r large anal) is de igns (e.g .. correlation matrices up to 
32,000x32,000) • Unlimited size of files: extended precision: 
unma1ched speed (Assembler. C) • Exchanges da1a (and graphics) 
with manyapplications (i ncl. Excellt;. Lotus 3•&, dBASE I\~. SP lf) • 
Highest resolu1ion ou1put on prac1ically all printers (incl . HP. 
PoslScript). plotters. recorders, typeseners • IB.\l compatibles. 6-10k 
or more • Price: S595. 

Quick CSS M ubset of CSS/3: all basic s1ati ticaJ module 
incl . data managemen1) and the full. presentation -quali~· gr1phics 

capabililies or CSS/3 • Price: S295. 

CSS:GRAPHICS™ Acomprehensite graphic chart· 
ingsystem wi1h data management • All graphics capabilities of 3 
and. in addition. extended on-sc reen dra\\'ing, 19 scalable fonlS. 
special effeClS. icons. maps. multi-graphics management • Hundreds 
or iypes of graphs • lnteractiYe rotation and interactive cross·seciions 
or 30 graphs • Extensil'e selection of 10ols for graphical exploration 
of data: 6tting: smoothing; spec1ral planes: O\·erlaying: layered com
pressions: marked subsets • l'nique muhil'aria1e (e.g.. iD) graph • 
Facilities to custom-design new graph and add them permanemly 10 
menu • lmporvexpon of graphs and data, 15 formalS • Optimized 
(men mouse) user interface: e-·en complex graph require few 
keystrokes: all graph on this page can be produced from raw da1a in 
le s than 20 minutes • Macros, batcl commands al o supported • 
Unlimited size of files • Highest resolu1ion ou1pu1 on all hardware 
(see · · 3) • IB.\I compatibles, 6-!0k or more • CSS:GR.\PHICS is 
included in CSS: W ISTIC:\ (al'ailable separately for S495). 

Megafile Manager'M Comprehensil'e anal)tic data 
base managemem system • Unlimited size of file (up to 32,000 fields 
or 8 MB per record) • Megafile ~tanager is included in CSS ' and 
CSS:SW ISTIC:\ (separately: S295). 

CSS:STATISTICA™ A fuUy integra1ed system that 
combines all the capabilities of CSS/3 and CSS:GR>\PHICS into asingle 
ex1rernely comprehensil'e data anal) is system • Price: S795. 

Domes1ic sh.th S per product: 14-day money back guarantee. 

11s1;1s;;1:~" 

STATISTICA/Mac ™ ACSS-compatible. comprehen n-e daia anal) is 
and graphics S) tern designed for the Macintosh • Large selection of statistical 
methods fully integrated \\ith preseniation-qualit)' graphics (incl. EDA. multiplots, a 
wide selection of imeractive~· rouiable 30 graphs;Mac.Draw-51Yle tools) I l'nlimited 
size ol files • Exchanges data wilh E.xcel and other applications • Price: S395. 

Quick CSS/Mac '" Asubset or St\TISTI , lac: all ha.sic tatistical 
2325 E.13th St. •1\llsa, OK 74104 • (918) 583-4149 modules and the full. preseniation-qualil)' graphics capabilities of st>J'ISTIC ' lac • 
Fu: (918) 583-4376 Price: S245. 

Overseas Offi ces : SlatSoft of Europe (Hamburg , FAG), ph: 040 4200347; lax: 040 '4911310. StatSolt UK (London, UK), ph: 0462482822; lax: 04621482855, StatSof t Pacific (Melbourne, Australia), 
ph: 613·497-4755. fax: 613·499·7410, StalSoft Canada·CCO {Ontario), ph: 416·849-0737, lax: 416·849·0918 Available From: CORPORATE SOFTWARE and other Aulhonzed Represenlalives 
Worldwide: Holland: Lemax BV 02968·94210; France: Conceptel (1) 45669700: Sweden: AkademiData OtB-240035: Spain: ADDUNK. SAL: ph: 34·3-459·0722 



CHAOS MANOR 

retrieval software is easy both to remem
ber and to use . I'm pleased to see that the 
company is reevaluating its licensing pol
icies to make life easier for their custom
ers. I wish more companies would. 

Winding Down 
Again, my desk is piled high with stuff I 
won 't get to. The Sola Publishing Group 
(Via Nerino, 8-20123 Milan Italy) sent 
me a CD-ROM labeled "An unabashed 
history of photographic erotica " that 
isn ' t precisely what the title says: most of 
the picture would be better described as 
"raunchy ' than erotic. About half the 
text is in Italian. 

There are two Mannesmann Tally 
printers. One is their MT 906 laser 
printer, which uses the Microsoft/Bauer 
interpreter and Bitstream fonts to print 
PostScript files. It also emulates the 
Hewlett-Packard LaserJet II and comes 
with the Z print cartridge, my favorite 
for my old LaserJet I, the Printer That 
Will Not Die. Weare in the middle of tor
ture-testing the MT 906 with some com
plex Postscript files that I got from Dave 
Moore and Trevor Marshall ; if it prints 
those files properly , it should print any

thing. It ' s sure fast. 
I also have the MT 81, a really neat 

dot-matrix printer that 's small enough to 
become the " throw it in the Bronco" 
printer for field use. It came in a sturdy 
box that I have reinforced and practically 
waterproofed with duct tape. 

The bribe of the month is a wonderful 
Victorian inkwell, from Underware, in 
celebration of the company being bought 
out. The game of the month is still Rail
road Tycoon , although the Strategic 
Studies Group does have some nifty new 
scenarios for their World War II simula
tion system-and the first decent Austro
Prussian war game I know of. The latter 
is a scenario for their Decisive Battles of 
the Civil War. 

The books of the month are Jacques 
Barzun's The Culture We Deserve (Wes
leyan University Press, 1989), typical 
Barzun, delicious and informative; and 
In Pursuit ofTruth: Essays on the Philos
ophy of Karl Popper on the Occasion of 
His 80th Birthday, edited by Paul Levin
son (Humanities Press, 1982). I became 
a convert to Karl Popper' s theory of " fal
sification" as the only route to truth 
many years ago , and I'm ashamed ofhav

ing missed this book on its publication. It 
contains a good introduction to and ap
preciation of Karl Popper ' s work, al
though anyone seriously interested in the 
philosophy of science would do well to 
read Sir Karl Popper himself: his Open 
Society and Its Enemies (Princeton Uni
versity Press, 1966) is thoroughly read
able, and h.is other works aren 't really 
obscure. 

I have the production copy of DR DOS 
5.0, and next week I am going to a semi
nar on the new Desqview; next month I'll 
cover those, and , with luck, much, much 
more. • 

Jerry Pournelle holds a doctorate in psy
chology and is a science ficrion wrirer 
who also earns a comfortable Living writ
ing about computers present and furure. 
Jerry welcomes readers' comments and 
opinions. Send a selfaddressed, sramped 
envelope to Jerry Pournelle, clo BYTE, 
One Phoenix Mill Lane, Peterborough , 
NH 03458. Please put your address on 
the letter as welt as on the envelope. Due 
to the high volume ofletters , Jerry cannot 
guaramee a personal reply. You can also 
contact him on BIX as "jerryp. " 

Assen1bly Language 

TOOLBOX 

Assembly Language Toolbox £99 
Incorporate sophisticated and efficient assembly language functions and 

procedures into your own programs quickly and easily! The Assembly

Language Toolkit includes over 1()() routines designed to speed up 

program development for both professional and hobbyist programmers 

alike. The toolbox allows the use of menus and windows with full mouse 

support, popup context-sensitive help, full printer suppon as well as 

allowing access to the innermost secrets of the PC. The Assembly

Language Toolbox comes complete with sample programs and a 

comprehensive reference manual . 

Toolbox - Professional Edition £299 
Coming complete with all the features of the Assembly Language Tool

box , the Professional Edition includes fully documented source code of 

aU the functions and procedures that make up the toolbox. Written by 

PROGRAMMERS 

Powerful Programming Tools 

for PC Applications 
a team led by one of the UK's leading PC authorities, Christy Gemmell , 

author of the Waite Groups 'QuickBASIC Bible' which is published by 

Mkrosoft Press the Professional Edition is a unique programming tool 

which gives you maximum control over your hardware and software. 

Toolbox - Utility Pack £49 
Designed to complement the toolbox, the utility pack comprises 

programs allowing complex screen designs to be built easily, mouse 

pointers to be created and incorporated into your own programs, custom 

printer suppon and a help screen generator. 

Toolbox - On Line Documentation £39 
Comprises on-line documentation for the toolbox and its utilities and is 

supplied in forms suitable for the Nonon Guide engine, the Microsoft 

Advisor and Microsoft Programmers Workbench. 

Toolbox for Novell - Call for further Information 
All Paclcages are llvallable for the Microsoft BASIC 6.0 / QuickBASIC 4.x • Microsoft BASIC 7 .1/OBX and Microsoft C 6.0. All text modes or the Hercules, CGA, EGA, VGA and MCGA 

adapters are supported including 30, 43 and so line modes together with support for the enhanced (101/102 key) keyboatd. Tradem811<s are the property of lhelr respective holders. 

ArdensoftWare 115-117 Barkby Road ~~ 
Leicester, LE4 ?LG . England 

Tel: 01 o 1 44 (533) 460000 Fax: 010 1 44 (533) 740249 71 ~ 
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EXPERT ADVICE 

DOWN TO BUSINESS • Wayne Rash Jr. 

THE GROWTH 

OF GROUPWARE 


Don't buy more
or less-groupware 
functionality than 
you need 

A
s LANs become more popular 
in business, the demand that 
they do something to support 
groups of people who work to

gether becomes more important. The 
reason for this requirement is clear. In 
most organizations, people work in 
groups assigned to accomplish a task. 
These may be caJJed project teams or de
partments, but either way, they are 
groups of people who work together . 

Stand-alone software packages en
hance a group's work only to the extent 
that they make an individual's work 
more productive. So, group productivity 
software, or groupware, was developed. 

Last year I discussed two early group
ware packages, WordPerfect Office and 
Higgins (see "Groping for Groupware ," 
April 1989 BYTE). Since that time, 
groupware has become much more popu
lar, there is a lot more of it, and there is a 
lot of variety in what it does to help a 
group be more productive. 

The wider selection of groupware 
functions means that you have to look at 
what your organization needs in group 
productivity software before the com
pany buys it. This variety is important, 
because, unlike with stand-alone appli
cations, everyone must use groupware, 
so it must support everyone's needs . 

On the other hand, 1.here are reasons 
why vendors should not include unneces
sary functions in a groupware package. 
For ex~.,Je , extra functions mean add
ed complexity and more difficulty in 
learning how to use the package. Also 
because of this sophistication, it takes 
more to motivate people to use group
ware once they have it available . 

lLLUSTRATION: G. BRIAN KARAS © 1990 

What Functions Do You Need? 
Every groupware package includes E
mail, and nearly all of them include elec
tronic appointment books and group 
scheduling. Beyond these features , the 
field is wide open. You will find pack
ages that include everything from word 
processors and databases to calculators. 

The key to determining which func
tions you really need is to look at how 
your workgroups work. Is communica
tions their primary need? Do they have to 
schedule a lot of meetings? Are they 
working on creating reports and docu
ments that have to get passed around a 
lot? Are group members confident com
puter users, or do they need to work from 
some kind of menu shell? Is the network 
limited to IBM PCs and clones , or are 
there Macs and VAXes in the mix? Be
fore you start looking at groupware, you 
need to have answers to these questions, 
and you need to know a lot about how 
your LAN is used and how it's set up. 

I 
I 

I 
I 
I 

k l 
1 

What's Available? 
Of course, before you know whether or 
not you need any software, you should 
know what features and functions it of
fers. For example, you need to know 
that, with some packages, it is possible 
to schedule resources such as meeting 
rooms and slide projectors, along with 
the people who need to use them . You 
also might find that your organization is 
paying for features that it doesn 't need 
and won't use, and that make the rest of 
the package harder to use. 

As I mentioned, all these packages let 
you send E-mail messages across the net
work to other users . To use E-mai l or be 
notified of new messages, users must Jog 
onto the file server containing the group
ware package. 

Likewise, most groupware packages 
contain some form ofappointment calen
dar that can interface with a group sched
uling package. You can keep your ap
pointments on the computer, and other 
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Circle 108 on RAuier Service Card 

Good Labor ain't 
cheap! 

Optical Character Recognition 
Software for your scanner that is 
fast,accurate and easy to use. 
Why type when you can just scan? 

SX-OCR 

SX-OCR Reads Text 
e SX-OCR will automatically "re-type• 

your documents, producing text files.that 
work with your word processor 

e SX-OCR handles English and foreign 
text, footnotes and headlines, typeset and 
typewritten material 

e SX-OCRwill automate the typing process 
- from simple business letters to il
lustrated product catalogs 

SX-OCR Can Learn 
e SX-OCR can be taught to read nearly 

everything through its trainable recogm
tion process 

e In addition, SX-OCR automatically 
avoids dirt, boxes, lines, logos and 
graphics while converting text images to 
ASCII files 

SX-OCR Manages Graphics 
e SX-OCR uniquely separates graphics 

from text in one scan ... and remembers 
both 

e SX-OCR can import and export popular 
image formats such as PCX and TIFF 

Compatability 
e PC-AT with 640KRAM and 2mb availa

ble on hard disk • EMS memory can be 
used in place of the hard disk space to 
speed up the OCR process 

e SX-OCR works directly with the follow
ing scanners: Cannon, HP, Microtek, 
Panasonic, Ricoh, Umax, Chinon, Zsoft, 
Princeton, Abaton, AST, Mitsubishi and 
others; also will work with any scanner 
that will make a .PCX file ora bilevel .TIF 
file 

The heart of OCR is the quality of 
the software engine, the algorithm 
that converts the graphic image 
into the actual text character. SX
OCR is better and faster than any 
OCR package on the market today 

Suggested Retail Price $395.lll2 

ration 
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DOWN TO BUSINESS 

ITEMS DISCUSSED 

cc:Mail. . .. .. ..... ... .. .. . . $695-$1290 
(25 to 125 users) 
cc:Mail , Inc. 
2141 Landings Dr. , Building T 
Mountain View, CA 94043 
(415) 961-8800 
Inquiry 1221. 

INTO .. ..... . .. .. ....... $1499-$3899 

(five to 25 users) 

Benchmark Associates , Inc. 

7400 West Detroit St. 

Chandler, AZ 85226 

(602) 961-7519 
Inquiry 1222. 

people can use the network to see if 
you're available for a meeting and, if so , 
include you in it. Each of the packages 
handles calendars and scheduling a bit 
differently. But most give you a place to 
insert your appointments, usually in 15
minute blocks. You can also get a picture 
of how your calendar looks for the day, 
week, and month. Some will show six
and nine-month blocks of time. 

If you want more than scheduling and 
mail features, you 'll need to check out 
groupware packages with more sophisti
cated capabilities. Office Works LAN 
from Data Access, for example, includes 
the ability to send E-mail to other sys
tems using telex and fax . Its mail system 
also supports specialized phone mes
sages-electronic versions of the little 
pink messages that build up on your 
desk-and it can dial the phone for you 
while you ' re looking at the message . 

Office Works includes the ability to 
track people and documents as well as 
mail. You can store names and addresses 
and use the information to print every
thing from mailing labels to Rolodex 
cards. This package also contains a con
trol function that lets you track the loca
tion and contents of a document. If the 
document isn ' t in electronic form , the 
process is very difficult. If it is, the pro
cess is easy. Office Works LAN will 
start up the word processor that created 
the document and then load in the docu
ment for you to read . 

You Want More? 
Some managers want a complete group
ware solution so that everyone will be 
using the same software for everything 
they do. To meet this requirement, they 

Network Scheduler .. ... $495- $995 

(eight to 50 users) 

cc:Mail Link .. . .... . .... $695- $1195 

(eight to 50 users) 

3+Mail Link .. .. ....... $695- $1195 

(eight to 50 users) 

PowerCore, Inc. 

P.O. Box 756 
Manteno, IL 60950 
(815) 468-3737 
Inquiry 1223. 

Office Works LAN ... . $195-$1995 

(one to unlimited users) 

Data Access Corp. 

14000Southwest119th Ave. 

Miami , FL 33186 

(305) 238-0012 
Inquiry 1224. 

must have either a standard suite of net
work applications along with their group
ware , or a groupware package that sup
ports just about all the features that they 
are likely to want. There are packages 
that provide th is type offunction al ity. 

One such package is INTO (Intuitive 
Network Total Office) from Benchmark 
Associates . It attempts to support all the 
common office functions. In addition to 
E-mail and scheduling, you also get a 
phone book, a data manager, phone mes
saging, and a note taker (a kind of text 
editor with a search capability) . And 
there ' s more. 

At the point where other packages run 
out of features, INTO begins. Along with 
all the typical groupware capabilities, 
INTO includes a full-featured word pro
cessor, a spreadsheet, business graphics , 
and a calculator. Overall, you may find 
that this combination of features saves 
you money and helps to integrate your 
groupware and applications more tightly. 

Do-It-Yourself Groupware 
While the massive integration of large 
groupware packages might fit the needs 
of some organizations, many others find 
that their requirements don't extend be
yond E-mail and time management. 
Either their corporate practices don't 
lend themselves to the rigid format de
manded by more structured systems, or 
the projects involved are too specialized 
for most generalized applications. What 
doesn ' t change is people's ne~o com
municate, either by mail or in meetings. 
A groupware package that fills this need 
is all that many organizations require. 

If you have modest needs, it makes 
sense to purchase in a modest fashion. 



ToolBook~ 

Zenith Data Systems Presents 
Everything You Love About The PC 
...PlusThe Benefits OfGraphical
Computing. 
ZENITH DATA SYSTEMS INNOVATES AGAIN"' 

Zenith Data Systems was the 
first to offer Microsoft~ Windows™ 
version 3.0 and Asymetrix~ 
pre-installed on every hard drive 
386-based desktop PC. And that's 
just part of The Seamless Solution 
we've created for today's graphical 
computing environment. 

With Microsoft Windows version 
3.0 and the fingertip simplicity of the 
Microsoft Mouse, your Zenith Data 
Systems PC lets you glide graphically, 
seamlessly between applications. 
While Asymetrix ToolBook lets you 
design your own applications under 
Windows version 3.0. So your produc
tivity will soar. With the greatest 
of ease. 

A $643 value~· Microsoft 
Windows version 3.0, Asymetrix 
ToolBook and the Microsoft Mouse 
are all yours with every Intel386:" 
386 EISA or 386SX desktop PC. 

Add our award-winning 14" 
VGA Flat Technology Monitor, and 
you've got The Seamless Solution. 
So your Windows version 3.0 and 
ToolBook applications will come to 
life with breakthrough clarity. 

Zenith Data Systems. Trans
forming the PC into a powerful 
graphic environment. For more 
information and the name of 
your nearest Zenith Data Systems 
Medallion Reseller, call: 
1-800-523-9393 

The Zenith Data Systems Sphere 
The 1111iuefSa/ symbol ofsimplicity. the sphere 

perfectly represents The Seamless So/11tio11"' from 
Zenith Data Systems. 

ZENITH" 
data systems li.:d --=---

Groupe Bull 

Microsoft and Windows "ersio113.0are trademarks of Micro.oft Co11>0ration. Asyme rix and Tool Book are registered trademarks of Asymetrix Corporarion. lntel386 is a trademark of Intel Co11>0ration. 
•Based on suggested retail price if purchased separateli•. Cl 1990 Zenith Daia Systems Corporation 
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Likewise, if your needs for word pro
cessing are already met by another appli
cation, such as the LAN version of Word
Perfect or WordStar , why pay for word 
processing in a groupware package? In 
fact , why buy a package at all? Why not 
assemble the parts you need yourself? 

A modular approach to groupware is 
still in its infancy, but the initial parts 
exist now . Many organizations are find
ing that with a combination of the highly 
regarded cc:Mail and Network Schedul
er, you can take advantage of the best of 
two excellent products. The fact that Net
work Scheduler will integrate itself with 
cc: Mail makes the system even more at
tractive. 

Both of these packages were designed 
to perform a single specific task. For that 
reason , cc:Mail is very well designed , 
runs on a variety of platforms, including 
the Mac and the VAX, and is very rich in 
functionality . Likewise, Network Sched
uler is designed simply to schedule time 
and does not go overboard providing 
needless frills like calculators and ad
dress lists. You get a complete scheduling 
package that's flexible and easy to use. 

With a do-it-yourself approach, you 

don't have to buy anything until you need 
it. You can get started with E-mail by 
buying cc:Mail and then add Network 
Scheduler later as you need it. Both pack
ages are inexpensive ($695 for a 25-user 
LAN) , making them cost-effective as 
well as performance favorites. While 
you may not think price is your highest 
priority, consider how much you'd have 
to pay for a really large LAN and the fee 
many vendors charge for each user. 

Groping for Groupware 
As you can see, if you want to use group
ware , you have a lot of options. They 
range from a solution you can assemble 
yourself to one that attempts to combine 
all the software your workgroup is ever 
likely to need. 

Each of the packages will do what it 's 
supposed to do, and each works on most 
popular LANs. The critical factor when 
choosing any groupware package is the 
requirements that you need to meet. Buy
ing groupware that greatly exceeds your 
needs is probably a waste of money. Buy
ing groupware that doesn 't meet your 
needs is wasteful and shortsighted . 

How do you find out what your re

quirements for groupware really are? 
You talk to the group of people whose 
productivity you're trying to enhance. 
You analyze what they actually need to 
accomplish by asking them what they do 
now and what they would do if it were 
possible. Then you turn those needs into 
documented requirements and match the 
requirements against the functions that 
each groupware package supports . By 
this process, you can obtain software that 
actually increases your productivity. 

Next month, more on this subject as I 
look at how the heavy hitters can help 
your group be more productive. • 

Wayne Rash Jr. is a contributing editor 
for BYTE and technical director of the 
Network Integration Group of American 
Management Systems, Inc. (Arlington , 
VA) . He consults with the federal govern
ment on microcomputers and communi
cations. You can contact him on BIX as 
"waynerash, " or in the to. wayne con
ference. 

Your questions and comments are wel
come. Write to : Editor , BYTE, One 
Phoenix Mill Lane, Peterborough , NH 
03458. 

ABC Flowcharter for Windows 

"Simply the easiest way to documentprocedures." 

ABC Flowcharter"' make drawing and editing 
flowcharrs easier than ever. ft ' loaded with 
features that he lp you make and edit charts in 
a fractio n of the time needed with ocher 
flowcharting or drawing program . 

ABC Flowcharter's advanced link feature let 
you break complicated procedures into mailer, 
mo re manageable steps. just click on a hape to 
display a sub-chart or procedure. If that ea y. 

A k your dealer for a demonstration or cal I 
1-800-227-0847 for more information . ee for 
yoursel f why ABC Flowcharter i quick! . 
b ecoming the standard flowcharting tool for 
the Fortune 1000. Retail price S295. 

Roykore'" 
22 15 Filbert St. 
San Francisco, CA 94123 

15-563-9 1 5 
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ThereAre ~Ways 
toTake Control. 


Control Room:-The ultimate utility from Ashton-Tate. 
Imagine having a built-in computer 

consultant that can analyze your system's capabilities. 
Configure it for optimal comfort and performance. 
Automate dozens of chores. Check your system daily 
for viruses. Perform hardware and software inven
tories of entire networks. And make your internal 
support easier. 

Control Room does all this and more in 
seconds. And in plain English. 

You can customize your keyboard to 
work the way you ~ant it to work. Save rime with an 
outstanding disk cache. Change system files in a flash. 
Undelete files and directories without access co cools 
that can be damaging when used by novices. Have 
the answers you need to simplify technical support 
calls. And get instant response to hundreds of 
questions. In fact, Control Room replaces up to 25 

OnlY. one puts 
you mcontrol 
of your personal 
computer. 

different 
utilities. 
Even ifyou 
don't yet 
own a com
puter, 1ust 
pop it into 

·u 
anyIBM$ 

or 100% 

compatible 
for an in-depth summary that helps you choose the 
system thats right for you. 

For more information on the ultimate soft
ware utility-one that puts control of y~ur computer 
at your fingertips-call 1-800-43 -4329, ext. 3 I} 

.,~ AshtonTate® 
C.Oprrigh1 () 1990 by Ashton-Tai< C.01poracion. All righ1S 1..." ·ed. Ash1on-Taie and !he Ashton-Tm logo •re registered trademarks •nd C.Onrrol Room is a u·ademork of Mh1on·T3!e Corporarion. 
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The OPEN LOOK™user interface. 
It's a real hit with independent software 
vendors, in-house developers and end 
users. In fact, over 300 applications are 
in development today. By people like 
Lotus~ INFORMIX; Island Graphics~ 
Interleaf~ and Frame. And it's the most 
popular front end to UNIX. For a 
number of reasons. 

First of all, it makes UNIX easy to use. 
Because there are no complicated UNIX 
commands. Italso looks better than any 
other interface. From its icons to its 30 
elements. And makes users more effi
cient. For example, our drag and drop 
feature gives them a simple, intuitive 
way to move files around the desktop. 
Our push-pin icon makes it even easier 
to use. And OPEN LOOK gives users 
the same interface across multiple plat
forms, so they learn it once. And enjoy 
access to a huge range of network 
resources. 

As a developer, you'll see it's also the 
easiest to work with. Because it's part of 
OpenWindows; a complete develop
ment environment. With the tools you 
need to create applications faster than 

ever. And ready-made features, like our 
DeskSef" graphical productivity tools, 
that you can give users right away. 

Of course, the business reasons to 
choose OPE LOOK are just as strong. 
OPEN LOOK is the standard interface 
of AT&T's UNIX System V4, so it's 
included at no charge. And it will run on 
over 20 platforms, including DEC; HP,!) 
and IBM~ Since it's portable across 
multiple platforms, you only write your 
application once. Which saves thou
sands of man-hours. Finally, with OPEN 
LOOK, you have the full support of 
a company that leads the workstation 
industry in worldwide shipments~ 

We've put together a videotape that 
shows you exactly what OPEN LOOK is 
all about. Just call us at 1-800-624-8999 
(ext. 2068), and we'll send you a 
free copy. 

Then find a nice comfortable seat 
close to your screen. Because the closer 
you look, the better we get. 

·~!!!!

mentioned are identified by the trademarks or registered trademar of their respectiverompaniesor organiLitions. "Source, International Data Corporation, 1990. 36.3%market sh•re. 
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OJ?.!rating Systems 
I -DO 

compatibles. Ir also works with 
RS/6000, DEC VAX, HP9000, 

CR Tower, Prime, Pyramid, 
Sequent, Alros, and Apple Mac

Point-of- ale 
Mainframe RJE 
1edical Claim Filing 

Check Clearing
and Depo it 
Electronic Funds 
Tran fer 

. . Cu toms Automated 
Broker Interface 
Electronic Tax Filing 

high-speed modem board , high
performance co-processor boards, 
and economical synchronous imer
face boards. Internal modems 

A/Jplf~t onPragr111
fri'terja.ce 

CLEO's 3 80Plus' is the 
preferred 3 80!2 80 bisynchro
nous communications solution 
for applicarion requiring fasr , 
efficiem dara transfer. Ir's been 
proven in over 50,000 worldwide 
insrallations. 

With 3 80Plus, you ger 
full IBM 3780(2780 RJE emula
tion for IBM PCs, PS/2s, and 

Scripting Command 
Language 

inrosh systems. 
Fearures include forms con

trol, auro diaVauto answer and 
a communications line moniror. 
Our powerful Scripting 
Command Language and 
Application Program 
Imerface make 
unamended 
operation easy. 

We offer 
3 80Plus on 

AT Command Ser, and V.25 bis. 
We also offer 3 80Plus 

through our intelligem 
SYNCcable, which 

allows synchronou 
communications 
acth~ty through 
asynchronous 

pons. 

ADivision ofInterface Systems, file. 

AVAilABLE WORIDWIDE! 

In Europe, call Simec Peripherals Led. in Slough, England. ac 0 ;3-811888 (FAX: O ;3-811666). 


supported include 201/212, 208, 
208!2 00, V.22 bis, V.32, and others. 
External modem auto-dialing capa
bilities include UDS BSC, SADL, 

To learn more, call us coday 
ar 1-800-233-2536. Or write 
ro us at 3 96 Plaza Ori e, 
Ann Arbor, Michigan 48108. 
FAX: 313/662-1965 



EXPERT ADV I CE 

NETWORKS • Mark L. Van Name and Bill Catchings 

HARD CHOICES 
FOR NETWORK 
MANAGERS 

network agents . The manager is a pro
gram that can accept, manipulate, and , 
generally . display information about 
the state of the network- such as the pro
gram we saw running on the Sun work
station. An agent is a device on the net
work, and theoretically it can be any
thing from a workstation to a bridge, 
router, gateway, or server. The only re
quirement an agent must meet is that it 
must be able to run some SNMP soft
ware; thus, it needs its own processor 
and memory. 

SNMP is only a protocol, a specifica
tion for how the manager and the agents 
can communicate. It does not specify the 
contents of all possible exchanges-just 
how to make those exchanges. Even the 
way in which the manager and the agents 
communicate is fairly simple. The man
ager and the agents do not need to stay in 
touch constantly; instead, the manager 
merely 'yells" to the agents periodical
ly. Nor do the agents have to remember 
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Most people can't 
afford to wait for 
tomorrow's solutions 

N
etworks are practically un
manageable, and the situation 
is only getting worse. Unless 
vendors rally around a single 

network management standard, we'll all 
pay with more network downtime and 
more network problems in general. 

The problem isn't that network man
agement products don 't exist. Quite the 
opposite is true ; such products abound. 
The problem is that no single product ad
dresses all the problems facing the man
agers of today's large, heterogeneous 
networks . Users need a single product 
with which to manage an entire network; 
what they have are different management 
products for every component. 

It doesn't have to be that way. We re
cently got a tantalizing glimpse of what 
the future of network management could 
be. An administrator at a large institution 
was managing a network of over a thou
sand devices from a single Sun worksta
tion. On the Sun's screen was a map of 
the network-little white boxes linked by 
glowing green lines . Each of the boxes 
represented a device, such as a worksta
tion, bridge, router , or gateway. The 
lines indicated connections between the 
devices. Some of the connections were 
network media, such as Ethernet or 
fiber-optic cables, while others were Tl 
and microwave transmissions. When a 
device or connection encountered a prob
lem, its on-screen counterpart turned 
yellow; when the device went down , its 
box or line glowed red. 

You could even zoom in for a closer 
look. We double-clicked the mouse on a 
bridge, for example, and up popped sta
tistics on the number of packets that 
bridge had received and transmitted, the 

ILLUSTRATION: TlM CLARK © 1990 

number of errors, and so on . 
We instantly knew what else the pro

gram could do . Clicking on a server's 
box would produce statistics on its file 
and printer usage . Clicking on an Ether
net cable would give us a closer look at 
the PCs hooked to that cable. Everything 
was in one place, accessible from this one 
program. 

We were wrong. The program could 
not do what we wanted because the de
vices on the network didn't all support 
the same network management standard. 

Back to the Future 

Many of those devices , however, did sup

port the Simple Network Management 

Protocol, and that support made possible 

the features we saw. The SNMP specifi

cation comes from the Internet Engineer

ing Task Force, the folks who brought us 

TCP/IP, the Unix networking standard. 

At its core, SNMP just defines how a net

work manager can communicate with 




14-~it ~olor is Just ~ne 

of ~ur ~tren~t~s. 


The Hereules Graphics Station 
Card gives you the real picture d 
power to sp..ve. Power to run Wmdo 3.0 

nd b }OD • 

With 1024K of VRAM for 16- and 24-bit 
color, up to 16.7 million colors are within 
your grasp. Pictures will appear more 
lifelike than ever. And with it.s TI 34010 
processor, the Hercules Graphics Station 
Card frees your CPU from time-eon
suming graphics functions. You can run 
programs like PageMaker, Excel and 
Corel Draw up to five times faster than 
the fastest super VGA card, even at 
1024 x 768 resolution. 

Only the Hercules Graphics Station 
Card combines VGA for today's 
applications, the TI 34010 for more 
power and future applications, and 
16-and 24-bit color high quality photo 
realism. All at a surprisingly low 
price. Call 800 532-0600, ext. 722. 

for more information. 
After all, 24-bit 

I I color is just one of 
our strengths. • 
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these conversations; only the manager 
needs such records, and then only as a 
management tool. 

SNMP is well on its way to becoming a 
standard. More than 100 vendors have 
signed up for it so far , with more coming 
all the time. Some of the vendors are 
even major workstation players , such as 
IBM and Sun. Most, however, are mak
ers of network connection devices-the 
vendors behind the bridges , routers, and 
gateways that worked so well with the 
software we saw. 

Roadblocks 
With all this momentum behind it, you 
might think that SNMP was unstoppable, 
maybe even on its way to fulfilling our 
earlier visions . But that 's not the case. 

For one thing, SNMP doesn 't cover 
enough ground to meet all our needs . 
The base specification details only how 
the manager and the agents communi
cate. To make our universal-manage
ment dream come true, we also need 
standards for what every possible kind of 
agent-including workstations and serv
ers-can say to the manager . Some such 
SNMP-based standards exist, but mostly 
for bridges , routers , and gateways
hence the wider adoption of SNMP by 
vendors of those products than by any 
other types of vendors. Server vendors, 
for example, have largely ignored 
SNMP, so SNMP console products typi
cally offer no information about server 
activity. SNMP also has so far been asso
ciated primarily with Ethernet, although 
work is ongoing to bring it to Token 
Ring , Fiber Distributed Data Interface, 
and other types of network connections. 

Back to the Future, Part II 
The newest and perhaps greatest obstacle 
to SNMP, however, is a second- and , in 
many ways, better-proposed network 
management standard: Common Man
agement Information Protocol. 

CMIP comes from the International 
Standards Organization (ISO), the group 
behind both the Open Systems Intercon
nection model and the networking soft
ware of the same name. CMIP defines 
standard types of communication for 
practically every kind of information you 
might want about a network-physical 
faults , security breaches, file opera
tions, configuration data, performance, 
accounting, and on and on. It's obviously 
a much larger and more comprehensive 
standard than SNMP . A companion 
specification, the Common Management 
Information Service standard, defines a 
large set of functions that a manager 
must provide. You don't have to look long 

- Circle 160 on Reader Service Card 



----

You can't be 

too rich, too thin 


or too smart 


- = 
~-:-~-=~-::-~-:--=::-::c-:~=-:--::::-

RICH 
in features like a replace batTel)' 
indicator. internal control language, 
site diagnostics. a11d full-time surge 
and 11oise s11ppressio11 

~-:~ -ri ji 
Some 

people also 
say you 

can't be too powerful. But to 
a computer too much or too 
little power can be disastrous. 
Protect your desk space and 
your data with APC's new 
Smart-UPS"' 400, designed 

The industry's leading UPS sysrems-

THIN 
to fit easily under the monitors of 
desktop servers and workstations 

specifically for servers or 
workstations such as the IBM 
PS-2/80 and the Compaq 
DeskPro 386. With Power
Doctorn.o software, you can 
even monitor your site's 
power quality and export the 
data directly to popular 
spreadsheets. So even if 

•' 
. ~~::~~;;,und -  lAN100Choice CO·DEVELOPER 

U>ITO RY UPS of CHOI((PCWEEKf'HOIC" F 

SMART 
with an intelligent inte1face lo 
allow auwmatic shutdown of 
network operating sys£ems rnch as 
Novell . Lan Manager, Lan Server. 
SCO Unix. Banyan and more 

See us at BOOTH 236 

0~~~!l!H/Fall '90 
November 12- 16, 1990 


Las Vegas. Nevada 


you're finding it hard to get 
rich or thin, protecting your 
data with an APC UPS will 
always make you look smart. 
Call 800-541-8896, Dept. 
A2 to receive your free 
Power Protection Hand
book. Resellers ask about our 
extensive support programs. 

~~~ 
American Power Conversion 
~~~ 

Lan's Best Friend rM 

i0 1990. APC. 132 Fairgrounds Rd .. Wes.1 Kingston. RI 02 92 USA lnt'J headquan:ers at 2 bis rue P.H. Spaak. Esplanade Pare d'En1erprises. Saini Thibaul1des Vig.nes. 77462 Lagny sur Mame. 
Cedex. France. OJ J .]J. J.M..021 158. Prod1Jctscarry a two year warranty. Lan's Bcsl Friend. Sman-UPS. Po\lo erDoctor arc lradcmarks of APC. All ocher 1radcmarks arc the property of lheirowners. 
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Rack &Desk 

PC/AT Chassis 

Integrand's new Chassis/System is not 
another IBM mechanical and electrical 
clone An entirely fresh packaging design 
approach has been taken using modular 
construction. At present, over 40 optional 
stock modules allow you to customize our 
standard chassis to nearly any requirement. 
Integrand offers high quality. advanced 
design hardware along with applications 
and technical support al/ at prices competi
tive with imports. Why settle for less? 

Accepts PC, XT. AT Motherboards 
and Passive Backplanes 
Doesn 't Look Like IBM 
Rugged. Modular Construction 
Excellent Air Flow & Cooling 
Optional Card Cage Fan 
Designed to meet FCC 
204 Watt Supply, UL Recognized 
145W & 85W also available 
Reasonably Priced 

~,,Je 
~ Passive 
Backplanes 

Call or write for descriptive brochure and prices: 
8620 Roosevelt Ave. • Visalia, CA 93291 

209/651-1203
TELEX 5106012830 (INTEGRAND UO) 


FAX 2091651-1353 

We accept BankAmericardl VISA and MasterCard 

IBM,PC. XT, AT uademar~ or lnternat1onal 6uS1ness Machines 


Dnves and comput~r boards not mclud~ 
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at the CMIP and CMIS specs to believe 
that they cover the vast majority-if not 
all- of the network management options 
that you' re likely to want. 

Of course, you pay for all this size. 
For one thing , CMIP, unlike SNMP, re
quires a permanent connection between 
the manager and each agent. Worse, to 
work fully with a CMIS manager, each 
agent needs to implement every layer of 
the CMIP spec, so each agent needs a lot 

SNMP 
is well on its way to 

becoming a standard. 
More than 100 

vendors have signed up 
for it so far. 

of memory to run the CMIP software. 
CMIP and CMIS are new enough that we 
have no hard data on the amount of mem
ory that a full commercial implementa
tion would require but some estimates 
run as high as 1 megabyte, with the most 
optimistic projections in the hundreds of 
kilobytes. This memory requirement is a 
problem for network devices like bridges 
and routers and it's not likely to sit too 
well with most MS-DOS PC users . 

IBM and 3Com have teamed up to pro
pose a solution to this memory problem: 
the Heterogeneous LAN Management 
standard. A subset of CMIP, HLM in
cludes only the lower few layers of the 
larger standard . HLM can work with 
both Token Ring and Ethernet networks 
and should cost only 20K bytes to 30K 
bytes per PC, so it has the potential to 
bring network management options right 
to your desktop. Both IBM and 3Com 
plan to include HLM in their PC net
working software and they're encourag
ing other vendors to do so as well. HLM 
does not , however , include any monitor
ing software or specifications, just an 
application programming interface on 
which vendors can build their own man
agement monitors- as both IBM and 
3Com plan to do. 

Picking a Future 

Aside from its memory requirement , 

CMIP sounds great. HLM isn ' t as good, 


but at least it fits on a PC . At first glance, 
the two seem to offer a great one-two 
punch: Do HLM now, and then do CMIP 
as PC operating environments, such as 
Windows that can handle large software 
products become more commonly avail
able. Together, CMIP and HLM seem 
Jjke the death of SNMP. 

The thing is, CMIP is the future, and 
there are network management problems 
today that can' t wait for it to reach the 
market. The CMIP ISO standards are 
only in draft form , awaiting ratification. 
IBM and 3Com say that HLM won 't be 
ready until sometime in 1991. When 
both are done, users will still face a long 
wait while all the networking vendors 
implement these standards and bring 
their products to market. 

Meanwhile, SNMP is out in the real 
world doing useful work today. That's 
the bottom line. Network management 
problems are too important to wait, so 
everyone should adopt SNMP as quickly 
as possible. Every network vendor, in
cluding the LAN server companies
Novell, Microsoft , and the rest- should 
embrace this standard . Every server, 
workstation , and other network device 
should be able to talk SNMP. 

Does this mean we're giving thumbs 
down to CMIP? No . In fact, we also 
think that every network vendor should 
jump on the CMIP bandwagon as soon as 
possible, so that in four or five years 
CMIP products will be everywhere. 

" But wait ," we hear the budget-con
scious folks crying, 'does this mean that 
we'll end up using SNMP for a few years 
and then moving to CMIP? Does it mean 
we'll end up paying twice for many net
work management components? Does it 
mean we're opting for a relatively short
term, imperfect solution, while an al
most ideal one is only years away?" 

Yes , yes , and yes . 
Those questions are good ones, but 

they beg the most important question of 
all: Do you really have any other choice? 
Our answer is no; network management 
is too vital to today's businesses to wait 
for a standard that 's years away. That 's 
not an ideal answer , admittedly, but 
right now it's the best one we 've got. • 

Mark l. Van Name and Bill Catchings are 
BYTE contributing editors. Both are also 
independent computer consultants and 
freelance writers based in Raleigh , North 
Carolina. You can reach them on BIX as 
"mvanname "and "wbc3, "respectively. 

Your questions and comments are wel
come. Write to : Editor, BYTE, One 
Phoenix Mill Lane, Peterborough , NH 
03458. 



---------- ----------

Our Printer Sharing Unit 

Does Networking! 


An Integrated Solution 

Take our Master Switch '", a sophisticated 

sharing device, combine it with MasterNet '" 

networking software for PCs, and you've 

got an integrated solution for printer and 

plotter sharing, file transfer, electronic mail, 

and a lot more. Of course you can also 

share modems, minis, and mainframes or 

access the network remotely. Installation 

and operation is very simple. 

Versatile 

Or you can use the Master Switch to 

link any computer or peripheral with a serial 

or parallel interface. The switch accepts 

over 20 commands for controll ing the flow 

of data. It may be operated automatically, 

by command, or with interactive menus. Its 

buffer is expandable to one megabyte and 

holds up to 64 simultaneous jobs. The 

Masterlink '" utility diskette for PCs 

comes with every unit and unleashes the 

power of the switch wi th its memory-resident 

access to the commands and menus . 

Other Products 

We have a fu ll line of connectivity solutions. 

If you just want printer sharing, we've got 
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ELECTRONICS 
ROSE 
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it. We also have automatic switches, code

activated switches, buffers, converters , 

cables, protocol converters, multiplexers, 

line drivers, and other products. 

Commitment to Excellence 

At Rose Electronics, we're not satisfied 

until you're satisfied. That's why we have 

thousands of customers around the world 

including large, medium, and small 

businesses, factories, stores, educational 

institutions, and Federal, state, and local 

governments. We back our products with 

fu ll technical support, a one-year warranty, 

and a thirty-day money-back guarantee. 

Call now for literature or 
more information. 
(BOO) 333-9343 

P. O. Box 74257 1 • Housto n, Texas 77274 • Te l ( 713 ) 933-7673 • FAX ( 713 ) 933- 0 044 • Te lex 4948886 
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Can you stomach spending an extra $10,CXJO for a PC 

network or . IX" workgroup server with dubious service? 

We cant. Workoroups are too critical to leave in the hands 

of amateur . 

o Dell has gone overboard in ervicino 

server . In fact, we just won a PC Week Poll 

for Corporate Sati faction for server , where our 

reliability and sen ice were rated far above our 

competito . 

Which bring u back to our que tion: 

Would you pend an extra . I ,CXJO for iffy 

service? 

We think it' a no-brainer. 

We hai-e tu:o new 486 '" El A se1w1'S. Dell 

give you a10ORDER. CAll 

soo,444,1470 choice of the 25 
HOUR5'6.>,M.9PMCTM-F AM-4~1CTONSAT. 

FOR NmXIORKI 'GIUNlX INFO. 

800,678,UNIX 
MHz Dell" 425TE 

and the 33 MHz 
IN CANADA.CALLS00-387-ml 

Dell 433TE. 

The 25 MHz Dell y tem"425TE ha up to 

64 MB of RAM capacity, 11 toraoe bay , and a 

whi per-quiet 300 \\'att power upply. We've also 

built in features such a pas word protection, a 

ofrware controlled re$et witch, and an efficient 

cooling y rem to protect component life. 

UNBELIEVABLE 

PRICES. 


What' more, both the 433TE and the 425TE have the 

Dell de igned Smarr Vu'" diagno tic di play built in. Thi 

in°eniou innovation help identify problems even if the 

monitor goes down. 

For even more perfonnance, the 33 MHz Dell ysrem 

433TE i everything our 425TE i , with 32% more speed. The 

Dell exclusive memory design with a 12 KB external cache 

gives it maximum throughput. 
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THE NEW DELL SY TE~ l 42STE 25 MH: El A t4 
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course, they're completely compatible with all major network 

UNBELIEVABLE. operating systems, including ovell, 3COM and Banyan. 

• From thisfoundation, creak a powe1jul PC nettuork 

or UNIX workgroup. Dell~ new ysrems have more than 

enough performance co function a a LA Server and WA 

or intemerworking gateway. So they're capable of supporting 

the most demanding server u e -a multi-function nerwork. Of 
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In a IX environment, the 425TE and 433TE are perfect 

for workgroup upporting either traditional multiu er or 

high- peed client!: erver environments. 

You can buy Dell ervers preloaded with 

U 11x System V, making them literally 

plug and play. Even more impressive is the 

fact that UNIX system admini tration can 

be done by Dell , remorel . 

Sen1icing sen.ie1'S is be)'Ond most 

Compaq dealers. If a erver happens to 

go down, your whole company can go 

down with it. 

Would you trust some unknown 

technician to bring it back up? 

We wouldn't. 

Thar' why we have a pecial advanced 

sy terns hotline so you can call us direct. 

Dell is an AT&T 1JX source code licensee 

and an authorized ovell Nerwork Re eller. 

On tho e rare occa ion we can't fix 

it over the phone, Xerox technician will 

come ro your office with rhe olution or 

parr in hand L 

The1-e's a lot more to know before )'OU bU)' a sen.ie1: 

When you call Dell, our experts will oive you the help you 

need to buy an advanced PC or UN IX erver. 

Then we'll end it off with a 30-day no que tion asked 

money back ouaramee, and a one ·ear limited warranty. 

Call u . DELL 
Wel:l like to make belie\·ers our of you. COMPUTER 

CORPORATION
Above and be)'Ond the call. -----
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THE LAP OF LUXURY. 


(Here's another good one: We're also cutting the 

price ofouroriginal 16 MHz laptop to ·2, 999.That 

should drive our competitors up the padded wall.) 

It's a desktop PC trapped in the body ofa laptop. 

This lightweight laptop acts suspiciously like a 

desktop system. 

With the Imel®2 MHz386 X microprocessor, it' 

as powerful as most desktops. 

It's nearly as expandable, too. You get up to MB 

THE EW DELL SYSTEM~ 320LT 20 Hz 3 6SX 

AND THE DELL SYSTEM 316LT 16 MHz 3 6SX 


• lmd 	 3 X nucn>proce>sor running at • I paralkl, I ><rial, and ex~mal \<VA monttor 
2 MH: (320LD or 16 MH: (316LT). port. 

• ndard I MBoiRAM." oprionsl 2 MB of •G>nne«or for I l·ktv kt\i<>atdor num<nc 
RAM txpandahl<ro MB (onthesyst<m bocud kt)-paJ. 
u>ing I MB IMMS}. •Connector furtxremal 5.2 ; • 1.2 MB disktnc 

dn\'~ .• LIM 4. "'ppo" fur mtmoiy "'"' I Ma 
•640 x 4 \'GA Liquid C')>t•I Display. • T"""'"""-a&and recha'i<"ble NiCad batter)' 
•Ont mdustry rnndard h:al ·si:e bicexparuK>n pod<. ualc-mg 0.11" "C:tntir.uous A:»...- Battery 
slot. >rem" (J"r<nt pending). 

• o.dicattd D:ir.IF.x modem sloe. 
•Socket t lntd 3 7SX math coproc...ar. 
•JS 1. 44 MBdiilo<ttednve. 3!6LT, 2 MB, I MB R.·'-M 52,999 
• 3-k.)· k.)·boozd"ith<mhtddod tunmC k.)-pod. 320!.T' ' MB. 2MB R.'\M SJ.899 

I AOCOOE11 E32 I 

Talk about good things falling into 

your lap. 

Dell's first laprop-the 16 MHz 386'" X 

- was PC Magazine's Editor's Choice, and won 

PC Week's Corporate Satisfaction Poll for 

386 X laptop computers. 

ow we've made a faster 20 MHz model, 

with a new higher contrast display. 

And it's only $3 ,899. 

Which is a hefty $2, 900 le s than 

Compaq' SLT
TO ORDER, CALL 

8QQ,444, 14 70 386s/20. t 

In fact, it even 

costs !es than most slower 16 MHz laprops. 

How those other guys can charge so much 

is insane. 

http:coproc...ar


-----

THE LAP OF LUNACY. 


of RAM, a 3. 5" l. 44 MB di kette drive and a 20 or 4 

MB hard drive. It al o ha a dedicated lot for a Dell'" 

Data/Fax modem, and a eparate lot for a tandard 

half-length expansion card. (On a Compaq that 

expansion lot would co t you an extra . l,00 ). 

When it's time to cay put, you can connect our 

laptop to an external VGA monitor and keyboard, a 

5. 25" external floppy di k rive, and even to your 

network or mainframe. 

If )'QU can ·toork 24 hours a day, our 

laptop can work 24 hours a day. Dell's 

pecial Continuous Power Battery Sy tern lets 

you change batteries without losino your data, 

or your train of thought. The system includes 

two lightweight rechargeable battery packs. 

The sel'tlice goes where you go. Ifyou have 

a question, our toll-free technical hotline 

olve 9 % of all problem over the phone. If 

we can't olve it over the phone, a trained 

technician from Xerox wi ll be sent to your 

lap ide the next bu iness day-nearly 

anywhere in the contiguou U. f:. 

For sale, for lease, for less. When you call 

u , you talk with a computer expert who e 

sole mi ion i to give you exactly what you 

want. A t a oreat price. We'll custom configure your 

laptop, oive you a 30-day no que tions a ked money 

back guarantee, and a choice of leasing plans~ 

Then we'll do a confioured sy tern test, an hip it 

wherever you want. 

Call now for either our 16 MHz or new 20 MHz 

3 6SX laptops. ----
DELL

It'd be lunacy not ro. ----
COMPUTER 
CORPORATIONAbQt.le and beyond the call. ----
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Tbejlopp)'disk icon "DOS-/.44M" is actually Sbouw:Lotus' 1-2-3' release2.2, ru1111i11g 
a11 MS-DOS' disk, brought toJ'Oll b;•AccessPC!"' in SoftPC' ll'itb EWl/ATOption .llodule:" 

Load SoftPC,click twice,and you've got a window wide 
open to the entire MS-DOS world . Everything a Moc con do 
plus everything a PC con do, inone machine. 

Whether you'reaMacintosh user who needs access 
to PC software and data,or a PC user who wonts to go 
Macintosh without losing PC compatibili ty, you con hove it all 
•••, with Insignia'sbest-sell ing software solutions. 

• SoftPC isa software emulation precise 
enough to run the toughest PC opplicotions
Norton Util ities, lotus 1-2-3, Harvard 
Graphics,AutoCod,even custom develop
ment programs.You get complete XT or AT 
compatibi lity for the SE/30,Mocintosh 11 
family and theMacintosh Portable. 

Add on EGA/AT Option Module, and 
get vibrant EGA color com potibiIity, LIM 

expanded memory and moth coprocessor 
support. 

New AccessPC lets you use PC and PS/2 
disks just like Moc disks. Now you con move and 

view PC file and disk icons-even in locked or full 
disks!-format DOS disks, launchMoc applications and 

much more. 
For more information and the name of a SoftPC dealer 

near you, coll Insignia at 1 • • T" 

aoo-848-16n (u.s.on1y)or tnSt~ta 
408-522-7600 (outside U.S.). ~, .,, 

InsigniaSolur.ons,Inc. 25• SonGeromma Wa~ Sunnyvale.CA 94086. fox:•08·733-95• 1. We giveo SobPC(ce1a1I S399)or AccessPC p<ogcom (reiaol Sl29 dady raoca ller selected arrandom. 
SchPC lsoregisrered rrodemork ond A.ccfs.sl'Ciso rrodemork o ln.signio Solorions, ll'IC.Other product ()Om-es are trodemorks or registefed 1rodemo of :heirrespective own.etS. 
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EXPERT ADVICE 

MACINATIONS • Don Crabb 

WORKING 

WITH WINDOWS 3.0• ANDA MAC 

Overall, the Windows 
3.0/386 combo 
is an 85 percent Mac 

A

s I have written here before, 

using Windows 3.0 on a good
quality 386 PC is surprisingly 
similar to using a Mac Hex . 

It's nowhere near an exact match , but it's 
close enough to force the obvious com
parisons. Overall , I call the Windows 
3.0/386 combo an 85 percent Mac. 

The reality of microcomputing life is 
that lots of different graphical user inter
faces (GUls) , stuck on lots of different 
operating systems, are going to be the 
norm for the nineties. Mac and Windows 
users must learn to get along, because in
teroperability will be the defining tech
nology. I have had my share of Mac OSI 
Windows 3.0 attempts at detente, and 
here are some early tips based on my ex
perience. 

Networking 

I do a lot of work over computer net

works , both at home and at the office. I 

use both LocalTalk and Ethernet to in

terconnect Macs , PCs, Sun SPARCsta

tions, and NeXT Computers. For Win

dows 3.0 to be a viable GUI for me 

means that I have to make it work with 

these existing networks. 


Right now, that ' s a big problem. I use 
both AppleShare and TOPS on the PCs 
and Macs, while Network File System 
handles the file sharing over the Unix 
boxes. Thus , I want to run AppleShare 
PC or TOPS on my Windows-equipped 
PCs, or even NFS. But that ' s not yet pos
sible. None of these file-server technol
ogies are Windows 3.0-compatible. 

I've tried loading AppleShare PC and 
TOPS first and then loading Windows 
3.0 on the PCs, but there ' s not enough 
memory left in the 640K-byte start-up 

l.LLUSTRATION : TOM SCIACCA © 1990 

segment for Windows to fly . I've also 
tried Windows in real mode (where you 
lose all the multitasking and extended 
memory magic) to shoehorn in the net
working stuff, but that's been a wash . 

Novell ' s Net Ware or 3Com' s 3 + Share 
might be an answer for my cross-plat
form file sharing, since Windows 3.0 has 
hooks that can support these networked 
operating systems. But the cheapest ver
sion of NetWare that supports all my 
Macs and PCs as clients would cost me 
$4600. I don't see that as much of a solu
tion. Plus, I'd need to establish a PC as a 
dedicated NetWare server, to say nothing 
of the hassle of Novell network adminis
tration . 

NFS isn ' t an answer either, since there 
is no PC version of it that works with 
Windows. The best I can do is run my 
PCs under DOS 4.01 and do my file 
sharing over the networks under that op
erating system. Then, I can kill the net
works and reboot under Windows to run 

my applications . Not exactly transparent 
networking , is it? Let ' s hope that Apple 
and Sitka (formerly TOPS) can fix things 
at their end, and that Microsoft 's prom
ised easy adaptabil ity of Windows 3.0 to 
different networks becomes a reality. 

File Exchange 
When I've used a Toshiba T3 l OOSX lap
top on the road and want to move its files 
over to my Mac, I have always used Trav
eling Software' s LapLink Mac III . It 
works well and simply. Luckily , Lap
Link Mac III works fine as a non-Win
dows application , so I can continue to use 
it that way. Since I'm using Microsoft 
Word for Windows on the T3100SX, I 
also don ' t have to worry about invoking 
file-conversion software or file filters . 

I've tried other file-exchange solutions 
on the T3100SX and on both an Out
bound Systems portable Mac and Ap
ple's Mac Portable connected to a To
shiba T5200 running Windows 3.0 . I 
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MACINATIONS 

used a direct serial connection on both 
Macs to the T5200 and ran Procomm as a 
non-Windows application on the T5200, 
while running VersaTerm-Pro on the 
Macs. 

A similar serial connection between 
the T3 I OOSX and a Mac Ilci also worked 
fine for file exchanges as long as I made 
sure to use the correct file translators or 
filters first . For the most part, I use the 
Apple Fi le Exchange with the Clari , 
DataViz (MacLink Plus), and Systems 
Compatibility (Software Bridge) transla
tors for this . I've had no trouble getting 
PageMaker 4.0, Excel 2.2 , PowerPoint 
2.0, and other files over to Windows 
from the Mac . 

As more DOS and Mac vendors pro
duce Windows 3.0-compatible software, 
the transparent exchange of files between 
these two operating systems should be
come much easier. 

On-Line Service and BBS Access 
Over the past two years , I've become ad
dicted to the ease of use offered by Con
nect ' s MacNet, CompuServe 's Naviga
tor , AppleLink., and America Onl ine. 
Unfortunately , there is no Windows 3.0 

version of AppleLink, and the same is 
true for America Online, a service dedi
cated to Mac users with a spiffy GUI. 

Thank.fully , though, there is a PC ver
sion of Connect (PC Net) , and I've gotten 
by with it in the past. Unfortunately , it 's 
not expected to appear in a Windows
compatible version anytime soon, and I 
can 't make it work quite right as a non
Windows application. Although there's 
no Windows version of Navigator Com
puServe does have a new PC package for 
making access easier called the Compu
Serve Information Manager. But it 's not 
Windows 3.0-compatible either, and its 
pretty mediocre compared to all the auto
scripting capabilities of Navigator. 

For Windows 3.0 to gain the same rep
utation as a high-quality interface for 
on-line services as the Mac, we need 
Windows-based on-line software written 
for it. 

Similarities and Differences 
Can Aggravate 
If you spend more than 5 minutes using 
Windows 3.0, you realize that it looks 
more like the Mac Finder/MultiFinder 
than it works like it. While Windows 3.0 

includes resizable windows, scroll bars , 
menus , icons, proportional screen fonts , 
and color, the way they work isn ' t usu
ally the same as their Mac equivalents. 

If you 're a Mac person, a number of 
annoying omissions (e.g., the lack of a 
Trashcan and different functional menu 
bars for each Desktop window) can con
fuse you. If you 're used to the clean 
screen fonts on the Mac, you 'll hate the 
lousy screen fonts under Windows, al
though Adobe ' s Type Manager for Win
dows should help. You' ll also find that 
many of the Windows icons look a tad 
mediocre . 

There are quite a few Windows capa
bilities that Mac users would Jove to 
have: icons that represent parent and 
daughter windows (which keeps the 
Desktop tidy), standard interapplication 
communication in the form of Dynamic 
Data Exchange that MacFolk have to 
wait for System 7 .0 to savor true pre
emptive multitasking with dynamic 
memory allocation (System 7 .0 won ' t 
have dynamic memory), and seriously 
enhanced printer control . 

Mac users with anything more than a 
passing familiarity with that machine 

AWARD POSTCARQM~~ 
DIAGNOSTIC CARD . 

• DOS not required for diagnostic !unctions The AC outlet for your car!• POST (Power On Self Test) routine monitoring 
• Supports XT/286/386 based microcomputers 
• Works with most BIOS versions including AWARD. 	 PowerTrip® gives you AC power from your car's 

AMI, PHOENIX. QUADTEL cigarette lighter! Safely runs: 
• Built in comprehensive diagnostic !unctions in ROM 
• Fits into any 8/16 BIT slot 	 • Computers • Any 100 watt 
• Optional digital diagnostic diskettes for floppy disk alignment AC electronics
• Serial and parallel loop back connectors included 	 • FAX machines 
•New Low Price s249.00 	 • 220 volt version available •only $199.95! 

Order Now (US $299. 95) 

1-800-800-2467 • Runs for hours with no• significant battery drain 
UNICORE SOFTWARE 

10900 W. 44th Ave. Wheat Ridge, CO 80033 USAZ1rco 
Tel (303) 421 -2013 FAX (303) 423-8346 
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will peg Windows 3.0 as being different. 
After a bit more exploration, you 'II likely 
find that it ' s annoyingly different, de
spite some of its obvious pluses. After a 
few months, you ' ll find yourself asking 
when Windows 4.0 is coming out to fix 
all the interface mistakes Microsoft still 
managed to build into version 3.0 . 

On the other hand , Windows 3 .0 users 
should be able to switch over to a Mac (or 
switch back and forth between the two 
environments) with considerably less 

It's true!. ~e can turn 
your existing 

Series II o r Il l 
printer into a 
1000 x 1000 
TurboResTM 
Plain-Paper 
Typesetter! National TeleVAR™ 
(Raster Devices Direct) intro
duces the 1000 Enhancer Kit™ 
for your HP Series ll or Ill printer. 

By using a new imaging 
technology called 

TurboResTM on our PC-based 
con troller, w e can tra nsform 
your 300 dpi printer in to a 
state-of-the-art Plain-Paper 
Typesetter that gives you print 
quali ty previously undreamed of, 
even on devices costing over 
$20,000. 

Send us your HP Series II or Ill 
laser printer and we will do 

the rest. We factory install a 
video board and connector in 
your Series II or Il l, and supply a 
PC/ XT/AT or MCA 6Mb printer 
con troller, 135 sca leable fonts, 
direct driver software for 

trouble , since Windows 3.0 is a vast im
provement over version 2.03. And it does 
look a lot like a Mac. Sometimes looking 
good is all that matters , I guess . 

Tip of the Month: 
Subscribe to a Newsletter 
This past summer proved to be another 
tough time for computer magazines . An 
industry that was already condensed has 
compacted further with the failures of 
VNU's Personal Computing , IDG's PC 

Windows 
(such as 
PageMaker, 

CorelDRAW!, 
Micrografx 

Designer, Word 
for Window s, etc.), 

GEM (such as Xerox Ventura 
Publisher, GEM Artline, etc.) and 
Word Perfect. 

CALL NOW! 1-800-468-1732, 
Source Code #106 (In M : 

612-941-4919) and ask about the 
1000 Enhancer Kit for your 
Series II or Ill printer. The 300 
dpi barrier w ill fa ll by the way
side as you experience lOOOx 
1000 TurboRes. Note that all 
your existing PCL functionality 
remains unchanged, so your 
printer can live in both worlds 
-PCL and 1000x1000 TurboRes! 

PrePress S stems Specialists 

Formerly Raster Devices Direct, Inc. 

<l:i1990. Raster Devices Dire<:!, Inc., National TeleVAR and 1000 Enhancer Ki l a1e lrademarl<s of Raster Devices 
Corporation . TurboRes is a licensed technology and a trademark of LaserMaster C0<poration. All other product 
and brand names are tradematks and regislered trademarks ol !heir respective companies. All prices and 
specifications are subject lo change wi1hou1 notice. Please call tor c:urrenl pricing and warranty derails. 

VISA, MASTERCAHD AND AMERICAN EXPRESS ACCEPTED 
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Resource , and CMP 's Macintosh News . 
Surprisingly, though, as some main

stream computer magazines have failed , 
computer newsletters have gotten stron
ger. Old standbys like Stewart Alsop ' s 
PC Letter have gotten bigger and better, 
while McGraw-Hill 's BYTEWEEK has 
established itself as a reliable weekly for 
up-to-the-minute computing news and 
analysis for both PC and Mac users . 

Two of my most pleasant surprises , 
however, come from industry experts 
relatively new to the newsletter game. 
Denjse Caruso, the gifted columnist of 
the San Francisco Examiner and several 
on-line venues, has just started a newslet
ter for working multimedia users. 

Called Media Letter, this newsletter is 
exactly what real multimedia people 
need . Ifyou 're using your Mac for multi
media work, or if you expect to in the fu
ture, you should subscribe to Media Let
ter (P.O. Box 142075, Coral Gables , FL 
33114, (305) 441-1282). It costs from 
$195 to $395 a year, depending on your 
institutional affiliation . 

My favorite Mac newsletter will soon 
be celebrating its first anniversary. The 
Weigand Report (P.O. Box 647 , Gales 
Ferry, CT 06335, (203) 464-6188) is 
written and published by former MAC
azine and Personal Publishing editor 
Chuck Weigand . This newsletter practi
cally begs to be read , since it ' s jammed 
with useful and specific tips for Mac 
novices and Mac experts . 

Since much of Chuck's expertise is in 
desktop publishing, that 's the focus but 
the newsletter also includes coverage 
germane to small-business Mac owners. 
A recent issue had articles on high-reso
lution plain paper printers, font-transfor
mation software, SCSI-bus screwups 
caused by multiple SCSI devices, and the 
compression of TIFF images. 

Chuck gives you plenty of theoretical 
and engineering (he is , after all a retired 
Navy lieutenant commander and nuclear 
submariner) information about the topics 
he covers, but he also includes plenty of 
practical tips for solving the problems he 
reveals. A yearly subscription to the Wei
gand Report (20 issues) costs $128. It ' s 
easily worth thrice the price. • 

Don Crabb is the director of laboratories 
and a senior lecturer for the computer 
science department at the University of 
Chicago. He is also a contributing editor 
for BYTE. He can be reached on BIX as 
"decrabb." 

Your questions and comments are wel
come. Write to : Editor, BYTE, One 
Phoenix Mill Lane, Peterborough, NH 
03458. 



Database Users 

Respond To Queries 


Users vote ORACLE number one infive important user polls. 
In a series of recent polls, Oracle's 

products were ranked number one 
by five magazines representing over 
four hundred thousand readers. 
Leading to only one conclusion: 
Oracle's database and networking 
products are the best solutions for 
the widest variety of PC and Mac 
users. 

The readers of both DATA BASED 
ADVISOR and DBMS Magazine named 
Professional ORACLE Tools and 
Database the best SQL-based data
base. The readers of VARBUSINESS, 

who should know something about 
developing applications , named it 
the best applications software. And 
Government Computer News cited 
reliability, compatibility and speed 
as some of the reasons they awarded 
Professional ORACLE Tools and 
Database the number one data 
manager for local area networks. 

ORACLE for Macintosh received 
its share of acclaim from Info World 
readers, who named it Macintosh 
Product of the Year. 

Info World readers also 
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named Oracle 's newest desktop 
product, ORACLE Server for OS/2, 
product of the year. As did 
su bscribers of DBMS Magazine, 
who rated ORACLE Server for OS/2 
the best database server. 

Call I-800-633-0498 Ext. 4905 to 
order or sign up for the free Oracle 
Client-Server Forum in your area. 
And see what kind of software 
generates this kind of hardware. 

$1 ,299 
Professional ORACLE Tools 
Version 5.1 C $799 
ORACLE for Macintosh Version 1 .2 
Database Version $699 
Networkstation Version 
(without database) $299 

ORACLE Server for 0512 $3,699 
ORACLE for 1-2-3 Version 1 .1 $299 



Have you heard our 


Adobe Systems ... NCP 
7902 DA1obe Type Ma11agu for Windows and 
Microsop \\'lindows 3. Clean up that jagged 
type with Adobe Type Manager and 
Windows 3.0. Two hot programsforone 
great price. Specify media size . . . . . . S149. 

D 31/2 11 format available from us. Specify 

when ordering. 

!!.l package Includes both 51/4 "and 311z 11 


disks. 

IB 31/2 " format available from manufacturer 

by request. Call us for details. 

CP-copy-protected; NCP-not copy-protected. 

The four-digit number next to each product 
Is the product's ITEM NUMBER. Please refer 
to this number when ordering. Thank you. 

SOFTWARE 

We only carry the latest versions of products. 
Version numbers in our ads are current at 
press time. 

Products listed here in red are Microsoft 
Windows Applications. 

CorelSystems ... NCP 
5506 Dure/DRAW!1.l - The world'sleading 
PC illustrationsoftware now comes with 
even morevalue: CorelTRACE, over 100 
typefaces, over 300 clip-an images1 a Pantone 
license- all bundled in for &ee . . . . . . $329. 

Adobe Systems .. . NCP 
6591 t!l lllustrator Windows 1.0....... $279. 
7547 l!JAdobe Type Manager for Windows 59. 
7902 OAdobe Type Manager for Windows and 

Microsoft Windows 3.0 . . . . . . . . . 149. 
6590 !!:Streamline Windows 1.0 ...... 229. 
7392 l!.lAdobe Postscript Cartridge .. . . 249. 

(Entire Adobe Type Library, from 1 to 133 
is available. Call for more information.) 
Aldus ... NCP 

1332 OPageMaker 3.01 ............ 499. 
Alpha Software .. . NCP 

5104 l!.lAlphaFour1 .1 .............. 319. 
Appllcatlon Techniques .. . NCP 

1214 l!.JPizazz Plus 2.0...... .... .. ... 69. 
ASD Software .. . NCP 

7847 !!;Planisoft 1.0 . . . . . . . . . . . . . . . 145. 
Ashton-Tate ... NCP 

4450 D dBASE IV 1.1 . . . . . . . . . . . . . . 499. 
Asymetrlx .. . NCP 

7384 l!.lToolbook 1.0 for Windows ..... 309. 

ASDSoftware ... NCP 
7847 f!JP/anisoft 1."- Coordinate agendas, 
find available time-slots for appointments 
keep track ofdealines & priorities, distribute 
tasks, optimize resources, share information 
between PCs&Macs overany LA . 5145. 

Avery ... NCP 
6006 l!llabel Pro 1.0 . . . . . . . . . . . . . . . . 49. 
7336 l!llabel Pro 1.0 for Dot Matrix . . . . . 49. 

Bltstream .. . NCP 
7568 l!!Facelift 1.0 ................. 59. 

l!!Collections: Newsletters, Flyers, Books 
&Manuals, Reports and Proposals, 
Presentations or Spreadsheets each 129. 
!!IFontware . . . . . . . . . . . . . each 89. 
Borland International .. . NCP 

7357 IBTurbo C+ + 1.0 Professional .... 159. 
7356 !BTurbo Pascal Professional 2nd Ed. 179. 
6242 [!)Quattro Pro 1.0 . . . . . . . . . . . . . 325. 
1514 l!!Paradox 3.0 . . . ............. 469. 

Broderbund .. . NCP 
1434 D New Print Shop (NCP) . . 39. 

ButtonWare ... NCP 
6419 l!IPC·File 5.0. . . . . . . . . . . . • . . . 89. 

Caere .. . NCP 
6004 !!IOmnipage 386 2.1 ..... , •... 599. 

Central Point ... NCP 
5039 l!IPC Tools Deluxe 6.0 .... . .... .. 89. 
5038 DCopy II PC 5.0 ... . ..... ...... 27. 

Checkfree 
6360 CheckFree (electronic checking srv.) $25. 

Chlpsoft ... NCP 
1663 l!.JTurboTax 8.0 tor 1990 Taxes ... .. 45. 

CompuServe 
7546 DOS Membership Kit ....... ... . 23. 

Concentric Data Systems .. . NCP 
6575 l!IR & R Relational Report Writer 38 109. 

Corel Systems ... NCP 
5506 DCorelDRAW! 1.2 . . . . . . . 329. 

Custom Applications ... NCP 
7474 DFreedom of Press 2.2. . . . 255. 

Data Storm ... NCP 
4798 l!IPROCOMM PLUS 1.1 . . . 65. 

DCA ... NCP 
2908 DCrosstalkXVl 3.71 119. 
5611 DCrosstalk for Windows 1.1 . . . . . 129. 

Delrlna Technology .. . NCP 
7351 l!lPerFORMPRO 1.0 for Windows . 299. 

Fifth Generation Systems .. . NCP 
7725 l!!Direct Jlccess 5.0 . .... .. .. .. .. 59 . 
2762 DMace- Util ities 1990... .•.. .. ... 99. 
7795 l!.JDisklock 1.0 .... ........... 109. 
3950 l!.lFastback Plus 2.1 . . . . 119. 

FNN Data Broadcasting 
7005 l!.JNewsReal 1.0 . . 99. 

FormWorx .. . NCP 
5810 OFormWorx with Fill & Fi le 2.5 . . .. 85. 
7311 l!lform Publisher for Windows 1.2 145. 

Fox Software .. . NCP 
6188 IB!FoxPro 1.02 . ..... . ... .. .. .. 489. 

Franklin Software ... NCP 
7071 l!!Language Master 2.0 ......... 59. 
7416 @Language Master 3.0 for Windows 59 

Funk Software .. . NCP 
2228 OSideways 3.3 . . . . . . . . . . 52. 
7380 !!.JPD. Queue 1.0 (print spooler) . . 55. 

Generic Software .. . NCP 
2265 IB!Generic CADD Level 3 1.1.3 . . . 225. 

Great American Software .. . NCP 
4880 o One Write Plus Acct. Sys. 2.06 . . 179. 
5825 l!lMoney Matters 1.0 . . . . . . . . . . . . 55. 

Harvard Associates ... NCP 
2324 IB!PC Logo 3 0 . . . . . . . . . . . . . . . . 59 

Chipsoft ... NCP 
1663 ~TurboTax 8. for1990 Taxes-The best· 
selling, easiest-to-use and most complete 
software for preparing individual tax returns. 
TurboTax provides on·line help, IRS instruc
tions and comprehensive tax assistance S45. 
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latest breakthrough 

hDC Computer Corp. ... NCP 2904 OWor s 2.0 .. . .. . ... ... . .... $99. 


7389 [!)Windows Express3.0 ........ SSS. 2901 o Word 5.0 ...... ...... ..•.. . 209. 

7383 [!]First Apps 1.0 . . . . . . . ....... 55. 6195 l!JWord for Windows 1.1 . . . . . . . 329. 


Hilgraeve . .. NCP 2856 l!:Excel 2.1 ................. 329. 
2323 [!)HyperACCESS/5 1.1 (DOS & OS/2) 115. 2894 OOuickBASIC 4.5. . . . . . . . . . . . . . 69. 

IBM ... NCP 2853 l!JC Compiler 6.0 ... . .... . .... 339. 
6599 DCurrent 1.1 . . . . . . . . . . . . . . . 239 Multlsoft .. . NCP 

lndlvldual Software .. . NCP 4925 D PC-Kwik Power Pak 1.5 .. .... . . 79. 
6222 [!)Resume Maker 1.1 . . . . . . . . . . . 29. Nolo Press .. . NCP 

Inset Systems . .. NCP 2982 OWillMaker 4.0......... . ...... 39. 
7298 [!)Hijaak 2.0 .................. 99. Norton-Lambert .. . NCP 
7300 [!)Inset Plus Hijaak . . . . . . . . • . . . 125. 4928 OClose·Up Customer/Terminal 3.0 135. 

Intuit ... NCP 4929 DClose-Up Support/ACS 3.0 . . . . 165. 
2426 [!]Quicken 3.0 ......... . .... ... 39. PC Globe .. . NCP 

lsogon .. . NCP 5902 OPC Globe 4.0..........•..... 39. 
7478 [!)FontSpace 2.0 .. ..... . .. ... . . 59 . 5900 DPC USA 2.0 ... . .. .....•..... 39. 

Laser Go . .. NCP Personlcs ... NCP 
7635 OGo Script Plus 3.0 . . . . . . 189. 4384 l!JUltravision 2.0 . . . . . ... 79. 

LaserTools .. . NCP 7048 l!lMonarch 1.0 (Data Mgmt. Tool) . 319. 
6882 l!!PrintCache 2.3 . . . . . . . . . . . . . . 99. PowerUp ... NCP 

Lord Publlshlng .. . NCP 7860 l!JCalendar Creator Plus . . . . . . . . . 45. 
5191 l!JRonstadt's Financials 1.02 ... ... 75. 7858 f!lExpress Publisher 2.0 ......... 89. 

Lotus ... NCP 
5417 01·2·3 3.1 ........ . . • .... . .. call 


Bitstream .. . NCP 

7568 f!Jfaalifi I. -Fast & easy-co-use1 scales 

screen & printer fonts to any size. 13 type· 

faces to give you professional documents 

instantly. Superb laser output & near laser

quality outputfor dot matrix printers . S59. 


Revolution Software ... NCP 
5653 D 1-2-3 2.2 . . ... ....... ... .. 349. 
 4480 [!)VGA Dimmer 2.01 (screen saver) . 29. 
5134 [!)Magellan 2.0 . . . . . 119. RlghtSoft .. . NCP 


MECA ... NCP 
 4155 l!lRightWriter 4.0. . . . . . . . . . . . . . 55. 
4603 l!!Andrew Tobias' Tax Cut-1990 Taxes 49. Samna ... NCP 

5799 ~Ami Professional 1.2 . . . . . . . . 309. 
2798 OManaging Your Money 6.0 ... .. 135. 
7002 l!lHome Lawyer 1.0 ... . ... .. ... 69. 


Softloglc Solutions .. . NCP 
Mlcrocom .. . NCP 3542 OSoftware Carousel 4.0 ......... 55. 

7649 [!)Virex 1.1 . . . . . . . . . . . . . . . . . . . 79. Software Publishing .. . NCP 
6234 DCarbonCopyPlus5.2 ... .. .. .. 119. 3499 OPFS:First Publisher 3.0 .. . . ... . 99. 

Mlcrografx .. . NCP 3478 OPFS:First Choice 3.02 . . . . . . . . 105. 
7683 DCharisma 1.0............... 349. 3496 OProfessional Write 2.2.....•... 179. 

Micro Logic .. . NCP 3482 OHarvard Graphics 2.3 . . . . . . . . 359. 
6787 [!)Info Select 1.1 .. .. ... .• .... . . 55. Spinnaker .. . NCPFunk Software ... NCP

Mlcrolytlcs .. . NCP 7604 ~Plus for Windows 1.0 .. .. . .... 289.

2228 OSideways3.3-Rotaces your spread2731 DGOler 2.0 ...... . ........ .. . 45. Symantec .. . NCP 


Microsoft .. . NCP sheets 90° as they print. . . ......... S52. 3152 !!JNorton Commander 3 .0. . . • . . . 105. 
7882 o Productivity Pack tor Windows . 45. 7380 f!JPD. Queue f.0-Lotus add-in that saves 6397 l!JThe Norton Backup 1.1 . . . • . . . 105. 
7010 DWindows 3.0 .... , ........... 99. 3146 !!!The Norton Utilities 5.0 . . . .. 125.time by spooling Sidways & Allways output
7388 [!)Project for Windows 1.0 . . . . . . 469. 3425 OO&A 3.0 . . . . . . . . . . . . . . 229. co hard disk & printing in the background 55.7387 [!)PowerPoint for Windows 1.0.... 329. 3431 OTimeline 4.0 . . . . . • . . . 469. 

FormWonc ... NCP 
7311 l!lfunn Publish!! forWindolt.s 1.Z-Desktop 
publishing designed especially for creating 
professional-quality forms. Use unique 
object·oriented design techniques & import 
graphics.Over 600 forms included!. . S145. 

Precision Software ... NCP 
6600 [!]Superbase 4 for Windows 1.2 . 469. 

Qualltas .. . NCP 
7539 D386MAX 5.0 .... . .... ..•.... 75. 

Quarterdeck ... NCP 
6422 OORAM 1.0 . . . . . . . . . . . . . . . . . . 49. 
3221 DExpanded Memory Mgr. 386 5.1 . 59. 
3220 D DESQView 2.3 ... .. ..... ..... 79. 
4586 D DESOView 386 5.1 . . . . . . . . . . 129. 

Reality Technologies .. . NCP 
6572 @WealthBuilder 1. 1 ..... .... . . 145. 

Reference Software ... NCP 
4396 f!JGrarnmatik IV 1.0.... . .. .. ... . 52. 
7483 l!lGrammatik for Windows 1.0 . 52. 

1-800/776-7777 

MMC PC Connection 7808 
·~~.....-· 6 Mill Street 

Marlow, NH 03456 
SALES 603/446-7721 FAX 603/446-7791 

Software Publishing ... NCP 
3482 OHtWard Graphics 2.3- ew version! 
Butlt·in drawing cools and ocher new features 
make this superior graphics and charting 
program atop performer. Graphically the 
best choice . . . . . . . . . . . . . . . . . . . . . $359. 
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Makes unpacking 


Microsoft ... NCP 

7882 DProdunivi~· Pack ~r Wind011-S-lncludes: 

Leaming Windows-a comprehensive tutorial 

Working Smarter-on-line productivity tips, 

and Ouick Troubleshooter- helps solve 

common Windows problems . . . . . . . $45. 


Systems Compatibility ... NCP 
6564 OSoftware Brfdge 4.1 . . . . . . . . . . . 79. 

TIMESLIPS .. . NCP 
2987 OTimeslips 111 4.0 . . . . . . . . . . . . . 195. 
6994 OPercentEdge 1.0 .. . .... . . •. . • 69. 

Tlmeworks ... NCP 
6253 f!lPublish-lt! 1.1 . . . . . . . . . . . . . . . 115. 

TOPS ... NCP 
6675 OTOPS Network Bundle 3.0 . . . . . 159. 
3720 Flashcard 2.1 (Apple Talk network card; 

1 year warranty) . . . . . . . . . 155. 
Touchstone Software ... NCP 

7420 f!lCheck It 3.0 ... .... .. ........ 89. 
Ti'avellng Software ... NCP 

5179 f!l laplink 11 13.0 ... . ........... 95. 
True BASIC .. . NCP 

3561 @True BASIC 2.1 . . . • . . . • • . . . . . 52. 
Verlcomp ... NCP 

6771 l!lMemory Master 1.1 . . . . . . . . . . . 45. 
Volkswriter .. . NCP 

6246 DVolkswriter 41 .02........ .. .. 109. 

Touchstone Software .. . NCP 
7420 ~Chuk It 3.0-Diagnostic software will 
helpfind and get rid of system problems. Run 
CNer 160 tests on all major system componems. 
Results can be logged to disk or printer with 
suggestions on fixing simple rroubles .. S89. 

West Lake Data Corp. ... NCP 
7577 D PC-FullBak+ 1.12 .... . ... ... $52. 
7574 BPathMinder + 1.0 ..... . ... . ... 79. 
7575 raiValuePak (includes 4 programs) . . 69. 

WordPerfect Corp. .. . NCP 
7781 !!JletterPeriect 1.0 . . . . . . . . . . . . 135. 
3804 o WordPeriect 5.1• . . . . • . . . . . . . 265. 
6685 l!lDrawPeriect 1.1............. 279. 

WordStar International ... NCP 
6791 OWordStar Prof. 6.0 . . . . . . . . . . . 279. 

Xerox ... NCP 
7796 l!lVentura Publisher for Windows 3.0 569 

XTREE ... NCP 
6161 [!JXTreePro Gold 1.4 . . . . . . . • . . . . 75. 

ZSoft ... NCP 
7016 [!JPCPaintbrushlVPlus1 .0 ....... 119. 
7014 [!)PC Paintbrush Plus for Wind<M<s 1.12 89. 

RECREATIONAL/EDUCATIONAL 

Broderbund ... CP 
5701 OWherefTime Carmen Sandiego? . 32. 
5851 [!)SimCity . . . . . . . . . . . . . . . . . . . . 33. 

PC Globe ... NCP 
5902 OPC US4 l.O-lnstant profiles on all 
50 states and Puetto Rico, including maps 
graphics, and data ................ S39. 
5900 DPC Globe 4.0-Provides profiles of 177 
countries.Exports to many programs .. 39. 

Electronic Arts .. . NCP 
5804 !!!Deluxe Paint II (Enhanced) . . . . . . 89. 

HyperGlot .. . NCP 
7849 OWord Torture· French ...... .. . 29. 
7853 OWord Torture· Spanish . . . . . . . . . 29. 

Microsoft ... NCP 
2858 	 D Flight Simulator 4.0 ........ . .. 39. 

Penton Overseas .. . NCP 
[!)Vocabu learn/ce Levels I & II (French, 
Italian, German, Spanish, Russian, 
Hebrew and Japanese)..... each 39. 
Sierra On-Line .. . CP 

6023 l!l leisure Suit Larry Ill ........... 39. 
6796 [!)Codename: Iceman... . ....... 39. 
6972 l!lConquests of Camelot . . . . . . . . . 39. 

Software Toolworks ... NCP 
6436 !EE Hunt for Red October ......... 20. 
4659 l!lChessmaster 2100 (CP) . . . . . . . . 35. 

Stone & Assoc. ... NCP 
7564 [!)Young Math (ages 5 to 8) . . . . . . . 22. 
3439 l!l2nd Math (ages 7 to 16) . .... ... 27. 

Qualitas ... NCP 
7539 0386MAX 5.0-Powerful new 
MAXIMIZE feature finds and uses all the 
memory you paid fot Automatic insrall makes 
this indusrry-standard memory manager 
indispensable for all level of 386 users. S75. 

Toyogo ... NCP 
7676 [!)Go Master Deluxe .. . .. ....... 89. 

True BASIC, Inc. ... NCP 
IB!Kemeny/Kurtz Math Series . each 45. 

HARDWARE 
Manufacturer's standard limited 
warranty period for Items shown Is 
listed after each company name. 
Some products In their llne may 
have different warranty periods. 

American Power .. . 2 years 
7108 APC Smart-UPS 400........ ... 339. 
6811 360SX (stand-by power source) . . . 219. 
7107 450AT (stand-by power source) . .. 279. 
7106 520ES (stand-by power source). . . 329. 

AST Research ... 2 years 
1299 SixPakPlus 384k C/SIP . . . . . . . . 179. 
6795 SixPak286512k . . .. . ... . ..... 179. 
4107 RAMpage Plus 286 512k . . . . . . .. 419. 

Boca Research ... 5 years 
7001 BOCARAMIAT PLUS (0-8 Meg) 

(LIM4 .0extended) ............ 125. 
7061 BOCARAM/XT OK (0-2 Meg, LIM 4.0) 99. 
7135 TophAT (16-bit backfill 512K to 640K) 99. 
6998 110 Board for AT . . . . . . . . . . . . . . . 59. 
6999 1/0 Board for Microchannel S/SIP . 109. 
6995 SuperVGA (800 x 600, 1618 bit) . . . 115. 
7026 1024 VGA (16 bit non-interlaced) . . 149. 

Bravo Communications 
7400 2 Pos. Laser Compatible Switch Box 109. 

Brother International ... 1 year 
5787 HL-8e Laser Printer (HP2 comp.). 1399. 

Canon .. . 1 year 
7894 BJ-10e BubbleJet Printer (4.6 /b.) . 349. 
7896 Sheet feeder for BJ-10e . . .. ..... 75. 

CH Products ... 1 year 
7341 Gamecard Ill Plus (for Microchannel 

PS/2s)....................... 49. 
7340 Flight Stick (includes Falcon F· 16) . . 49. 
7345 Rcilermouse(Trackba/Qseria/ 85. b~ 99. 

Compucable ... 2 years 
1604 2-Position switch box ........... 25. 
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Diamonds in the rough. 

(Or, why you're always safe with us.) 


An early fall afternoon. The sky is bluer than the 
IBM logo and there's enough electricity in the air 
to light up Yankee Stadium. You could be at 

Candlestick, Wrigley, or Fenway, munching a frank, and 
yelling, "It's outta here!" But the players are suspiciously 
furry and there's a level of play you rarely see anymore, 
even in the big leagues. Welcome to 

'' ~ no'' 

·.:.,..,. ~ ••.,.J 

~:'JCf'.o~./i ,"I "ff .,
•• I.I'. .. ." .. 

' I 

wrote the book: toll-free tech support, latest versions ~ 
only, and price listscomplete with up-to-date stats on r..• 
warranties, disk size, and copy protection. Give us a 
call next time you need to know the score on any PC 
product. We'll never leave you out in left field. 
Get into the swing of things. 
We have a reputation for always going to bat for our 
customers. Well now you can go to bat for yourself 

anytime you like with your very own 
32" "R.G. Johnson" bat, custom-the silicon sandlot of Marlow, NH 
made and hand-crafted in New '- •(pop. 563). Where the only game 

that1s played is hardball. And where England from solid ash by R.G:s 
we don't take American Express. grandson Bob. This cracker-jack offer 

is free to everyone who places an(Just VISA, MC, and Corporate P.O.s.) 
order of $1000 or more between nowStudents of the game know that 
and ovember 30.when it comes to PC mail order we 

Go for tbe fences with tbe PC Colllledlon Bat 
featuring our own beavy·hltting maacoU. Offer not 
available to accounts on net terma. One per cuatomer. 
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Newsprint is in. 

3102 
5286 
5285 
4542 

7127 

7913 
7914 
4560 

4899 
6037 

5140 
5828 

6199 
6200 

5883 
4931 

SAFE Power Systems .. . 2years 

7913 Safe 650W-All new space-saving 

design provideseasy storage of your battery 

backup. LED status lights, audible alarm, 

transient protection,and more.. . . .. $459. 

(See SAFE Power listing for more models) 


2400 Baud External Modem . ... $179. 

2400 Baud Int. MNP Modem (Lev. 5) 175. 

2400 Baud Ext. MNP Modem (Lev. 5) 209. 

2400 Baud Internal Modem for PSl2 . 229. 

Reflection Technology . . 1 year 

Private Eye (virtual display) .... . . 499. 

SAFE Power Systems • . • 2 years 

Sale 650W . . . . . . . . . . . . 459. 

Safe 800W . . . • . . . . . . . . . . . . . . 599. 

Safe 1200W .... . . .. ......... 739. 

Targus . . . lifetime 

Nylon Laptop carrying case .. . .. . 55. 

Premier leather carrying case ... . 199. 

TheComplete PC .•• 2 years 

TheComplete Page Scanner ..... 549. 

TheComplete Communicator . . . . 449. 

Tripp Lite ... 2 years 

Isobar 4-6 (4 outlets. 6 fl. cord) . . . . 49. 

Isobar 6·6 (6 outlets, 6 ft . cord) . . . . 59. 

Video 7 . . . 7 years 

1024i VGA (includes 512k) . . _ . . 219. 

VRAM VGA 512k . . . . . . . . . . . . . 379. 


2286 3'1 Meg Int. Hard Drive ST238R 
(Wlcontroller and cab/es, 65 ms) . $269. 

4554 40 Meg Int. HD ST251 ·1 (28 ms) .. 329. 
TEAC .•• 1 year 

4951 720k Drive (specify XT or AT. 3'12'') . 75. 
4670 1.44 Meg Drive for PC/XT (3'h") . . . 89. 
4326 1.44 Meg Drive for AT ... ... ... . 109. 

The Intel 
I SatisE\Xlion 

Board 
adds a fox 
.uiJ11mKlt.'1n 
lO )llUI' PC. 

.

Intel ... 5 years 
7782 SatisFAXtio11-Send and receive faxes 
&om within most applications using the 
print command. Built-in 2400 bps MNP 
modem standard. lndudes coupons for &ec 
PC Tools and Fax-It software.... . .. S399. 

Canon . . . 1 year 
7894 8}-10c Bubble}et Primer- Light weight, 
excellent print quality and agreat price make 
this 4 .6 lb. printer a winner.Choice of black 
or white. Optional sheet feeder..... $349. 

DISKS 

Maxell •.. lifetime 
2789 51/• II MD2·D 360k Disks (Qty. 10) . 12. 
2790 5'/•" MD2·HD 1.2MbDisl<.s(Qty.10) .. 19. 
2792 31/2 11 DS/DD720kDiskettes(Q/y. 10) . . 14. 
2793 31fa" DS/HD 1.44Mb Diskettes (Qty. 10) 27. 

Sony .. . lifetime 
3291 51/•" DSIDD360kDisks(Qty. 10) 10. 
3292 5'/•"DSIHD1.2Mb0isks(Q/y.10) . .. 19. 
3297 31/2 11 OS/DD 720k Diskettes(Q/y. 10) . . 13. 
3298 3 1/2 11 DS/HD 1.44Mb Diskettes (Qty. 10) 22. 
6659 OD 2000 Tape Cartridge ..... . ... 19. 

MEMORY 

6556 256k DRAMs (100 nanosecond) . . . call 
5510 1 Meg x 9 SIMMs (80 nanosecond) call 
5746 1 Meg Chips (80 nanosecond) . . . . call 

OUR POLICY 
• 	 We accepl VISA and MASTERCARD only. 
• 	 No surcharge added for credit card orders . 
• 	 Your card is not charged unlil we ship. 
• 	 If we must ship a partial order, we never charge 

freighl on lhe shipment(s) thal complete the order 
(In the U.S.). 

• 	No sales tax. 
• 	 All U.S. shipmenls insured: no addilional charge. 
• 	 APO/FPO orders shipped 1st Class Mail. 
• 	 lnlernalional orders U.S. $250 minimum. 
• 	Upon receipt and approval. personal and company 

checks clear the same day for immediate shipmen! 
ot Your order. 

• 	 COD max. $1000. Cash. cashier's check. or money 
order. 

• 	 120 day limited warranty on all products. · 
• To order. call us Monday lhrough Friday 8:00 AM 10 

I :00 AM. or Saturday 9:00 AM to 5:30 PM. You can 
call our business offices at 6031446·3383 Monday 
through Friday 9:00 AM to 5:30 PM. 

MECA .. . NCP 
4603OOA11drew 70bias' Tax Cm- New power 
for handling your 1990 taxes. Import data 
from Quicken and/or TurboTax, read last 
year's Tax Cut data, and print your rcturn
all with new versatility .. .. . .. ..... S49. 

SHIPPING 
Note: kcounts on net terms pay actual shipping. 

Continental US: 


• 	 For heavy hardware ijems such as prinlers. monitors. 
Bernoulli Boxes. etc. pay actual charges. Call for UPS 
2nd·Day & NM ·Day·Air. 

• 	 For all other items. add $3 per order 10 cover UPS 
Shipping. For such items. we automatically use 
Airborne Express at no extra charge if you are more 
lhan 2. days from us by UPS ground. 

Hawaii: 
• 	 For monitors, printers, Bernoulli Boxes, computers, 

hard drives, and power backups, aclual UPS Blue 
charge will be added. For all other items, add $3 per 
order. 

Alaska and outside Continental US: 
• 	 Call 603/446-7721 for information. 

5116 
51 13 
2500 
7551 

2917 
5502 
5190 

5009 
5010 
6602 

6425 
6424 

2285 

DRIVES 

IOMEGA ••. 1 year 

Bernoulli II Single 44 Meg Internal 995. 

44 Meg Cartridge Tripak (5 114'') . .. 249. 

PC2B Controller ........ . ... . . 229. 

Bernoulli II Transportable 44 Meg . 997 . 

Mountain Computer .. • 1 year 
40-60 Meg Internal Tape Drive ... 
83-152M Ext. Tape Drive . 
DC2000 Pre-formatted Cartridges ea. 
Pacific Rim ... 1 year 
1.2 Meg External ... . . . . . .. . . . 
1.2 Meg External (for PS/2 's). 
1.44 External {for PCIXTIAT) . . ... 

Plus Development . .. 2 years 

Hardcard II 40 Meg (19 ms) .. 

Hardcard 1180 Meg (19 ms) ..... 

Seagate ... 1 year 

20 Meg Int. Hard Drive ST225 

(w!controller and cabfes. 65 ms) 


299. 
799. 

35. 

209. 
215. 
239. 

399. 
699. 

255. 
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tnore pleasant to do? 

4750 80387SX (16 MHz 80386SX CPU's) $309. 
2371 80387 (16 MHz 80386 CPU's). . . . . 349. 
2372 80387-20 (20 MHz 80386 CPU's) 399. 

Kensington Microware ... 1 year 
7899 Expert Mouse serial . . 119. bus . . 129. 

Key tronlc ... 3 years 
4518 101 Plus Keyboard .. . .. .... ... . 99. 

Kratt ... 5 years 
5800 3 button Thunder Joystick. . . . . . . . 29. 
5802 Trackball ...... .. ..... 59. 

Logltech ... llmlted lifetime 
5464 C9 Mouse lor PS/2's ...... ...... 69. 
7768 C9 Mouse with Windows . ... . . . . 149. 
5151 HiREZ Mouse (C9) . . . . . . . .. 85. 
6029 Trackman (lfackbal/) serial 85. bus 89. 

Intel .. . 5 years4297 ScanMan Plus (hand scanner) . . . 185. 
Micron Technology ... 2 years 7880 9600E.X Modem-Provides ultra-fast data 

Abovt Boards-FREE Quarterdeck ORAM 
Intel .. . 5years 

7595 	 Intensify 2 Meg Expansion for HP communications without sacrificing compat· 
LaserJet llP or Il l . . . . • .. . . .... . 175. ibility. Supports Y.32 & Y.42 9(i()() bps operaand Manifest with any Above Board or 

7012 	 Beyond Memory Board for PS/2piggyback, now through December 31 1 

1990! . . . . . . . . see Intel listing for prices. 

Curtis .. . llfetlme 
1708 Ruby-Plus SPF·2 Plus . . . . . . . . . . . 65. 
'358 Command Center . . . . . . . . . . . . . . 93. 

Glass Filter Plus (specify size) . . ea . 65. 
Datadesk . .. 3 years 

)901 Switchboard . . ............... 175. 
Epson . . . 1 year 
Vie are an authorized Epson Service Center: 

1906 FX-850(80 col., 264 cps, 9pin) .. . call 
1904 FX-1050(136 col., 264 cps, 9pin) . . call 
i183 LQ-510 (BO col., 180 cps, 24 pin). .. call 
1930 L0 850 (80 col.. 264 cps, 24 pin) . . call 
1917 L0-1050 (136 col.. 264 cps, 24 pin) call 
5184 LX-810 (BO col., 180 cps, 9 pin) . ... call 
1052 Printer-to-IBM cable (6 feet) . ...... 15. 
r775 Equity LT-286e Laptop. .. .... . . 1995. 
'774 Equity LT-386SX Laptop ....... 3069. 

Removable Hard Drives for Epson Laptops 
'776 20 Meg . . 499. 7777 40 Meg . . 699. 

5th Generation ... 1 year 
'157 Logical Connection Plus 512k . .. . 599. 

Hayes ... 2 years 

tion, as well as MNP Level/5 and HayesModel 70 (2 Meg) . . . . . . . . . . . . . 265. 

Intel ... 5years 
80287XL & 802.87XlJ Math CoProassors- Runs 
up to 50% faster than other 80287 math chips. 
The 80287XL works in virtuallyevery 80286
based PC,and the 80287XLT is made 
especiaUy for Compaq LTE/2S6.. each $199. 

Microsoft .. . lifetime 

compatible2400/1200/300 bps modes . $549. 

PC Power & Cooling ... 1 year 
REPLACEMENT POWER SUPPLIES 

3202 Turbo Cool 150 (25 °·40° cooler) . 129. 
3200 Silencer 150 (84% noise reduction) 115. 

Pacific Data Products ... 1 year 
6779 25 Cartridges in One! (for W //, !IP. /ID) 275. 
7072 25 Cartridges in Onel (for W Ill) . . .. . 349. 

Memory upgrade /or LaserJet /IP/Ill 
7054 1 Meg . . . 149. 7055 2 Meg . . . 199. 
7758 3 Meg .. . 279. 7759 4 Meg _. . 339. 

Memory upgrade /or LaserJet II 
6839 1 Meg ... 179. 68382Meg ... 249. 
7158 Pacilic Page (Pas/Script Cartridge for 

LaserJe//IP/111) ..... ... ...... . 379. 
6834 Pacific Page with free 2 Meg 

Memory Board (for LaserJet II) ... 379. 
7632 Outlines I . 209. 7631 Outlines II . 209. 

Practical Peripherals .. . 5 years 
3101 1200 Baud Internal Modem ...... 65. 
3100 1200 Baud External Modem (mini) . 77 . 
3103 2400 Baud Internal Modem ..... 135. 

~307 Smartmodem 2400 . .... .. ..... 349. 7597 Microsoft Mouse . _............. 89. 
7391 Ultra 9600 Modem . . . . . . . . . . . . 899. 2897 Mouse with Paintbrush . . . . . . . . . 109. 

Hewlett-Packard ... 1 year 2898 Mouse with Windows 3.0 . . . . . . . 149. 
l754 LaserJedll (wltoner) . ........ . 1699. MlcroSpeed ... 1 year 
5582 LaserJet l lP (wltoner) . . . . . . . . 1069. 6007 PC·TRAC Trackball (includes a free copy 

Intel . .. 5 years of Welltris) serial . . . . 75. bus . . . . 85. 
)421 2400B MNP Internal Modem .. . . 199. Mouse Systems . .. lifetime 
~352 2400B Internal Modem 2 (for PS/2) 249. 5997 Trackball (1 yr. wrnty.) serial 75. bus 85. 
i119 2400 Baud External Modem ... .. 179. 7878 PC Mouse 11 1.. . ... _...... . .... 99. 
5420 2400EX MNP Modem. ........ . 229. NEC ... 2years 
7880 9600EX Modem ... . . . 549. 4799 Multisync 2A (VGA Monitor) . .... 499. 
~346 lnboard3861PCwl1 Meg(wAreeAm1) 519. 5085 Multisync 30 Monitor .. ........ 689. 
1266 Above Board Plus 512k. . ... . .. . 369. Orchid Technologies . .. 4 years 
1267 Above Board Plus 1/0 512k ...... 399. 7512 ProDesigner VGA II (1024 x 768) . . 299. Intel ... 5years
5336 	 Above Board Plus 8 2 Meg .. .. .. 599. 

2346 Inboard 386/PCwitlt Free Sa11111t1 Ami5342 	 Above Board Plus 8 1/0 2 Meg . . . 6<'9. 1-800/776-77771272 Above Board 2 Plus 512k .. ... . . 469. Gives you 80386 processing power, 1Mb 
5396 Above Board MC 32 Ok . _. . . . . . 359. RAM,and Samna1s powerful Windows
7782 SatisFAXtion . . . . . . . . . . . . . . . . . 399. MMC PC Connection 780B based word processor (regularly at $129). 
1552 	 NetPort .. .. . ...... .. ........ 489. ...-~- .... 6 Mill Street 
 30Day Money Back Guarantee.. . . . $519.MATH COPROCESSORS Marlow. NH 03456 
1395 80287XL (16 MHz 80286 CPU's) . 199. SALES 603/446-7721 FAX 603/446-7791 
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e Juggling files, documentation, people and time is with locking options. Manage and track development to 
no way to manage a software project. You need to deliver your project on time, on spec and on budget. 
know who is working on what, which files are being For individual projects, MKS RCS handles the headaches
changed and why. And your team should be moving of recording and retrieving files. Whether you are on a
ahead on development, not stuck in costly collisions. LAN or an individual PC, MKS RCS will make you 

more productive. 
MKS RCS (Revision Control System) helps keep your pro
MKS RCS - Your Project Manager 

Price and Perfonnance Leader
ject from becoming a juggling act by maintaining a com MKS RCS has all the features you will ever needplete history of changes to a file and giving you access to 
any of the changes. MKS RCS also automatically saves 
crucial descriptive information about each revision. 
An advanced user interface and excellent documenta
tion make MKS RCS extremely easy to use. Or if you 
prefer, you can operate from the command line. MKS RCS 
can automate every aspect of your project, handle both 
binary and text files with ease, provide unlimited branch
ing and merging capabilities and compress log files to save 
valuable disk space. 

The Bigger the Better 
The more complex your project, the more you need MKS 
RCS. In a multi-user environment, eliminate access conflicts 

in a revision control system at a price that will fit 
your budget. 

MKS RCS for DOS is just $249; for OS/2, SCO or 386 
Unix $349. A 5-CPU LAN license for DOS is $995; for 
OS/2, sco or 386 Unix $1,395. 

Call MKS for LAN pricing for more than 5 CPUs. 

MKS Software Management learn 
Reduce the juggling act even more with the MKS Software 
Management 'learn (MKS RCS and MKS Make). You set 
up the rules stating which files must be changed when 
other files are altered, and MKS Make automatically keeps 
those files in synch. 

MJ<;S. MXS.RCS&-'!CI Pl.XSt.11i.e&1•tt.c.m ..ru01 MM.ic•l<ltMS)'SlitmS lne u IXiSa1t•~em.arllofAT&T 

Circle 234 on Reader Service Card 

TO ORDER. CALL: Australia 03-419-0300 France 01 47 95 01 07 
Hl00·265·2797 (continental U.S. only) 03-555-4544 Netherlands 020 14 24 63 
1·519-884-2251 (outside continental U.S.) England 0763 244 1 14 Sweden 0762 704 60 
1·519-884-8861 (FAX) 0364 53499 West Germany 0551·704800 35 King Street North 

071 8331022 0721 886664 Waterloo, Ontario 
Full 30 day money back guarantee. Finland 08-5054536 06126/595-0 Canada. N2J 2W9 



EXPERT ADV I CE 

THE UNIX /bin • David Fiedler 

• 

Tribulations and 
treats of using a 
$100 Unix clone 

ast month I mentioned that I had 
received a copy of Coherent, an 
operating system for 286- and 
386-based machines that was 

designed to be very much like Unix . 
(The Mark Williams Company sells it 
for $99.95.) I had hoped to report that it 
would make a good base for an inexpen
sive UUCP (Unix-to-Unix copy) connec
tion , as well as a Unix learning base for 
people with DOS machines . Alas, that 
doesn't seem to be the case yet at least 
for me. 

Building My System 
Installing Coherent was pretty straight
forward . There are only four high-den
sity floppy disks to work with, and if you 
have a free partition of at least 10 mega
bytes on your hard disk, you're ready to 
go. I didn't have one, so I had to do some 
long-overdue partition rearranging on 
my 286 clone. Between some DOS repar
titioning software I had around and the 
tools supplied with Coherent, it wasn't 
too bad, even though I'm strictly a novice 
when it comes to DOS . I hooked up a 
spare terminal and can report that Co
herent is indeed multiuser and multitask
ing, with quite decent response. 

Coherent comes with some truly re
markable features, considering it's a 
Unix look-alike. Apart from the usual 
200 or so basic file-manipulation and 
system-maintenance commands, it also 
has a driver program for Epson printers, 
troff (with output to the Hewlett-Pack
ard LaserJet), and software development 
programs such as l ex, yacc , make, sed, 
and awk. 

I was very excited that Coherent came 
with a set of UUCP programs. (OK, it's a 

ILLUSTRATION: LINDA BLECK © 1990 

NOT QUITE UNIX 


bit of a misnomer, but if they called it 
Coherent-to-Coherent copy program, or 
CCCP it would sound like a Soviet space 
vehicle!) UUCP is the means by which 
all Unix machines can communicate 
with each other via phone lines. A func
tioning UUCP package together with the 
mail program also included in Coherent, 
would give you access to the worldwide 
UUCP network. 

So, my scheme was to first hook up 
Coherent via a direct-wired UUCP con
nection (far faster and easier, generally, 
than attempting to hook up a modem) to 
my regular Unix machine and then 
download programs to Coherent and at
tempt to recompile them . 

Unfortunately, I was unable to get Co
herent to talk to Unix. It wouldn't dial 
out at all, whether the port was enabled 
or not. The dial-in attempts from the 
Unix machine showed that Coherent was 
indeed answering with the expected 
prompts. However, once past the pass

word check , Coherent would respond 
with an error message and return a LOG
IN FAILED status message to the Unix 
connection. 

I called the Mark Williams Com
pany's technical-support line and talked 
to someone who went through a number 
of likely reasons for the failure. He also 
came up with a few suggestions that 
didn ' t seem to bear on this situation at all 
(for instance, removing a UUCP refer
ence in the / etc / domains file) . Togeth
er, we eventually concluded that there 
was no reason why it shouldn't be work
ing; it just wasn 't. 

HardAport 
I then tried porting the xcomm package 
to Coherent, in response to a query from 
a reader about a method of dialing out 
that was simpler than using the Kermit 
utility provided in Coherent. This re
vealed that some signals in Unix System 
V that are needed for compiling xcomm 
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Coherent.. .. .. ................. $99.95 
Mark Williams Company 
60 Revere Dr. 
Northbrook, IL 60062 
(800) 627-5967 
(708) 291-6700 
Inquiry 1015. 

(which is the only communications pro
gram I have that's small enough to fit 
into Coherent' s 64K-byte space) are not 
implemented in Coherent. 

Just for testing purposes , I commented 
out all references to these signals . Unfor
tunately , Coherent was unable to put the 
object modules together. The error mes
sage said that the loader couldn't relocate 
modules compiled for separate l/D (in
struction and data) space, yet I hadn' t 
compiled or tried to load with that option 
(nor could I find it in the manual). Using 
the f ile command showed that all the 
object modules had properly compiled as 
relocatable code. Very strange. 

So how did I get the xcomm source 
files onto Coherent? Coherent has an a.II 

purpose utility called dos , which does 
everything from formatting DOS disks to 
file transfer between Coherent and DOS. 
In fact , my only complaint with that com
mand is that there are too many options , 
making it too easy to delete files or for
mat a disk when you don't intend to. 

I did have a little problem figuring out 
how to address the DOS fioppy disk 
drive, since none of the references listed 
under the dos command gives the infor
mation . After searching likely places, I 
finally discovered that the information is 
under the entry " fd " in the manual , 
where I discovered by trial and error that 
a low-density disk is called / dev / f 9a0 
and a high-density disk is called / dev / 
fhaO. The default is to access the DOS 
partition on the hard disk. 

Think Small 
A word about the 64K-byte limit is also 
in order. This was a familiar problem 
back in the early days of Unix. , when 
Unix was almost always implemented on 
one of Digital 's PDP-II computers . All 
programs had to fit into just 64K bytes of 
memory even when there was 256K 
bytes on the machine. The improved 

PDP-11 /70 model, a large minicomput
er, allowed programs to have 64K bytes 
of executable instruction code and 64K 
bytes of static and dynamic data space, 
which allowed you to write larger pro
grams. 

Coherent's compiler, written to work 
on both the 386 and the smaUer 286, is 
limited to " small model" compilation , 
and therefore also bound by the 64K-byte 
limit for programs. Having studied much 
of the 1000-plus-page Coherent manual 
and all the promotional literature, I could 
find only a single sentence that acknowl
edged this , and that was buried in a note 
under the heading " Data Formats," 
rather than in any information about the 
compiler or even the loader. Unless, of 
course, you take the company ' s " small is 
beautiful " motto literally. 

Because BYTE has published its Unix 
benchmarks with the intention of mak
ing them portable, I then decided to try 
them. 1 was rewarded to see that many of 
the programs compiled cleanly (some 
were missing references to time con
stants, though). 

Unfortunately, the benchmarks did 
not run as delivered , because the shell 

The DGIS" SDKand aTl 
34010-based High-Performance 

Graphics Board forone 
amazing price. 

High perlormonce, high resolu 
ion graphics ore the wave of the 

future . With the DGIS Software 
Developer'sKit1" (SDK), qualified 
softwaredevelopers can write for 
the future today. 

The DGIS Developer's Kit pro
vides everything needed to develop 
applications ana drivers for DGIS
compatible 340l0graphics 
boards- boards from companies 
such as Compaq, Dell, Hewlett
Packard, NCR, NEC, Tl and more 
than 30 others worldwide. Software 
developed with this kitcon access 
the full powerof he 34010, support
ing the greatest numberof high reso
lution graphics boards a the highest 
levels of perlormance, resolution 
and color. 

DGIS, he premierand most 
widely-shipped interfacefor theTl 
340XO fami ly of graphics coproces-
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sors, provides on outstanding 
feature-rich programmingmodelTHE POWER OF HIGH 
with l00 + graphics functions. The 
DGIS SDK includes documentationRESOLUTION GRAPHICS and language bindings or the DGIS 
interface, device drivers for Win
dows 3.0, utilities, and the GSSPROGRAMMING 
AT 1050™ l024X76834010graph 
ics boord (which normolly sellsforCAN BE REACHED WITH $1295olone). 

The DGISSDK is compatiblewith 
mos Ccompilers and supports e 

XMS standard as well os DOS 

Ex enders from Ra ional and Phar

Lop. 


Seppingup o he big screen has 

ONE EASY NUMBER: 

never been easier 
or more ottrac
ive. Call today. 

Graphic Sohware Systems 
.. s...o........... 


Call (503) 641-2455. 

Ask for De~t . DGIS-1. 


See us at COMDEX 

Booth #3126 LVCC. 


10 · -~s su!: ~tt~ crcn:e .,., i-h-:, utr ~t .:~ . 
G5S,OGIS,ThoDG1SSoh..n-.Oe-~ 1o°"r'' it GSSATI 50ort 

rrcderrarho:fGrc :::i \-ks ~~'~-e S.y~'e rn ·t'K. Afr a·ri e; l rod~ !1'cr\:$ 
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"Stop! Hands Off! 

We've got an easier, more accurate way to calibrate 


and configure data acquisition boards:' 

GLOBAL LABNDara Acquisition software with ''Hands-Off' 

In addition to supporting "Hands-Off' 
control, GLOBAL LABNprovides numerous 
data acquisition, signal processing, and dis
play functions. For advanced signal process
ing, ask us about GLOBAL LAB N's add-on 
STATPACKNSignal Processing Module. 

Call today for a GLOBAL LABNdemo 
package. se it with a DT2831 Series 
board, and we think you'll agree nothing 
comes close to "Hands-Off" data acquisition. 

Call (508) 481-3700 
In Canada (800)268-0427 

control for the DT2831 Series. 
Put down that screwdriver! GLOBAL 

LABNData Acquisition software fully sup
ports the DT2831Series "Hands-Off' de
sign, so setup, installation, calibration, and 
maintenance are 100%mouse/menu-driven. 

Once you've installed your DT2831 
Series board,you can forget it With 
GLOBAL LAB~ all DT2831 operating 
parameters are controlled via software 
menus. No manual adjustments-no 
jumpers, no pots, no hassles.Youget 
greater reliability, improvedproductivity. 

DA1J1 TRANSLATION® 


-Fred Molinari. President 

Also available-New GRAPHPACK~ Printin Mooule 
provides customite<l laser qu11icy outpuL 

World Headquarters: Oa a Transla ion, Inc.. !00 Locke Drllie. Ma 1boro. MA 01 752·1192 US/\, 508) 48 ·3700.Fax 1508) 481·8620. Tix 951646 
Un ited Kingdom Headquarters: Data Translation ltd .• The ~ulberry Business Park, Vo 1ngham. Ber sh11e RGJJ 2QJ.U.K.. 17 34) 793838. Fax 17341776670. x94011914 
West Germany Headquarters: Data Translat ion Gmb Stu !garter St1asse 66, 7120 B1etogheim·B1ssengen. West Germany 7142-54025.Fax 7142·64042 
International Sales Offices: Ausiralta 121699·8300; Belgium 121466·8199,Brazrt !1 240-0598;0.nada 1416) 625·1907.China (II 868·721x40!7 ;Denmark 42 2745ll; F1nland (01 3511800; France (11 69077802: 
Grme (11 361-4300; Hong ong 151448963; Indra 122123·1040; Israel 52·545685; lta (2182470.l: Japan (31502·5550.13) 5379·1971. (31355·1111:Korea (21718·9521; etherlands 170)399·6360;Norway (2) 
5312 50; Poland (221580701; Portugal (115453 3; SouthAfrica 021803-7680;SpamOl 555·8112:Sweden 1817617820:Switzerland 01723·!410: Taiwan 12) 3039836 

GLOBAL LAB, STATPACK and GRAPHPACK are trademarks and Data T12nslat1on <Sa registered trademark of Data Translatm. Inc.All other trademar sand registered trademarks are t e property of th0r respe< eholders. 
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driver program makes heavy use of the 
Bourne hell's keyword parameters , 
which apparently are not implemented in 
Coherent. In that sense, it ' s a bit mis 
leading of the Mark Williams Company 
to refer to its shell as a "Bourne hell ," 
since that implies that its shell is either 
compatible with , or a derivative of, the 
tandard Unix shell (written by Steve 

Bourne) . 
By looking around the Mark William 

conference on BIX (mwc/coherent) , I've 
found that I'm having a bit more trouble 
than some other folks . Several people 
have gotten their UUCP running and are 
all ready to set up a U enet node. Others 
are working on way of compiling csh, 
vi , and similar popular Unix programs. 
Clearly , just because I've run into a snag 
or two doesn ' t mean it can't be done. 

I also learned from BIX that the Mark 
William Company is planning a virtual
memory capability for the 286 version of 
Coherent plus a full-featured 386 ver
ion , for next year. Both would presum

ably get rid of the 64K-byte limit im
po ed by the mall-model compiler. 

At thi s point , I'm at a bit of a stand
still. Ifyour intention in buying Coherent 

is to use it for creating a UUCP or Usenet 
node and downloading public domain 
programs for compilation and use , or for 
developing programs to be used on true 
Unix or Xenix systems, then Coherent ' s 
current compiler limitations , slightly 
nonstandard features , and the other 
problems I've experienced might give 
you pau e. 

On the other hand , if you want a Unix-· 
like development and learning system for 
less than $I 00 that supports multiple 
users , can be coresident with a DOS in
stallation , and can transfer text file to 
and from DOS floppy disks and hard disk 
partitions , I don ' t ee how you can go 
wrong with Coherent. 

A Personal Note 

My offer to send out the list of public-ac

ce Unix sy terns (see "' Free Software! " 

in the June BYTE) wa , to put it mildly, 

very well received . I had no idea that o 

many Unix-literate people read BYTE, 

let alone my column . I have my wife Su

san to thank for most of the envelope 

stuffing and sealing. 


Enough of you wrote with intere t 
about my new publication , Unix Video 

Quarterly that this is a good time to talk 
briefly about it here. I tarted Unix Video 
Quarterly as an alternative to traditional 
industry newsletters , partly because of 
my experience in video and film produc
tion . Certainly , the move toward Unix 
graphics software and user interfaces 
was a factor· imagine trying to describe 
how OSF/Motif differ from Open Look 
by u ing text alone! I al o realized that 
sometimes you have to experience things 
to totally understand them and video 
technology is the closest thing to actually 
being on the scene. If you want to know 
more about Unix Video Quarterly , con
tact me at P.O . Box 220, Rescue , CA 
95672 , (800) 843-8649 , or on BIX a 
" fiedler. " • 

David Fiedler is executive producer of 
Unix Video Quarterly and coaurhor of 
the book Unix System Admini tration. 
He has helped start several Unix-related 
publications. You can reach him on BIX 
as ''fiedler. " 

Your quesrions and comments are wel
come. Write ro : Ediror , BYTE, One 
Phoenix Mill Lane , Pererborough , NH 
03458. 

bility and real time. And you can design Call (617) 661-1230 today to test the
seamless dedicated applications with best. VENIX, the industrial strength UNIX. 
new Embedded VENIX.

In addition to the functionality of "-~VenturCom 
a nonproprietary operating system, VenturCom has been at the forefront of 'VZis First Street Cambridge, MA 02142 
VENIX offers multiple hardware plat- UNIX technology for over ten years. We UNIX is a regisiered trademark of AT&T. 
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Believe it. A true full duplex 9600 bps, CCITT V.32, V.42, 

V.42bis error correcting, data compressing modem for just $699! 


The PM9600SA™ V.32/V.42bis supports high speed full duplex data transmission at 9600 
bps data over common phone lines. Combined with V.42 and MNP/4 error detection and 

correction, V.42bis and MNP/5 data compression protocols deliver more effective 
throughput. In fact , automatic speed buffering allows data to flow from 

computer-to-modem at throughput rates up to 38,400 b~s . And the PM9600SA V.32/V.42bis 
is compatible with the Hayes Ultra Smartmodem 9600. M At just $699, the PM9600SA just 
may be the most Practical buy in the industry.. . and it's backed by the Practical Peripherals 
5 year guarantee: the PM9600SA performs fo r 5 years or we'll repair or replace it. FREE! 

It's that simple. That Practical. 

See us at Merisel Booth #1916 

~©>m~~~~UFall '90 
November 12-16, 990 

~-PRACTICAL 
~PERIPHERALS~ 

31245 La Baya Drive, Westlake Vi llage, CA 91362. Sa les Office: 1-800-442-4774 
Corporate Headquarters: 1-818-706-0333, Technical Support: 1-818-991·8200, FAX: 1-818-706-2474 

All oroouc:!S ano names uacemarlted are proper1 ies of Iheir respectlYe manuh•c:lu rer$. 
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Selecting anew computer system can be areal 
challenge. Thats where we come in. We have the 
knowledge and experience to make your job easy. 
So, just do the Standard thing. Pick up the phone 
and check us out. Test us.Talk to us about our 
quality. Our service. And especially our prices. 
You'll Like what you hear. 

Introducing Features, Flexibility 
and Fantastic Color. 

Then ask us about our new 386/25 and 386/33 
systems.The list of standard features includes the 
latest that high technology has to offer. Features 
like a 64 KB memory cache for the 386/25 and 
128 KB for the 386/33 both expandable to 256 KB 
providing the fastest possible memory access. Then 
theres the integrated VGA controller supporting 
1024 x 68 resolution, with 256 vibrant colors and 
a 50% perfonnance increase all made possible by 
I MB of 32-bit video memOf)( Plus support for 
interlaced and non-interlaced monitors. When it 
comes to features, we set the standard. 

1o one can beat our flexibility either. An inte
grated floppy controller and hard disk interface 
that support up to three floppy drives ar.d two 
hard drives. Up to 16 MB of RAM on board using 

Introducing Our New 

High Speed 386T 25 System. 


0 4MB of 32-bit high peed memor) (Expandable to 16MB on board) 

0 64K Cache memor) (Expandable to 256K) 

0 High perfonnance 1024 x 68 VGA with 256 color including 1~IB of 


video memory 
0 Super Hi-Re 14" GA color monitor with tilt/ wivel base 
0 100~18 IDE hard drive with Cache buffer 
0 1.2MB 5.25" & 1.44 MB 3.5" flopp drives 
0 1parallel & 2 serial ports 

0 101-key enhancedkeyboard $2 695 o o 0 MS DOS4.01 
0 Microsoft \X indows 3.0 
0 Hi-Res serial mouse ' • 

3 6T 33 Thi powerful sy tern has Cache memory upgraded to 12 K 
in addition to the features listed abO\·e for only S2995.00. 

Visit us at Comdex booth #N2193. 

the new industry standard 32-bit memdry modules leave all six additional floppy drive or tape backup and 2 hard 
expansion slots available. Our small footprint chassis includes drives. So we can help you add on and update to your 
both 5.25" and 3.5" floppy drives and l parallel and 2serial hearts content. 
ports. And consider this feature our new 386/25 and 386/33 Our research and development center is alway 
systems come standard with 5drive bays to hold up to one striving for excellence. Since 1984 we\e been de igning our 

, Look At Our Other Value-Packed Systems 

All of the e fully-loaded systems include: D 1:1 interleare Floppy/Hard Di k 

0 n!B RAM (Expandable to 8~!B on Controller 


board) D O~!B 28m Hard Disk Drire 

D High perforn1ance 1024 x 6 VGA with 0 1.mB ff" · 1...f-1MB 3.5" noppy drire 

~56 colors including 1\IB of rideo D 1parallel. 2 erial and 1game pon 
memory D 101-key enhanced keyboard 

D uper Hi-Re 14" VGA color monitor 0 ~IS DOS 4.0l 
with tih/swirel base D 386 Xincludes Windows 3.0 and mouse 

386T SX at S1895.00 286T 16 at S1595.00 286T 20 at SI695.00 

own products, and all of our system 
boards are manufactured right here in 
the .S. \Xfhen building our computers 
we utilize the latest urface mount and 
VLSI technology for the ultimate in prod
uct reliability and space saving design. 
Our perfonnance and quality are simply 
the standard for our competitors to beat. 

~ eare committed to providing you 
with acomplete system that is ready to 
use the minute you open the carton. 
Everything is loaded tested, burned in, 
and ready to go. And in order to help 
you easily handle the new multi-tasking 

http:SI695.00
http:S1595.00
http:S1895.00
http:S2995.00
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and multi-screen programs, we preload ·IS DOS 4.01 and 

Micro oft Windows 3.0 then throw in a high resolution mouse 

to boot. Hows that for commitment! 


800[662-6111
-~ - -
" 

We're also a ovell Gold Authorized Dealer, so you have total 
compatibility with all levels of the ovell operating system. 

We Stand Behind Our Systems 
and Our Customers. 

At Standard Computer: we manufacture everything from 
high performance 486 and 386 systems to low cost 386SX and 

You can buy from tandard Computer with total 
confidence because all systems are also covered by 
our complete one-year parts and labor warranty. If 
you need help, we'll see that you get it. lf you need 
a part we'll express ship it to you. 

When you have aquestion, just call our cus
tomer service hotline. Our technicians are available 
to you toll-free for as long as you own your sys
tem. If that isn't enough protection, how about 
this? we·11 even include one year of on-site service 
at no extra charge. 

Value That's Easy to Afford. 
We work hard to make it easy for you to own 

and use our products.That also includes 
offering many convenient ways to 

purchase or lease a Standard system. 
'f--- Our corporate leasing programs are 

designed to fit your business needs. 
Qualified company pur

chase orders,person
al checks and most 

major credit cards are also 
accepted. 

So, go ahead. Pick up 
the phone and call us. Right now. Find out why we take so 
much pride in the exceptional products and services that we 
provide. Why our repeat customer rate is one of the highest 
in our industry. And why our product reliability is so famous. 
For us its just the 
Standard thing. 

Standard Computer 
Corporation 12803 
Schabarum Avenue, 
Irwindale, CA 91 06, SfANDARO 
phone 818/33 - 11, 
FAX 818/33 -2626. c 0 M p u T E R 

Circle 320 on Reader Service Card 



WHY THE BEST MOUSE FOR THE MAC 

Is YoUR BEST CHOICE FoR W INnows: 

In the graphical environment of the Macintosh* 

our Turbo Mouse~ is number 1 in both sales and 
awards. That's why your choice for the graphical 
environment ofWindows should be our PC 
version: Expert Mouse~ 

What makes Expert Mouse outshine the rest? 
Superior optical hardware and unique software are 

the difference. 
One button lets you pull 

down a menu or open a 
window. The other button 
can be set to "click-lock" 
for extended selections 
like automatic scrolling. 

Press both buttons 
together and you activate our special "chording" 
feature. Chording gives you advanced features, 
like three-button emulation, without the 
inconvenience of lifting your hand off the ball . 

What's more, our Custom Control Panel lets you 
adjust both acceleration and double-click speed 
to match the way you work. It even lets you decide 
which button performs what function. 

Best of all is the way Expert Mouse feels - solid 
and comfortable, with an easy ball movement that 
means no jumping or sticking. 

And Expert Mouse is 100% Microsoft compatible. 
So you will be able to 
run all your favorite 
Windows applications. 

Windows can make 
your computer a lot 
easier to use. Now, 
the Kensington Expert 
Mouse will make it 
even easier. 

--·-

For a free brochure and the dealer nearest you, 
call 800-535-4242. Outside the U.S. 212-475-5200. 

KENSINGTON~ 

Expert Mouse i.s a trad~marl;: and Kl!ruington andTurbo Mous.t arl!' rtgistt1ed tradtmarks or Kmsington Micr0\'~11:! Limited. Microsoft a.nd \Vind~ are registered trademarks of MiCl'O$¢ Ft Corporalicm. 
Macintosh is a registered trademark ofApple Computer lne. e 19'90 Ken.sington Micl'O'A"ate Llmited. 



EXPERT ADV I CE 

BEYOND DOS: WINDOWS AND OS/2 • Steve Mastrianni 

TALES FROM 
THE TRENCHES 

An 08/2 device-d ri ver 
specialist talks shop 

I 
n January of 1989, I was giving a 
presentation on OS/2 to representa
tives of a prospective client. They 
had a DOS-based system for data 

acquisit ion that lacked the abi lity to si
multaneously gather and process data. 
They had done their homework and con
cluded that OS/2 could do the job, but 
they weren ' t convinced that Unix could 
not do the job as well. 

It was a perfect application fo r OS/2 . 
The system had to monitor serial-bus 
transactions and voltage levels in real 
time , and it had to act on certain condi
tions immediately. This quick ly ruled 
out Un ix which lacks a preemptive, 
time-critical kernel. 

I gave an upbeat presentation , and 
everything was goi ng well until one of 
the senior engi neers asked an obvious 
question: "Of course , we can get device 
drivers for our specia l hardware, right?" 
r did some hand-waving and went on to 
other topics , promising I'd get back to 
them regarding the drivers. 

When I called the various hardware 
vendors , I got the same answer every 
time . " Sorry , we only have DOS drivers. 
We'd like to support OS/2, but we don't 
have anyone who knows how to wri te 
them. We understand they are extremely 
hard to write, and only a few customers 
have asked for them anyway." I decided 
to fi nd out why. Why should writing a 
device driver for OS/2 be so difficult? 

l packed my bags and headed out to 
Microsoft University for the OS/2 Driver 
Writing course. The class ran for one 
week, and it was one of the most intense I 
have ever attended. 

Device-Driver Basics 
When an OS/2 application needs to per
form I/O, it makes an I/O request call to 

ILLUSTRATIO : TOM CENTOLA © 1990 

the kernel. The kernel verifies the re
quest, translates it into a driver request 
packet, and calls the device driver for 
service. The driver handles all the hard
ware deta il s: I/O addressi ng, tim ing , 
register setup interrupt handling, and 
error checki ng. When the device re
sponds, the driver massages the data into 
a format recognizable by the application, 
sends back the data (or a status message) , 
and notifies the kernel that the request is 
complete. 

If it can't handle the request right 
away , the driver may either block the re
questing thread or retu rn a "request not 
done" to the kernel. Either way , the 
d river relinquishes the CPU and lets 
other threads run. If there' s an error, the 
d river relays it to the kernel along with a 
"request complete " status. 

What makes OS/2 drivers unique is 
the need to operate in both real mode and 
protected mode. Addresses computed in 
real mode are not valid if the system 

switches to protected mode, and vice 
versa . The driver has to handle such 
mode switches on the fly. Understanding 
this bimodal operation is the key to writ
ing OS/2 l.x driver . Several Device 
Helper (DevHlp) routines support bi
modal operation, but learning how to or
ganize them properly can be harrowing. 

Jumping into the Deep End 
When I got back from Microsoft Univer
sity , I was anxious to plunge into my first 
driver. I ordered the device-driver devel
opment kit (DOK) from Microsoft , 
which comes with the all-important ker
nel debugger. KDB is a replacement ker
nel that, among other things, has knowl
edge of driver structures. For instance, 
to display a request packet, you can use 
the command .d req es: bx. KDB for
mats the data and displays it in request 
packet form . Don ' t even think about 
writing an OS/2 driver without th is tool! 

I began with a simple , do -nothing 
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driver based on examples given in the 
course. It worked perfectly. Next, I tack
led the real project. My client needed a 
driver for an eight-channel AID board. 
The board used an intelligent interrupt
driven controller and could do DMA 
transfers . I fumbled furiously through 
my student documentation for examples 
of how to implement such a driver and 
broke out in a cold sweat. There were no 
examples of interrupt handlers no exam
ples of DMA operation, and no examples 
of user-defined 1/0 control functions. 

Micro oft, when I called for help , re
ferred me to Compaq (I'm using its ver
sion ofOS/2) . Compaq referred me back 
to Microsoft. I searched the computer 
bookstores to no avail . FinaJ ly , I just 
rolled up my sleeves and began to exper
iment. 

The driver' job is simple-in princi
ple . It has to manage requests from the 
kernel and return results to the applica
tion . An OS/2 driver receives two kinds 
of requests : Some can be completed im
mediately, and some can't. Requests 
come in by way of a standard data struc
ture called a request packet. The kernel 
sends the driver a bimodal pointer to the 
request packet. Since the driver must op
erate in real mode or protected mode, the 
bimodal pointer ensures that the request 
packet will be accessible in either mode. 

When a request can 't be handled right 
away (e.g., in the case ofa disk seek), the 
driver (by means of a set of DevHlp rou
tines) places it in a queue . Disk drivers 
can choose to sort pending requests for 
disk seeks in sector order. to minimize 
seek time. 

OS/2 · threaded architecture assigns 
one extra responsibility to the device 
driver. When a driver can't handle a re
quest right away. it blocks the requesting 
thread ; when it completes the request, it 
unblocks the thread . 

Tools for Driver Development 
The DDK comes with a three-ring binder 
containing driver structures , descrip
tions of the DevHlp routine , and in
stTuctions for using the KDB . I found 
only the first 40 or so pages useful. The 
book does describe the DevHlp routines 
in detail , but it contains no examples of 
working drivers. 

I write all my device drivers , includ
ing interrupt handlers , in Microsoft C 
6.0 with maximum optimization. Don' t 
waste your time writing your driver in as
sembly. Writing a device driver in C 
takes about half the time it would cake to 
write the same driver in assembly , and 
the driver will work just as well. 

Another useful tool is DOC.LIB , 
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which is a C-cal lable device-driver li
brary from PentaSoft (17541 Stone Ave . 
N, Seattle , WA 98133 , (206) 546-0470). 
Probably the most important function in 
DDC.LIB is Transfer, which transfers 
data between the driver and applications 
and accounts for mode switching during 
the transfer. It handles transfer of data 
from virtual memory to physical mem
ory, physical to vi rtual , virtual to vi r
tual and physical to physical. Jf you ' re 
serious about OS/2 driver development, 
this library is a must. 

Light at the End of the Tunnel? 
Anyone who has written driver for other 
multitasking operating systems (e.g., 
Unix or VMS) will have a good founda
tion for OS/2 driver development. Micro
soft estimates that it takes an experi
enced C programmer who has attended 
the Microsoft University OS/2 Driver 
Writing course four to six month to 
write his or her first OS/2 driver. Subse
quent drivers should take two to four 
months. Disk drivers are significantly 
more complex: and may take longer. 

My first driver took roughly three 
months to write. The next one took only 
two months , and I was able to write a few 
simple drivers in a week or so , so it does 
get easier with practice. 

Although OS/2 device dri ver are be
coming more common nowadays, the si t
uation remains fairly grim. Most of them 
are for specialized hardware and aren ' t 
read ily avaiJable. What's needed are 
standard, general-purpose drivers that 
can be adapted to more generic hard
ware. For instance, I would like to ee an 
OS/2 driver for a CD-ROM drive, fax 
card , or tape drive , yet none are avail
able. Why not? There are certainly more 
customers now who need OS/2 drivers . 
Without chem. the operating system of 
choice may not be OS/2. 

OS/2 2.0 won't make the task of writ
ing device drivers any easier . True, ver
sion 2.0 will run DOS applfoations in 
protected mode, so the driver won't have 
to concern itself with bimodal operation . 
But tbe driver architecture for DOS pro
grams will change radically. DOS pro
grams will now call a Virtual Device 
Driver instead of acce sing the device 
hardware directly. The VDD will mas
sage t.he request and send it to a Physical 
Device Driver. The POD will perform 
the low-level hardware communication 
with the device and send the data back to 
the VDD. 

The VDD interface is new, while the 
PDD is nothing more than an OS/2 l .x 
bimodal driver with the real -mode sec
tions removed. The VDD will emulate 

the BIOS and other interrupc functions, 
letting a DOS application assume it is 
talking directly with the device when it is 
actually communicating with the VDD . 
Protected-mode applications will con
tinue to call OS/2 drivers, as in version 
1.x, but can use 0 :32 ("flat model") 
addre sing. 

In June , Microsoft announced a new 
device-driver architecture for mas stor
age device called the layered device
drjver architecture (LADDR). Micro oft 
claims that LADDR can reduce by 90 
percent the time to develop an OS/2 mass 
storage device driver. [hope this is true , 
but based on what I've seen so far I 
wouldn't bet the farm on it. 

A new DOK will come with standard 
driver code, o the developer need only 
add the code specific to the device itself 
co implement a fully functional driver. I 
haven' t een the new DDK yet so I can ' t 
verify Mi ro oft's cla im . At the time of 
thi s writing , Microsoft stiH had no firm 
release date for the LADDR k.it. Non
mass storage drivers will continue to be 
written using conventional methods . 

Neither IBM nor Microsoft has done 
enough to help the people trying to pro
duce the drivers that OS/2 so desperately 
needs . The DOK upgrade from version 
1.1 to 1.2 is way behind schedule, and 
the NDDK. used to develop network card 
drivers for the Extended Edition , is also 
late. The version I .1 DDK does not work 
with PS/2 machines. so drivers must be 
developed on Industry Standard Archi
tecture bus systems. 

Information is still sketchy and incom
plete. Although more books have ap
peared . none show examples of device 
drivers written in C. Most of the avail
able documentation describes the Dev
Hlp routines and their calling sequences. 
but not how to organize them into an ac
tual driver. 

What i needed is a driver writer's 
guide to take the mystery out of OS/2 
driver writing. The guide should contain 
examples of accual drivers written in C. 
not scattered code fragments in assem· 
bly. It should also contain a list of helpful 
functions to aid in driver coding and de
bugging . Until such information be
come available, device drivers will re
main the Achille 'heel ofOS/2. • 

Steve Mastrianni is an independent con
sultam in South Windsor. Connecticut , 
who specializes in OS/2 device drivers. 
He can be reached on 8/X c/o "editors." 

Your questions and comments are wel
come. Write to: Editor, BYTE, On e 
Phoenix Mill Lane, Peterborough, NH 
03458. 
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Free Working Model 

See for yourself With Windows'" 
Computing, using your PC becomes 
easier, faster, and more productive than 
you ever imagined possible. But you don't 

Wi>zdows Co111p11li>1g
is the Windows 

uersitm3.0 
et1Vinmment combined 

with any ofthe 
hu11dreds of Windows 

opplicatio11s
already auailabie. 

have to take our word for it. Because, 
right now, we're making fully functional 
Working Models of Microsoft Windows 
version 3.0, Microsoft Excel, Project, 
Word and PowerPoinf' presentation 
graphics program as easy to get a hold 
of as they are to use. 

Just pick up the phone and call 
(800) 323-3577, Dept. N61, and we'll 

•Th.efirst H'or.tilll Madd >'l>lil ulttl i$jruduringour Wlr.dOlt'.$ Ctnnpufing Prmn,,tior:. Stplembtr JS thr1'11gh Dtumbtr 31, 1990. Oni' jiu HOr.king .~fodtl per pcrso11. Each aLJdilional HOrking .\lodl'l is S9.9S. applicab/t> stJll's. la.r r.itl indudNl. Offt,. goodr.chrl~ 



send you a free copy of the Working The truth is, we believe there 
Model* you're most interested in. could be only one reason why people 

Or, if you would prefer, just ask might not see just how much Windows 
for the date, time and location of a Computing means to the future of the 
Windows Computingr=~~~L........ personal computer. 
seminar being held They haven't looked. 
near you. Either way, M';,..DESQliZ. 
the experience is ..,_'- , - I• 
sure to impress you. Making it all make sense· 
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BITE editors' hands-on views ofnew and developing products 

~:..u 

Ventura Publisher, ' 
Macintosh Ed ition 1.0 

-·-··..-iScanMan 256 

-~- ----._....,.,.. r _...,. •I-:::--......,.., 

NewWave 3.0 

WinSleuth 

......... ....... ,___ 

..... --~- ,...._.._ ..WordPerfect Rhymer ,._ .................. ___ , ..... ,_
,.. .--·-· 

--·-·~-·--··-........... _... _,
_•---.-·-··-- ... .____.._.,__.. .... 
.,._. .. _ - ____,~-

Ventura Meets the Mac 

you work in a mixedI f machi ne environment in 

which ome people are using 
Ventura Publisher on their 
PCs, the an·ival of Ventura 
Publisher, Macintosh Edi
tion 1.0, is good new . 

Ventura Mac i a traight
forward port of the ver ion 
running under Window , 
which makes jumping be
tween ystem ea y; if you've 
learned one, you've basically 
learned the other, and that' 
what platform hopping is all 
about. I was able to take a 
di er e bunch of Ventura files 
that the BYTE Lab taff had 
!!enerated on DOS machines, 
~ove them to the Mac (u ing 
the BYTE LAN and LapLink), 
and open them up, with their 
styles and format intact. Thi 
wa painles . The fact that you 
can easily wap Ventura-pub
lished document between PC 
and Macs is one of the great
est advantages of this program. 
Only Aldu PageMaker 3.0 
currently provide thi capa
bility. 

Working in a di ver e envi
ronment is a Ventura forte. 
Be ides letting you wap be
tween Mac and PCs, thi 
program will pull in text from 
most word proces or you ' re 
likely to run across and graph
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ic from mo t drawing or 
painting programs. 

Ventura is also good at 
working with long documents. 
You can line up a tring of text 
files, and the program will run 
them from page to page, al
mo t automatically etting up 
the extra pages as needed. 
Ventura i built for thi kind 
of work. With it cro -refer
encing and indexing capabili
ties, it' s e sentially a book
oriented page composer. 

For doing a long but 
straightforward publication
no fancy layout , few graph
ic -Ventura is a good choice. 
But for document with a naz
zier look a more complex 
page structure, and heavy on 
the graphics, Ventura is- and 
here we walk into the shadowy 
land of subjectivity-hard to 
work with. Maybe I've been 
u ing PageMaker too Jong, but 

THE FACTS 

Ventura Publisher, 
Macintosh Edition 1.0 
$795 

Requirements: 
Mac with 2 MB of RAM 
System 6.0.2, Finder 

I find it far more flexible for 
page de ign. lcs approach, 
descended from the cut-and
paste world of the composing 
room, feel right. Ventura i 
more geometrical. Like some 
other popular programs Ven
tura uses frames. Everything 
you do ha to be within a frame 
(a rectangular area). You can 
expand and brink the e 
frame , and you can mo e 
them around on the page ea 
ily enough. but we' re still talk
ing rectangles. I find this con
fining . 

Whi le PageMaker i an 
excellent tool for de igning 
layout , letting you freely 
move thing around and 
change widths, length , and 
shape of column , Ventura i 
more of a layout fulfillment 
program. I d recommend 
sketching your page design on 
paper ftrst. 

6.0.2, and a hard clisk 
drive. 

Ventura Software 
15175 Innovation Dr. 
San Diego, CA 92128 
(619) 673-7524 

Inquiry 1160. 


Ventura does beat the pants 
off PageMaker in a couple of 
thing , particularly working 
with tabular material. Setting 
up a table with PageMaker 
almost hurts. Ventura has a 
wonderful dialog box in which 
you specify how many rows 
and column you want· you hit 
a button, and there it is-a nice 
grid that you can jump around 
in, from cell to cell, u ing 
pointer or cur or keys. The 
program al o excels at setting 
up equation which can be a 
typesetter's nightmare. 

Another of Ventura Mac's 
strengths i in tylizing the text 
on the page. The program wiU 
let you as ign a style (e.g., type 
of font or character size) to 
every paragraph. You can keep 
these different styles in a cata
log ot sorts. This collection of 
style sheet can also include 
specification for the page it-
elf. 

There' s not room here to 
cover all the capabilities of 
Ventura. For a better look at 
tbi and other desktop publish
ing package , ee ··1 the Type
ener Obsolete?" in the Octo

ber BYTE. And before you 
buy. take them all for a te l 
drive. 

Page- layout oftware. like 
any other program that com
bine functionality and aes
thetics, i a highly ubjective 
matter. What one per on finds 
excellent is execrable to ome
one else. What one u er finds 
intuitive i arcane to another. 
I know totally rea enable 
people who swear by Quark 
XPre s, and professional 
graphic de igners who con
coct fine-looking materials 
with Ventura . Although 
wouldn't want to switch from 
PageMaker to Ventura, I can· t 
say it's not right for you. This 
is a good program that does 
what it's designed to do. The 
que tion is : Does it do what 
you want to do? 

-D. Barker 
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Logitech Puts 
Photo-Realism 
in Windows 

T he ScanMan 256 is a 256
gray- le vel canner that 

can can at up to 400 dots per 
inch. ll is imi lar in appearance 
to previou Logitech canner 
but ha a number of functional 
improvement . The canner 
it elf i in a head a li tt le over 5 
inches wide. Below thi is the 
body of the canner. which you 
bold to move it. The body ha 
a number of witche that you 
u. e to et the variou canner 
mode . The ScanMan 256 al o 
ha an indicator light that 
how if a can i being made 

at the right peed. 
The ScanMan 256 i de

signed to be u ed in a Win
dow 3.0 environment. IL 
come with a gray-scale can
ning and edi ting package 
called Ansel , which controls 
the canner directly from 
within Window 3.0 and pro
vides ome easy-to-u e tools 
for editing. Logitech ha pro
vided a imple DOS Scan utiJ
iry that lets you . can, view and 
save image without entering 
Windo' 3.0 or u ing An el. 
However, it isn't a flexible or 
a ea y to u e a An el, and it 
doe n 't include editing tool . 

In talling the canner and 

Hewlett-Packard's Newest Wave for Windows 


THE FACTS 

ScanMan 256 
$499 

Requi remems: 
lBM PC or compatible 
running Wi ndow 3.0. 

oft, are i ea y. Logitech ha 

et the default to match the 


mo t ljkely free configura

tion . II I had to do wa plug 

the canner board in my y 
tern , plug in the canner, install 

the oftware u ing the supplied 


Logitech, lnc. 
6505 Kai er Dr. 
Fremonr, CA 94555 
(415) 795-8500 
Inquiry 1161. 

ln tall program. and tart scan
njng. Setting up the scanner in 
any of it different mode i 
done imply by etting the 
switche . The controlling oft
ware read the e automaticall 
and adju t accordingly. 

0 ne of the mo t intere t
ing-a nd potentia lly 

most important-application 
to appear for Micro oft Win
dows 3.0 i an updated version 
of Hewlett-Packard' New
W ave en ironrnent. There are 
two way of looking at thi 
program: a a et of rea ona
bly priced utilities for Win
dows, or as a glimpse of what 
most graphical user interface 

(G l ) wi ll be like in the fu
ture. 

Thi late t ver ion of 
ewWa e introduce an 

Agent capability, which i 
e entially a powerful key 
board macro fac ility. To per
form a given ta k, all you need 
to do is elect that ta k·s icon 
and drop it on the Agent icon, 
which look remarkably like 
Patric k McGoohan in the 

·•secret Agent .. TV show. One 
of the nice thing about thi 
macro facility i it ability to 
do ta k on a routine ba i 
(e.g.. e ery hour. day , or 
week). 

Another important feature 
of rhi new ver ion i net\I ork 
support, which let u er share 

ewWave feature 	. 
Perhap the mo t important 

feature of ewWave-and the 

Choo ing the right etting 
for a an i nor a irnple mat
ter. With the range of option 
av:iilabl . it become impor
tant to make a careful choice. 
The problem lie in the ize of 
the image file created at high 
re olution " ith large number 
of gray cales. A simple 2- by 
2-inch image take up alma t 
2 megabyte at 300 dpi with 
2"6 gra cale . Thi taxe the 
memory of the sy tern con id
erably. Logitech ha de i ed 
it own y tern for paging im
age data t and from di ·k to 
counteract thi . but the bottom 
line i that if you want to can 
image at 300 or 400 dpi with 
2"6 gray cale . you'll need a 
lot of memory. What etting 
you choo ·e al o depend on 
whether you want to u e line 
art, perform optical character 
recognition, or ha e true gray
. cale image:. 

I sca nned a range of actual 
photograph and - orne from 
magazine . and the quality of 
the re ult was extremely good 
at all le el . 0 erall. l found 
the ScanMan _56 an extremely 
powerful and flexible canner. 
It i u eful for canning mall 
document and all kinds of 
image . But I would recom 
mend that you make ure that 
your y tern can deal with the 
kind of large file that a scan
ner thj PO\ erful can create. 

-Owen Linderholm 

ha.rde t to de cribe adequately 
in a imple feature Ii t-i its 
upport of object . 

ewWave ha no data file 
as uch. There a.re only objects. 
which are data file that have 
been linked to a NewWave 
application. One important 
type of object is a folder, 
which function much like a 
Macinto h folder. It can con
tain other object , and you 
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organjze your de ktop, or 
Office. a 1ewWave refer to 
i !. 

There are al o no applica
tion a uch. What look (jke 
application are really tool 
pecialized folder that tore, 

print, or delete the object 
dropped onto them. 

Crea ting a new data file in 
ewWave involves an un

u ual proce . For example. in 
Window , you tart a new 
pread beet data fi le by first 

clickfog on the Excel icon and 
opening a new file. In New
Wave. you instead elect the 
menu command Create a New 
Object. A dialog box then asks 
you what type of object you 
\ ant to create. You could then 
elect a Lotu 1-2-3 object and 

give it a name. An icon for a 
Lotus object would then be 
di played on the 1ewWave 
Office work pace. When you 
click on thi application, 

ewWave will automatically 
load 1-2-3 and launch you into 
the data file you elected. 

The mo t important capabil
ity of 1ewWa e's object is 
their abi l.ity to incorporate 
other object . Unfortunately, 
onJy tho e object that are 
linked with a mall number of 
true ewWave application 
have thi capability. For e 
ample. ewWave Write. the 

THE FACTS 

NewWave3.0 
$195 

Requiremems: 
IBM AT or compatible 
with a hard di k drive, a 
mouse, and Windows 3.0. 

ewWave ver ion of the 
imp! Windows Write word 

pro e or, can incorporate 1
2-3 object , but 1-2-3 object 
cannot incorporate other ob
je t . 

Since ewWave Write ha 
the capabili ty to incorporate 

Peeking Through Windows 


T he original Sy tern Sleuth 
for DOS wa a diagno tic 

package that nooped around 
your PC and told you all ort 
of goodies about its configu
ration. including the micropro
ce sor type. how much and 
what kind of memory wa 
available and the re ult of 
power-on elf te. t (POSTs). 
It al o fi hed out a lot of e o
teric but important data about 
l/O card , hard di k drive par
tition . de vice driver , and 
TSR program . 

Moving the package to the 
Window 3.0 environment, 
Dariana Technology Group 
confronted an intere ting di
lemma: When a PC runs in 
protected mode in tead of real 
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mode, a lot of nut -and-bolt 
infomiation about the com
puter becomes invi ible or ir
rele ant. So what" left to di
agno e? 

Plenty, a it tum out. 
Datiana' new WinSleuth till 
deliver page of data that can 
help you ummarize your 
y tem · configuration re
olve board conflict . or iden

tify nagging oftware incom
patibilicie . Even without it 
diagnostic capabilitie , the 
package mjght be indispen 
able for y tern administrator . 
who could print out and file a 
complete report about every 
y tern in their facility. 

Gone from WinSJeuth
when it i running in Window 

Hewlen-Packard 
Santa Clara Info1mation 
Sy tem Division 
3410 Central Expy. 
Santa Clara, CA 95051 
(408) 749-9500 
Inquiry 1162. 

other object , it is actually a 
fairly impres ive word proce 
or. ln a ewWave Write 

document, you can in en 
table from 1-2-3. graphic 
from HP' optional DOS
ba ed graphic program . and 
imple annotation . And a 

tandard or 386 enhanced 
mode -i the low-le el data 
about memorv aHocation. di k 
drive partitions. and device 
driver , ince the e are handled 
by Window . If the package i 
run in Window real mode. 
however. more low- level in
formation i provided. al
though omeofiti n' trele ant 
to the behavior of the y tern 
in protected mode. 

What i gained in Win
Slemh-aside from an attrac
tive and very imp le graphical 
u er imerface-i pecific in
formation about the Window 
environment. including how it 
has allocated avai lable mem
ory, which dri er it i u ing 
to talk to your peripheral , and 

more object type appear 
(made pos ible by new ew
Wa e applications), ew
Wave Write wiJJ continue to 
acquire new capabilitie . 

nfonunately. there' a 
dark ide to ewWave. For 
one thing. the program i huge. 
It take up about 7 megabyte 
of di k pace and require 
quite a long time to in tall. 

I ewWave al o suffer from 
a lack of application . Only a 
handful of programs now work 
well with it. Some orely 
needed application that HP 
wou ld do well to add are 

ewWave er ion of Win
dow Paintbru h or Terminal. 

In ome ca e . the program 
could be markedly impro ed 
by imple addition . For ex
ample, you can incorporate 1
2-3 table into ewWave 
Write document . but you can
not change the font that the 
tables appear in. Jf you could 
change the font ewWave 
could function a a nice com
plementary program for 1-2-3. 

NewWave i a very imere t
ing program. and it' available 
at an affordable price. It i 
probably true that omeday all 
GUI will be (jke it. But it 
need a few more applications 
before it become a required 
day-to-day bu ine tool. 

- Rich Malloy 

how it i managing ta k . The 
new relea e al o add a file 
ie\ er for peering into your 

hard di k and a new module 
for analyzing network connec
tion . . 

The re t of the package i 
organized imilarly to the DOS 

er ion. a a erie of modules 
addre ing different sub y 
tern : mjcroproce or, POST . 
hard di kdrive. video/di play. 
RAM, l/O card . printer and 
DOS. 

For example, the General 
lnfonnation ection tells you 
what CP you are u ing (al
though not the clock peed), if 
you have a math coprocessor, 
and how many and what kind 
of 110 ports and storage 
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peripherals are installed. 
The module affected by the 

difference between Windows 
modes include hard di k d1ive. 
DOS, and RAM. The hard disk 
drive module alway tell you 
how many ectors and file al
location tables you have, but 
in real mode you can al o ee 
partition information. In real 
mode. the DOS module how 
you device d1iver and TSR 
program . The RAM module, 
in 386 enhanced mode. gi es 
you exten ive information on 
memory allocation by the 
DOS Protected Mode Inrerface 
memory manager. 

Perhap the mo t u eful 
feature of WinSleuth are it 
help y tern and Window 
Tune-Up module. The on-line 
help is like a hort cour e on 
the inner working of PCs and 

m.;==-r-i 
REAL "400£ SE6ME»l Al om 
~==~·=· :~~~ -OJPtRJGKTF~ES'~TtMSl8C 1987.1938 iW.RIGHlS 
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Window : I recommend work
ing your way through each 
topic. And if you need advice 
on getting the be t perfor

mance out of your y tem 
under Windows run the Tune
Up fo r ugge tion that range 
from adding more RA , to 

Could WordPerfect Rhymer Be Finer? 


W ord Perfect Corp. ha 
come up wirh a truly 

unique writer ' helper in 
WordPerfect Rh ymer a 
93,000-word American En
gli h rhyming dictionary. 

Rhymer is a tool for the 
tudent of the sound of lan

guage. A TSR program requir
ing 34K by te of RAM, 
Rh ymer earche fo r a variety 
of rhymes and phoneti c pat
tern . l t work with any DOS 
word proce or. 

Being a ucker for a good 
rhyme. I loaded Rhymer onto 
my hard di k. The program 
took up a mere half-megabyte 
of storage pace, which was 
good new . The program 
worked fine with my word 
proce sor and my other TSR 
dictionary, neither of which 
carrie the WordPerfect label. 

To ee whether Rhymer 
could determine which words 
have multiple pronunciation . 
I reque ted a triple rhyme for 
the word interested. The re-
ult were po iti e. Rhymer 

asked me to elect between the 
pronunciations ··in-tu-ru -ted'. 
and 'in-trus-rud" before begin
ning its rhyme earch. 

Although Rhymer i n' t 
designed for regional U.S. 

136 B YT E • NOVEMBER 1990 

dialects, it doe include a pho
netic finder to belp you tailor 
yo ur rhyme earch to uit your 
speech patterns. Thi fea ture 
includes a phonetic chart-

THE FACTS 

WordPerfect Rhymer 
$79 

Requirements: 
IB PC or compatible. 

similar to a pronunciation key 
in the front of a dictionary
that Ii t a variety of ound , 
including vowel , top , frica 
tive , affricate . liqu id . and 

WordPerfect Corp. 
1555 Orth 
Technology Way 
Orem, UT 84057 
(80 I) 225-5000 
Inquiry 1164. 

THE FACTS 

WinSleuth 
$149; $60 upgrade for 
System Sleuth owner 

Requirements: 
IBM PC or compatible 
with Windows 3.0. 

Dariana Technology 
Group, Inc. 
6945 Hermo a Cir. 
Buena Park, CA 90620 
(714) 994-7400 
Inquiry 1163. 

optimizing your hard di k 
drive, to removing confl icting 
extended memory manager . 

- Andy Reinhardt 

glides. lf your pronunciation of 
the word car sound more like 
"cah," for example, you can 
instruct Rhymer to search for 
words with the <aw> vowel 
sound. And you can control the 
cope of your rhyme hunt by 

limiti ng the number of syl
lable and letter you want the 
program to earch for. 

I had just one major com
plaint about Rhymer: The 
program di play only 24 
rhyme at once. Once you hit 
Enter to ee addi tional rhyme. , 
you can't go back to review the 
previou Ii t. Since many 
word have dozens of rhyme , 
it would be helpful to be able 
to page through an entire list 
much as you page through a 
word proce ing documen t. 
You can configure Rhymer to 
-ave all rhyme in a DOS text 
file, however, but you mu t 
ftr t exi t the program to view 
the Li t. 

o doubt omeone will 
eventually include a rhyming 
utility with a spelling/grammar 
checker program, or perhaps 
with an on-line dictionary, but 
unti l then. Rhymer i good 
enough for the rhymin ' fool in 
all of u . • 

-JeffBertolucci 

http:AYAJU.Sl


warranty, and unlimited 
800-line support. Call 

1-800-633-1925 today! 

The Cure 
For The 
Co111mon 
Clone. 
Introducing The BRICK™: 

386SX™ power, a 44-212 MB HD, 1-8 MB RAM, 1024 x 768, 

with a 2,400bps modem . .. and it fits in half a briefcase! 


of a desktop and the 
portability of a laptop. 
BrickN starts a whole new 

nience. 
For some, the 

Brick is the perfect 
desktop PC. 
enough power, storage 
and graphics capabili
ties to run the 
most demand
ing applica
tions. It's the 

I 

ow you don't have to 
choose between the power 

The 

era of flexibility and conve-

It has 

first desktop PC 
that's quiet 
enough, small 
enough, elegant 
enough not to 
be banished 

puter and a home 
computer. The 
core module is no 

have one machine, with 

bigger than a 
collegiate dictio

Complete 

nary, and weighs 

all your files , wherever 
you need it. 

systems start at 
just $2,695. 

----~~ "' 
~ 

1 ' I 

Call l-800·633-19ZS today ;! 
Ergo Computing, One lnterconHnental Way, Peabody, MA 01960 (50&) 535-7510 FAX (50&) 535-7512 fu 

Circh 127 on Reader Service Card 

only 8.3 
pounds. 
Simply keep 
a full-sized 
keyboard 
and monitor 
at your home 
and office 
and carry 
only the 

Brick in between. You can 

FREE CATALOG 
You'll find complete 

information on all Brick 
systems, plus a full comple
ment of enhancement 
products in our free 32-page 
catalog. All products come 
with a 30-clay satisfaction 

guarantee, a one-year 

...... 
Order Direct! 
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Introducing the new HP LaserJet 
IUD printe1: The LaserJet that com
bines all of the advanced capabili
ties of the exciting Laser Jet III with 
all of the paper-handling featw-es 
required by today's busy office. 

There's a lot to like. Like two 
paper trays for different types 
and sizes of paper. 200- heet 

capacity in each of those trays 
for less reloading. And two
sided printing that lets you easily 
condense your output. Even an 
optional automatic envelope 
feeder that eliminate manual 
feeding. 

Equally impressive is HP 's Reso
lution Enhancement technology 

Pioneered in the La erJet III, 
this technology actually varie 
the size of dot . o curve really 
curve. Line are never jagged. 
And you get re olution never 
before een in a 300 dpi printer. 
Output has never looked so good. 

Documents can be made even 
more elaborate thanks to our en 

•suggested t;. list price. Adobe and Posc&ripl are registerl"d trademarks of Adobe ,.-srems Inc. in the r.. and in other countries. 
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yolill automatically like 

the newHPLaserJet IIID. 


Two-sided printing means 
better paper usage and more Resolution Enhancement 
professional -looking documents. technology actually shrinks dots 

to handle the fine t curve . 
Enhancements to our 

The optional envelope HP-GL/2 language allow 
feeder allow for up to you to re\·er e, scale, 

and shade output.fifty envelopes. 

1\vo paper t ray 
allow for regular 
or legal corre
spondence while 
also increasing 
paper capacity. 

hanced PCL5 printer language, 
which includes HP-GL/2 graphics 
language. You can print regular 
or reverse type. Shaded text Even 
portrait and landscape on the 
same page. 

Beyond this, all types of options 
are available for all types of users. 
Which means you can customize 
with Adobe PostScript® software. 
Add memory. Or better express 
yourself with our Masterfype 

itl l990 Hewlen ·Packard Company PE12022 

library of fonts and typefaces. 
You can even cormect a Macintosh. 

The best pazt is that the $2,395* 
LaserJet III and $3,595* LaserJet 
IIID are both easily within any bud
get So call 1-800-752-0900, Ext. 
1586. We'll tell you where to find 
your nearest authorized HP dealer. 

F//'91- HEWLETT 
a!/.!a PACKARD 
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COVER STORY 

Compaq Notebook 

Ups the Ante 


ake a Compaq Deskpro 386120, 
give it a faster hard disk drive, 
and squeeze it into a 7 'h-pound 
notebook-size format , and you 

have the Compaq LTE 386s/20. Worried 
about expandability? No problem· Com
paq will sell you a Desktop Expansion 
Base that provides AT-compatible slots 
and mass storage expansion options and 
allows the LTE 386s/20 to double as your 
desktop system. 

The LTE 386s/20 is unique on two 
counts: It is the first notebook PC to use 
the 20-MHz 386SX CPU, and it is the 
only notebook PC that is convertible to 
desktop use. (At this writing , only a 
handful of other vendors have announced 
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TheLTE 386s/20 

is thefirst notebook-class 

PC that has a20-MHz 

386SX CPU and converts 

to a desktop system 

• 

Michael Nadeau 

16-MHz 386SX notebook PCs; none are 
shipping at this time.) In fact. it is the 
only notebook PC powerful enough to 
compete with the typical desktop systems 
that businesses are buying today (see 
photo 1). There is a catch, and that is the 
LTE 386s/20's price tag: $6499 for the 
base system; the Desktop Expansion 
Base is another $1499-not including a 
full-size keyboard or external monitor . 
(All prices mentioned are not final, but 
Compaq says prices will not exceed those 
listed here.) 

The base system, the Model 30, comes 
standard with 2 megabytes of RAM, a 
4K-byte RAM cache, a 3 'h-inch 1.44
MB floppy disk drive, a 2 V2-inch 30-MB 

Conner Peripherals hard disk drive , a 
640- by 480-pixel VGA display. and sys
tem utilities. This version also comes 
with a full complement ofl/O ports: one 
serial , one parallel and one mouse port · 
ports for an external monitor keyboard , 
and keypad; and an ··external options 
interface ." 

The Model 60 comes with a 60-MB 
hard disk drive and lists at $6999 . It will 
be the first system to ase the 2 V2-inch 
drives of that capacity. Compaq called 
the unit that I saw an early prototype, al
though it appeared to be of production 
quality and seemed fully functional. 
The LTE 386s/20 should be out by late 
October. 
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Photo 1: The Compaq LTE 386s/20 is arguably 
rhe world's mosr powerful 7-pound PC. 

The LTE 386s/20 is rhe fastest norebook-class PC that BYTE has 
benchmarked to date. It seems that Compaq simply shrank its Deskpro 386120 
and gave it a faster hard disk drive. The Dell 320LX is a 20-MHz 386SX 
deskrop system included for comparison. 

LTE-Like in Looks Only 

At first glance, the LTE 386s/20 is iden

tical to the original LTE except for color; 

it is beige instead of gray. On closer in

spection, you can see differences in drive 

location , thickness , port arrangement, 

screen size, and some cosmetic aspects. 


Compaq has a totally new design for 
the electronics, which determined the 
placement of the drives . For the mother
board , the LTE 386s/20 uses a manufac
turing technique developed for the aero
space industry. If you look inside the 
computer, you 'II see what appears to be a 
three-piece motherboard-two boards , 
one on top of the other, and a third board 
mounted vertically at the rear and 

PHOTOGRAPHY : PAUL AVIS © 1990 

CPU Disk Video 

Compaq L TE 386s/20 2.58 2.32 8.00 
Compaq Deskpro 386/20 2.58 1.72 8.21 
Dell 320LX 2.1 9 1.86 7.1 0 

Benchmark resulls are indexed to snow relauve per'ormance: higher numbers 1nd1ca1e bener per orrrance. For all 
indexes. an 8-MHz IBM AT run ng MS·DOS3.3 ~ 1 
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COMPAQ LTE 3865/20 


Photo 2: On the left is the LTE 386s/20 motherboard 

before it is punched out from its silicon casing. 


On the right is the motherboard as it is installed in the computer. 


holding all the ports . These three com
ponents are manufactured as one sheet, 
connected by the cabling and thin silicon 
tabs. A machine " punches out" the 
motherboard along these tabs , and then, 
after the components are in place, it is 
folded by hand into its proper configura
tion (see photo 2). The procedure speeds 
assembly and helps conserve space in
side the unit. 

A major weakness of the original LTE 
was its CGA display with its less-than
perfect aspect ratio. Compaq saw the 
light and gave the LTE 386s/20 a full 
VGA display, although this added a 
smidgen to the unit's thickness. The 
screen is edge-lit and has good contrast 
and even light distribution. 

All the ports congregate behind a slid
ing door (a nice touch) to accommodate 
the Desktop Expansion Base with its own 
1/0 ports, which are ex.tensions of those 
on the notebook. Unlike with the NEC 

THE FACTS 

Compaq LTE 386s/20 Model 30 
No more than $6499 

Compaq Computer Corp. 
P.O. Box 692000 
Houston , TX 77269 
(713) 370-0670 
Inquiry 1079. 

ProSpeed SX/20 (see "The NEC Pro
Speed SX/20: Take It and Leave It," 
September BYTE), you must maintain 
separate CONFIG.SYS and AUTOEX
EC.BAT files for the portable and desk
top configurations of the LTE 386s/20 
(this is especially important if the desk
top version is on a LAN), and you must 
remember to use the correct combina
tion. 

Unfortunately, no prototype of the 
Desktop Expansion Base was available 
for me to see. Its features include two 
full-size 16-bit expansion slots , monitor 
and keyboard ports, and two 5 1A- or 3 \12
inch drive bays. 

What has not changed on the LTE 
386s/20 is the keyboard. It is the same 
80-key IBM Enhanced-compatible lay
out. Key travel is somewhat less than 
what you find on desktop units , but the 
tactile feedback is adequate. I prefer the 
familiar inverted T arrangement for the 
cursor movement keys , rather than Com
paq's cumbersome reclined L configura
tion . 

Memory expansion makes use of the 
increasingly popular RAM cards. The 
LTE 386s/20 has two slots into which the 
credit-card-size RAM cards slide. Prices 
forthe RAM cards, which come in I-MB 
and 4-MB configurations, are $549 and 
$2599, respectively. 

Compaq claims a battery life of about 
3 hours . I didn't have the opportunity to 
verify that; it is about an hour less than 

the rated time for the original LTE. The 
LTE 386s/20 has a fast-charge feature 
built into the system that brings the bat
tery back to full capacity in l V2 hours . 

Early Assessment 
The preliminary BYTE Lab low-level 
benchmark indexes place the LTE 386s/ 
20 on a par with the Compaq Deskpro 
386/20 in the CPU and video categories , 
but the notebook 's speedier hard disk 
drive bests the Deskpro 's index of 1.72, 
with a score of 2.32 (see the table). o 
other notebook-class PC even comes 
close to this performance . The LTE 
386s/20 will run any software that you 
are likely to use , and at an acceptable 
pace. 

The price will scare away casual users 
and many cash-conscious businesses , but 
the LTE 386s/20 seems to have what 
computing-dependent businesses need: 
power and flexibility . Compaq ' s reputa
tion for high quality and compatibility 
further enhances the product . (Some of 
the original LTEs did have a problem 
with cracking cases ; Compaq insists that 
it has solved that problem by going with a 
stronger plastic for the case.) But price 
aside, Compaq has produced the high
performance notebook PC against which 
all others will be compared. • 

Michael Nadeau is the managing ediror 
of the BYTE Lab. You can reach him on 
BIX as "miken. " 
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They Left out Features .... 

We Left out the (~()11111.\!! 


The only thing missing... 
is the comma in the price. If you 
look at the chart on the right you 
will see prices charged by our com
petition. All but one contain a 
comma. DesignCAO 3D sells for 
$399.00. Period. No Comma! 

In order to draw the complex p ic
tures shown below it is desirable to 
have the following 3D features: 

• 	 Interactive design with 30 

cursor 


• 	 Blending of surfaces 
• 	 Boolean operations such as 

add, subtract, and 
intersection 

• 	 Complex extrusions 
• 	Cross sectioning 
• 	 Block scaling 
• 	 On screen shading 
• 	 Shaded output to printers and 

plotters 

All of these competitors left out one 
or more of these desirable features 
in their standard package. They 
didn ' t forget the most horrible fea
ture - the comma. 

DeslgnCAD 30 offers ALL the listed 
features plus many more ! 

If DesignCAO 3D has the power to 
create the 30 objects shown below. 
imagine how it could help with your 
design project! 

OeslgnCAD JD sells for 5399. We left 
outthecomma. Wedidn't thinkyou 
would mind! 

PC MAGAZINE SAYS... 

DesignCAD 30 , the latest feature
packed, low-cost CADD package from 
American Small Business Computers, 
delivers more bang per buck than any 
of Its low-cost competitors and threat
ens programs costing ten times as 
much. For a /ow-cost, self-contained 
30 package... DeslgnCAD's range of 
features steals the show." 

$399 


AutoCAD rel.10 

CADKEY3.12 

Mega Model 

MlcroStatlon PC 3.0 

ModelMate Plus 2.8 

VersaCAD Design 5.4 

AutoCAD AEC $1 ,000.00 AutoShade $500.00 

Solids $995.00 IGES trans lator $1 ,995.00 

MegaDraw $195. List $295, MegaShade $395 

Customer Support Libraries $1,000.00 

Source:Byte Mag8%lfle 

BYTE MAGAZINE SAYS ... 
"At $399, DeslgnCAD 30 was the least 
expensive package we saw, yet It was 
one of the more powerful. ..Don 't be 
fooled by the remarkably low price, this 
program can really perform." 

Mav 1989. oaae 178 

Complete 3-0imensional design fea 
tures make it easy for you to construct 
realistic 3-D models. With full solid
object modeling capabilities you can 
analyze your drawing to determine 
the volume, surface area or even 
centerofgravity! OesignCADJ-D even 
permits you to check for interference 
between objects! Aeronautical Engi
neers can now find the center of grav
ity for a new airplane design with a 
couple of keystrokes. The Architect 
can determine the surface area of a 
roof for decking in a matter of minutes. 
The Civi l Engineer can calculate the 
volume of a lake or dam in seconds. 
The Mechanical Engineer will know for 
sure if certain parts fit together without 
Interference. The uses for OeslgnCAD 
3-0 are only limited by YOUR Imagina
tion! 

HOW DO I GET ONE? 

OesignCAO 3-0 and OesignCAO 20 ore 
available from most retail computer 
stores. or you may order d irectly from 
us. If you have questions about which 
program to purchase please give us a 
coll. All you need to run OeslgnCAO 
3-D is on IBM PC or compatible com
puter with 640 K RAM memory and a 
hard disk. Both products support most 
graphics cords. printers. plotters and 
digitizers. Free Information and a demo 
disk ore available by foxing (918) 825
6359 or telephoning: 

1-(918) 825-4844 
American Small Business Computers • 327 South Mill Street • Pryor, OK 74361 U.S.A. 
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ANY SYSTEM. ANY 

The computing 
world is a changing 
place. That's why 
we 're introducing a 
1otally new family of 
universal removable 
storage products 
that can be easily 
attached to toda)' 's 
newest systems. 
Our Parallel Port 
lnrerface even lets 
youallach a 

Bernoulli ' brought worry.free slorage to everyone-now 
you can take it everywhere. Our new Transportable packs 
al/ the power and data security of our 44MB removable 

Bernoulli to com
puters wilhotit an 
expansion slot or 
SCSI port. ow 
that's versatili(y. 

~ l._-----'~ 

When space allows, the Bernoulli 
Insider fits neatly into leading PC and 
PS/ 2 computers. As a total s/orage 

8ERN{J()l.UAT~~ solution, i/'s much better than a hard 
disk plus tape because you ge1 thet>ttkCD'll,'!J..,,.,,,fto11
benefirs of bolh, along with the un· 
limired da1a grow1h and security of 

- ~z'°· 'lt"/.f·l/~,jltr .p,111~ 

&'riv~ c~ml(t"..-f~ removable s/orage.-J:;/,..(. orQlv4;l11"1-,.,,/,,..~.1t,,....1) 

- (·J"CW~f'Dri.OI~ . 


Effa::hvt!.Axet:J 7i,:.,~ 
• 2Z "frt!C. 

For 1he truly power hungry. 1he 
Bernoulli Dual is your premi· 
um choice. It 's optimized 
to bring you up to 89MB 
of removable on-line 
storage with a 22msec 
effective access time. 
And it makes disk- IE<f'O..W ;z..._,,_ 

10.<Jisk copies in un· 
der 1hree minu1es. 
That's performance 
for the real world. 

= 


M~,, 7il.te 1>elsvet;r Fo//vf'lt. 
-601()()()11,,.r. 

eo..,~r,'b;1,,,x.-
- 'Po~ .Jt.I 'Pr/z:."' 
- 1'1'!'Jefor'1,"'t?S/z"' 

- W"'®"'~NefW11r~ 


lnsf!J//er/Btre
- 62>,ooo dr,;,es 

- ~,7~ooo o'/rk.r 


Bernoulli's removable disks are 
the most rugged available. And 
we back rhar up wilh an 
unheard-of 5-year 
Gold Standard 
limiled 
Warran(y. 

http:f'Dri.OI


disk driue info a convenient, AC-powered unir. And the 
price? We 'ue greatly reduced ii on all Bernoulli products 
(up to 22 percent), so they 're more affordable lhan euer. 

Who says you can't take it with you? The new 
Transpor1ab/e and Portable were specifically 
designed far a shrinking world on !he 
moue. But just becau e they 're ligh1
weight daesn 't mean lhey 're lighl on per
formance. Bernoulli implements !he /a/est 
drive enhancemenls 10 help you keep 
pace with your busy schedule. 

I lII 

rlME. ANY PLACE. 
~·I 

What ifyou're caugh1 someplace wilh a lot ofwork to do and no 
out/els 10 be found? Vo problem. Each remo~·able ballery in !he 
Bernoulli Portable provides approxima1ely two hours ofoperation. 
And you can run ii off 1he ACadapter while 1he battery is charging. 

You don~ 1rnn1 to en/rust 
your da/a to anything you 
haue to pamper. Thais -
the beauty of Bernoulli. 
f1s palented design spins 
a flexible disk al hig/1 
speed, dra1L·1ng it toward 
1he head. Should your 
system encounter a 
bump, air impurity, or 
pawer-loss. 1he flexible 
disk simply falls away 
from the head. The 
result?Hard.<Jisk perfor
mance without rhe risks. 

Wi1h all !he compU/ing 

choices oU/ there, !he last 

lhing you need is a s/orage 

device that limits your 

options. Our new univer

sality is a unique innoua· 

lion which leis you easily 

attach !he same Bernoulli 

to most any system, giving 

your data (and budget) 

proteclion for tomorrow. 


ANY QUESTIONS? 

The res/ of1he Bernoulli s/ory is jusl a phone call away. Dial /. 00-777-6616. 

We 'II rush you a free copy of this /imi1ed-edi1ion, 18-page brochure. It's 
packed wilh everything you need to know about removable dala storage. 
Any way you like it. 

BERNOULLI" 
STORAGE SOLUT I ONS av l·MEGAS 

Circle 183 on Reader Service Card (RESELLERS: 184) 
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Owen Linderholm 
and Jeff Bertolucci 

The New Macs on the Block 
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F R S T M P R E S S 0 N S 

A
!though Apple has long been 
fond of calling the Macintosh 
"the computer for the rest of 
us," many potential Mac users 

have found the machines too expensive 
for their pocketbooks. Apple has long 
been criticized for being too expensive 
and for not being competitively priced 
against IBM PC-compatible computers. 
This criticism seems especially apt when 
you consider that except for a brief trial 
period last year, no Mac has ever had a 
list price below $1000. Since Apple has 
no direct competition in its Macintosh 

Apple's new systems 

feature lower prices 

and anew modular design 

product line, competitive pricing has 
never been its foremost concern. 

Apple is hoping to change that image 
with its introduction of three new Macs. 
First is the long-awaited ' Cheap Mac" 
the new Mac Classic , which retails for 
$999 in its simplest configuration. For 
users who need color but can ' t afford a 
Mac II, Apple will be offering the new 
Mac LC for approximately $3000, in
cluding monitor. Finally, there's a new 
member of the Mac II family , the Mac 
Ilsi, priced at $4870 including monitor. 

Apple is trying to make a point with 

these systems. A Mac always comes with 
enough features to let you get to work im
mediately and productively with a range 
of applications . Features that are options 
on IBM PC-compatible systems are built 
in on the Mac (e.g ., networking, digi
tized sound, and a graphical user envi
ronment). Apple has also tried wherever 
possible to make these systems ready for 
the future-ready , specifically , for the 
forthcoming System 7.0 software. The 
only exception to this is the basic Classic 
configuration, which will require addi
tional memory. 

The Mac Classic 
The Mac Classic represents a complete 
overhaul of the lowest end of Apple's cur
rent product line. Essentially , it is the 
hardware soul of the Mac SE at Jess than 
the price of a Mac Plus. The Classic 
comes in two configurations: a low-end 
model that includes 1 megabyte of 120
nanosecond RAM and a SuperDrive 
floppy disk drive for $999; and a $1499 
model with 2 MB of RAM and a fast (21
ms average access time) 40-MB hard disk 
drive. The street price of the low-end 
Classic might go below $700, while the 
high-end model's might dip to $1000. 

Externally , the Classic closely resem
bles the SE. There are some minor cos
metic differences , but the familiar up
right chassis with the built-in black-and
white 9-inch monitor remains the same. 
The system also remains relatively easy 
to carry around, for a desktop system. 
The high-end model weighs in at 17 
pounds , only 1 pound more than a Mac 
Portable. 

The Classic uses a single Apple Desk
top Bus (ADB) port and two mini-DIN-8 
connectors for the serial ports. In con
trast the Mac Plus used a unique key
board and keyboard connector, and DB-9 
connectors for the serial ports . Unlike 

with previous Macintosh systems, the 
keyboard is included in the price of the 
Classic. 

Other I/O ports include a DB-25 SCSI 
port, an external speaker port, and the 
external floppy disk drive port for 800K
byte or 1.4-MB disks . The Classic 's in
ternal hard disk drive is considerably 
faster than the hard disk drives currently 
available from Apple for the SE. 

The Classic's system board has been 

completely rede igned with lower cost in 
mi nd . It is only 60 percent of the size of 
the SE s system board. Apple put a great 
deal of effort into integrating as many 
functions as possible into custom appli
cation-specific IC and into laying the 
board out optimally. One example of the 
improvements achieved in this way is a 
smaller and lighter power supply that 
powers both the Classic' s main system 
and its monitor. In contrast, the SE uses 
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New Mac 

Lineup 


By January 1991, when the 
Mac LC becomes available, 
Apple's Macintosh lineup will 
contain the following systems: 

PORTABLE FAMILY 

Mac Portable 


COMPACT FAMILY 

Mac Classic 

Mac SE/30 


"LC" FAMILY 
Mac LC 

MODULAR FAMILY 

Mac Ilsi 

Mac Ilx 

Mac IIci 

Macllfx 


New Prices 
for 

Existing 
Macs 

Macllci 

with 4 MB of RAM and 


a floppy disk drive: 

$5969 


Macllci 

with 4 MB of RAM and 


an 80-MB hard disk drive: 

$6669 


MacSE/30 

with l MB of RAM and 


a 40-MB hard disk drive: 

$3369 


MacSE/30 

with 4 MB of RAM and 


an 80-MB hard disk drive: 

$4569 


two separate supplies: one to power the 
digital board, and another to power the 
analog circuits that drive the monitor. 
The Classic 's fan mounts at the bottom of 
the unit for cooling efficiency and is ex
tremely quiet. 

Like the SE, the Classic uses an 8
MHz 68000. Memory is expandable to a 
maximum of 4 MB by adding 120-ns sin
gle in-line memory modules. You add 
this memory by inserting a small card 
that has 1 MB of RAM on it and two 
SIMM sockets. 

Like those of its predecessors , the 
Classic's video buffer is in main RAM . 
While this simplifies the Classic's de
sign (as it did the Mac Plus and SE's), 
there's a 25 percent performance penalty 
for bus bandwidth when RAM used for 
video is accessed to refresh the screen. 
The Classic should be as fast as an SE 
and 25 percent faster than a Plus. 

The Classic has 512K bytes of ROM, 
twice the size of the SE's ROM . This 
ROM incorporates the Hierarchical File 
System and drivers for SCSI , ADB, 
AppleTalk, the Toolbox, and Quick
Draw. 

Where the Classic more closely resem
bles the Mac Plus than the SE is in its lack 
of an internal expansion slot. This was a 
cost/design trade-off. Leaving out the 
slot was a way to save money on the Clas

sic's design, and Apple's research indi
cated that 90 percent of users wouldn't be 
interested in expansion capabilities. You 
could expand the system by way of its 
SCSI bus, but it will be hard to add accel
erators or large external monitors. 

The Classic will ship with the newest 
revision of System software , version 
6.0.6, although it will work with version 
6.0.5. The Classic was, however, de
signed with System 7 .0 in mind. The 
high-end model is System 7 .0-ready , 
while the low-end model only requires an 
additional megabyte of RAM . Although 
the Classic cannot make use of it, System 
6.0.6 includes the new Sound Manager 
with its sound input capabilities. 

Apple is going to discontinue both the 
Mac Plus and the SE, since it believes 
that the Classic is a good replacement for 
both. Those in the market for either a 
Plus or an SE will be better off with a 
Classic instead. (This includes univer
sity students or anybody who wants a 
"transportable Mac " for an occasional 
journey.) According to Apple , retaining 
the small, all-in-one footprint of the 
original Mac is important for the low
end market. 

The preliminary BYTE benchmark re
sults (see the table) indicate that the Clas
sic is- no surprise here- on a par with 
the SE in performance. 

Preliminary BYTE benchmark results (in seconds) for the new Mac Classic 
suggest that it performs at about the same speed as the older Mac SE. 
The Classic turned in an appreciably slower time on two ofthe tests , but this 
could be due to problems with the early prototype we used. The prototype 
system we tested had 2 MB ofRAM and a 40-MB hard disk drive. 

Test Mac Classic Mac SE 

CPU 
Matrix 
String move 

Byte-wide 
Word-wide 
Doubleword-wide 

Sort 
Sieve 

Dlsk l/O 
1-megabyte write 
1 ·megabyte read 

Video Text 
Text 

Tex1Edit 
Drawstring 

Graphics 
Slow test 
QuickDraw 

• Possible benchmark error. 

77.22" 67.10 

374.73 374.50 
187.38 186.70 
121.73' 92.40 
154.53 154.20 
170.83 170.20 

6.63 14.80 
4.38 8.10 

16.35 15.10 
3.85 3.80 

88.28 84.40 
1.22 1.10 

For a full description of the Mac benchmarks. see ··rmroducing the ew BYTE Benchmarks,·· June 1988 BYTE. 
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Mac LC: 
Low-Cost Color in a New Box 
The Mac LC is Apple's " lowest-cost col
or-capable computer" -hence the name. 
This system is intended to fill the void 
between the SE/30 and the Ilx line. The 
LC will be offered for a complete system 
price of $3000, including keyboard (the 
same compact keyboard that comes with 
the Classic) , hard disk drive, and color 
monitor. 

The LC also represents a new design 
shape for Apple. It is similar to Sun s 
' pizza box" workstation, but in a differ

ent , smaller size. The case is a flat box 
shape, measuring 12Ys inches wide by 15 
inches deep by 3 inches high . It weighs 
8% pounds . The front of the case, which 
is similar in style to the Mac II line, has 
a SuperDrive floppy disk drive on the 
right. On the back are seven ports: avid
eo port , a printer port, a modem port , a 
SCSI connector, an ADB connector a 
sound-out port, and a sound-in port. The 
last two provide the LC with built-in 
complete sound-processing capabilities. 

With only 24 chips, the LC's logic 
board represents a high level of integra
tion that helps reduce costs (see photo 1). 
The LC uses a 16-MHz 68020 CPU and 
has built-in video logic like the Mac IIci. 
The system comes standard with 2 MB of 
100-ns fast paged-mode soldered RAM, 
expandable to 10 MB in two SIMM sock
ets . There is no FPU , and no socket for 
one . The 512K-byte ROM includes 32
Bit Color QuickDraw. The system uses a 
40-MB internal SCSI hard disk drive. 

The LC's built-in video upports three 
monitors. One is Apple 's existing 13
inch 640- by 480-pixel color monitor. 
Another is a 12-inch 640- by 480-pixel 
monochrome monitor, a basic redesign 
of the existing 12-inch monochrome 
monitor that makes it cheaper to produce 
while improving the picture quality. 

Finally , a new color monitor , the 
Macintosh 12-inch RGB Display, pro
vides a 512- by 384-pixel display. This 
new monitor was designed because Ap
ple thought that existing color monitors 
didn ' t provide a sufficiently good picture 
with low-resolution 8-bit color and were 
too expensive. Thus, the new monitor 
has a smaller screen that displays 8-bit 
and 16-bit color crisply and clearly. 

The LC uses 512K bytes of video 
RAM on the main logic board as the 
video frame buffer . With this frame buf
fer . you get 16 colors or gray scales on 
the 640- by 480-pixel monitors and 256 
colors on the 12-inch RGB monitor. You 
can expand the buffer by plugging 512K 
bytes of additional VRAM into SIMM 
sockets. At the maximum frame buffer 

size, the LC can get 256 colors or gray 
scales on the larger displays, 16-bit color 
(over 32,000 colors) on the new 12-inch 
RGB monitor, and 256 gray scales on the 
12-inch monochrome monitor. 

The LC also includes one expansion 
slot, a 68020 Direct Slot. This slot is 
similar to the 68030 Direct Slot on the 
SE/30 and allows direct access to the 
CPU bus. However, the LC 's 68020 Di
rect Slot is not compatible with the SE/ 
30's 68030 Direct Slot. Becau e the LC 

doesn't have a ocket for a paged mem
ory management unit , one possible u e of 
this Direct Slot might be to add a 68030 
processor board to make u e of the vir
tual memory technology in System 7 .0. 
Apple also plans to introduce an Ethernet 
board for under $400 and an Apple Ile 
compatibility board that will cost less 
than $250. The latter unit would let the 
LC run Apple Ile software at full speed 
and would provide support for Apple Ile 
peripheral . For example, with a Ile 

Photo I: The Mac LC 's logic board has a low component count due to the high level 
oflogic integration. On the left edge is the 68020 Direct Slot; near the right edge are 
the SIMM sockets for RAM and rhe SIMM-mounted ROM. 
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compatibility board, an LC mouse emu
lates an Apple TI mouse. 

Why the Apple Ile compatibility? Ap
ple sees the LC as tapping into the educa
tion markets. With a retail price of $3000 
for a complete system, the LC might ap
peal to schools that currently use Apple 
Us, especially since Apple is also plan
ning to make single and dual floppy disk 
drive versions of this system available at 
a lower price to the educational market 
only. 

Apple says that the LC has the same 

computing power as a 16-MHz 386SX 
system and is comparable in price to SX 
systems from IBM and Compaq ; the 
company admits though, that PC clone 
maker offer complete SX/VGA systems 
for far less than the LC's $3000 retail 
price. The LC with 2 MB of RAM and an 
internal 40-MB hard disk drive will cost 
approximately $2400. With the new 12
inch RGB color monitor costing $600 
it is possible to get a color Macintosh 
system for $3000. The 12-inch mono
chrome monitor costs $300, so a usable 

LC system could actually be purchased 
for as little as $2700. The street price of a 
color LC will probably be around $2300 
to $2400, making it competitive with 
high-end 386SX machine from major 
manufacturers . 

Unfortunately, the Mac LC will not be 
available until January 1991. It is being 
manufactured at Apple s facilities in Sin
gapore. This delay means that the prices 
of reasonably competitive IBM PC-com
patible systems might fall still further 
before the LC is released. 

THE FACTS 

Mac Classic 
with keyboard , I MB of RAM , 
floppy disk drive, and built-in 
monochrome monitor, $999; 
with keyboard, 2 MB of RAM 40
MB hard disk drive, and 
monochrome monitor, $1499 

Mac LC 
with keyboard, 2 MB of RAM, and 
40-MB hard disk drive $2400 
(approximate) 

Macllsi 
with 2 MB of RAM and 40-MB 
hard disk drive, $3769i 
with 5 MB of RAM and 80-MB 
hard disk drive, $4569 

Apple Computer, Inc. 
20525 Mariani Ave. 
Cupertino, CA 95014 
(408) 996-10 lO 
Inquiry 1080. 

Mac llsi: 
Lower Cost, More Options 
The Mac Ilsi is Apple's new low-cost 
Mac II. Designed to replace the llcx 
(currently Apple' s most popular Mac 11 
model) the Ilsi has some big shoes to 
fill. To fully appreciate the new llsi, you 
must first compare it with the Hex to see 
the differences between the two ma
chines. The 10-pound Mac Hsi comes in 
a slimmer, smaller box (although it is 
larger than the pizza-box-shaped LC). Its 
dimensions are 4 inches high by 12 Yi 
wide by 15 inches deep . 

Thellsi's basic configuration includes 
a 20-MHz 68030 CPU no FPU, and 2 
MB of 100-ns, fast paged-mode RAM . 
One MB of RAM is on the Ilsi's main 
logic board; the other is on a SIMM. You 
can add up to 16 MB by installing more 
SIMMs. Apple is introducing 2-MB and 
8-MB memory-expansion kits for the 
Hsi and l!ci. These kits consist of four 
512K-byte-density and four 2-MB-den
sity SIMMs, respectively. (The Mac Ilfx 
uses nonstandard 64-pin SIMMs , so it 
cannot use the new expansion kits.) 

The Ilsi includes eight built-in ports: 

an ADB port, a SCSI port , an external 
disk drive port, two serial ports a ·;ideo 
port, one stereo sound output port , and 
the new sound input port. Interestingly , 
the II i has a single expansion connector 
that can be set up as either a NuBus slot 
or a 68030 Direct Slot. This trick is ac
complished by special adapters (sold 
separately for $200) that attach co the 
connector and provide a slot that 's paral
lel to the system board . Through this ma
neuver, a NuBus board can fit inside the 
Ilsi ' s smaller housing . Both adapters 
also provide a 68882 FPU. Why only one 
expan ion slot? Apple claims that most 
Mac II u ers have only one board in their 
machine anyway-usually a video 
board. So Apple added built-in video to 
the Ilsi sy tern board, leaving the expan
sion slot open for more esoteric options . 

Like the new Classic and the LC , the 
Hsi offers tight logic-board integration 
(see photo 2). The board is three-quar
ters the size of the Ilcx board. Apple is 
able to offer the Hsi for $2200 less than 
the Hex by removing much of the origi
nal system logic from the main logic 
board and by limiting expansion capabil
ities and making them an option. Despite 
the size reduction , however, the Hsi of
fers the same performance as the Hex 
and includes many features that the Ilcx 
doesn 't have, including built-in 8-bit col
or video and support for 32-Bit Color 
QuickDraw in ROM . (The Ilsi can gener
ate 24-bit color video by using a 24-bit 
video board in a NuBus slot adapter.) 
The llsi logic board now includes a ROM 
SIMM socket to simplify future firm 
ware upgrades (the llcx' s ROM chips 
were soldered to the main logic board). 
The machine 's 512K bytes of ROM in
cludes 32-bit memory support. 

Sound Investment 

This brings us to one of the most interest

ing features on both the LC and the Hsi : 

built-in sound input. Apple sees sound as 

a natural extension to the Mac platform. 


ISO BYTE • OVEMBER 1990 



There's more to comparing 
LaserJet memory boards 
than just the name 

Pacific Data Products 

lMB/$199 lMB/$495 
a; 

....... u 2MB /$299 2MB/$740lo-< 
0-. 

4MB/$499 4 MB/Not Available 

>-. ....... 

s::: 

(1j Lifetime
lo-< One Year 
lo-< 

(1j 


~ 

;;:...., Fully Not ....... 

~ ..... Upgradeable Upgradeable
,.0 

(1j 
Q) 

to4MB 
"O 

(1j 
lo-< 
0.0 

°'" ~ 

See us at 

8~0ffl~[!r~\/Fall '90 
Booth #W818 November 12-16, 1990 

Las Vegas. Nevada 

r'nce:,. .-.r(' '.)'U,SSC'l~ ttl.1:11 li~t pri.:~- P:idfi.e ·~Memory .11m.i - Plu.s:? Mt;o t~Jdcn~r of p,u.,m D.'l.CJI ProducU1 Irte. 
All othe~ comp..1n.y and product Mmes aw lradenurk:s oi th..• rompanr or m.rnuii1cn.irer respecth·L~ly 
-t l990 PJtiJk 0.1.IJ Pro.Jucts, l.nC' 

D on't settle for less just 
to buy the HP label. Get 
more for less with Pacific 
Data Products Pacific 4 
Memory for HP LaserJet IJP 
and III printers. With Pacific 4 
Memory you get 4 MB of 
memory for only four dollars 
more than the price of 1 MB 
from HP. You also get a 
lifetime warranty, and 
upgradeability so you can 
start with 1 MB of memory, 
then simply upgrade when 
you need more. Just use the 
Pacific Data Memory 
Upgrade Kit ($99.00). It 
contains 1 MB of thoroughly 
tested DRAM chips specifi
cally for Pacific 4 Memory 
and our 2 Plus 2 memory 

To learn how you can get 
more for less, call your 
nearest dealer or contact: 
Pacific Data Products, 
9125 Rehco Rd., San Diego, 
CA 92121, (619) 597-3114 
Fax (619) 552-0889. 

PACIFIC 

DATA PRODUCTS 
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F I RST I M P R E SS I ONS 

THE NEW MACS ON THE BLOCK 

Photo 2: The Mac Ilsi board combines on-board video and supporr for either a 
NuBus slot or a 68030 Direct Slot via a special adapter. This adapter plugs into the 
connector on the board's left edge. By the connector is one socket for SIMM-mounted 
ROM and four SIMM-mounted RAM sockets. At the center are crystal oscillators for 
the on-board video and bus clock. The sound 110 jacks are at the upper righ1. 

Both the Hsi and the LC come bundled 
with an Apple electret microphone and 
phono jack. The microphone is a simple, 
button-shaped device (roughly the size of 
a silver dollar) that offers 8-bit monaural 
sound . It ' s a simple , omnidirectional mi
crophone for record.ing messages ; you 
can clip it to your clothing or place it on 
top of the Mac monitor. The sound input 
is via a standard phono adapter jack, so 
alternative microphones or other audio 
devices can be used . 

One problem with the new microphone 
is that it connects to the back of the Mac 
box; a keyboard-based port for the mike 
would have been far more convenient. 
The NeXT Computer, for example, has a 
sound input port on its mon.itor stand . 

With these devices and the appropriate 
software, you could annotate sound mes
sages to documents and spreadsheets , for 
example. Apple demonstrated a pre-al
pha version of an Ashton-Tate word pro
cessing program that lets you annotate 
sound messages to a document. Sounds 
are sampled at 11 or 22 kHz . The sound 
is filtered through a custom filter/pream
plifier chip , converted to digital form, 
and stored in memory or directly on the 
hard d.isk. Also included is the Macin
tosh Audio Compression Expansion 
sound utility , which compresses sounds 
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at ratios of 3 to 1 or 6 to 1. MACE lets you 
store up to 3 hours of sound on a 40-MB 
hard d.isk. The new sound capabilities do 
not include stereo sound. 

An application programming interface 
for sound is included with the system, 
and Apple has attempted as much as pos
sible to keep its sound extensions com
patible with existing sound products 
from third parties , like Farallon 's Mac
Recorder . The Control Panel desk acces
sory now has sound capabilities, includ
ing the ability to record your own alert 
sounds to replace the standard system 
sounds. Apple plans to eventually up
grade the rest of the Mac II family to in
clude the same sound features that come 
with the Ilsi and LC . 

The Hsi is also the least expensive Mac 
capable of running A/UX, Apple's ver
sion of Unix: Apple is introducing aver
sion of A/UX 2.0 that supports the Hsi . 

In conjunction with Apple 's new ag
gressive pricing strategy for hardware 
some software vendors have banded to
gether to provide a low-cost software so
lution for Apple users. A bundle consist
ing of WriteNow 2.2, SuperPaint 2.0, 
Full Impact 1.1, and Record Holder Plus 
wi ll retail for $349 . 

The Hsi is available now. The standard 
configuration with 2 MB of RAM and a 

40-MB hard disk drive is $3769. Add an 
Apple high-resolution monitor and the 
standard keyboard, and the price jumps 
to $4869 . The Hsi minus monitor and 
keyboard and with 5 MB of RAM and an 
80-MB hard disk drive will be $4569. 
(As with other Mac Ils , the buyer must 
choose between the standard or extra
large keyboard. However, as mentioned 
earlier , the keyboard comes bundled 
with the new Classic and LC systems .) 
Apple thinks the street price for a bare
bone Hsi , including monitor and key
board could drop to around $3600. 

Apple Gets Price Wise 
Along with introducing the new models, 
Apple is discontinuing three Macs. The 
Mac Plus and SE are being replaced by 
the Classic, and the Hex by the Hsi . And 
to prove it's serious about its new com
petitive image, Apple has reduced the 
prices of existing IIci and SE/30 config
urations. 

Apple ' s goal with its new Macs and 
lower prices is to reach more people by 
increasing unit sales and market share. 
Indeed, the pricing of the new Macs is 
competitive , and Apple has a leaner, 
meaner desktop lineup these days . The 
new Macs offer impressive features for 
their price, and Apple should attract a lot 
of new customers. However if viewed 
from a strict price-per-raw-computing
performance per pective, these systems 
still don't match up with the lower-cost 
IBM PC compatibles . 

What should not be forgotten in the 
equation is the ease of use of Apple 's sys
tems and the extras that come with them . 
These are Apple' s strengths and al so its 
Achilles' heel. It is impossibly expensive 
to add into an IBM PC compatible all the 
extras that Apple provides. But do people 
want these extras or ease of use? Apple 
still has to persuade buyers that the inte
grated philosophy behind its systems is 
best. The new systems and prices j ust 
make this task a lot easier . 

Probably the biggest drawback of Ap
ple' s new low-price systems is the rela
tive lack of expansion options on the 
cheaper Macs. Apple based its decision 
to leave out expansion options on market 
research that shows that most users don ' t 
want or need the expansion. But it could 
be a problem farther down the line when 
users eventually want to upgrade. • 

Owen Linderholm is a BYTE news editor 
in San Francisco. He can be reached 011 

BIX as "owenl. " Jeff Bertolucci is a 
BYTE associate news editor in San Fran
cisco. He can be reached on BIX as 
"bertolucci. " 



Take the Oops &Downs 
out ofyour next presentation. 

Tired of fumbling with slides? Fiddling with transparencies? 
Losing your audience? 

Well, it's time to use an LCD projection panel from In Focus 
Systems. It lets you project information just as it appears on your 
computer screen. Even bright, brilliant colors. 

So you make stronger presentations. And easily hold any audience. 
What 's more, the 640x480 display works with IBM~ compatibles, 

and the Macintosh® family, too. For more information or the name of 
the dealer nearest you, call 1-800-327-7231, 
toda) . 947911 

h'/.lui11111u1 Then take the oops and downs out of 
your next presentation. And put the audi
ence in the palm of your hand. 

1-800-327- 7231. 
See it R,,/;p • 
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Introducing this years

best performance. Solo. 


Once again, Compaq unleashes aseries of stun- proces.sors.So you can run the most complex CAD/CAE, 
ning performances. scientific and business applications faster than ever. You 

The new CO PAQ DESKPRO 486/33L and can also take advantage of SCO's U IX operating system 
COMPAQ DESKPRO 386/33L Personal Computers are and Microsoft's Windows. Plus run the thousands of 
single-user PCs that deliver the utmost in power. industry-standard software products available under 

And 33-MHz 486 models of the COMPAQ Microsoft's MS-DOS and MS OS/2. 
SYSTEM PRO Personal Computer System strengthen Both machines fulfill your need for speed. They're 
its position as the network server without equal. optimized with high-speed cache memory designs, fixed 

For individuals, disk drives and powerful Extended Industry Standard 
our powerful new Architecture (EISA). So nothing slows you down. 
desktops extract the Both offer unequaled growth potential with seven 
highest performance EISA expansion-slots plus internal room for up to 100 
from Intel's 3l_MH·r-· - ""·' Q-of-RAM and 1.3 GB of mass storage. The CO PAQ 

··~---iiiiiilirliiiiliii.~-~ancrJEO micro- DESKPRO 386/ 33L also offers an upgrade path to 
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the power of 
486 technology. 

For networks, 
the COMPAQ SYSTEMPRO Family now delivers the 
ability to employ one or two 33-MHz 486 or 386 micro
processors. It's power you can put to work in the broad
est range of connected environments, from resource 
sharing to departmental database management. 

Inside you'll find innovations like a 512-Kbyte 
ServerCache design, EISA 110 performance and 
drive array technology. Plus the ability to use up to 11 
expansion slots and store up to 4.28 GB of data. 

These innovations are complemented by the 
COMPAQ DESKPRO 386 and COMPAQ DESKPRO 

286 Personal Computers, PCs designed with specific 
network features. Put them all together with ovell 's 

etWare, Microsoft's LA Manager,SCO's U IX or 
other industry-standard network or multiuser operat
ing systems and you'll get the greatest performance to 
ever hit the networks. 

And the one place to see these performances live is 
your Authorized COMPAQ Computer Dealer. For the near
est location and more information call 1-800-231-0900, 
Operator 131. In Canada, 1-800-263-5868 Operator 131. 

romPAa 
It simply works better. 
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ANew Status Quo 


The newest version of 

Borland's spreadsheet 

features 3-D graphics 

and a simple solver 

for Quattro 

• 


Andrew Reinhardt 

D
islodging an entrenched mar
ket leader like Lotus 1-2-3 re
quires rivals to produce soft
ware that is fundamenta lly a 

better deal. With a new version of its 
popula r Quattro Pro spreadsheet Bor
land International continues to achieve 
just that: Quattro Pro 2.0 offers an ex
panded set of features over the previous 
version, while mai ntaining the advan
tages it already enjoyed over 1-2-3. 

Quattro Pro provides more features 
and better performance than 1-2-3- and 
at a lower price- yet it will run on any 
DOS machine (e.g. , an 8088-based XT 
with 512K bytes of RAM) . Quattro Pro 
does not use the multi layered " three
dimensional " architecture of 1-2-3 re
lease 3. 0 (nor can it read Lotus . W K3 
files) , but it does offer a reasonable alter-

Quattro Pro lets you display multiple, linked worksheets 
and live graphics on the screen at the same time. 
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native : easy spreadsheet linking and the 
ability to have several spreadsheets 
stacked or tiled on the screen at once. 

The abili ty to run comfortably in con
ventional DOS memory (by comparison, 
1-2-3 release 3 .0 requires 1 megabyte of 
installed RAM and uses a built-in DOS 
extender) is due to Borland ' s Virtual 
Real-Time Object -Oriented Memory 
Management architecture, a tech nique 
that breaks the program code into small 
chunks that are swapped in and out of 
memory as needed. VROOMM's effi
cient memory management makes it pos
sible to load larger spreadsheets in con
ventional RAM than is possible under 
1-2-3 release 2.2 . And for very large 
spreadsheets, Quattro Pro supports up to 
8 MB ofEMS 4.0 memory. 

Aside from its speed and small mem
ory needs, the main advantages of Quat
tro Pro are superior graphics and spread
sheet publishing. For example, it comes 
with a Graph Annotator. This is a graph
ics program that is as sophisticated as the 
1-2-3/G Graph Tool and is easier to use. 
You can also mix data and live charts on 
the same worksheet. 

These capabilities have been enhanced 
with four new 3-D graph types (i.e ., 
bars , step , area , and ribbon) and faster 
LaserJet drivers that support download
able Bitstream fonts. Quattro Pro also 
now offers a 132-column mode (on EGA/ 
VGA cards that support extended charac
ter sets), so you can view 12 months of a 
budget calculation on one screen. 

However , Quattro Pro does have one 
important drawback compared with re
lease 3. l of 1-2-3: The Lotus spreadsheet 
now has a WYSIWYG mode that shows 
fonts and other graphical attributes on
screen as they will appear in printed out
put. By contrast, Quattro Pro will show 
colors, boxes, shading , and graphs, but 
not fonts . 

Interactive Slide Shows 
One of the most distinctive capabilit ies of 
Quattro Pro is the ProShow presentation 
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tool, which lets you create slide shows 
using spreadsheet data, graphs, and text. 
In version 2.0, ProShow presentations 
can become interactive and nonlinear: 
By clicking on "graph buttons" added to 
the screen, you can branch to other 
graphics or run macros . 

Because ProShow is integrated into 
Quattro Pro, it can be an easier way to 
create presentations than exporting 
worksheets and graphics to a slide-show 
package (especially when the data is fre
quently updated), but it's not as graphi
cally rich as Microsoft PowerPoint. 

Quattro Pro 2.0 also adds a capability 
unmatched in any DOS-based spread
sheet: a Solve For tool that is similar to 
the Backsolver utility that is found in 
1-2-3/G. Both Solve For and Backsolver 
can tweak a single input variable to pro
duce a specified result, sparing you from 
trial-and-error goal seeking. However, 
Solve For doesn't match the power of the 
full 1-2-3/G Solver, which uses separate 
OS/2 threads to jiggle multiple factors 
constrained by numerous criteria. 

Finally, Quattro Pro has added better 
support for networking, file import/ex
port, and data access . It offers more 
printer drivers and graphics import/ex
port formats, as well as a choice of inter
national character sets with correct sort
ing for non-English text. 

Quattro Pro now works better with 
Lotus 1-2-3. Release 2.2 files can be 
read into Quattro Pro with their cell
linking attributes preserved. 

For networked installations, Quattro 
Pro 2.0 permits a single, shared set of 
large font files to reside on the server, 
saving disk space. The software includes 
user license management, which auto
matically monitors the number of simul
taneous users of the program on a LAN . 

And for spreadsheet users who want to 
access Structured Query Language data
bases, Borland has strengthened the ties 
between Quattro Pro, Paradox 3.5, and 
the Paradox SQL Link, which talks to 
SQL Server, IBM OS/2 Extended Edi
tion, and Oracle Server. Now, if you 
have at least a 286 machine and 2 MB of 
RAM, you can load both Quattro Pro and 
Paradox, toggle between them with a hot 
key , and easily load Paradox or SQL data 
tables into a Quattro Pro spreadsheet for 
analysis or graphics. 

In the interest of compatibility with in
dustry-standard 1-2-3, you still have a 
choice of user interfaces: the 1-2-3 menu 
tree or a Common User Access-com
pl ia nt pull-down Quattro menu tree. 
Having Lotus menus available is a com
fortable fallback for those users bred on 
1-2-3 , but the Quattro menus are actually 

more efficient and easier to use. Borland 
is now the target of a lawsuit by Lotus for 
allegedly copying the look and feel of 
1-2-3, but even without 1-2-3 menus, 
Quattro Pro would be a snap to learn for 
any experienced spreadsheet user . 

One Size Fits All 
Perhaps the most important point in 
Quattro Pro's favor is that while most of 
its features are available in some release 
of 1-2-3 (i .e ., release 2.2 with the All
ways add-in, release 3 .1 with the Impress 
add-in, or 1-2-3/G for OS/2-Presentation 
Manager), no one package has them all. 

In fact, the various releases of 1-2-3 
are starting to get quite confusing for 
customers and technical-support person
nel: The releases are segmented by hard
ware platform, each offers features the 
others lack, and they all use different 
commands and file formats for their pre
sentation and publishing modules. 

Quattro Pro, on the other hand , runs 
on any DOS platform with the same set of 
features . Ifyou have a large investment in 
1-2-3 data files , a lot of older-generation 
PCs, and a desire to tap into the latest 
spreadsheet capabilities, Quattro Pro is 
probably your best answer. • 

Andrew Reinhardt is BYTE's associate 
news editor in New York City. He can be 
reached on BIX as "areinhardt. " 

COMPANY INFORMATION 

Quattro Pro 2.0 
$495 

Requirements: 
IBM XT or compatible 
with a hard disk drive and 
512K bytes of RAM . 

Borland Imernational , Inc. 
1800 Green Hills Rd . 
P.O. Box 660001 
Scotts Valley, CA 95066 
(408) 438-8400 
Inquiry 1166. 

Summer Sales Period Results 
(grouped by product line) 
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The new release ofQuattro Pro supports 3-D bar charts (above), 
as well as 3-D ribbons, steps, and area plots. 

NOVEMBER 1990 • BYTE 157 



Professional developers require 

TURBO C++ Professional 
by Borland International The UnMouse 

Be objective ! Object-Oriented More Speed in Less Space Programming is programming in 

the '90s. Let Borland take you by MicroTouch 

there with a native, AT&T 2.0 
 The UnMouse is a touch-sensitive 
compatible C++ compiler, an ANSI tab let that gives you faster cursorC compiler, the VROOMM overlay 
manager, and documentation and speed • • In a fraction of the space 
tutorials. You also get the a mouse takes up. Plus you can 
Programmer's Platform with open slip templates under its glass to 
architecture for integrating your access up to 60 Power KeyPad 
own tools, integrated debugging functions or use its stylus to draw,
with Turbo Debugger 2.0, Turbo trace or input graphics.Assembler 2.0 with NOP squishing 
and 486 support, the new Turbo LIST: $235 PS Price: 5219 
Profiler, and much, much more. F astP tutt 2918.QOl 
LIST: $300 PS Price: Sl59 
FastPtutt 77UJ82 

S86 DEVELOPMENT Visible Analyll 585 
Pl'lct COBOL Ul2 Touch & Go
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DESOview 386 189 UI Programmer 2, Developer's 
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grammers. It has a screen painterFoxBASE+/386 479 ADD-ONS 
and integrated data dictionary and 
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MetaWare Pascal 3861486 839 Essential COMM by S. Mtn. 259 system, customized application 
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NOP C -386 829 QuickComm 129 application development needs,
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ARllY Combination Package 989 FoxPro 495 
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by Ryan McFarlandTransLISP PLUS wtsource 99 DBMS RM/FORTRAN is a high resolution PDC Prolog Compiler 239 Cause Professional 499 ANSI n FORTRAN compiler for 

ASSEMBLERS CLARION Prof. Dev. V2.1 549 DOS and 0512. It lndudes RMI 

MS MASM 105 D the data language 359 Forte, an advanced programming 
environment giving you instant

Turbo Debugger & Tools 119 Magic PC 349 
access to editing, compiling,

Visible Computer:80286 85 Paradox V3.0 479 linking, debugging, and file
R:BASE 3.1 499 management utilities at a singleBASIC &. ADD-ONS keystroke. You easily move

BAS-C Commercial 439 DBMS TOOLS &. 
between tasks and the tools you

dB/LIB Professional 179 LIBRARIES need, productively developing your
MS QulckBASIC V4.5 69 AdComm for Clipper 279 solutions. 
QBase 139 Artful.Lib 200 UST: S595 PS Price: 5499 
QulckPak Prof. V3.16 189 BALER Spreadsheet Compiler 399 FtulFtutt 43 UXJ9 
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more than just products ... 

Microsoft Windows SDK 
by Microsoft Corp. 

You're only as good as the tools 
you use, so shouldn't you use the 
new Microsoft Windows Software 
Development Kit? The SDK is a 
set of tools tailor-made to build 
appli catons for Windows. It 
ind udes a CodeView debugger for 
Windows, sophisticated analysis 
tools and resource editors. and 
extensive hard copy and online 
documentation. There's only one 
way to build Windows applications, 
and !hars with the SDK. What 
else would you expect from the 
people who brought you Windows? 
UST: $500 PS Price: "'5 
Fas/Ptu:1.s 50UJ72 

OPEN ACCESS III 
by Software Products Im!. 

Turn your ideas Into market-ready 
applications In just weeks with 
Open Access 1111 Easily edit, run, 
and debug your programs in the 
integrated programming 
environment. Get data entry and 
report forms and support for 
windowing, light-bar menus, and 
3-D praphics to make creating your 
apphcations a snap I Open 
architecture with a C language 
interface lets you add change or 
add features. And Open Access Ill 
even has Its own compiler! 
UST: $695 PS Price: S489 
FastFtu:l.s 1759.a<J7 

WATCOM C 8.0/386 Prof. 
byWATCOM 

WATCOM C 8.01386 ls 100% ANSI 
C optimizing compiler/runtime 
library for Intel's 80386 architec
ture, generating applications for 
32-bit protect mode. Features 
indude: protected mode version of 
the compiler; VIDEO full-screen 
source-level debugger; MS library
& source-compatibili ty; execution 
profiler; high performance linker ; 
graphics library; supports 
MetaWare High C 386 ru ntime 
calling conventions; SAA 
compatible. 
UST: $1295 PS Price: $1155 
PaslPtu:l.s 10.U.a<JS 

EDT+ 

by Boston Business Computing 


EDT+ 5.0, the only complete 
emulation of DIGITAL's VAX EDT, 
is 50% faster than its predecessor 
and features multiple windows, 
Interlaces for EVE, EMACS, vi 
and WPS, 132-column mode, 
status line and ruler, keystroke 
macros and much more. 30-day, 
money-back guarantee and free 
customer support and updates for 
60 days. For MS-DOS and UNIX 
systems. 
UST: $295 PS Price: $279 
FtWFuts 342.a<Jl 

Circle 391 on Reader Service Card 

Tom R911ig'1 Ubrwy 85 
Ul2 Develaper'1 Releue 479 

DEBUGGER&' 
DISASSEMBLERS 

DASM 225 
~10ocPro 229 
t.ll ltiacope for DOS 149 
Periscope rv VariH 
RE :Source by Geneaolt 119 
SoltProbe 86/TX 345 
Sourcer 488 w/BIOS pr•proc. 149 
Trapper 189 

DEVELOPMENT TOOLS 
ASMFLOW 89 
C-DOC 139 
CLEAR+ lore 169 
Codan 349 
Buzzworda dANALYST 269 
The Oocumentor 245 
INSIDE! 119 
MKS Lex & Yacc 199 
MKS RCS 175 
PC-Lint 120 
Plinkll..TO 439 
PolyMake 159 
PVCS Professional 439 
ROM-Link 339 
.RTLINK - by Pocket Soft 279 
.RTLINK Plus 41 9 
Source Print 97 
TUB 89 
Zortech C++ Tools Call 

EDITORS 
BRIEF Call 
Cheetah 195 
Epsilon 119 
KEDIT 139 
OEdit TSR 89 
Sage Professional Editor 249 
SPF/PC - V2.1 129 
Vedit + 139 

EXPERT SYSTEMS 
Eclipse 386 560 
Exsys Profess ional 695 
Logic Gem by Sterling Casde 89 
Personal Consultant Plus 1999 

FILE ADD-ONS 
Accsys for Paradox w/source 739 
CBTREE 179 
C-Data Manager 279 
CodeBASE 4 279 
COL - w/ source 359 
c-tree by Faircom - source 329 
C-TRIEVE 229 
db_FILEIRETRIEVE - SU 229 
Falrcom Toolbox Prof. 889 
Faircom Toolbox Special 539 
WKS Library 149 
XOL 649 

FORTRAN 
FOR_C w/source 789 
Lahey FORTRAN FnL 549 
Lahey Personal FORTRAN Call 
MS Fortran Opt. Compiler 309 
RM/FORTRAN 499 

GENERAL ADD-ONS 
C Tool1 Plua • V&.01 
c Ulillty Library 
Greenleaf Superfuncliona 
Opt-Tech Sort 
Turbo C Tooll by Bleile 

GRAPmes 
Bar Code LlbrlllY w/Source 
Euential GraphlCI v3.0 
GraphlC 
graphk:l-Menu 
GSS Graphics DeV't Toolkit 
Halo 
HSC SUnacan 
LaaerControl 
MetaWINDOWS 
MetaWINDOWI PLUS 
PCX Programmer's Toolkit 

HARDWARE 
Aegis 
ALL Chargecard 
Capita! Equipment Corp. 
OSIRAM320M 

OSIRAMSOM 

OSIRAM4 OM 


DigiCHANNEL COM/Si 

DigiCHANNEL MCl8l 

DPT 

SmartCache ST506 
SmartCache RLL 
SmartCache E SDI 
Disk Mirroring Module 

Emerson UPS 

Model 10UPS 

Model 20UPS 

Model 40UPS 

AccuCard 

AccuSaver 


E therCard Pl us 
EtherCard Plus/A 
Erasable Optical Drive 
Hardlock Kit by Glenco 
llT Adv. Math Coprocessors 
3C87-25 

3C87·33 

2C87-20 

2C87-1 2 


Intel Math Coprocessors 
80387-25 
80387-33 

J T Fax 9600 
KickStart I 
KickStart II 
KickStart Ill 
LANStor LAN150S 
LaserStor WORM Drive 
Personal Modem 2400 
OX/12K Modem 
OXIV.32c Modem 
Seagate ST-1 25- 1 20M 
Seagate ST-4096·1 SOM 
Seagate ST-251-1 40M 
SentinelScout (kit ol 1 O keys) 
SpeedStor AT 320S 
Smartmodem 2400 (Ext.) 
The Shadow SVGA1024K 
VGA WONDER 512K 

98 
189 
239 
119 
109 

369 
349 
319 
165 
525 
279 
289 
139 
209 
289 
229 

SS 
399 

225 
299 
179 
875 
949 

1099 
1099 
1099 
685 

169 
319 
699 
209 
69 

239 
349 
Call 
369 

450 
559 
329 
279 

SSS 
675 
595 
179 
399 
689 

1599 
3295 

179 
699 

1349 
299 
639 
339 
265 

1999 
359 
319 
359 
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The Programmer's Shop is 

C-Wortby Interface Library 
by Solution Systems 

Create a clear, high quality user 
Interface with minimal ovemead to 
your code. Benefit from 400 tight, 
ready-to-use functions for 
Windows, Menus, Text Editing,
Message System , Mouse Support, 
Help and much more. 
ewARCHITECT la included to let 
you interactively design and test 
lorma without coding. Best of all 
It's flexible to your needs, providing
high level functions for Immediate 
results, yet power and functionality
for the long-term. 
LI ST: S 399 Pli Price: $359 
FalF.m 732-095 

NETWORKS Turbo Profeaalonal 109 
dBXlA.AN 519 

TEXT SCREEN ADD-ONS Btrieve Dev. Kit 479 
AEWINOOS 459Netware SOL 519 
C Communlcatlona Toolkit 129Netware C Interface 239 c Worthy wlforma W/ARCH 359 

OBJECT-ORIENTED/C++ Greenleaf DataWindowa 339 
lntek C++ 80386 469 HI-SCREEN XL Profeaslonal 289 
Smalltalk.IV 85 MEWEL Window System 189 
SmalitalkN-286 185 POWER SCREEN by Blalae 99 
TurboC ++ 159 Vitamin C • source, menua 189 
Turbo C ++Prof. 259 VC Screen • painter 119 
Zinc Interface library 179 Vermont Views Obj. + source 819 
Zortech C ++ w/ source 289 

UNIX/XENIXZortech C++ Debugger 150 
C++ Complier for Unix 386Zortech C ++Dev. Edition 399 

by Zortech 439 
OS SUPPORT C++ for Unix by 

DESQview 109 SCO of Canada 829 
OS/286 589 Computer Innovations C++ 489 

db_FILE/RETRIEVE SU 569OTHER LANGUAGES Edix • editor 409 
Logltech's Modula-2 Dev. Syst.229 EDT+ for Xenix 386 275
RPG II Dev. Systems 1469 ESIX Systems 
TopSpeed Modula-2 189 ESIXN 388 Dev. (2 user) 569
StonyBrookProf. Modula-2 249 ESIXN 386 Dev. unltd 769 

OTHER PRODUCTS Guidelines C++ for 386 V2.0 479 

Carbon Copy Plus 159 lntormlx SOL Varies 
Dan Bricklin's PageGarden 89 Interactive Systems 
FastI 89 Architect Wrkstn Platform 1199 

File Shuttle 109 Architect Wrkstn Developer 1850 
Flow Charting Ill 199 Norton Utilities for Unix 279 
HEADROOM 89 Oregon C++ by Oregon SW 979 
HiJaak 139 Recital Standard SU 699 
Lapllnk Ill 129 WordTech Quicksilver Dlamd. 839 
Link & Locate ++ - ROM MSC 349 XENIX 386 Dev. Sys. 689 
Math Advantage 475 WINDOWS • OS/2
Norton Uti lities 5.0 149 Actor3.0 639
pcANYWHERE Ill 129 Brief for OS/2 Cal l
PC Tools Deluxe 6.0 11 9 Case: W 905
PC-KWIK Power Pak 119 Case: PM (for C or C+++) 1469
Pre Cursor 96 C_talkNiews 419 
Remote2 139 C· T rieveM'in<lowa 349
SplnRlte II 89 dBFAST/Windows 315 
Systat & Sygraph Combo 639 Graphics Server SOK 455
System Sleu th 89 Instant Windows 895
The Duplicator Toolkit-Pro 3.0 119 KnowledgePro Windows 589
Time$heet Prof. 135 MKS Toolkit 229 

TURBO PASCAL MS Windows 3.0 11 9 
Turbo ASYNCH PLUS 11g MS Windows Dev. Dr. Dev. Klt365 
Turbo Pascal 5.5 by Borland 109 	 MS Windows Soft. Dev. Kit 365 

Multiscope OS/2 Debugger 375Turbo POWER TOOLS PLUS 98 

BLINKER 
by Blinkinc 

"Fastest dynamic overlay linker for 
Clipper Summer '87 and 5.0. 
Automatically structures over1ays 
and reduces program memory 
requirement by up to 50%. 
Features lnaemental linking In 
fractions of a second, dynamic 
overlaying of C & ASM, source 
code of Clipper profiler for 
performance analysis, memory 
defragmentation, "burning in" of 
Clipper environment variables/ 
serial numbers and creation of 
demo versions.· 
LIST: $189 Pli Price: $179 
FtWFazts 93UJOI 

dB XL 
byWordTech 

A superior alternative to dBASE, 
dBXL relational database is an 
easy to use Interpretive environ· 
ment adding extended language
(XL) features to the dBASE 
fanguage. It Includes Woro'Tech 
R&R Relational Report Writer, fu ll 
dBASE compatiblll l')" (Illes & 
syntax), and special menus for first 
time database builders. Also has 
memory swappln~ . advanced 
memo field handling, maaos, true 
windowing mul li -dimensional 
arrays, graphing and EMS support . 
Requires 440K memo~ . 
LIST: S2A9 P!J Price: $209 
F astF tU:U 97J.()()3 

ZORTECH C++ V2.l 
UNIX 386 Compiler 
by Zort.ech, Inc. 

Zortech's C++ V2.1 388 compi ler 
for UNIX makes It easy to port 
applications among DOS, DOS 
386 , OS/2, and sea UNIX 388. 
With the same tight, fas t, global ly 
optimized code of the DOS and 
OS/2 versions, the complier takes 
full advantage of the 386. 
Included Is an ANSVUNIX/Zortech 
C++ compatible library . 
LIST: $500 Pli Price:$439 
FtUIFu11 ll084IS 

Clarion Prof. Dev 2.1 
by Clarion Software 

A powerful, easy-to -use DBMS 
application developer, can cut 
development time by 50%. 
Imports/exports dBase, BASIC , 
and DIF fi les; Interfaces with 
routines from C and Assembler. 
Includes Report Writer for creating 
ad-hoc reports and queri es. Built· 
in LAN support: no run- lime 
system required tor distribution. 
Recent winner of~ poll of 
corporations using programmable 
databases. 
LIST Price:$84S PS Price $.549 
FastFOJ&b JOOS.Q<U 

1-800-421-8006 
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your source for solutions! 

LOTUS MAGELLAN 2.0 RYBS HI386 ComJ>lete 
by Lorus Development Corp. by RYBS Electronics, Inc. 

Lotus Magellan 2.0 is the fastest RAM cram is eliminated in >Ill DOS 
way to organize and use PC computers witti AMS memory 
information. It combines the most managers by providing up to 928K 
requested utilities in an easy-tcr off conventional DOS memory. 
use package. Magellan 2.0 works Move networks, TSRs, device 
the way you do, focusing on the drivers and DOS utilities out of 
informaoon in your files rather than conventional memory to give full 
the files themselves. A simple, se of 640K. Run large 
powerful viewing environment lets applications in a LAN environment 
you look at the contents of a file without memory intrusion from the 
right alongside its name--without network. Compatible with al l 386s 
loading the application that created and can be used on 286s with 
it. And this includes word EMS boards on C+T chip sets. 
processing files, spreadsheets, For PC, XT, AT, 386 and PS/2 
databases, graphic files, and more. Micro Channel computers. 
UST: $139 PS Price: $119 UST: SIOO PSPrice: S89 
FQ.$tFOJds 1917~12 Fa.stFaxts 8'18.()(}2 

Greenleaf Comm Library 
by Greenleaf Software 

The Greenleaf Comm Library is an 
asynchronous communications 
library w/ interrupHfriven, circular 
buffered service for up to ttlirty
five ports. Features indude: 
Modem control functions, 
XMOOEM, YMODEM , & KERMIT 
protocol support; XON/XOFF & 
RTSICTS How control & security 
against data loss. CommlibN 
offers support up to 115Kbaud. 
Included free ; source and 
POQPlus Onli ne Help System. 
Supports all major compilers. 
UST: $359 PS Price: S329 
F4$1Faxts 55..()()7 

Clipper S.O 
by Nanrucket Corp. 

Clipper's open architecture lends 
unpreoendented freedom to 
application development. Its 
language is fully extensible with 
user-<lefined functions and new 
user-<lefined commands. You can 
extend the language witti routines 
wrinen in Clipper itself, or integrate 
code from other lanouages like C, 
Assembler, dBASE¥ and Pascal. 
Develop applications larger than 
available memory, wittiout defining
overlays . Cli pper's compiler 
generates stand-alone, executable 
files tor cost-free , unrestricted 
distributi on. 
UST: $795 PS Price: SSSO 
FQ.$/Faxts 1139.003 

What is F astF axts? 
You now have access to literature on any of our products via FAX machine. 
FREE! 

1. Call 617-740-0025 from your FAX machine's phone. 
2. Follow the voice computer's instructions and enter your product's code number 

(listed in each product box or in our catalog). 
3. Hang up the phone and await your instant print out of product literature. 

Call 617-740-0025 from any fax phone! 

'fllE 
PllOGllAtltlEllS SHOP 

CA'rAIA)G is the definitive 
source book for serious software 

development professionals. 
Over 1,700 development products listed, including: 

• applications 
• books/training 
• communications 
•hardware 
•languages 
•LANs 
•libraries 

• operating systems 

• tools 
•UNIX/XENIX 
• utilities 

Call today for this 
valuable guide to 
programming productivity. 

'11111~ J•Jl()(;tlllllltll~Ii~ Sll()J•
National Accounts 800-421-8006 800-446-1185 

South Shore Parle, Spencer Bldg., Hingham, MA 02043 •Canada 800-446-3846 •Mass. 617-740-2510 •FAX: 617-749-2018 
Credit card orders processed only when product is shipped. AU prices subject to change. Intl prices will vary. BY1190 
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TheALRMPS: 

Modular Micro Channel 


Advanced Logic Research 


gambles that it can 


take abyte out of 


the True Blue market 


• 

Stan Miastkowski 
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F R S T M P R E S S 0 N S 

ust when you thought you had a 
handle on all those computer 
terms here's another acronym for 
you: MPS. It stands for Modular 

Personal System, and it ' s Advanced 
Logic Research ' latest PC incarnation 
on the way to that ever-elusive system 
nirvana. 

ALR has carved out a soli tary and 
comfortable nitch for itself with well
built systems notable for their ea y-to
upgrade processor cards. It started off 
last year with the 286-based PowerFlex 
and kept the industry hopping earlier this 
year with the PowerVEISA , a 386-based 
machine with the Extended Industry 
Standard Architecture (EISA) bus. 

With "Logic" in your corporate moni
ker, I guess you make logical business 
decisions. So it's no surprise that the lat
est ALR machine has taken the " logical" 
step of jumping headfirst into the Micro 
Channel market. The ALR MPS is es
sentially a nicely bu.ilt PS/2 clone (see 
photo 1) that offers several features that 
Big Blue's entries do not, such as truly 
easy upgrade. A basic MPS unit comes 
equipped with a 33-MHz 386. Want 
more power later? No problem. All you 
need to do is pull the 386 CPU board out 
of its proprietary slot and plug in an i486 
(either 25 or 33 MHz) (see photo 2). 
Once you get the case off, the whole pro
cess takes about 30 seconds. And unlike 
the processor upgrade schemes that other 
manufacturers have opted for, ALR's re
quires no change of software or BIOS 
ROM upgrade. It's truly plug and play. 

Riding the Micro Channel 
Of course, other ALR systems upgrade 
in the same way. So what's the point of 
the MPS? Mainly, the Micro Channel. 
While the folks at IBM probably aren' t 
quaking in their collective wingtips over 
ALR s Micro Channel entry, ALR has 
frosted the competitive cake with lots of 
sweet goodies, especially for the steely
eyed bean counters of the bottom line. 
Stripped MPS systems start at lowball 

prices-$1995 with no hard disk drive or 
graphics. And there's a well-chosen se
lection of upgrade options. For example, 
a 33-MHz 386-based MPS with a 16K
byte static RAM cache, an 80-megabyte 
hard disk drive , a Super VGA card, and a 
14-inch color monitor costs about $4500. 
That · s nearly half the price of a compara
bly equipped IBM PS/2 . 

ALR's entry is a compact 6 by 15 by 
17 inches, weighing in at about 35 
pounds. The motherboard in the prepro
duction MPS that I looked at still had 
hand-wired patches, but careful layout 
and construction were evident. Packing 
all thi circuitry into a small case 1sn't a 
trivial undertaking, and it requires sur
face-mount fabrication technjques. ALR 
has used the Intel Micro Channel chip set 
and has ended up with consjderably rnore 
expansion space than you find in the 
PS/2s. The MPS has a total of eight ex
pansion slots (versus three in a compara
ble PS/2). Two of these are proprietary 
ALR slots, but there are four 16-bit and 
two 32-bit Micro Channel slots. 

The World Gets Smaller 
ALR has also opted for a semimodular 
case layout. As with a true PS/2, you pop 
out a few plastic buttons, and the drive 
bays lift off. But you still need to fiddle 
with cable connectors. And speaking of 
drives, ALR has also decided to emulate 
the PS/2 approach ofeschewing 5 'A-inch 
drives. You have a choice: Take 3 Vi-inch 
drives or leave them. Period. But there's 
lots of room for them: space for four 
half-height units on the front panel and 
room for two 31/2-inch hard disk drives 
(mounted vertically) inside the case. 

Advanced Logic Research, Inc. 
940 I Jeronimo 
Irvine, CA 92718 
(800) 444-4257 
(415) 581-6770 
Inquiry 1081. 

Despite all the circuitry crammed onto 
the MPS's motherboard (i ncludjng an 
Intelligent Drive Electronics hard dfak 
drive interface) , there's plenty of room 
for expansion. A basic MPS comes with 
I MB of surface-mounted RAM on the 
motherboard. Add 256K-byte, 1-MB, or 
4-MB single in-line memory modules to 
the four on-board sockets, and you can 
upgrade to 2, 5, or 17 MB in one foll 
swoop. Still not enough for you? Add an 
ALR 32-bit RAM card (that takes up to 
22 MB), and you end up with a total sys
tem capacity of 49 MB. 

Adding Processing Power 
At press time, the cost of upgrading an 
MPS machine to a 486/25 was pegged at 
$1995; moving up to a 486/33 was a wal
let-clearing $3195 . But that's likely to 
change quickly; 486/25s are becoming 
more available, while 486/33s are likely 
to be hard to come by for some time. 
ALR also offers a trade-in rebate for pro
cessor modules. The rebate varies as the 
market changes, so check with the com
pany for the latest deta.ils. 

Those who are truly power (or is that 
status?) hungry can equip the MPS with 
a high-end TMS34010-based graphics 

We rested the ALR MPS with three different plug-in processor modules. 
Although its CPU results were on the low side ofcompeting machines (and the 
video resulrs were usually fast) , note that the ALR was a prototype and the 
final production versions may (and probably will) differ. 

CPU FPU Diskl/O Video 

ALR MPS 386/33 4.83 14.35 1.61 11.77 
ALR MPS 486/25 5.07 24.73 2.63 13.52 
ALR MPS 486/33 6.82 32.98 2.68 17.13 
ALR PowerVEISA 386/33 9.69 37.03 3.48 4.02 
Compaq Deskpro 386/33 6.09 15.50 2.90 4 53 
AST Premium 486/33 8.21 37. 10 NIA 3.40 
Cheetah Gold 33 (486/25) 6.52 21.49 9.49 5.57 

Note, Benchmark rewlts are indexed to show relative perlormarce: higher numbers indicate belle< perlormarc;e 
For all indexes, an 8-M Hz IBM PC AT running MS·DOS 3 .30~ 1. 
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FIRST I MPRESSIONS 

THE ALR MPS 

Photo 1: The ALR MPS 
is highly modular, 
although not to the 
extent ofthe IBM PS/2 
series, with 
which it directly 
competes. The drive bays 
detach with three pop-up 
plastic buttons, giving you 
easy access to the 
motherboard. 

Photo 2: You can upgrade ALR 's CPU module (the 486125 with a l#!itek socket is 
shown here) in about 5 minutes. You don't need to upgrade the software or firmware. 
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processor that emulates the 8514/ A 
($3300 with a 15-inch monitor; $5300 
with a 21-inch monitor) . And iftbe MPS 
is going to see duty as a network file 
server, there's a 330-MB hard disk drive 
that will add $2100 to the system price. 

Mass Transportation 
EISA? Indu try Standard Architecture 
(formerly the AT bu )? Micro Channel 
architecture? Sometimes I feel like a 
confused commuter trying to decide 
which bu to take. An ALR spokesper
son told me that ISA is essentially dead. 
That's an understandable statement on 
the company's part , because it wants to 
sell lot of EISA and Micro Channel ma
chine . But ISA-based systems are far 
from obsolete, especially since the high
bandwidth, multiprocessing promises of 
both EISA and Micro Channel remain 
largely a dream . Many more add-in 
boards are available for the Micro Chan
nel than for the EISA bus but most are 
simple repackages of ISA products that 
offer little (or , more often nothing) in 
the way of increased performance. 

That ituation will change, of course; 
and ALR is in a particularly good posi
tion to be a strong contender as the PC 
market eases leisurely toward high
power processors and high-bandwidth 
buses-complementary technologies that 
are just plain made for each other. The 
ability to upgrade your PC's processor in 
the future remains an intriguing one. 
(There will be an i586 one of these days.) 

If you ' re considering going for a bus 
upgrade , the choice between EISA and 
Micro Channel is a somewhat thornier 
issue . Except for ever-true, ever-blue 
IBM users, Micro Channel- bus PCs 
haven 't taken off since their introduction 
some 2 1h years ago. Other non-IBM 
Micro Channel machines such as those 
made by NCR, Reply. Tandy, and Wang, 
have largely been rolled out so that the 
companies can tout their "complete 
lines" to Big Corporate Buyers. I have a 
hunch that the ALR MPS is very much 
the ame. 

The MPS is well designed and well 
built, and it shows a high degree of engi
neering expertise and sophistication. But 
for the time being , its user base is likely 
to be confined to large companies who 
specify Micro Channel yet are looking 
for a lower-priced (and upgradable) al
ternative. While EISA and Micro Chan
nel slug it out, ALR can profitably work 
both sides of the street. • 

Stan Miastkowski is the BYTE senior edi
tor for new products. He can be reached 
on BJX as "stanm. " 





CompuAdd's NEW DX Success Kit Features: 
... 80386 microprocessor running at 20MHz ... Five 5.25" half-height drive bays ... 1 MB DRAM expandable to 16MB ... Built in parallel arid two serial ports ... 0 wait-state cache memory ... High performance monitor and graphics ... 40MB (28ms) hard drive adapter ... 5.25" l.2MB or 3.5" l.44MB diskette drive ... FREE Panasonic KX-Pl 180 printer ... Dual diskette controller ... FREE CompuAdd mouse ... Dual IDE hard drive interface ... FREE CompuAdd Windows 3.0 preloaded ... Six 16-bit and two 8-bit expansion slots ... FREE CompuAdd MS-DOS 4.01 preloaded 





CompuAdd's Top-of-the-Line Technology 

at Bottom-Line Prices 


CompuAdd 325 
CompuAdd's 325 gives you 25MHz 
386 processing power at an unbeat
able CompuAdd value price. Why 
pay almost $2000 more for Compaq's 
equivalent system, when you get so 

many extras with the CompuAdd 
325? Extras like FREE CompuAdd 
Windows 3.0, FREE CompuAdd 
MS-DOS4.01, aFREEmouseand 
FREE onsite service for one year. 

Plus you get CompuAdd
designed reliability, backed 

by toll-free telephone sup
port and the convenience 

of 89 CompuAdd Superstores across the 
country. With the CompuAdd 325, you' ll master RAM-intensive 
applications such as accounting, database management, desktop 
publishing and CAD. Pick from a variety of hard drive and monitor 
options to get exactly what your work requires. 

CompuAdd 425 
Running at 25MHz, the CompuAdd 
425 delivers power for everything 
from complex spreadsheets to 
heavy-duty number crunching. 
Based on Intel's revolutionary i486® 
microprocessor - the "mainframe 
on a chip"-the 425 is almost 40% 
fasterthan a 386 system running at 
the same clock speed! And 
because it's a low profile system, 
you save 30% desktop space 
over comparable 486 sys
tems. It's compatible 
with MS-DOS~ 05/2~ 
SCO XE IX®and ovell 
environments, so you can easily run 
all your favorite 286 and 386 applications. Plus, you 
get it all (including FREE CompuAdd Windows 3.0, MS-DOS 4.01 
and mouse I) for a low $4995 - less than halfof what you'd pay for 
IBM's or Compaq's 386* technology! .-e...~""'''"·"''~1""'''""' '"""""'"'q'""'"s•-1 •1 

Think Technolo~ Think CompuAdd 

5*1:ro~~~~~~~ 800-999-7103 

Hours; '\ionda~· - Friday i:OO.am to 9:00pm CST: Saturda"f 9:00.\m toS:OOpm CST 

CompuAdd 325 Features: 
• 	 80386 microprocesso r rated at 25MHz 

(8MHz, and 25MHz) 
• 	 l MB DRAM expandable to 16MB 
• 	 0 wait-state cache memory 
• 	 Dual diskette drive controller 
• 	 Dual IDEhard drive interface 
• 	 Six 16-bit and two 8-bit expansion 

slots 
• 	 Parallel port and two serial ports 
• 	 Choice of 5 .25" l.2MB or 3 .5" l.44MB 

diskette drive 
• 	 Real-time clock/calendar 
• 	 FREE CompuAdd serial mouse 
• 	 FREE CompuAdd Windows 3.0 
• 	 FREE CompuAdd MS-DOS 4.01 
• 	 FREE one-year onsite service 
• 	 Base System Price: S 1695 (64834) 

CompuAdd 425 Features: 
• 	 80486 microprocessor rated at 25MHz 

with internal 8KB cache and floating 
point processor 

• 	 4MB DRAM expandable to SMB using 
SIMMs (supports 1, 2, 4, 5 and 8MB on 
motherboard, full 16MB on system bus) 

• 	 5.25" l.2MB or 3.5" l.44MB diskette 
drive 

• 	 80MB hard drive 
• 	 Three 16-bit and two 8-bit expansion 

slots 
• 	 One 5.25" and two 3.5" half-height 

drive bays 
• 	 16-bit video graphics adap ter 
• 	 CVGA monitor 
• 	 FREE CompuAdd serial mouse 
• 	 FREE CompuAdd Windows 3.0 
•	 FREE CompuAdd MS-DOS 4.01 
• 	 FREE one-year onsite service 
• 	 Base System Price: S4995 (666S2) 

ComeuFldd® 

Customer driven.by design~" 

12303 Technology, Austin, Texas 78727 

Telex: 763543 COMPUADD AUS 
Fax: s12-335-6236 
Technical Support: 800 ·999-9901 
Out>ide US: 512-258 -5575 
Canada: 800-387-3266 
Mexico: 95-800-010-0401 
United Kingdom: 0800-373 535 
Germany: 0130-6009 

http:MS-DOS4.01






CompuAdd's 316sL Features: 
& 	 386SX microprocessor rated at l 6MHz 
& 	 2:v!B DRA.'vl expandable to 6MB 
& 	 0 wait-state page-mode memory 
& 	 -IO'v!B (28ms) hard disk drive 
& 	 3.5" l .44MB high-Oensity diskette drive 
& 	 Dedicated internal modem/send-0nly fax 

expansion slot 
& 	 Dedicated 80387SX math coprocessor socket 
& 	 Built-in serial, parallel printer, external 

VGA monitor, keyboard and 5.25" 
diskette drive ports 

& 	 High-resolution 640 x 480 monographics 
VGA display with 7' x 5.25" sidelit, super
t\\ist LCD screen 

& 	 85-key keyboard with 101-key emulation, 
12 function keys and 4 cuoor keys 

& 	 FREE ComplLAdd serial mouse 
& 	 FREE CompuAdd Windows 3.0 
& 	 FREE CompuAdd MS-DOS 4.01 
& FREE L.apUnk II data transfer software with 

serial cable 
& Base System Price: S2895 (62202) 



CompuAdd's Top-of-the-Line Technology 

at Bottom-Line Prices 


CompuAdd 325 
CompuAdd's 325 gives you 
25MHz 386 processing power at 
an unbeatable CompuAdd value 
price. Why pay almost $2000 more 
for Compaq's equivalent system, 
when you get so many extras with 

the CompuAdd 325? Extras like 
FREE CompuAdd Windows 3.0, 
FREE CompuAdd MS-DOS 4.01, 
a FREEmouse and FREE onsite 
service forone year. Plus you 

get CompuAdd designed 
reliability, backed by toll

~===~:::.;;;;;....-~=~ free telephone support 
\. 	 and the convenience of 89 

CompuAdd Superstores across the country. With 
the CompuAdd 325, you'll master RAM-intensive applications such 
as accounting, database management, desktop publishing and CAD. 
Pick from a variety of hard drive and monitor options to get exactly 
what your work requires. 

CompuAdd 316s and 320s 

CompuAdd designed these systems around the lntel®386SX micro

processor, running at 16MHzon the 316s and 20MHz on the 3 20s. 

PC Magazine Oan. 30, 1990) says the 386SX 

processor is "perfect for entry-level users in 

today's corporate market. " 


The CompuAdd 316s and 320s systems 
give you 32-bit processing power at 16-bit 
prices. Get the most from Windows 3.0, 
work with complex spreadsheets and large 
databases, or run computation-intensive 
applications like CAD/CAM. Both 
systems are compatible with MS-DOS, 
SCO XENIX, OS/2 and Novell 
operating environments. 

Call today and get advanced com
puting power with CompuAdd's 386SX 
systems. Remember to ask about our 
316s-based SX Success Kit. All at an 
unbeatable CompuAdd value. 

Think 'Jechnolo~ Think CompuAdd 

s*w~fiji 800-456-6008 

Hours: Monday . Friday 7:00.im co 9:00pm CST: Saturday 9:00.am to .S;()()pm CST 

CompuAdd 325 Features: 
• 	 80386 microprocessor ra ted at 25MHz 

(8MHz, and 2SMHz) 
• 	 lMBDRAM expandable to J6MB 
• 	 0 wait-state cache memory 
• 	 Choice of 5.25' 1.2MB or 3.5" I .44M B 

diskette drive 
• 	 Dual diskette drive controller 
• 	 Dual JOE hard drive interface 
• 	 Six 16-bit and two 8-bit expansion 

slo ts 
• 	 Para llel port and two serial ports 
• 	 Rea l-time clock/calendar 
• 	 FREE CompuAdd seria l mouse 
• 	 FREE CompuAdd Windows 3.0 
• 	 FREE CompuAdd MS-DOS 4.0 1 
• 	 FREE one-year onsite service 
• 	 Base System Price: S1695 (64834) 

CompuAdd 316s and 
320s Features: 
• 	 386SX microprocessor 

316s: running at 16MHz (8, 16 Hz) 
320s: running at 20MHz (7, 20MHz) 

• 	 JMB DRAM expandable to 4MB 
• 	 Choice o f 5.25" 1.2MB or 3.5" l.44MB 

d iskette drive 
• 	 Dual d iskette d rive controller 
• 	 Dual IDE hard drive interface 
• 	 Three 16-bit and two 8-bit expansion 

slots 
• 	 Parallel port, two serial ports (one 9

p in; one 25-pin), game port interface 
(cable required 48954) 

• 	 316s Base Price: S11 95 (64787) 
• 	 320s Base Price: Sl 395 (66537) 

ComeuFldd® 

Customer driven. by des ign~"' 

12303 Technology, Austin, Texas 78727 

Telex: 763543 COMPUADD AUS 
Fax: 512-335·6236 
Technical Support: 800-999-9901 
Outside US: 512-258-5575 
Canada: 800·387-3266 
Mexico: 95-800-010-0401 
United Kingdom: 0800·373535 
Germany: 0130-6009 



F R S T M P R E S S 0 N S 

Fast New Systems 

fromNeXT 


n addition to considerable fanfare 
and praise, the original NeXT 
Computer received a fair share of 
criticism. It had been faulted for its 

lack of color options high price, a per
ceived lack of performance and-most 
often-its Jack of a floppy disk drive. 
With the new NeXT systems that were in
troduced in September, NeXT has built 
on its past achievements and addressed 
the majority of the e weaknesses. 

NeXT now has a product line that fea
tures the new 68040 microprocessor run
ning at 25 MHz, an MS-DOS-compatible 
2.88-megabyte floppy disk drive, a new 
"slim-case" desktop model that retails 
for the relatively low price of $4995, and 
color options due out early next year. 

According to NeXT's numbers, the 
68040 has a performance rating of ap
proximately IS million instructions per 
second and 2.8 million float-
ing-point operations per sec
ond (MFLOPS), about three 
times faster than the 68030 
used in the original NeXT 
Computer. The 68040 also in
cludes memory management 
and floating-point coproces
sors on the main chip. 

When the NeXT Computer 
was introduced in 1988, one 
of its primary features was an 
erasable 256-MB optical disk 
drive, which Steve Jobs touted 
as the floppy disk drive of the 
nineties, allowing users to 
'take their whole world in 

their backpacks." But the op
tical drive has proved to be 
too low for use a a main 
storage device, and the car
tridges are too expensive for 
use as a data-exchange medi
um: No one wants to send a 
file on a $50 storage medium. 
In addition, the price of the 
optical cartridges jacks up the 
price of third-party software. 
Nevertheless, the optical 

sity floppy disk drive (SuperUnlike the original NeXT Computer, the new Nextstation 
Drive) available on MacinColor features a slim-case, or "piua-box, "system unit. 
toshes can convert to MSInside is a powerful 68040 processor and 12 MB ofRAM. 
DOS format; thus , Macintosh 
file compatibility should not 
be a big problem. 

NeXT's system boards now 
include a twisted-pair 10
Base-T Ethernet port, as well 
as the thin Ethernet port that 
is on the current system 
board. Another change is the 
use of the 50-pin SCSI-2 stan
dard rather than the older 25
pi n SCSI standard. SCSI-2 
offers greater reliability and 
faster tran fer rates than does 
standard SCSI. SCSI-2 is 
backward compatible so that 
existing SCSI devices can be 
attached using a cable adapt
er. The new system boards 
also upport parity memory 
checking, a feature that has 
been requested by scientific 
and engineering users . 

It shouJd be noted that the 
new system board still uses 

The new NeXT systems 


sport lower price tags, 


more speed, 


and along-sought 


floppy disk drive 


• 

Nick Baran and 


Owen Linderholm 


Photo 1: 


drive is excellent as a backup device and 
will be offered as an option for that 
purpo e. 

The floppy disk drive of the nineties is 
now the good old 3lh-inch drive, but 
with an increa ed capacity of 2 .88 MB . 
and the capability to read and write files 
in 1.44-MB and 720K-byte MS-DOS for
mats. This floppy disk drive is now stan
dard equipment on all NeXT machines 
and will be the primary medium for the 
distribution of software and data. The 
new NextStep operating-system software 
automatically mounts the floppy disk and 
displays its files in the system's Direc
tory Browser. In addition, the software 
supports CD-ROM drives (see the text 
box "A New Version of NextStep' on 
page 167). 

While the new 2.88-MB drive cannot 
read and write Macintosh-formatted 

files directJy the high-den
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the Motorola 56001 digital signal proces
sor, despite speculation that the new 
machine would have the 96002 DSP, a 
successor to the 56001 that includes 
floating-point capability. NeXT says that 
the 96002 isn ' t currently fully backward 
compatible with software for the 56001 . 
However, NeXT has added a single in
line memory module socket for up to 
I 92K bytes of memory addressable by 
the DSP. 

The Nextstation Pizza Box 
The new Nextstation is clearly NeXT' s 
answer to the SPARCstation. Made from 
magnesium with a cosmetic plastic 
shroud, the slim-case, or "pizza-box," 
system unit is about 15 inches square and 
2 1h inches thick, and it sits under the sys
tem's display. The system board is light
ly larger than the original NeXT sy tern 
board; the two are not interchangeable. 
The board includes two serial ports , a 
dfaplay port, the SCSI-2 port, and both 
thin and lOBase-T Ethernet ports . The 
Nextstation is cooled by a virtually silent 
"whisper fan" that passes air over heat
dissipating fins built into the bottom of 
the case. These lie directly under the 
power supply-a major heat source. The 
power supply is a 120-watt unit that uses 
a new technology called "parallel reso
nance switching," which allows a much 
smaller form factor than conventional 
power supplies. 

HiE FACTS 

Nextstation 
wilh 8 MB of RAM , l 05-MB hard 
disk drive, 2.88-MB floppy disk 
drive, and 17-inch monochrome 
display, $4995 

Nextcube 
with 8 MB of RAM, 105-MB hard 
disk drive, 2 .88-MB floppy disk 
drive, and 17-inch monochrome 
display, $7995 

Nextstation Color 
with 12 MB ofRAM , 105-MB hard 
disk drive, 2.88-MB floppy disk 
drive, and 16-inch color display, 
$7995 

Nextdimension 
with 8 MB of RAM, $3995 

NeXT, Inc. 
900 Chesapeake Dr. 
Redwood City, CA 94063 
(41 5) 366-0900 
Inquiry 1066. 

FIRST I MPRESSIONS 

FAST NEW SYSTEMS FROM NEXT 

Nextstation is a 

welcome addition to the 


NeXT product line. 


The Nextstation comes standard with 
8 MB of memory (expandable to 32 MB) , 
a 105-MB hard disk drive, and the 2.88
MB floppy disk drive. With the 17-inch 
black-and-white MegaPixel display , this 
system costs $4995. A reduced version of 
the operating system is shipped in tailed 
on the 105-MB hard disk drive and takes 
up about 75 MB on the disk, including 16 
MB of swap space required for virtual 
memory mapping by the operating sys
tem. Unless connected to a network file 
server, a system with the 105-MB drive 
will require an additional hard disk drive 
for storing much third-party software 
and data. An internal 340-MB hard disk 
drive is available as an option instead of 
the 105-MB drive, jn which case the sys
tem costs $6995 , a rather hefty price in
crease for an added 235 MB of storage. 

The Nextstation is a welcome addition 
to the NeXT product lfoe. It is ideal for 
end users who don't need the storage or 
expansion capabilities ofthe NeXT Com
puter. The Nextstation was supposed to 
begin shipping in October. 

A New Cube 
The other new NeXT system is the Next
cube, th.e familiar cube but with a floppy 
disk drive instead of an optical drive, and 
space for one half-height and one full
height storage device (either two hard 
disk drives or a hard disk drive and a CD
ROM or optical drive) . The 105-MB and 
340-MB drives are half-height devices, 
while the 660-MB and 1.4-gigabyte units 
are full-height devices. 

The Nextcube system board has the 
same features as the Nextstation system 
board, including parity memory and the 
SCSI-2 and lOBase-T ports , but memory 
can be expanded on-board to 64 MB. An 
8-MB system with the 2.88-MB floppy 
disk drive, the 105-MB hard disk drive , 
and the 17-inch monochrome display 
costs $7995 . The 340-MB drive option 
boosts the price to $9995. The Nextcube 
was scheduled to ship in September. 

Color Options 
NeXT will offer two " color solutions" : a 
low-end system for business applica

tions, presentation graphics, and two-di
mensional CAD, and a high-end system 
for scientific imaging , professional 
graphics production 3-D modeling, and 
so forth. 

At the low end will be a color version 
of the Nextstation with 16-bit-per-pixel 
color, allowing 4096 colors on-screen 
simultaneously (12 bits for color and a 
4-bit " alpha channel " for specifying 
transparency). At the high end wi!J be an 
add-in board with 32-bit color, its own 
graphics processor and a processor for 
compressing and decompressing graph
ics images, allowing 16 million colors 
on-screen simultaneously (24 bits for 
color and an 8-bit alpha channel for spec
ifying transparency) . 

The Nextstation Color 
The Nextstation Color (see photo 1) is the 
same slim-ca e machine as the Nextsta
tion , except that it upports 16-bit color. 
It comes standard wjch 12 MB of RAM 
and 2 MB of video memory. NeXT in
creased the memory bandwidth some
what on this model to improve video per
formance . The Nextstation Color is 
designed for use with NeXT's new color 
MegaPixel display , which is a 16-inch 
Sony Trinitron display with 1120- by 
832-pixel resolution (the same resolution 
as the black-and-white display). The 12
MB system wilh the color display , a 105
MB hard di k drive, and the 2 .88-MB 
floppy disk drive will cost $7995 . As 
with the Nextstation , an additional hard 
disk drive will be necessary unless the 
system has access to a network file 
server. 

The Nextstation Color does not re
quire NeXT's color MegaPixel display. 
By purchasing NeXT's ColorConnect 
adapter , you can connect any size color 
display that i capable of showing images 
in the correct resolution . The ColorCon
nect adapter provides the sound and 
speaker functions that are normally built 
into the MegaPixel display. Pricing for 
the ColorConnect adapter was not avail
able at the time of this writing , but a 
Nextstation Color without a monitor will 
cost $4995. There is no upgrade path be
tween the black-and-white Nextstation 
machine and the Nextstation Color. Un
fortunately , the Nextstation Color will 
not ship until early 1991 . 

Upgrading Existing Cubes 
As NeXT announced everal months 
ago , current NeXT users will be able to 
obtain a 68040 upgrade for their NeXT 
Computers for $1495. This will involve 
swapping the 68030 system board for the 
new 68040 system board. NeXT has also 
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FIRST I MPRESSIONS 

FAST EW SYSTEMS FROM NEXT 

I n conjunction with the new 
hardware in its product 

line , NeXT is provid ing a 
major upgrade to its operat
ing-system software . Next
Step 2.0 includes support for 
the new hardware compo
nents , such as the 2.88-mega
byte floppy disk drive, CD
ROM drive , color display , 
and 1 OBase-T Ethernet , as 
well as a host of improve
ments to the interface and de
velopment environment. 

To accommodate the com
pa rat i vel y small 105-MB 
hard disk drive that is stan
dard on all the Nextstation 
models , NeXT has split Next
Step into two versions : release 
2.0 and release 2.0 Extended. 

The extended version in
cludes all the current develop
er's tools , such as the Appli
cation Kit and the Interface 
Builder, as well as some new 
enhancements aimed at appli
cation developers . However, 
neither version will include 
Mathematica, Common Lisp, 

e 0 t p 
or the Sybase database man
ager. Release 2.0, a reduced 
version of NextStep, does not 
include the Interface Builder 
or the Application Kit , and it 
has a reduced version of Web
ster's Ninth New Collegiate 
Dictionary without the illus
trations or the full text index. 
The reduced version also has 
fewer demonstration pro
grams and does not include 
the Shakespeare plays or The 
Oxford Dictionary of Quota
tions . 

NeXT may find that most 
customers want the extended 
version and opt for a larger 
hard disk than the 105-MB 
unit. However, for networked 
users who have access to a file 
server, the reduced version 
simply reduces the local stor
age requirements. In any 
case, release 2.0 and release 
2.0 Extended are functionally 
equivalent so that users will 
be able to move to the ex
tended version simply by in
stalling a larger disk capacity 
and copying the missing files . 

An Improved Interface 
NextStep 2.0 addresses sev
eral major weaknesses of re
lease 1.0. Of particular im
portance, the Workspace is 
now multithreaded so that file 
operations such as copying 
and moving can be done in the 

background, allowing the 
user to continue working on 
other tasks. 

The printing interface has 
also been redesigned to oper
ate at a lower priority so that 
the screen doesn't lock during 
print operations. The trade
off is slower printing perfor
mance in exchange for a live 
screen. In addition , the print
er interface now includes an 
option for sending fax docu
ments . If you have a fax mo
dem , you can fax anything 
that can be printed by simply 
clicking on the new Fax op
tion in the Print menu. 

The Workspace has re 
ceived some cosmetic changes 
in release 2.0 . The Directory 
Browser has been redesigned 
and now includes a " shelf ' at 
the top of the browser window 
where users can place fre
quently used files and folders . 
The Browser also includes a 
new window that shows the 
"icon history ," or status, of 
applications and folders that 
are in use. Clicking on an icon 
in the window displays the 
path of the file or the folder 
graphically in the Directory 
Browser. The icon history 
window replaces the icon well 
in the current Directory 
Browser. 

The Mail application has 
been improved in release 2.0. 
Mail now includes an archive 
facility for storing mail mes
sages. A return receipt func
tion has been added, as well 
as support for sending mail to 
recipients with non-NeXT 
systems that require a stan
dard font , wrapped lines, and 
carriage returns for 80-col
umn text. Release 2 .0 in-

eludes spelling checking and 
rulers built into the Text Ob
ject, so that these features are 
now supported in Mail. 

The development environ
ment has been improved in re
lease 2.0 and includes support 
for color. A new object called 
the Color Picker works simi
larly to the font panel and 
allows you to select and mix 
colors . The window server 
supports frame buffers of dif
ferent size and depth to ac
commodate the use of third
party color monitors. eXT 
plans to support the Render
Man scene-description lan
guage for three-dimensional 
rendering in a future release 
of NextStep , due early next 
year. 

Release 2.0 supports loada· 
ble device drivers , allowing 
developers to create custom 
applications for peripheral! 
like video and sound equip· 
ment and special-purpose di · 
play and output devices. All 
text objects now automat i
cally include a spellinE 
checker and rulers. 

Other new features includf 
an improved MIDI driver tha1 
supports arbitrary sampling 
rates and PostScript compos
ite fonts , a feature of Adobe'! 
Postscript level 2. CompositE 
fonts allow support for kanj1 
and other alphabets. 

Availability and Upgrades 
NeXT was optjmistically hop· 
ing to have release 2.0 read) 
in September. At press time ii 
was still not finished , bul 
NeXT was confident it would 
be ready in time. In any event , 
the new machines won 't run 
without it , so completion is a 
top priority. 

The system software will 
be shipped preinstalled on 
hard disks relieving the user 
of the time-consuming Build 
Disk operation. Current user 
of release 1.0 will be able to 
upgrade to 2.0 on an optical 
drive for $195 , which in 
cludes new manuals . 
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F I RST IMPRESSIONS 

FAST NEW SYSTEMS FROM NEXT 

Photo2: 
The Nextdimension board provides 


the Nextcube with high-performance color graphics. On the board is 

an Intel i860 RISC processor, 


4 MB ofvideo RAM, and room for 

up to 32 MB ofmemory. 


contracted with a third-party supplier to 
provide an external 2. 88-MB floppy disk 
drive for current NeXT Computer own
ers. Pricing and availability of the floppy 
disk drive have not been announced as of 
this writing , but, according to sources at 
NeXT, it will be available within the next 
couple of month . 

To go along with all this new hard
ware , NeXT is cutting the price of its 
high-resolution 400-dot-per-inch laser 
printer almost in half. Originally selling 
for a retail price of $3495 , the printer is 
now priced at $1795, representing a sub
stantial reduction in the cost of a com
plete NeXT system. 

Doing Color Right 
NeXT president Steve Jobs promised 
from the beginning that NeXT would 
eventually support color, but not until 
it 's "done right." And indeed, NeXT has 
done color right. Using the Postscript 
imaging model , color on the NeXT is de
vice independent; in other words, appli
cations written using color PostScript 
specifications can be displayed on any 
output device that supports Postscript, 
whether it's a screen or a printer support
ing black and white gray scale, or vari
ous resolutions of color. 

In addition , Postscript offers excellent 
performance in color. When you com
pare Color QuickDraw on the Mac Ilfx 
and color PostScript on a 68030-based 
NeXT Computer, you find that screen re
fresh and movement of color images are 
much faster on the NeXT. And unlike 
with Apple's QuickDraw and TrueType 
image and font models , there is no need 
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for conversion routines to display Post
Script images on Post.Script devices . 

High-End Color: 
The Nextdimension 
NeXT's high-end color solution is an 
add-in board called the Nextdimension 
(see photo 2). The board plugs into one of 
the three NextBus slots in the NeXT 
Computer, and it features Intel's i860 
microprocessor, which is rated at 80 
MFLOPS and offers high-speed graph
ics processing. The board has 4 MB of 
video memory, plus up to 32 MB of 
RAM for increasing the display's win
dowing capacity (i.e., the number of 
windows that can be displayed on the 
screen simultaneously) . 

In addition, the board incJudes the C
Cube Microsystems CL550 image-com
pression processor, which can compress 
video and bit-mapped images in ratios of 
up to 30 to 1 using the Joint Photographic 
Experts Group image-compression algo
rithm. The board supports NTSC and 
SVideo (SuperVHS and High 8mm) im
ages for both input and output, as well as 
RGB color. One 640- by 480-pixel win
dow can display live NTSC or SVideo 
images. In conjunction with the C-Cube 
image-compression processor, the live 
window can display 30 frames per sec
ond for true real-time motion video. 

Like the Nextstation Color, the Next
dimension supports tbe new color Mega
Pixel display and, using the ColorCon
nect adapter, third-party color displays. 
The color display can run simultaneously 
with the black-and-white MegaPixel dis
play, allowing a contiguous work space 

consisting of the two screens. Images or 
text can be dragged from one screen to 
the other as ifthe two screens made up a 
single display. For intense graphics 
users, up to three Nextdimension boards 
can be installed in one NeXT Computer, 
each with a separate monitor . 

The Nextdimension will be priced 
very competitively at $3995, which in
cludes 8 MB of RAM. A complete color 
system (a Nextcube with the color Mega
Pi xel display and tbe Nextdimension 
board) will cost about $15 000, making 
the system very competitive with similar 
systems from Sun and Apple. The Next
dimension should ship early in 1991. 

High-Speed Color at a Low Cost 
These new systems and the updated 
NextStep software give NeXT a very 
powerful , weJJ-rounded, and extremely 
competitive product line. The Nextsta
tion system may now be the workstation 
price/performance leader. A Nextstation 
with a laser printer makes a powerful 
desktop publishing setup. 

But where NeXT has really taken a 
lead is in the color arena. NeXT 's deci
sion to go with Display PostScript is pay
ing off in a big way. The system has one 
consistent model for both displaying and 
printing. And, despite rumors to the con
trary, its performance is outstanding. 

The new NeXT systems are going to be 
extremely competitive with high-end 
desktop personal computers, especially 
high-end Macintoshes . The products 
will also compete well in the low-end 
workstation market. And since educa
tional establishments and developers 
continue to get a 30 percent discount, 
these systems will be even more competi
tive in universities . 

Perhaps the biggest task left to NeXT 
is to persuade software vendors to write 
programs for NeXT systems. But that is 
changing, as Lotus and Ashton-Tate have 
announced new spreadsheet programs in 
conjunction with the new systems ' intro
duction in September. Lotus's spread
sheet in particular shows why the NeXT 
systems are so important. The program 
is completely innovative in every way 
and is pointing the way ahead for the fu
ture of software and hardware-just like 
the NeXT machines themselves are. • 

Nick Baran is a consulting editor for 
BYTE and editor o/Baran 's Tech Letter, 
a newsletter covering the NeXT Com
puter. He can be contacted on BIX as 
"nickbaran." Owen Linderholm is a 
BYTE news editor based in San Francis
co. He can be contacted on BIX as 
"owenl. " 
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The price ofour new 9600EX 
makes the price other 9600bps 
modems look, well, rather inflated. 

Especially when you consider the 
quality and features the 9600EX offers. 

Features like V.42bis, which compresses 
data up to 400% and speeds throughput to up to 
38.4Kbps (It's also downward-compatible with 
MNP5). And V.42 LAP-Mand MNP Level 1-4 error 
control that detects when data is being garbled and 
automatically retransmits-so you get error-free 
Cfntd Qxpontlon 19911 

communication. Or full-compliance with V.32, 
the industry standard 9600 modem protocol, as 
well as downward compatibility with 4800, 2400, 
1200 and 300bps modems. The 9600EX also gives 
you the option to operate on standard phone 
lines or two-wire leased lines and offers both 
synchronous and asynchronous transmission. 

Fact is, at $799, the 9600EX rivals the price 
of high-end 2400 modems. Yet, it offers 16 times 
the performance. Or in other words, more 
modem for the money. 



And that added performance saves you 
money, too. With the increase in throughput 
speed, the 9600EX spends less time on the 
phone so you spend less money on your phone 
bill. You'll also spend less time waiting for it to 
finish transmitting- and if time is money-you'll 
save a bundle. 

Plus, like our entire family of 2400 modems, 
the 9600EX comes with a full, five-year warranty. 
The new 9600EX modem: another example of 
Intel's commitment to affordable quality. For 

more information or dealer near you, call: 
800-538-3373. To have information faxed directly 
to you, call: 800-525-3019 and request Doc.#9989. 
And don't be swayed by those over-priced 
modems, because with everything the 9600EX 
offers for the money, you might say it just burst 
their bubbles. 

Circle 179 on Reader Service Card (RESELLERS: 180) 
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Massive Storage 
for Multiple Platforms 
The BYTE Lab rates 
high-capacity 
hard disk drives for 
DOS, Macintosh, NetWare, 
and Unix applications 

Steve Apiki, Stan Wszola, 
Rick Grehan, and Tom Yager 

Devotees of Macintoshes, Net
Ware 386 file servers, single
user DOS systems, and Unix 
machines have something in 

common: Sooner or later, they all see a 
disk error message that means "insuffi
cient space." 

This month, the BYTE Lab looks at 15 
high- peed , high-capacity hard disk 
drives that offer relief from overcrowded 
data. Along with new levels of perfor
mance, the SCSI connector that these 
drives share aJso promises easier up
grades when a drive no longer seems as 
roomy as it did in the showroom. 

The SCSI bus protocol defines how pe
ripherals talk to the host and to each 
other . SCSI is fast-4 megabytes per sec
ond at the top end-and that is driving its 
acceptance across the four major operat
ing systems. But SCSI also lets you chain 
drives together, so today's investment in 
a 300-MB drive can be the foundation of 
a larger system years down the road. 

The BYTE Lab compared SCSI drives 
with capacities of between 300 and 420 
MB in configurations ranging from bare
bones OEM systems to full plug-and
play packages. We tested each in single 
disk drive configurations under MS
DOS, NetWare 386, Unix, and the Mac 
OS (not all drives were compatible with 
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all operating systems). The text box 
" How to Measure Drives Across Four 
Operating Systems" on page 176 ex
plains our benchmarks. 

You're not likely to find the OEM 
units from Fujitsu, Western Digital , and 
Micropolis at your corner computer 
store, but larger mail-order houses might 
stock them. Their performance, how
ever, provides a good point of compari
son for retail products built around them. 
Western DigitaJ purchases its WD380 SC 
drives from IBM, so the WD380 SC 
should give a reasonable indication of 
IBM's SCSI system performance . 

Interface Heritage 
SCSI controllers trace their lfoeage to 
Shugart Technology's ST506 interface, 
introduced by that company in 1980 to 
support its 5-MB hard disk drive. ESDI, 
wbicb is more or Jess a direct descendant 
of ST506, appeared in 1983 and offered 
double the tbrougbput rate of its ancestor. 
More recently, tbe Intelligent Drive 
Electronics (IDE) interface has grown in 
popuJarity, because it requires less cir
cuitry on the host, allowing engineers to 
design smaller-footprint systems. 

SCSI drives handle communications 
between computer and disk drive at a 
higher level. For example, wben applica
tions taJk to a SCSI drive, they are un
aware of the drive's configuratfon de
tails, such as the number of cylinders, 
heads, and sectors. Tbe drive appears as 
a collection of sequentially numbered 
blocks. Thus, SCSI moves a substantial 
amount of intelligence onto the drive. 
Consequently, SCSI is far more flexible 
than the other interfaces. (See the text 
box "The Fuzzy Side of SCSI" on page 
186.) 

This doesn't mean that traditional 
measures of performance-seek and ac
cess times- are obsolete. The drive stm 
needs to physically seek the requested 
tracks and wait for the requested sector 
to come around. However, SCSI makes 
some traditional benchmarks obsolete. 

Timing track-to-track seeks and attempt
ing to factor in seek latency is no longer 
possible from an application perspective. 

Since the drive's geometry can be hid
den from the host computer, manufac
turers can optimize controller electronics 
for the drive itself without having to pas 
any resulting customizations on to the 
host. This lets a single host adapter talk 
to a wide variety of drive types. Addi
tionaJly drive manufacturers can place 
cache memory directly on the drive con
troller; any system RAM that you might 
have been using for a disk cache can go 
back to running programs. 

Points for SCSI 
SCSI sports a few other features favored 
by systems integrators and others who 
are faced with rising disk space and per
formance demands. First, SCSI easily 
handles large-capacity drives . As an ex
ample, the SCSI extended read command 
accepts a 32-bit block number. Given a 
block size of 512 bytes (the standard with 
the drives we tested) , a single disk drive 
could hold 2 terabytes of data. 

Second, multiple drives can be daisy 
chained on the SCSI bus. This is handy 
for network administrators , who can eas
ily add drives as network users demand 
more storage space. One SCSI bus can 
accommodate eight devices: one host 
computer and seven peripheraJs. Conse
quently, the maximum number of drive 
that you can hang off a single SCSI port 
typically is seven. However, each device 
on a SCSI bus can incorporate eight logi
cal units, which in turn can incorporate 
256 logical subunits. 

Third , SCSI supports multiuser and 
multitasking operating systems. Devices 
on a SCSI bus are either initiators (i.e. , 
the host computer) or targets (j. e. , the 
disk drives). Once the host computer 
passes a request to the disk drive, the 
host can disconnect from the drive rather 
than wait for the request 's completion. 
The host then can perform other process
ing while the drive services the request. 
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SCSI DRIVE FEATURES 

In addition to performance, other features that can help determine the right high-capacity SCSI drive for you include formatted capacities.failure 
rates, and warranties. Compare these vendor-supplied average seek times with results obtained in the BYTE Lab, shown in figure J (• =yes: O=no) . 

M226 
Model Prevall325 SLAN910 ISA hammer300 ZPF300 Micro/Stack 1684 

Vendor CMS Core Fu;tsu FWB LaCie MicroNet Micropolis 
Enhancements International America Technology, Inc. Corp. 

Drive manufacturer CMS Core Fuj lsu Seagate Wren Seagate Wren Seagate Wren Micropolis 

Rirmatted capacity (MB) 340 330 415 300 332 423 340 
Price (specific configuration) 

DOS $4195 S3890 $3395 $4290 $2410 
Mac S3890 $3495 $1699 S3795 $2410 
NOYell NetWare $4195 $3890 S3595 $4389 $2410 
Bare drive S3295 $2950 $2995 $1995 

Host adapler manufacturer 
Model 

Adaplec 
1540 

Western Digital 
WD7000 

AIYfilo/S 
IN2000 

MicroNet 
HA-01 

Adaptec 
AHA-15428 

Dimensions ~nches) 5X53/.X8 14'/2X5%X43h 3¥.ox5~0 x 8 2'hX9'hX93/. 9'hX9'hX4 'h 3Y,0x 10 x3¥,0 1%xS3;.xs 

Weight ~bs.) 7 9.89 7.7 7.6 12.2 8.75 5 

Power consumption (waits) 33 16 30 16 16 30 15 

Mean time belWeen failures (hours) 150,000 150,000 200.000 100,000 100,000 100,000 150 ,000 

Warranty (years) 2 5 5 2 
Internal or external installalion lnt.lext . Int.Iext. lntJext. lntlext. lntlext. Ext. Int 

SCSI· 1or SCSl-2support SCSl-2 SCSl-1 SCSl -2 SCSl-1 SCSl-1 SCSl-1 SCSl-2 

Sync. data transfer rate (MB/sec.) NIA 4 4.8 4 4.7 NIA 4 

Async.data transfer rate (MB/sec.) 1.6 2 2 2.5 NIA 1.5 1.6 

Burst or sustained? Sustained Sustained Bursi Sustained Sustained Sustained Sustained 

Average seek time (milliseconds) 16.5 18 14.5 14 14 16 14 

Average latency (milliseconds) 7.5 8.33 8.3 8.33 8.33 8.3 8.33 

Recoverable error rates 
(bits read) 1x10" 1 X10" 1 x1011 1 x1010 1x1010 1 X10" 1x1013 

On-board cac/1e (K bytes) 

Look-ahead buffer (K bytes) 64 64 64 48 48 64 64 
Dedicated or embedded servo Embedded Embedded Dedicated Dedicated Dedicated Dedicated Dedicated 

Drive-select configuration 

Automatic head parking 

Ne!Ware-ready 

S'Mlches

•• 
Switches 

•• 
Jumpeis

• 
0 

Switches 

• 
0 

Switches 

• 
S'Mlches

•• 
Jumpeis

• 
0 

NIA• lnto.-marion nor available. 

• • Nor applicable. 


The two reconnect at a later time to com
plete the transaction. 

Optional synchronous data transfers 
can also improve throughput. Ordinar
ily, SCSI devices perform asynchronous 
data transfers that require request/ack
nowledge handshakes for each byte 
transferred. Synchronous transfer lets a 
sender transmit bursts of data without 
waiting for acknowledgment signals be
tween each byte. An agreed-upon num
ber of acknowledge signals are left out
standing, and the receiver catches up 
with the sender at the end of the transfer. 

Finally, there is the promise of the 
backward-compatible SCSI-2, which a 
few of these drives support partially (see 
the features table) . SCSI-2 provides for 
optional 16- and 32-bit data transfers. In 
its 32-bit incarnation, SCSI-2 can howl 
along at up to 40 MB per second. (For a 
complete discussion of SCSI protocols , 
see "The SCSI Bus," Parts 1 and 2, in 
the February and March BYTE.) 
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SCSI Enters the DOS World 

Photo 1: 
MicroNet 's 
Micro/Stack and 
the Micropolis 
1684 led the field 
in performance 
under DOS. 



SCSI DRIVE FEATURES 

Dltkovery X/Stor MlclnStor 
HCS300E 325 ED330SC Cobn1330e uh1-330S1 MAC32S-S1 D1taFn1me WD3aOSC 

N/Hance 
Systems, Inc. 

Optima 
Technology 

Priam 
Systems 

Podirne 
Systems, Inc. 

Storage 
Dimensions 

Stoc~ 
Dimensions 

SuperMac 
Technology 

Western 
Digdal 

Seagate Wren Optima Technology Alasi Micropolis Seagate Wren Seaga)e Wren Seagateoc IBM 
(OEM) ocMaxtoc Micropolis 

299 321 330 330 330 325 320 320 

$3995 $4390 $3122 
S4 190 $3999 $3499 $3399 

$41 95 $4190 $371 4 
S3995 $2714 $4160 $3299 $3800 

Future Domain Adaptec FutureDomain Adaptec 
TMC-860 AHA·1 542B TMC-870 AHA·1 5428 

3'AX5o/. X8 2%x11%x10~ 7Viox 4%x 13Vio 7x14%x4Y,o 1%X5o/.X8 14%x 7*x5Vio 5x8x9~ 1%X5o/.X4 
7.2 9 13 13 4.2 18 24 22 
26 20 35 30 16 16 37 11.9 

100,000 100,000 50,000 50,000 100,000 100,000 100,000 150,000 
1or3 2 2 2 

lnt./ext. txt. Ext. lnl.lext. lnt.lext lnllext. lnl.iext. Int. 

SCSl·1 SCSl·2 SCSl·l SCSl·l SCSl·1 SCSl-1 SCSl-1 SCSl-2 
NIA 4.8 4 NIA 5 4.75 2 4 
14.3 2 NIA 14.3 2 NIA NIA 4 
Burst Burst Burst Sustained Burst Burst Sustained Burst 
16.5 14 18 14.5 14 14 17 12.5 

8.33 8.33 8.3 8.3 8.33 8.3 8.33 6.95 

1 x10,. 1x1014 1x101a 1 Xt01D 1X11)9 1x1oa 1x1021 1x1010 

48 48 48 32 

32 64 45 64 
Dedicated Dedicated Dedicated Dedicated Dedicated Dedicated Dedicated Dedicated 

SW1 tchesi1umpers

• 
0 

Switches 

• 
0 

Switches 

•• 
Switches 

• 
Switches'JUITipeis

• 
0 

Switches/jumpers

• 
Switch/software

• 
Jumpers

• 
0 

Three hundred megabytes may seem like 
overkill for DOS, where the typical sys
tem is called upon to serve only one user, 
one task at a time. But with the growing 
popularity (and practicality, with faster 
machines) of large databases, scanned 
documents and other image files, and ex
tensive programming environments, 
even DOS users occasionally find them
selves hunting around for truly massive 
storage. 

DOS's relatively simple, single-user, 
single-tasking nature makes the quickest 
drives really stand out. Under DOS, your 
requests for sequential sectors are likely 
to actually read sequential regions on the 
disk, whereas a multitasking operating 
system may have background processes 
that interfere with this sequential access . 

Setting up each of the dr ives was 
straightforward. A BIOS ROM mounted 
on the host adapter scans the SCSI bus for 
active drives ; no device drivers are nec
essary in single-drive DOS configura

tions. None of the drives had any operat
ing or installation problems. 

Each subsystem provides DOS ser
vices via the boot ROM mounted on the 
host adapter. At boot time, the option 
ROM installs itself, supplanting the 
built-in drive BIOS. The host-adapter 
ROM then processes BIOS requests and 
converts them into requests that are ap
propriate for the given drive. 

To some extent, the performance of 
these drives depends on the host adapter. 
Except for the Fujitsu America, Micro
polis, and Western Digital units, which 
were delivered in bare-drive configura
tions, we tested each drive with its own 
host adapter. The bare drives ran with an 
Adaptec AHA- l 542B host adapter, a 
high-performance controller that should 
not impose any limits on drive per
formance . 

Of course, the ultimate performance 
determinant is the drive itself. Several 
manufacturers use sophisticated tech

niques for improving both seek time and 
throughput. Seek time can be improved 
through the use of a dedicated servo ar
chitecture, where one face of one platter 
is dedicated to maintaining head-posi
tioning information. 

Some drives improve throughput using 
a technique known as read-ahead buffer
ing, which speeds sequential disk-read 
access by bringing in more data than you 
requested. The disk can sometimes guess 
that you 'II want to see the sectors that fol
low the one you asked for. Often, the 
drive controller will bring in the whole 
track. That's not as wasteful as it sounds. 
On a I-to-I-interleave disk, it takes only 
a single revolution of the platter to read 
an entire track. On a freshly formatted 
disk (such as those used for these tests) , 
sequential reads and writes almost cer
tainly will fall in contiguous sectors. 

A number of drives posted excellent 
DOS test results , but two stood out. The 
Micropolis 1684 combined exemplary 
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How to Measure Drives 

Across Four Operating Systems 


T esting high-capacity hard disk 
drives on four diverse operating 

environments makes constructing rele
vant, accurate tests a unique challenge. 
Our performance evaluations focus on 
responsiveness at the file system level, 
because that's where users in each envi
ronment directly experience the relative 
speed or sluggishness ofeach drive. You 
can track these test resu 1ts in figure I . 

The heart of our test suite is the file 
IIO benchmark, which consists of four 
separate tests: random and sequential 
writes, and random and sequential 
reads . Sequential tests record a drive's 
flat-out read and write throughput, 
while random tests provide a harsher 
but more realistic determination of ap
plication performance. Note that our 
random read and write test results are 
combined, using an average, 
to simplify our gi:aphs. 

The file I/O benchmark 
first creates a large file, al
locating enough space on 
the drive for the entire file at 
its inception. Then the file 
I/O benchmark times a re
write of the entire file in a 
sequential fashion . Each 
chunk of data is of random 
length (but a multiple of 512 
bytes to keep the writes sec
tor-aligned) to avoid favor
ing any drive.geometry. 

Next, the program con
ducts the random read and 
write tests to break up any 
cached sectors that the drive 
may have after completing 
the sequential write . Ran
dom reads and writes occur 
entirely within the large 
file, and we made no effort 
whatsoever to keep the file 
offsets or length requests 
sector-aligned. This meth· 
od causes repeated seeks 
and might cause additional 
read-before-writes to occur 
on write requests, but we 
think it best reflects the way 
applications actually access 
data in files. 

Finally, the file 1/0 test 
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'Western Digital WD380 SC 


Fujitsu M226 ISA 


Micropolis 1684 


Optima Diskovery 325 


La Cie ZPF 300 


FWB hammer300 


Storage Dimensions X/Stor 


Storage Dimensions MacinStor i-----.-~--

MicroNet Micro/Stack 1---.-----.----r 

CMS Prevail 325 


Priam ED 330 SC 


N/Hance HCS300E 


SuperMac DataFrame 


Rodime Cobra 330e 

Core SLAN 310 

With each operating system, 
your performance will 

0 5 10 15 20 25 

Seek time (milliseconds ) 
probably be better with a 

' This drive's form factor made reaf·wor1d tests impossible. fully tuned system. The im
portant thing to consider 
when making comparisons Figure A: Raw seek times measured by the BYTE Lab 
is that each drive should be compare roughly with vendor-specified average seek times, 

shown in the table. Shorter lines indicate better results. run on an identical system, 
as these were. 

reads back the entire file sequentially. 
The tests cover basic writing and read
ing activities, but they do little to mea
sure how drives respond when you im
pose the added burden of updating 
directories and allocation information. 
Our second file system test makes that 
measurement: It's the time it takes to 
copy a large directory structure. Under 
DOS and for NetWare clients, this 
means XCOPY; on the Macintosh, we 
accomplish the tree-copy test via an 
MPW (Macintosh Programmer's Work
shop) script; and on Unix, we use find 
coupled with epic to complete the task. 

Our one low-level test measures seek 
time, a basic parameter that will affect 
drive speed in any application. A Flex
Star 3000s dedicated test system mea
sured seek times (see figure A). 

SEEK-TEST RESU LTS 

Unfortunately, we were unable to ob
tain meaningful results for the Western 
Digital WD380 SC. We used a canned 
seek-test routine , which issues a num
ber of SCSI seeks. The Western Digital 
drive, because of its small form factor, 
must "rest" between seeks for better 
heat dissipation; this occurs only on 
seeks, not on reads or writes. 

We ran DOS 4.01 and NetWare 386 
tests on 33-MHz 386 systems from Club 
American and Arche Technologies. For 
drives shipped without a host adapter, 
we used an Adaptec AHA-15428 card . 
Each test setup used the drive under test 
as its sole hard disk drive. 

To test the SCSI drives under Unix, 
we added the Adaptec controller to an 
Everex Step 33-MHz 386 system with 4 
megabytes of memory. 11he system used 

an internal 150-MB hard 
disk drive, which we loaded 
with version 2.2 of Interac
tive Unix System V. We 
configured Unix to treat the 
Adaptec as a secondary con
troller. We built a 150-MB 
file system on the Unix par
tition of each SCSI drive. 

Our Macintosh test setup 
included a Mac SE/30 that 
was equipped with 2 MB of 
memory and running Sys
tem 6.05. We simply con
nected each drive in turn to 
the Mac's external SCSI port 
and formatted them using 
vendor-supplied software. 

Our benchmarks are rele
vant only for comparison. In 
Unix, for example, our 4
MB system left little room 
for the all-important kernel 
buffers, and we made no 
effort to tune each system 
for maximum performance. 
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sequential write numbers and killer re
sults on the tree-copy test, to earn first 
place overall. MicroNet's Micro/Stack 
posted the best sequential read time and 
performed very well on the tree-copy test 
(see figure l and figure A) . 

Micropolis claims that its proprietary 
cache feature enhances performance. 
The cache is especially sensitive to di
rectory and file allocation table (FAT) 
use oo the drive, and it attempts to keep 
these locations buffered as much as pos
sible. Excellent numbers on the tree-copy 

test, which makes the most use of direc
tory entries, confirms this claim. Short 
seek times helped performance, as well . 

MicroNet's Micro/Stack drive did 
very well oo the tree-copy test, despite a 
lackluster seek time. However, the out
standing read throughput more than 
made up the difference. The Micro/ 
Stack included a bundled host/adapter/ 
driver combination , which MicroNet op
timized for use with the drive . Micro
Net's solid performance can also be· 
attributed to its low-level format optimi-

With its massive appetite for storage and 
performance, Unix is a good match for 
SCSI. Its single-rooted file system struc
ture Jets you place new devices anywhere 
you waot them. The multitasking nature 
of the operating system also maps well to 
SCSI's asynchronous nature. 

Our file 1/0 tests showed off the 
strengths and weaknesses of Unix as re
lated to the other test environments. The 
DOS and Macintosh numbers for se
quential read and write , for example, 
seem positively astonishing compared to 
Uoix. The only other multitasking envi
ronment we tested, NetWare 386, shows 
some similarity to Unix's numbers . On a 
single-tasking machine, it 's acceptable 
to have the system "go away" for up to 
several seconds while disk I/O is being 
done. The amount of data that can be 
written before making the system re
sponsive again is greater, because the 
user expects the system to freeze up 
briefly. 

When you start multitasking, how-

Photo 2: Unix 
system honors 
went to FWB 's 
hammer300, 
Optima's 
Diskovery 325, 
and Storage 
Dimensions ' 
X/Stor. 

ever, things get more complicated. Re
sponsiveness becomes a priority; you 
don't want your keyboard to lock up 
while the disk is active. Under Unix, as 
with NetWare, more users (or processes) 
pound on the disk thao under DOS, and 
the size of the atomic disk operation is 
much smalJer. So, while a DOS system 
might be content to go blind for 5 seconds 
while it spews a huge block of data out to 
disk, Unix demands that a device driver 
finish its work in a few milliseconds. 

Developers oflnteractive Unix grafted 
device drivers and some specific changes 
ooto standard System V Unix to improve 
performance. Interactive Unix ' s Fast 
File System (FFS) attempts to optimize 
sequential 1/0 by dynamically adjusting 
the amount of data read from disk in a 
single operation. It assigns as much 1/0 
as possible to clusters of contiguous disk 
blocks. The more sequential your data 
access patterns, the more th.e file system 
adds to your 1/0 block size. As you re
turn to random access , the file system 

zations, which remap the drive geometry 
to one that makes better use of available 
head/cylinder combinations. 

Fujitsu., FWB, Optima, and Western 
Digital drives made up the middle of the 
group, all with respectable times. Fujitsu 's 
M226 ISA and Western Digital' s WD380 
SC should provide a solid basis for an 
OEM system. To its credit, the Western 
Digital drive is much smaller and quieter 
than the Fujitsu drive. As in ou.r other en
vironments , the Optima and FWB drives 
paralleled each other in speed . 

quickly scales down, limiting the read
ahead. 

The other half of Interactive Unix's 
optimization Lies in the High Perfor
mance Disk Driver. This unified driver 
works from a table that lists the capabi li
ties of supported disk controllers . The 
HPDD tries to squeeze maximum perfor
mance from each controller. In the case 
of the Adaptec AHA-1542B used in ou r 
tests, the HPDD takes advantage of the 
controller' s scatter-gather capability. It 
optimizes disk access by collecting dis
joint requests, sorting them in sector 
order, and getting them on or off the disk 
with a minimum number of seeks. 

Scatter-gather also applies well to 
Unix's buffering scheme. Ao application 
rarely writes data directly to a disk. In
stead, data resides in one of a number of 
kernel buffers . When the number of 
available buffers gets low or when a pe
riodic timer expires (whichever comes 
first), the "dirty " buffers are written to 
disk. Each buffer remains as long as pos
sible until some other process needs to 
write to it. The driver tags each buffer 
with the disk ID and sector number from 
which it was loaded. If a read request 
comes in later for that same sector, the 
buffer supplies the data without requir
ing a read from the disk. Because each 
buffer is tagged with a sector number, 
buffers can readily be grouped and 
sorted . Interactive Unix enhanced this 
standard Unix mechanism by combi ning 
contiguous buffers into one to increase 
the amount of data that can be written in 
ooe operation. 

Last on the list of technical consider
ations is the concept of asynchronicity. 
SCSI drives are intelligent , each one pos
sessing its own built-in controller aod , 
optionalJy cache, and they can perform 
certain operations asynchronously. Most 
notably , seeking can take place on sev
eral drives simultaneously. The SCSI 
host adapter sends the seek commands to 
the drives and doesn't bother to wait for 
the drive to say, "I'm there." Instead, it 
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(a) DOS 

Micropolis 1684 
MicroNet MicrofStack 

Optima Diskovery 325 
Fujitsu M226 ISA 
FWB hammer300 

Western Digital WD380 SC 

(b) Unix 

CMS Prevail 325 
Core SLAN 310 

N/Hance HCS300E 
Priam ED 330 SC 

FWB hammer300 
Optima Diskovery 325 

MicroNet MicrofStack 
Micropolis 1684 

Fujitsu M226 ISA 
Western Digital WD380 SC 

Core SLAN 310 
Priam ED 330 SC 

N/Hance HCS300E 

(c) NetWare 386 

Optima Diskovery 325 
FWB harnmer300 

MicroNet MicrofStack 
Western Digital WD380 SC 

Fujitsu M226 ISA 
CMS Prevail 325 
Micropolis 1684 

Priam ED 330 SC 
Core SLAN 310 

N/Hance HCS300E 

(d) Macintosh 
Micropolis 1684 

Western Digital WD380 SC 
Storage Dimensions MacinStor 

FWB hammer300 
Optima Diskovery325 

La Cie ZPF300 
Rodime Cobra 330e 

MicroNet MicrofStack 
SuperMac DataFrame 

Fujitsu M226 ISA 

0 

0 

0 

0 
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Sequential read Sequential write LJ Random read/Write D Treecopy 

Figure 1: The tree-copy test measures how well a drive copies a large directory structure; sequential tests gauge flat-out read 
and write throughput; and random tests exemplify application performance. (a) Under DOS, the Micropolis 1684 and the 
MicroNet Micro/Stack are notable for their excellent tree-copy and sequential-read throughput. (b) Under Unix, the FWB and 
Optima drives had superior overall results. (c) Although performance differences under NetWare 386 were less dramatic than 
those under DOS or Unix, drives from FWB, Optima, and MicroNet stood out again. (d) On the Macintosh , drive performance 
clustered quite tightly, although drives from Storage Dimensions and Micropolis turned in the best results overall. Longer bars 
indicate better performance. 
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moves on to the next request. The advan
tages of asynchronicity are not seen in 
single-drive configurations , such as 
those that appear in these tests . The real 
gains become apparent when you use ad
vanced configurations such as striping, 
in which multiple disk drives are treated 
as one. 

Unix Picks 
The preceding information is meant to 
help you draw your own conclusions 
from the table, but we have our own fa
vorites- some obvious others less so. 

The drives that fell in the "obvious 
choice" category surprised us . They 
were the ones that had it all : small size, 
external case and power supply , and 
near-silent operation. We didn't expect 
these tiny drives to be the top perform
ers , but FWB 's hammer300 and Opti
ma ' s Diskovery 325 were clear winners 
in overall speed. We were also pleased 
with MicroNet' s Micro/Stack, another 
small , silent drive. You have to pay for 
the convenience that reduced size 
brings- these drives are quite expensive 

NetWare 386 Optimizations Boost Disk Performance 

Only CMS, MicroNet, and Optima were 
offering NetWare 386 drivers for their 
drives by the time we went to press. We 
tested the other drives under NetWare 
386 using the Adaptec Host Adapter and 
its supplied driver. 

Installing these drives was easy, but 
that was due more to NetWare 386 itself 
than to any innovation on the part of the 
drive vendors. Once we cabled the drive 
to the host adapter, we just ran Novell ' s 
Server program and loaded the host 
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for the storage they offer. The FWB 
drive holds a slight edge over the other 
small external drives in both price and 
performance, earning the nod for best in 
its class. 

Heading up the big-drive category is 
the Storage Dimensions X/Stor system. 
This is actually up to four drives in a sin
gle case that can place over a gigabyte of 
storage at your system 's disposal. The 
company has managed to construct a 
case that takes up barely more room than 
the drives themselves, and it is attractive 
enough that you won't be ashamed to 
have it seen on your desk . 

The rest of the pack included a smat
tering of internal and external drives . Of 
these, the Micropolis half-height inter
nal drive seemed to have the best overall 
showing. The only factors that would 
bring us to a heavy full-height drive 
would be performance and price, and the 
Micropolis 1684 makes both these argu
ments moot. At a suggested list price of 
$1995 for the bare drive, it' s a good 
starting point for building a system . 
Western Digital ' s WD380 SC also per

adapter's driver, which each manufac
turer supplies as an NLM (NetWare 
Loadable Module). A few floppy disk 
swaps are all that is required to install 
the remaining NetWare utilities onto the 
hard disk drive. 

We didn't test these drives under Ad
vanced NetWare, but you can expect a 
much more involved installation process 
with Advanced NetWare than with Net
Ware 386. The most time-consuming 
part of a NetWare installation often is 

formed quite well. 
The Fujitsu full-height internal drive 

is this roundup's enigma: Its perfor
mance pushed it out of the top five , but it 
still managed to skunk the others in only 
the tree-copy test. Thi may be thanks to 
the drive's fast seek time, and the tree
copy test does a blessed lot of seeking. 
The drive' noi e level was the worst of 
all the drives we tested , producing loud 
snaps during seeks and emitting an an
noying whine during normal operation . 
Unless you plan to drop it in acoustic 
foam or in another room ave your ears 
the torment of the Fujitsu drive. 

Another disappointment was the CMS 
Prevail 325 drive. Prevail it didn 't, be
cause, of all the drives in the test, the 
Prevail was the only one that wouldn't 
work with Unix. The very same drive 
and controller worked perfectly with 
DOS and NetWare, but when we attempt
ed to install the drive under Unix, even 
the imple reading of the drive' s geome
try failed . We notified CMS of the prob
lem, but the company was unable to pro
vide a olution. 

running Novell's COMPSURF utility , 
which does a very detailed surface analy
sis to mark out defects. Some of the 
drive , including the ones from CMS and 
MicroNet, were " NetWare Ready " and 
didn' t require COMPSURFing for any 
NetWare installation. NetWare Ready, a 
Novell certification, also indicates that 
some NetWare configuration informa
tion is already present on the disk; Ad
vanced NetWare versions 2.15 and high
er can read drive information directly off 
the disk and do not require additional 
drivers. 

Each of these drive/host-adapter com
binations supports NetWare ' s disk-mir
roring capability , which reserves one 
disk as a copy of another to guarantee 
data integrity. 

Net Ware 386 and Unix have some sim
ilarities when it comes to managing disk 
drives . NetWare 386 keeps caching buf
fers for both file and directories cach
ing both reads and writes. NetWare and 
these host adapters al o support SCSI 
disconnect , which provides performance 
gains in multiple drive configurations by 
allowing a controller to move on to other 
tasks while one drive is finding its data . 

Some performance features , however, 
are unique to NetWare 386. The operat
ing system makes a number of dynamic 
optimizations to crank up disk perfor
mance. NetWare dynamically allocates 
memory for directory cache buffers to 
tune them to the pattern of actual disk 
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Photo 3: Among 
NetWare386 
drives , the FWB 
hammer300, 
Optima Diskovery 
325,and 
MicroNet 
Micro/Stack 
404/LAN were 
outstanding. 
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usage. It also indexes files with many 
FAT entries , to speed random accesses. 
And NetWare handles elevator seeks, a 
technique that queues disk requests so 
that sector requests seen by the disk in
volve as few seeks as possible. 

All this optimization in the operating 
system conspires to make performance 
quite similar from drive to drive. As the 
figures show, performance differences 
among drives under NetWare were not 
nearly as dramatic as those shown under 
DOS. Optima's Diskovery 325, FWB's 
hammer300, and MicroNet's Micro/ 
Stack finished in a virtual dead heat 
when you consider both tree-copy and 
file read/write performance. Both the 

SCSI DRIVES 

Diskovery 325 and hammer300 drives 
had shown good speed in our other envi
ronments, so it was no surprise that they 
did very well on the tree-copy test. 

The Micro/Stack drive's optimiza
tions, which made the drive a leader in 
the DOS benchmarks, apparently helped 
here, as well; it finished head and shoul
ders above the rest on sequential reads. 
MicroNet claims that the optimizations 
are specifically designed for better per
formance with the small block sizes used 
by NetWare. 

The CMS Prevail 325, Western Digi
tal WD380 SC, and Fujitsu M226 ISA 
scored quite well- only slightly behind 
the top three finishers. 

Mac and SCSI: A Venerable Relationship 

11111111111111111 

Photo 4: The La 
CieZPF 300 
shined for its 
economy, while 
the Micropolis 
1684 and the FWB 
hammer300 
turned in superior 
performance 
among Macintosh 
drives. 

Utility software played a key role in our 
evaluation of Macintosh drives. Al
though disk drives for other environ
ments neither require nor supply util
ities , drives on the Mac thrive on them. 
Mandatory components of the packages 
were disk formatting and disk partition
ing utilities. 

Disk formatting readies the hard disk 
surface for accepting data. Unusable sec
tors are usually located at this stage and 
mapped out. All the packages we tested 
either allowed you to select an interleave 
factor or picked one for you, based on the 
speed of the host machine. 

Disk partitioning divides the physical 
disk surface into one or more logical vol 
umes . Many of the manufacturers sug
gest that, for performance's sake, you 
limit partitions to around 80 MB. This 
stage also builds the initial directory 
structure (directory B-tree and bit maps) 

for the partition. Most of the systems we 
looked at supported A/ UX partitions, as 
well as Mac OS partitions. A few sup
ported ProDOS . 

Before the Macintosh can access a vol 
ume (i.e., make it appear on the Desk
top), you must mount the partition asso
ciated with that volume. Partitions on a 
Macintosh drive can be tagged to mount 
either at start-up time, called automount
ing, or in response to an explicit mount 
request. All the utility packages that we 
examined handled automounting. Addi
tionally, all the packages allowed us to 
lock individual partitions; locked parti
tions are read-only, which offers some 
virus protection for sensitive applica
tions . Finally, nearly every package pro
vided some level of password protection. 

Silverlining, the La Cie ZPF 300's ac
companying driver software, included an 
autopark feature . It also provided a disk 
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opt1m1zmg (i.e., defragmenting) capa
bility. Unleashing the optimizer on a vol
ume shows you a percentage figure that 
indicates that volume's level of fragmen
tation, as well as how many bytes the op
timjzer will have to move around on the 
drive to clean things up. 

The Rodime Cobra 330e's utility soft
ware included FastBack II backup soft
ware (from Fifth Generation Systems) . 
Although you can assign passwords to 
partitions on the Rodime drive, you can't 
password-protect a boot partition. This 
was mildly annoying , but it's critical if 
you don't want anyone to get into your 
machine. 

The software with SuperMac 's Data
Frame is as extensive. You select the size 
of a disk's partitions using a unique, 
movable pie chart. Once you've built 
your partitions, not only can you attach 
individua l passwords , but you can select 
partitions to be automatically encrypted 
using the data encryption standard. The 
encryption occurs transparently, which 
means that once you 've turned the en
cryption on, you don ' t have to do any
thing additional-all your software will 
work as it normally does . If someone 
else swipes your drive, all he or she wil l 
see are piles of encrypted data. This pro
tection , however, comes at the expense of 
speed. With DES activated on a parti
tion, the file 110 tests that we ran yielded 
a sequential read throughput of about 
28 ,000 bytes per second and a sequential 
write throughput of about 27,000 bytes 
per second. Compare this to the over I 
mil lion bytes per second that we ob
tained on reads without DES. 

FWB's hammer300 arrived with an 
impressive array of software: each pro
gram accompanied by a small manual. 
Not only can you password-protect and 
encrypt partitions on the fly, but FWB's 
Hard Disk Deadbolt software lets you 
perform after-the-fact encryption using 
the DES algorithm as well as a faster 
proprietary encryption scheme called 
Quickbolt. Deadbolt also includes Black
out, a software utility that lets you tem 
porarily lock you r Mac for short trips 
away from your desk. You activate Black
out and enter a password, and your Mac 
is frozen until someone reenters that 
password. (And Blackout is intelligent 
about how it " freezes" your machine
background tasks can continue to run.) 

Optima's software, which is called 
Disk.Mount, handles the essentials: for
matting , partitioning, and attaching 
passwords to partitions. The password 
control can mount access to a partition, 
and .:ou can specify that a partition re
main locked until the proper password is 
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The Fuzzy Side of SCSI 


C ommunication between the SCSI 
bus and a disk drive or other device 

has two segments: computer to host
SCSI controller and host-SCSI control
ler to SCSI device. 

The SCSI protocol makes the second 
step efficient and relatively painless, 
because every device speaks the same 
language, and switching in units from 
different vendors (ideally) presents no 
problems. 

But computer to host-SCSI controller 
communication is a different story. 
Each host adapter vendor for the PC 
XTIAT family of machines shows a dif
ferent interface to software running on 
the host machine. On SCSI-equipped 
Macs , the built-in SCSI chip means that 
there is only one way to talk to SCSI de
vices , but the programming method is 
radically different from anything seen 
on the PC. 

Common Access Method promises to 
straighten out this uncivilized side of 
SCSI communication, at least for the 
PC. But the CAM committee hasn't yet 
hammered out a final standard. The 
standard that the CAM committee 
adopts may also make it possible for 
drivers for more exotic devices such as 
CD-ROMs, tape drives, and scanners to 
share the same host adapters through a 
common interface. 

The BYTE Lab has been working on 
SCSI testing software designed for the 
Macintosh SCSI chip and three popular 
PC-host adapters : the Western Digital 
WD7000-ASC, the Adaptec AHA
1542B, and the Future Domain TMC
885. None of these devices makes writ
ing software a terrible chore. But as far 
as we're concerned, writing for three 
interfaces is writing for two interfaces 
too many, which leaves us hoping for a 
well-defined CAM in the near future. 

Western Digital ' s family of host 
adapters relies on the Standard Device 
Level Protocol interface developed by 

given . DiskMount ' s disk ver ification 
performs a nondestructive read test of 
the hard disk surface. You can specify 
that the disk drive 's internal error cor
rect ion be turned off for the duration of 
the test so that " marginal " blocks (i.e., 
those likely to fail soonest in the future) 
are reported. Once you ' ve collected your 
list of questionable blocks, DiskMount 
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Columbia Data Products. SDLPdefines 
commands for reading , writing, infor
mation gathering, and other tasks . 

Under MS-DOS , software has access 
to SDLP through a software interrupt, 
INT 11 hexadecimal, which the adapt
er's ROM steals from the equipment de
termination routine in the machine's 
BIOS. To send a SCSI command, the 
calling software simply fills registers 
with appropriate values and fires off the 
interrupt. OS/2 and Unix applications 
access similar commands through 
ioctl calls to the SDLP kernel device 
driver, which in turn talks to the host 
adapter hardware through an adapter
specific device driver. 

llhe Advanced SCSI Programming 
Interface provides Adaptec's host 
adapters with a common software inter
face for device drivers and applications . 
DOS, OS/2, and NetWare applications 
talk to the ASPI driver by pushing the 
address of a command block onto the 
stack and then issuing a call to the 
driver. The process differs between the 
operating systems only in the way in 
which the calling software determines 
the ASPI entry point. ASP! supports a 
number of information request calls and 
standard SCSI l/O commands . 

Future Domain provides developers 
with an OEM kit to ease the process of 
writing software that supports Future 
Domain host adapters . The kit consists 
of object modules that de.velopers can 
link into their own code. We also found 
it relatively easy to write directly to the 
card 's TMC-950 SCSI controller chip, a 
memory-mapped device for which Fu
ture· Domain provides documentation. 

On the Mac, you can take comfort in 
there being only one programming in
terface to SCSI: the Mac's SCSI man
ager. Unless you're trying to do some 
real low-level SCSI programming, the 
SCSI manager provides all the functions 
that you need. The SCSI manager sup-

lets you map good blocks in the place of 
bad ones . As an extra level of protection, 
the Optima system keeps duplicates of 
the disk ' s partition information and de
vice driver. In that way , if either should 
somehow become corrupted , a utility 
program called QuickFix can replace the 
original with the duplicate . 

The installation software on Storage 

ports bus arbitration, device selection, 
and message transfer. Apple has even 
provided an extremely simple program
ming language for high-speed buffer 
copies that you can use to control what 
the SCSI manager does with data sent to 
or taken from a target device. (For a de
tailed description of programming to 
the Mac's SCSI manager, see "Foreign 
File Systems, " March BYTE. ) 

If you are really desperate to go 
straight to the SCSI hardware, you ' ll 
have to dig up whatever documentation 
you have on the NCR 5380, the SCSI 
controller chip used by Maci ntoshes 
since the Mac Plus. You' ll also want to 
go spelunking into all your Inside Mac
intosh volumes . There is a variety of 
ways to effect a transfer on the SCSI bus 
using the 5380. You've probably heard 
of "blind " transfers : data exchange on 
the SCSI bus in which the system checks 
only a handshake bit in association with 
the first byte of a packet transfer and 
then sends the rest of the bytes at top 
speed (i.e., without explicitly checking 
handshaking1. You may have also heard 
of the 5380's " pseudo-OMA" mode, in 
which the transfer of bytes to and from 
the chip triggers the handshaking sig
nals on the SCSI bus . 

As compatible as Macs may seem, the 
sad truth is that even though all Macs 
use the 5380 to control the SCSI bus , the 
5380 is wired differently for different 
Macs . For example-, in a Mac Plus , the 
base address of the 5380 is at 580000h; 
it's at 5FFOOOh on a Mac SE and at 
50Fl0000h on the Mac II . Further
more, the Mac Plus must use software 
handshaking in the pseudo-OMA 
mode, which means that you might run 
into invalid data being transferred if you 
choose to use blind transfers on that 
machine. 

The moral: Unless you ' re developing 
your own custom SCSI hardware, stick 
with the SCSI manager. 

Dimensions' MacinStor isn ' t loaded with 
fr ills, but it has everything you need . 
You can password-protect partit ions, 
toggle them as read-only, and even flag a 
partition to use write verification . We 
were also very happy to see that the Mac
inStor disk included a cdev (a Control 
Panel device) version of the installation 
software. This allows you access to the 
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(08)7344 100 

So11entuna 
Beon Data 
08-82692 26 

Un11oef Kingdom 
Le1cester & London 
A·Line Oarasoeed Deviees. ltd 
0533-778899 

Buck1ngnamsh1re 
Trend Oa talink. Lid. 
(06285) 30611 

Circle 41 on Reader Service Card (RESELLERS: 42) 



•l;#e#,ii#ii#e#iii. SCSI DRIVES 

COMPANY INFORMATION 

Adapt.ec, Inc. Future Domain Mlcropolls Corp. Rodlme Systems, Inc. 

(AHA-1542B) (TMC-885) (1684) (Cobra 330e) 

691 South Milpitas Blvd. 1582 Parkway ~oop, Suite A 21211 Nordhoff St. 901 Broken Sound Pkwy., NW 

Milpitas, CA 95035 Tustln, CA 92680 Chatsworth, CA 91311 Boca Raton. FL 33487 

(408) 945·8600 (714) 259-0400 (818) 709-3300 (407) 994·5585 

Inquiry 1111. Inquiry 1116. Inquiry 1120. Inquiry 1124. 


CMS Enhancements FWB NIHance Systems, Inc. Storage Dimensions 

(Prevail 325) (hammer300) (HCS300E) (MacinStor MAC325·S 1, 

1372 Valencia Ave. 2040 Polk St. , Suite 215 908R Providence Hwy. X/Stor xsh1 ·330S1) 

Tustin, CA 92680 San Francisco, CA 94109 Dedham. MA 02026 2145 Hamilton ve. 

(714) 259-9555 r (415)474-8055 (800) 289·9676 San Jose. CA 95125 

Inquiry 1112. Inquiry 1117. (617) 461 -1970 (408) 879·0300 


Inquiry 1121. Inquiry 1125. 

Core International La Cle 

(SLAN 310) (ZPF 300) Optima Technology SuperMac Technology 

6500 East Rogers Cir. 19552 Southwest 90th Court (Diskovery 325) (DataFrame) 

Boca Raton. FL 33487 Tualatin, OR 97062 17526 Von Karman 485 Potrero Ave. 

(305) 997 ·6033 (800) 999-0143 Irvine, CA 92714 Sunnyvale, CA 94086 

Inquiry 1113. (503) 692-0771 (7 14) 476-0515 (408) 245-2202 


Inquiry 1118. Inquiry 1122. Inquiry 1126. 

FlexStar 

(3000s) MlcroNet Technology, Inc. Priam Systems Western Digital 
..2040 Fortune Dr. (MicrolStack 404/LAN, (ED330SC) (WD380 SC. WD7000-ASC) 
San Jose, CA 95131 Micro/Stack MS-404) 1140 Ringwood Court 8105 Irvine Center Dr. , 
(408) 433·0770 20 Mason San Jose. CA 95131 Irvine, CA 92718 

Inquiry 1114. Irvine. CA 92718 (408) 954-8680 (714) 932-5000 


(714) 837-6033 Inquiry 1123. Inquiry 1127. 

Fujitsu America Inquiry 1119. 

(M226 1SA) 

3055 Orchard Dr. 

San Jose. CA 95134 

(408) 432-1 300 •· .........
Inquiry 11 15. ........... 


-~-- ·- 
most frequently used functions, such as cause this was an OEM drive, we needed 325 is too expensive for our taste ; we 
mounting or dismounting a partition compatible driver software; we used La like the FWB hammer300 for both its 
from the Control Panel. The MicroNet Cie's Silverlining in our tests.) price and performance. 
installation software builds A/UX as However, when we considered more Storage Dimension ' offerings turned 
well as Macintosh partitions, and it eas than just raw speed, we gave top honors out to be excellent performers as well. 
ily initialized drives . to the FWB hammer300. Although not a Both the X/Stor and the MacinStor 

MicroNet drivers supported overlap speed demon, it ranked in the top halfof scored very well on their respective Unix 
ping seeks on multiple disk drive config most tests. The amount of support soft and Macintosh platform , and both carry 
urations . Overlapping seeks logically ware that came with the drive swayed our prices lower than drives of similar per
chain two drives together and divide data vote. formance and capacity. 
between them . The process makes use of FinalJy , if you ' re cost-conscious and If your platform is DOS or etWare, 
the drive ' s built-in read-ahead cache. find your elf reeli ng from high prices , we suggest MicroNet ' s Micro/Stack 
For example, if software issues a large consider the La Cie ZPF 300 drive. It 404/LAN. At 423 MB and with excellent 
read request on a file (e.g., a multimega scored near the middle in most tests, and benchmark numbers the $4495 Micro/ 
byte image file) , the first piece of the file its Silverlining software, while not re Stack may be worth the little larger up
comes from drive A, the second from plete with features, is probably all the front investment. 
drive B. MicroNet' s engineers point out hard disk drive software you ' ll ever All the OEM drives had acceptable 
that even write accesses benefit from need. However, the drive stands out in speed, but the Micropolis 1684 distin 
overlapped seeks: Since each drive fills price: It's $700 to $2500 less than other guished itself. Each drive had above
up half as fast as it ordinarily would, seek Mac drives. average mean-time-between-failure rat
distances are reduced. ings , and the speedy Western Digital 

It's not easy to pick the best Macintosh And the Winner Is ... WD380 SC at 3 1h inches , fits in where 
drive. In general , a winner in one test Picking an overall high-capacity hard others can ' t. • 
turned in a mediocre performance in disk drive winner depends, as always , on 
other test . Based on performance alone , your individual application and environ Steve Apiki and Stan Wszola are BITE Lab 
we cho e the Micropolis 1684 as the top ment. The FWB and Optima drives testing editors/engineers. Rick Grehan is 
drive because of its write throughput proved to be very solid. Both finished at the BYTE Lab technical director, and 
numbers (see figure 1) . It scored the or near the top for all four operating sys Tom Yager is a BITE Lab technical editor. 
highest marks in both our sequential tems. Although it is slickly packaged and They can be reached on BIX as "apiki, " 
and random-write throughput tests . (Be- well documented, the Optima Diskovery "stan," "rick_g, "and "tyager. " 
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http:Adapt.ec


For complete data protection, our PC Might UPS says it alll 
Now you can provide all the protection you The complete line of PC Might UPS 
will ever need for your valuable data with a PC products-the PC Might 25, 35 and 55
Might UP from PSONIC. Designed to be en ure you can have the ideal solution to any 
unseen, unheard, but always on the job, the protection need, whether it' a popular 
PC Might will protect your individual stand-alone micro, a file server or a network 
computer or network from blackouts, node, just connect a PC Might and forget 
brownouts, spikes and surges. UPSONIC is about it. You and your data are completely 
one of the industry's largest, most successful protected. 
manufacturers with over 280,000 units 
installed world-wide. Our products are To order or for more 
time-tested and reliable and come with a information, call and UPSONIC .
complete one-year warranty. ask for Operator 42. 

1-800-UPSONIC 
UPSO IC, One Park Plaza, Suite 600, Irvine, CA 92714 

FAX 714-852-4480 
Circle 363 on Reader Service Card (RESEUERS: 364) 
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REVIEWS 


SYSTEM Mark L. Van Name and Bill Catchings 

REV I EW 

High-Performance 486 ATs 
ith all the coverage that the Ex
tended Industry Standard Archi
tecture (EJSA) and Micro Chan

nel architecture buse get, it' s easy to 
believe that you need one of these new 
bus architectures to get great perfor
mance. Not necessarily. The three ma
chines in this review- AST's Premium 
486/33, Club American's Hawk III , and 
Everex' s Step 486/33-combine a 33
MHz i486 with the standard AT bus, and 
the result in each case is a screamer. 

The e three machines also have a lot in 
common besides the AT bus and the 33
MHz i486 CPU. All contain a socket for 
a Weitek WT1AJ67 math coproce sor. 
a 5 1A-i nch I.2-megabyte floppy disk 
drive , two erial ports, a paraJlel port, a 
.lQJ -key keyboard , a 16-bit VGA card 
with 256K bytes of RAM and a 14-inch 
color monitor. The main differences in 
the configurations that we tested were 
the size of the hard disk drive and the 
amount of RAM and external cache 
memory that each offered. 

The Premium 486/33 had a 31/z-inch 
110-MB lmprimis Intelligent Drive 
Electronics (IDE) hard disk drive with a 
16-millisecond average access time, 4 
MB of system RAM, and no external 
CPU cache. The Hawk III had a 5 1A-inch 
158-MB Maxtor ESDI hard disk drive 
with a 16-ms average access time, 8 MB 
of RAM, and 256K bytes of external 
cache memory. The Step 486/33 had the 
greatest disk capacity of the group, with 
a 5 1A-inch. 330-MB, 141/z-ms Seagate 
ESDI hard disk drive, as well as 8 MB of 
RAM and a l28K-byte external proces
sor cache. The Step 486/33 and the Hawk 
III also had multifrequency monitors, 
rather than the standard VGA monitor 
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that was included with the Premium 
486/33 . 

Because the configurations of these 
machines are so similar, it can be diffi
cult to choose among them. The key is to 
focus on three major criteria: price, per
formance, and reliability. 

Wide Price Spread 
None of these systems is cheap. but you 
can ' t expect bargain-basement price for 
top performers. To make a reasonable 
price comparison, we priced each system 
with a color VGA board and monitor. a 
150-MB hard disk drive (or one as close 
to that size as po sible), and 4 MB of 
RAM. In that configuration the Everex 
Step 486/33 with a 160-MB drive is the 
most expensive of the group, with a list 
price of $11 ,899 . A comparable AST 
Premium 486/33 with a 110-MB drive 
costs $10,619 which is roughly 10 per
cent less. 

If price is your only consideration 
however, you can read this paragraph 
and skip the rest of the review. The Hawk 
Ill in our comparison configuration costs 
only $6989, and that ' s with a 158-MB 
drive. The others just can ' t compete with 
the Hawk Ill's rock-bottom mail-order 
price. even considering typical dealer 
discounts for the Premium 486/33 and 
Step 486/33. 

AST's Premium systems have one un
usual advantage over the others: You can 
start with a slower CPU and later up
grade to the 33-MHz i486, or whatever 
chip is the fastest Intel CPU at the time. 
Still, the price difference between the 
AST Premium 486/33 and the Club 
American Hawk ID is too much to pay 
just for the upgrade privilege. 

Fast, But Not the Fastest 
Price comparisons are fair only when the 
systems involved perform at about the 
same level . As the graph shows these 
three system definitely make price com
parisons reasonable, because they pro
duce very similar results on the BYTE 
benchmarks. On the overall DOS appli
cation index, the fastest machine of the 
bunch, the AST Premium 486/33, is !es 
than l 0 percent faster than the slowest, 
the Hawk III- there's not a dog in the 
group. 

Still, none of them even comes close to 
the 65 .2 application index of the Tangent 
Model 425 EISA bus machine that we re
viewed last month- and the Tangent uses 
only a 25-MHz i486 CPU! To resolve 
this discrepancy , here ' s a closer look at 
the benchmark results . 

On the CPU front , the Step 486/33, 
with a score of9.0, is the clear winner. 
Its score is over 20 percent better than the 
7.4 of the Hawk III and the 7.2 of the 
Premium 486/33 . The Step 486/33 gets 
its strong CPU score primarily from 
Everex 's Advanced Memory Manage
ment Architecture cache controller , 
which manages the system's external 
128K-byte, 20-nanosecond static RAM 
(SRAM) cache. 

By forgoing an external cache and re
lying solely on the i486' internal cache, 
the Premium 486/33 turned in the lowest 
CPU performance of the group. The 
Hawk III, Like the Everex system, has an 
external cache. In fact , its 256K-byte 
cache of20-ns SRAM is twice the size of 
the Step 486/33 's. Because the Hawk 
III's larger cache didn' t give it the CPU 
performance crown, we can only con
clude that Everex ' s AMMA cache con
troller must be better than the Hawk Ill's 
cache manager. 

CPU speed isn ' t the entire story , how
ever, because all three machines beat the 
Tangent's 6.6 CPU core, and yet lost to 
the Tangent by a substantial margin in 
overall application-level performance. 
The an wer, not surprisingly , lies pri



marily in disk performance. 
All three systems have less than spec

tacular disk scores. The slight edge goes 
to the Step 486/33, with a score of 3.2 on 
the low-level disk tests . The Hawk III 
and Premium 486/33 were close behind, 
at 3.0 and 2.3, respectively. 

None, however, has a caching hard 
disk drive controller, and that ' s where 
the Tangent machine gets its perfor
mance. The Tangent's BYTE disk index 
of 10.1 is due, in large part, to its Mylex 
caching disk drive controller, with 4 MB 
of on-board RAM. The lesson is clear: If 
maximum performance is your goal, get 
a caching disk drive controller. 

The Unix benchmark suite produced 
slightly different results. Here the Hawk 
III came out on top, neck and neck with 
the Step 486/33. Lower results in the 
System Loading and Tower of Hanoi 
tests dragged the Premium's cumulative 
index down to third place. 

The Ratings 
With performance so close, the Hawk 
Ill's price advantage looks more and 

The Everex Step 486133 
(top) , AST's Premium 485 
(center), and the Club 
American Hawk lil (bottom) 
put i486 power on an AT 
bus. 
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HIGH-PERFORMANCE 486 ATS 

Premium 486/33 Model 115 

Company 
ASTResearch. Inc. 
16215Alton Pkwy. 
Irvine, CA 92713 
(714) 727-4141 

Components (as reviewed) 
Processor: 33-MHz Inteli486;socket for 
33·MHz Weitek WTL4167 math coprocessor 
Memory: 4 MB of SIMM-mounted RAM 
Mass storage: 5V• ·inch 1.2-MB NEC floppy 
disk drive; 110-MB lmprimis IDE hard disk 
drive 
Display: AST-VGA Plus 16-blt card; AST 
Premium DisplayNGA color monitor 
Keyboard: 101-key IBM Enhanced AT 
layout 
1/0 interfaces: Two serial ports; one 
parallel port; one 8-bit and six 16-bit AT-bus 
expansion slots 

Price 
$10,619 

Inquiry 1108. 

more important. Still, an inexpensive 
system is almost useless if it 's not reli
able, so we took a close look at each of 
the systems to see how well they're likely 
to hold up. 

All three systems are based on stable 
architectures that their vendors have 
used in previous machines . Nonetheless, 
all three have change wires on the backs 
of their motherboards with the Step 
486/33 's nine wires the worst of the 
bunch . We had no trouble with any of the 
systems, but the motherboards clearly 
could stand one more cJeanup iteration.. 

All three motherboards also depend 
heavily on discrete logic rather than ap
plication-specific ICs, which are com
mon in more mature machines . All three 
boards have the telltale signs of early de
signs, with over 100 chips on each board 
(many of which are socketed) and almost 
no surface mounting. The vendors had 
no choice-as we've noted before, they 
are ahead of the chip-set makers-but 
486 systems are likely to become cheaper 
and more reliable when i486 support 
chips become commonly available. 

A reliable system not only must stay 
up, it also must be able to run the pro
grams you expect it to run and work with 
the boards you plan to put into it. These 
three machines did well on the first 
front , running over two dozen test appli
cations without a hitch. Their hardware 

192 BYTE • NOVEMBER 1990 

Hawk Ill 

Company 
Club American Technologies, Inc. 
3401 West Warren Ave. 
Fremont, CA 94539 
(41 5) 683-6600 

Components (as reviewed) 
Processor: 33-MHz Inteli486;socket for 
33-MHz Weitek WTL4167 math coprocessor 
Memory: 8 MB of SIMM-mounted RAM; 
256K bytes ofcache RAM 
Mass storage: 5V4·inch 1.2-MB Teac floppy 
disk drive; 158-MB Maxtor ESDI hard disk 
drive; Data Tech 16-bit ESDIhard/floppy 
disk drive controller 
Display: Everex Viewpoint 16-bit VGA card; 
Club multifrequency monitor 
Keyboard: 101-key IBM Enhanced AT 
layout 
1/0 interfaces: Two serial ports; one 
parallel port; seven 16-bit AT-bus expansion 
slots 

Price 
$7674 

Inquiry 1109. 

results were almost as good. They had no 
trouble with our test add-in boards, but 
one problem did surface: None of the ma
chines would work with our Xircom 
Pocket Ethernet Adapter . A Xircom 
spokesperson claimed that 33-MHz 486 
systems are sometimes too fast for the 
Pocket Ethernet Adapter's control logk . 
Xircom fans can relax though; Xircom 
is preparing a patch that should be avail
able before this review sees print. Still , 
this problem serves to indicate the un
usual difficulties that sometimes lurk in 
leading-edge systems. 

Another aspect of reliability that you 
must consider is what to do when some
thing goes wrong with the system. All 
three vendors offer the same basic solu
tion to this problem: a one-year parts· 
and-labor warranty that requires you to 
ship the broken system or part to the ven
dor for repair. Service for the Premium 
486/33 is also typically available from 
the nearest AST dealer. 

Everex is the only one of these vendors 
that gives you the choice of on-site ser
vice as well . We've heard some computer 
vendors gripe about the quality ofthe on
site service from national third-party 
service firms , but we still think that sys
tems as powerful as these three should 
come with on-site service. 

The final reliability concern that any 
buyer- but particularly those in large or-

Step 486/33 

Company 
Everex Systems, Inc. 
48431 Milmont Dr. 
Fremont, CA 94538 
(800) 356-4283 

Components (as reviewed) 
Processor: 33-MHz Inteli486; socket tor 
33-MHz Weitek WTL4167 math coprocessor 
Memory: 8 MB ofSIMM-mounted RAM; 
128K bytes of cache RAM 
Mass storage: 5V4·inch 1.2-MBTeac floppy 
disk drive; 330-MB Seagate ESDIhard disk 
drive; Everex 16-bit ESDI hard/floppy disk 
drive controller 
Display: Everex Viewpoint 16·bit VGA card; 
Everex multifrequency monitor 
Keyboard: 101-key modified IBM 
Enhanced ATlayout 
1/0 interfaces: Two serial ports; one 
parallel port; one 8-bit and six 16-bit AT-bus 
expansion slots 

Price 
$13.499 

Inquiry 1110. 

ganizations- must consider is the reli
ability of the vendor itself. The best ser
vice contract in the world is no good if 
the vendor offering it will be gone tomor
row. Fortunately, even Club American, 
the smallest vendor of the three , has sold 
over 200,000 systems and has annual 
sales of over $250 million. No computer 
company is ever entirely safe, but these 
firms seem to have the critical mass nec
essary to stay in business long enough to 
fix any problems that you're likely to 
encounter. 

Extra Points 
One kind of problem that can occur even 
in perfectly functioning systems is Jack 
of room to grow. You never know when 
you' ll need more disk storage space, ex
pansion slots, or memory. 

All three systems have reasonable disk 
expansion space, but here again , the 
Hawk III is the clear winner. Its floor
standing tower case is cavernous, with 
one full-height and five half-height 5 'A 
inch bays in front . If that's not enough, 
there's room for another full-height 5 1A
inch drive on an arm that swings out be
hind the other drive bays. 

The other two systems, by contrast, 
are more traditional desktop units. Each 
has five half-height 5 'A-inch bays. With 
one of those bays dedicated to the floppy 
disk drive, each system can hold only two 



AST Premium 486133 

Everex Step 486133 

Club American Hawk Ill 

IBM PCAT 

AST Premium 486133 

Everex Step 486133 

Club American Hawk Ill 

IBM PC AT 

DOS BENCHMARKS 

5.6 5.3 3.9 5.3 11.a 9.8 8.0 49.7 

5.4 5.0 3.9 5.3 12.1 9.8 7.8 49.4 

DWord DDesktop DScientific/ 
Processing Publishing DDatabase DCompilers DCAD Engineering DSpreadsheet 

~Worse LOW-LEVEL PERFORMANCE Better .,.. 

7.2 I 32.a 12.31 14.6 I 

9.0 I 32.7 13.2 1 14.4 I 

7.4 I 33.4 13.ol 15.0 I 

TIO 

D CPU D FPU D Disk D Video 

CONVENTIONAL BENCHMARKS 

LIN PACK Dhryatonea 
(Dhry./aec.) 

( FL PS)~··~··> 
AST Premium 486/33 o.a947 25849.4 
Everex Step 486/33 o.a959 2691 2.9 
Club Hawk Ill 0.9263 27472.3 
IBM PCAT 0.0210 2317.9 

For applica!ion and low·level benchmarks, results are indexed and show relative performance: tor each 
individual index. an &MHz IBM PC AT running MS· DOS 3.30 • 1. For a.I benchmarks, higher numbers 
indicate belter performance. 

The BYTE low·level benchmark suite identifies performance differences between machines at the hardware 
level: the application benchmarks evaluate real·v.<ll'ld performance by rL.llning a standard test suite using 
commercially available applications. Application indexes indude tests using the following programs: Word 
processing: WordPerfect 5.0: Desktop Publishing: Aldus PageMaker 3.0: Database: Borland Paradox 3.0 and 
Ashton-Tate dBASE IV: Compilers: Microsoft C 5.1 and Turbo Pascal 5.5: CAO: AutoCAO release 10 and 
Generic CADD level 3 1.1.5: SdentificJEng1neering: Stata release 2, MathCAD 2.5, and PC·MaUab 3.5f: and 
Sp<eadsheet: Lotus 1 ·2-3 release 3.0 and Mictosolt Excel 2.1. 

The BYTE Lab onuoduced version 2.0 of the DOS benchmarks in the August issue (see "BYTE's New 
Benchmar1<S: New Looks. New Numbers"). Benctvnark resutts for machines rEMewed under previous 
versions aren't directly comparable. To obtain a corr'! ol the benchmarks. join the listings area ol the 
byte.bmarksconferenceon BIX or contact BYTE <irectly. 

UNIX BENCHMARKS 

AST Premium 486/33 0.1 1 2.6 1.6 1.5 lo.a l 2.6 9.8 

Everex Step 486133 o.~ 2.6 2.1 1.a lo.a l 2.6 I 10.4 


Club American Hawk Ill o.8 1 2.7 1.9 1.a 10.a l 2.6 I 10.7 


Everex Step 3a6/33 

D C Compiler D DC Arithmetic D Tower of Hanoi D System Loading D Dhrystone 2 D Floating Point 

Note: The graph above summarizes the results of the Unix benchmarks (version 2.6). All results are Indexed to show relative performance: lor each test. an Everex Step 386133 running Xenix 
2.3.1 • 1. The cumulative index is formed by summing the indexed performance results for the tests. Comprehensive results are available by contacting BYTE. 
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Save an amazing 60 %of the desk or counter space now taken by a standard keyboard 
and enjoy improved functionality at the same time. Actual size is 10.75 " x 6.0 11 

(273 x 152mm). The new MICRITTYPE keyboard is rapidly gaining acceptance as a truly 
advanced alternative to the original IBM layout for many applications. Reliability of the 
MICRITTYPE has been amply proven through extensive use in trading areas of the YSE, The 
New York and Chicago Mercantile Exchanges as well as in many banks, brokerages, stores and 
at factory work stations. 

Space is saved by compressing rows (not columns) and eliminating wide borders. 
R~:ar~ging and elevating the auxiliary key clusters also saves space while improving accessi
bility with reduced eyescan and head movement. Keys have full travel with a light tactually 
responsive touch . All standard features such as auto-repeat, caps, num and scroll lock are 
included on the MICRarYPE. 

PC XT/AT, PS/2 IBM and clone compatibility. Available in US and most European language 
versions. Made in USA with I year warranty. 

...beautifully sensitive and bandies both typists with light touch and those who really bang aWflJ... 
COMPUTER BUYERS GUIDE 

. . . This could be the perfect layout for an enbanred keyboard that must fit into a small area ... 
COMPUMAG 

Order di reel from stock wilh 15 day full retu rn privileges. VISA . MasterCard, Eurocard charges attepted. 

USA 1-800-0ATAWX Fax 703-662-1682 Sl24.50 + 6.00 s/b Extra charges for PS/2 adapters. 

CANADA 514-694·0870 Fax 514-694-087 1 Sl89.00Cdn + slb air shipments. OEMand reseller 

EU ROPE 44 306·767 1 Fax 44 +306· 76742 £99.00 + VAT + P&J> oo/IJ/Tle discounts anai/able. 


Normal size of 101 
key enhanced keyboard 

------, 

'-

j 
I 

When it comes to saving space, there's no comparison . __..,,,, __ ..,, ____ _............._,
.........._,.... 

DATALUX CORPORATION 2836 Cessna Drive, Winchester; Virginia 22601 

M;iijiWM 

full-height devices. 
The three systems are identical when it 

comes to expansion slots. Each has seven 
AT-bus slots, five of which were open in 
our test units. All three systems put the 
serial and parallel port logic on the 
motherboard. Each used two slots, one of 
which always held the VGA card. The 
Step 486/33 and the Hawk III filled the 
second slot with a floppy/ESDI hard disk 
drive controller. The Premium 486/33 
had its floppy/hard disk drive controller 
logic on the motherboard, but its proces
sor card consumed a slot. 

Memory expansion is the one area in 
which the Hawk III comes up a bit short. 
Its motherboard can hold eight 1-MB sin
gle in-line memory modules (SIMMs) , 
and there is room for eight more on an 
optional memory board ($135 with no 
RAM) that uses a proprietary slot. This 
16-MB limit is more than enough for al
most any DOS or OS/2 work, but if you 
plan to make the machine a LAN server 
or a multiuser Unix box, you might wish 
for a higher memory ceiling. 

The Premium 486/33 wins the mem
ory-expansion crown. It uses the same 
processor and memory arrangement as 
the other AST Cupid-32 systems that 
BYTE has reviewed. A processor card 
holds the i486 CPU and four SIMMs of 
either 1MB or 4 MB each. The Premium 
486/33 also can accommodate up to two 
32-bit memory cards (which cost $500 
each, including 1 MB of RAM). Each 
card can house 16 1-MB SIMMs , for a 
maximum possible memory configura
tion of 48 MB . 

The Step 486/33 is in the middle of the 
group , with a maximum of 32 MB of 
RAM . A single memory board , which 
goes into a proprietary expansion slot, 
can hold either 16 I-MB SIMMs or eight 
4-MB SIMMs. 

The high performance of these ma
chines supports a claim that we've been 
making for some time: There 's no reason 
to go to an EISA system unless you need a 
specific EISA card . Put a caching disk 
drive controller in any of these systems 
and you will have one of the fastest PCs 
available . 

Choosing a single winner in a compar
ative review is often difficult , but not this 
time. The low price and roomy cabinet of 
Club American's Hawk III make it the 
clear pick of this bunch. • 

Mark L. Van Name and Bill Carchings are 
BYTE contributing editors. Both are also 
independent computer consultants and 
freelance writers based in Raleigh, North 
Carolina. You can reach them on BIX as 
"mvanname "and "wbc3, "respectively. 
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WE'VE TAKEN THE 

INDUSTRIAL PC 


TO EVERY EXI REME. 

Companies don't make the 

Fortune 100 ust by accident. It takes 
hard work and the \.vise investment 
of capital. Which is why when they 
buy industrial PCs, seven out ofevery 
ten Fortune 100 companies invest 
in Texas Microsystems. 

UNBEATABLE PERFORMANCE 

IN ANY ENVIRONMENT. 


Most people assume that an 
industrial PC will give the reliability 
needed to run critical applicat ions 
in harsh environments, but the trade 
off can be a lack of performance 
and high cost of entry. With Texas 
Microsystems the reverse is true. 

Benchmark studies show that in 
harsh environments Texas Micro
systems 25/ 33 MHz 386 & ZSMHz 
486 PCs perform as well as powerful 
desktop PCs do in office environ
ments. Yet the cost of our systems 
can be a pleasant surprise. 

DES KTOP PERFORMANCE 

U DER EXTREME CONDITIO S. 


CPU BENCHMARKS 

mounting techniques keep disk from CPUs, hard disks and drives, 
drives functioning at up to ZSG CMOS RAM, video cards and dis
velocities. And our 48 hour pre-test plays, and if none of these match 
burn-in at over 130°F guarantees your requirements we'll custom 
reliability. configure and test whatever system BUILT IN RELIABILITY 

you need. FROM THE BOARD UP. NO ONE HAS MORE 
We build our systems from INDUSTRIAL EXPERIENCE. TO US "INDUSTRIAi:' IS MORE 

scratch, and take nothing for granted. We've been in business for 16 THAN A DESIGN PHILOSOPHY. 
We've been designing with Intel years. And you'll find Texas Micro You can buy cheaper industrial 
microprocessors since 1974. Design systems operating in harsh environ PCs than ours, but they may be 
and manufacture most of our cards. ments at 70 of the Fortune 100 camouflaged desktops that do not 
And by using VLSI and PAL tech companies, as well as delivering mis perform in extreme environments. 
nology reduce component counts by sion critical solutions to the US At Texas Microsystems, that isn't 
60% and drive MTBF numbers up Government and Armed Services. the way we build systems. Industrial 
to 100,000 hours. PCs and Mission Critical Micros~ 

MORE SYSTEMSTexas Microsystems innovations are all we make. Repackaging office 
MEAN MORE OPTIONS.include passive backplane architec computers is not our business. We 

ture to improve component reliability Two ofour most popular systems design and manufacture all our 
and reduce MTTR to less than 10 are shown here. They can be con products from scratch, we don't 
minutes. Our 16 point shock- figured with a vast choice of options adapt the designs of others. And 

TF.xAS 
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C38.6S 2!-MH1 
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c~s 25 MHz. 



we're always here when you need us. 

NATION·WIDE SERVICE, 

FULL-TIME SUPPORT. 
 EXCEPT PRICE. 

We believe in offering excep
tional support, including consul
tat ion during system design. After 
sales technical support 12 hours a 
day via an 800 number. On-site 
service from General Electric for a 
full year, including free parts and 
labor. A 30-day, no-questions-asked, 
money-back guarantee. And a way 
of ordering a Texas Microsystem 
that's most convenient and cost 
effective to you. 

Opposite are two Texas Micro
systems that offer an unsurpassed 
combination of price/performance. 
Order them direct or ask for a com
plete literature and information kit 
on all our systems by calling 
1-800-627-8700 now. 

TWO EXTREMELY 
UNBEATABLE SYSTEMS. 
Here are two of our top selling 

systems for business environments 
that demand mission critical com
puting, regardless of operating con
ditions. Like all our systems they 
enjoy the same engineering pedigree 
that ensures a unique combination 
ofperformance, reliability and value. 
Which is, after all, what you should 
expect from America's leading 
industrial micro systems company. 

And to put a little icing on the 
cake, each will include a one year, 
on-site, warranty. 

To order, call the 800 number 
below and one ofour representatives 
will discuss your needs with you, give 
you an instant quote on the con
figuration ofyour choice.Then the 
system will be built to your order, 
tested, and shipped. 
Mission Critical MiC'f'OS isa tr.ldem:uk ofT~xa.s MiaosyslMlS In;:., 
•II other trad•marks mentioned are regiStered. trad•markod or 
sen•icemarked by their respected manufacturers. 

-I l l 

TEXAS 

MICRO 

SYSTEMS EVEN ORDERING IS EXTREMELY EASY. CALL 


TEXAS MICROSYSTEM 4108 
MISSIO CRITICAL OFFICE PC 

Features 
• Choice of 0286. 03 6. 04 6 processors. 
• Perfect for data acqui ition, communications 

and networking applications. 
• 	 full length ISA slots fo r industry standard 

cards. 
• Up to 16MB of RANI on CPU, three half

height 5.25" ba} for floppy1hard drives and 
one 3.5'' hard d rive. 

• SuperVGAgraphics(l024x76 pi.xels) 
Also supports CGA, EGA 

• l parallel and 2 serial ports. 
• 10 1-kev enhanced kevboa rd \\~th DI 

conneCtor on rear pa~eL 
• 220 w:m power supply. 
• One yea~ on site warranty included. 

Specifications 
• Dimensions: 6.5" x Ir x 16.s;· 30 lbs. 
•Power 220 Watt, 110 V 
• Operating environment. 

Temperature: o•c to 55°C. (32°F to l3l 0 F) 
Altitude: 15,000 feet equivalent 

System Prices 

Modd 
CP 

MHz-RA.\.! Storogo Prii;;c: 

4216 2 6116-l 40MBHD. 
l.2 or l.44MB 
floppy 

52,900 

4320 6120-l 401 IBHD, 
L2 or l.44MB 
floppy 

3,755 

4325 6125-1 104MBHD, 
1.2 or l.44MB 
floppy 

4,530 

4333 6133-2 104 1B HD, 
1.2 or l.-14MB 
floppy 

55.135 

4425 6/25-4 104MBHD. 
1.2 or l.44MB 
floppy 

55.995 

"From 2,900. Monitor not induded. 

TEXAS MICROSYSTEM 301A 
RUGGEDIZED RACK-MOUNT PC 

Features 
• Choice of802 6, 80386, 804 6 processors. 
• I -gauge nickel plated, steel chassis. 
• 14 full length 15A slots for industry standard 

ca rds. 
• Boards bracketed and braced on all four edges. 
• Two 110 CFM fans. 
• Up to 16MB of RAM on C PU, and five half

height storage ba~'S for hard drives, floppy 
and/or tape backup. 

• Super VGA graphics (1024 x 76 pixels) 
Also supports CGA, EG A. 

• I parallel and 2 serial ports. 
• Built in speake~ door lock. power and CPU 

reset switch. 
• 101-keyenhanced keyboard \\'ith DI 

connector on front panel. 
• 225 watt power supply. 
• One vear. on site warrant\• included. 

- Specificaiions 
• Dimensions: 19" x 22.l " x 6.96'. ' Wt. 4 5 lbs. 
• Power9- - 132n 0-264 VAC, 47 ro63 Hz. 
• Operating environment. 

Temperature: o•c to 55°C. (32°F to 13 1°F) 
Humiditv: To 95% at 40°C non 

. condensing 
Altitude: 15,000 feet equivalent 

Vibration: .25G, 5-lOOHz operating 
5G. 5-lOOHz non-operating 

Shock: 	 LOG operating at lO Msec 
duration 

System Prices 
CPU. 

MHi-RA.\I tor:1g~ PriceModel 

$3,8 252 6/16-1 40MBHD, 3216 
1.2 or l.44MB 
floppy 

3320 40MBHD, 54,650 
1.2or1.44 B 
floppy 

3325 104MBHD. SS,430 
1.2 or I .44MB 
floppy 

3333 6133-2 $6,040 
L2or l.44MB 
floppy 

104MBHD. 

104MB HD, 3 ~ 25 6125-4 S6,895 
1.2 or 1.44 48 
floppy 

"From SJ, 25. Rackmount monitor not included. 

Te.,xas Microsystems, Inc. 


10618 Reckley Rd, Houston, Texas 7 7099 

Te!: 713 -933-8050. Fax: 713-933 -1029 
 1·800·627·8700 

Circle 340 on Reader Service Card 
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REVIEW 

FPU Face-Off 

Sometimes there's no way out. Un
less you want to fossilize in front 
of your PC waiting for that CAD 

drawing to complete, a math coprocessor 
is your only hope. Not long ago, the only 
choice was to buy an Intel coprocessor. 
No longer. Several coprocessor vendors 
now are trying to fill that empty socket 
next to your 286, 386, or i486. 

Whether you have a 286- 386-, or 
i486-class machine, you've probably got 
at least one application-possibly a criti
cal one-that could use the kind of speed 
boost that only an FPU can give. CAD 
and other scientific and engineering pro
grams, spreadsheets, and, to a lesser ex
tent. some database programs, can bene
fit from an FPU. 

I looked at a sampling of coprocessors 
for 286- , 386- , and i486-class machines 
that should fit anybody's needs. The 
80287-class chips include the 80287XL 
from Intel, the 80C287 from Advanced 
Micro Devices (AMO), and the 2C87 
from Integrated Information Technol
ogy. The 80387-class chips include the 
Intel 80387DX , the Cyrix FastMath 
83087, the IIT 3C87, and the Weitek 
Abacus 3167. In the i486 arena, I mea
sured the Weitek Abacus 4167 against 
the i486 CPU's built-in FPU. I then 
rounded up a group of test machines and 
put the FPUs through a battery of tests 
(see the figure). Before reviewing the 
test results, though, you'll want to under
stand how these FPUs work and the fea
tures that differentiate each chip from its 
competition. 

Intel 

Intel hasn't been sitting on its laurels; 

while other vendors have been introduc

ing 80287 and 80387 clones, Intel has 

quietly refined its own FPUs. Its new 

80287XL and 80387DX chips run sub

stantially faster than the chips the com

pany shipped just six months ago. 


Intel's 80287XL, the successor to In
tel's 80287, is an 80387 in 80287 cloth
ing. Though hardware-compatible with 
the 80287, the 80287XL incorporates the 
numerics core of the 80387 coprocessor 
family. This means that you can access 
all the 80387's advanced instructions. 
However, your applications software 
must be aware of the 80287XL to take ad
vantage of its added capabilities. But 
from a developer's standpoint, it's easy 
to construct a routine that detects the 
presence of an 80387-class coprocessor 
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by carrying out a prescribed set of opera
tions and examining the results. Best of 
all, the 80287XL is a CMOS component. 
It consumes about one-third the current 
of a standard 80287 and is 50 percent 
faster, according to Intel. 

Intel's 80387 needs no introduction: 
It's at work in more 386 systems than any 
other coprocessor. The new 80387DX 
chip, introduced earlier this year, takes 
advantage of an improved chip manufac
turing process that Intel claims provides 
20 percent faster performance than its 
predecessors. The 80387 is a direct de
scendent of Intel's 80287 and 8087 co
processors. However, the 80387 carries 
an improved instruction set. Some im
provements are minor, while others are 
an application builder's dream. lo par
ticular, the 80387 beefs up trigonometric 
functions, which are particularly critical 
to two-dimensional and 3-D CAD 
applications. 

Intel's 25-MHz i486 processor looks 
much like a 386/80387 combination. In 
the tests I ran, there 's a significant per
formance hike between the 386/80387 
and the i486, thanks to the integration of 
the coprocessor into the CPU . (For more 
on the i486, see "The 80486: A Hard
ware Perspective," IBM Special Edition, 
FaJl 1989.) 

AMD 
At press time, AMD only offered 80287
class coprocessors. Its 80C287 is more or 
less a faithful reproduction of the Intel 
80287. Like Intel's 80287XL, it bas 
CMOS internals, so power consumption 
is less than that of a typical 80287: At 10 
MHz, the AMD 80C287 consumes about 
100 rniJliamperes of current, while a 
stock 80287 takes somewhere in the 
neighborhood of 400 mA. 

The AMD 80EC287, which I did not 
test for this review, is essentiaUy an 

80C287 
80EC287 

Company 
Advanced Micro Devices, Inc. 
901 Thompson Place 
P.O. Box 3453 
Sunnyvale. CA 94088 
(408) 732·2400 

Price 
80C287·10: $99 
80EC287·10: $109 

Inquiry 1061. 

80C287 with a low-power sleep mode. 
The 80EC287 enters sleep mode when
ever the coprocessor isn't executing an 
instruction. In this mode, the 10-MHz 
version draws only about 10 mA. Both 
the 80C287 and 80EC287 are likely in
habitants for 286 laptops. The AMO 
chips require no minimum on their clock 
speeds, and since power consumption is 
tied to clock speed, a clever, energy-con
scious design can result in an even lower 
average power usage. The 80EC287 is 
also fully static, so you can actually stop 
its clock, which drops the power draw 
down to about 5 mA. 

Weitek 
Weitek's FPUs operate exclusively on 
386 and 486 systems. The Abacus 3167 
and 4167 coprocessors are not Intel 
clones. Their intema1 structure is mark
edly different from that of the 80x87
series coprocessors, and they're not pin
compatible with the 80x87, so to use 
them your computer must have a Weitek 
socket. On the other hand, since the Aba
cus chips don't respond to 80x87 instruc
tions, you can run both an 80387 and a 
3167 in the same machine. 

An x-ray view oflntel's FPUs reveals 
a set of eight 80-bit data registers. Al
though you can address the registers indi
vidually, you can also treat the entire set 
as an eight-element stack. The Abacus 
FPUs have no stack architecture, so you 
can only address each of the 31 registers 
individually. The registers also have a 
dual nature: Ordinarily, each is 32 bits 
wide; however, you can pair 30 of the 
registers (starting with number 2) into 15 
64-bit megaregisters for double-precision 
mathematics. 

The Abacus chips are also memory
mapped. As such, they don't look for 
Intel coprocessor instructions. Instead, 
the chips occupy a 64K-byte window in 

80287X1. 
803870X 
1486 

Company 
Intel Corp. 
1900 Prairie City Rd. 
Mail Stop FM2-18 
Folsom. CA 95630 
(916) 351·2747 

Price 
80287XL·10: $370 
80387DX-33: $994 
i486-25: $722 each In quantities of 1000 

Inquiry 1062. 



physical memory (starting at address 
OCOOOOOOO hexadecimal). The Abacus 
chips decode locations within that win
dow to trigger specific instructions. For 
example, writing into the memory ad
dress at offset 800h within the window 
causes the Abacus chips to execute a sin
gle-precision multiply instruction. 

The advantage to using a memory
mapped architecture is speed. The con
ventional approach-taken by Intel and 
the Intel clone vendors-requires both 
instructions and data to pass to the copro
cessor via the data bus. Furthermore, the 
FPU must decode coprocessor instruc
tions coming down the data bus, which 
creates additional time overhead. The 
memory-mapped approach puts the in
struction on the address lines. So, a sin
gle MOV instruction transfers the in
struction and the data to the FPU. 

One Abacus feature not highlighted in 
my tests is the coprocessors' matrix ca
pabilities. While the coprocessor de
codes addresses in its memory window to 
determine which operation to perform, 
the situation is actually more complex. 
The Abacus chips perform further de
coding on the address lines to select 
source and target registers. And Weitek' s 
designers have constructed the coproces
sors so that those address lines that select 
the target registers fall on doubleword 
boundaries. The upshot of all this is that 
you can use fast REP STOSD and REP 
MOVSD instructions to do rapid vector 
operations. For example, I can quickly 
load the eight single-precision registers 
starting with register 1 using 

LEA ESI,ARRAYSTART 
MOV ECX,8 
MOV EDI,OC0000404H 
REP MOVSD 

where I'm assuming the code is execut

ing in the 386's "flat" addressing mode. 
Applications software that is aware of 
this feature should realize a performance 
gain beyond what the benchmark tests 
reveal. 

IIT 
IIT offers both 80287- and 80387-class 
chips. The 2C87 and 3C87 are CMOS 
parts; as an example of the reduced 
power requirements, the 3C87 uses 25 
percent less current than an 80387. Both 
are fully hardware and software compat
ible with their Intel equivalents, although 
UT claims both have better performance 
than Intel coprocessors. Both have low
power sleep modes that make them at
tractive to laptop designers. 

But the IIT coprocessors aren't just 
faster and cooler (lower power consump
tion means less heat dissipation). Where 
Intel coprocessors possess a single set of 
eight floating-point registers, the IIT 
chips hold 32 registers, grouped into 
three banks of eight registers each. 
When you power up an IIT chip, its bank 
pointer sets to bank 0. The coprocessor 
recognizes four custom instructions that 
look like 80x87 instructions but aren't 
defined for the 80x87 instruction reper
toire. Three of these custom instructions 
set the bank pointer to each of the three 
register banks. It's like having three 
chips in one, reducing the overhead of 
memory-to-FPU (and back) instructions. 

Ordinarily , there• s no cross talk be
tween the register banks; the coprocessor 
is aware of only the currently active 
bank. The fourth custom instruction, 
F4X4, however, does operate on more 
than one bank. The F4X4 instruction 
multiplies two 4x4 matrices in a single 
instruction. (Matrix multiplication is 
common in 3-D graphics applications, 
such as CAD and animation software.) 
The elements of the matrices are spread 

throughout the register banks. The re
sult-a four-element vector-lands in 
bankO. This instruction reduces 16 mul
tiplications and 12 additions (using clas
sical matrix multiplication formulas) to a 
single instruction. 

Cyrix 
Cyrix makes only an 80387-class FPU. 
The differences between the Cyrix Fast
Math 83D87 and an Intel 80387 are sub
tle. The 83D87 uses CMOS circuitry for 
lower power consumption and automati
cally kicks into low-power mode when 
idle (the company claims that this re
duces the chip's overall power draw to 5 
percent of that of an 80387). The 83D87 
is also faster than a standard 80387. 

However, the engineers at Cyrix are 
proudest of the 83087 processor's accu
racy when calculating transcendental 
functions (i.e., exponentiation, loga
rithm, and trigonometric). The Intel co
processors-and the AMD clones-per
form transcendental operations using a 
variation of an algorithm known as the 
CORDIC routine. This algorithm is an 
approximation t.echnique that-at least 
for the trigonometric functions-arrives 
at its solution via a series ofangular rota
tions. Intel publishes the relative error 
bound for such approximations at the six
ty-second bit position. 

The Cyrix coprocessor evaluates tran
scendental functions using a polynomial 
approximation. Ordinarily, this would 
be prohibitively expensive in terms of 
execution time, since a polynomial eval
uation requires a series of floating-point 
multiplications and additions, while the 
Intel FPUs' CORDIC algorithm uses 
only shifts and adds. However, the Cyrix 
chip's execution unit is built into the cir
cuitry and is therefore much faster than 
the Intel chips' microcode sequencer. 
Simply put, where the Intel chips have to 

FaatMeth 83087 

Company 
Cyrix 
P.O. Box 850118 
Richardson,TX 75085 
(800) 327-6284 

Price 
83087·33: $994 

Inquiry 1063. 

2C87 
3C87 

Company 

Integrated Information Technology, Inc. 

2445 Mission College Blvd. 

Santa Clara, CA 95054 

(408) 727-1885 

Price 
2C87-10: $319 
3C87·33: $779 

Inquiry 1064. 

Abacus 3167 
Abacus4167 

Company 
Weitek 
1060 East Arqes Ave. 
Sunnyvale, CA 94088 
(800) 468-3167 

Price 
3167-33: $995 
4167-25: $995 

Inquiry 1065. 
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FPU FACE-OFF 

Fmath 
(iterations x 1 o5 

per second) 

Fourier 
(iterations 

per second) 

Single UNPACK 
(MFLOPS) 

Double UNPACK 
(MFLOPS) 

FPU BENCHMARK RESULTS 

80287-class coprocessors 80387-class coprocessors . . : . ... 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0 2 

llT 2C87-10 -Weitek 3167-33 
D Intel 80287XL-10 D Cyrix 83087-33 

D AMO 80C287-10 D llT3C87-33 
D Intel 80387DX-33 

i486-class coprocessors 
: ,. .. 

3 0 2 3 4 -Weitek 4167-25 

D Intel i486-25 

In the 80287-class category, the /IT 2C87 clearly outperformed both Intel's 80287XL and the AMD 80C287. Surprisingly, the 
80C287, a CMOS chip, was slower than the 80287XL-the new CMOS version ofIntel's 80287 FPU. Since the 80287 can't 
perform 32-bit moves, the double UNPACK test doesn't apply. The Abacus 3167 performed best overall in the 80387-class 
category, but it 's not 80387-compatible, so your application has to support it. In the 80387-compatible category, Cyrix's 
FastMath 83D87 posted strong results across the board. The 3167 has no Fourier results because it doesn 't directly support 
trigonometric functions (see the text for details) . Weitek 's Abacus 4167 outperformed Intel's i486 in the Fmath and single 
LINPACK tests but came up short on the double UNPACK. There are no Fourier results for the 4167 because it doesn't directly 
support trigonometric functions (see the text for details) . 

run itty-bitty programs to perform multi
plications, the Cyrix chip does the multi
plication in hardware. 

The advantage of polynomial approxi
mation is that it keeps errors below the 
sixty-fifth bit. UT also uses polynomial 
approximation and a hardware multiplier 
but claims an upper error bound in only 
the sixty-second bit. An error difference 
between the sixty-second and sixty-fifth 
bit (262 and 26~) may seem minor, and for 
most business applications-which car
ry, at best, 53 bits of precision-it cer
tainly is. If you're heavily into scientific 
or engineering number crunching, how
ever, you may want to consider the Cyrix 
chip. 

Cyrix also provided me with an early 
version of its new EMC87 coprocessor, 
which is best described as an Intel/Wei
tek hybrid. (Since this chip was a proto
type, I didn't include the test results in 
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the figure.) The EMC87 has all the inter
nals of the 83087, so you get the benefit 
of Intel compatibility plus the Cyrix 
speed and accuracy. But, as with the 
Abacus chips, you can also access the 
EMC87 in memory-mapped mode. I ran 
a preliminary test on the EMC87 in both 
Intel-compatible mode and memory
mapped mode and saw a performance in
crease on the order of20 percent. 

The Gauntlet 
I used three machines as my testing ar
senal. For the 80287-class coprocessors, 
I used a 10-MHz Microserve AT clone. 
A Club American Hawk 33-MHz 386 
system served as my test machine for 
the 80387-class coprocessors. Finally, I 
used a Compaq Deskpro 486/25 for gen
erating the i486 and Weitek 4167 tests. If 
you have a 25-MHz 386 system or an 8
MHz 286 system, don't despair; vendors 

offer their FPUs in several speeds, and 
the relative performance numbers should 
be the same within each processor class. 

Testing math coprocessors is messy 
work, for several reasons. It requires 
wading into DOS extenders and 32-bit 
programming. I lived in constant fear 
that a statically charged and misplaced 
finger would bring testing to a halt. And 
I quickly discovered that coprocessor 
sockets aren't designed to let you take 
chips back out. This is especially true of 
the monstrous grid-array sockets that 
hold the 80387 clones and the Weitek 
chips . The expression "like pulling 
teeth" is all too appropriate. 

I ran two different groups of bench
marks. First, I ran the FPU components 
of BYTE's low-level benchmarks on 
those coprocessors that would readily ac
cept them (see "BYTE's New Bench
marks: New Looks, New Numbers," 



BeckerTools is a set of indispensable file and data man
agement utilities for the Windows user. If you find yourself 
"dropping· out of Windows to perform DOS functions such 
as copying or undeleting,then BeckerTools can make your 
life easier. And since you already know how to point and 
click, you'll know how to use BeckerTools in no time at all . 

BeckerTools adds these and mere easy-to-use capabilities 
to Windows 3.0: 
• Undelete -lels you recover deleted files 
• Delete files - single or groups of files or 

directories, inc:Wing read-only files 
• Backup (pack files) hard cfJSk- to multiple 

cfJSkett(l(; with password protection 
• Duplicate cfJSkettes - read in diskette 

once,make multiple copies 
• Edit text  buitt-in editor with search 

and replace 
• Copy ciskettes  in single pass 
• Compare diskettes  in single pass 
• Wipe diskette  for maximum security 
• Verify diskettes  handy security check 
• Format diskettes  in any capacity StJpPOrted 

t)'f your drive and disk type whilemuititasking 
• Displaying  disolays aneatly formatted tree structure, 

with memory allociitions of each directory 

Select both the source and target file or 
directory from convenient single screen 

Perform these operations by just clicking on an icon 

I" .AlConvenient one button command menu. 

I~ IEasily switch source a1gel directories. 

l!_t}l Sort by your filenames or extensions. 

" See only the files youwant lo see. 

[Z] Select multiple files using your patterns. 
Ava11able1hrough Rad10ShacksExpm.sOrderSeMce.Wa~nsSo!tware 	 Cusiomer comments: "Grear f)fogram. Jusr ..tiar I was loo ng for ro 
ano other reta~ 1ers natt0nwide. Or order Clfect from 	 replaa NMon C<Jrlmande( .K.. CA 

' Grea1.•r R P .. FL 
·&.ceflen Program' B.J. IN System Requirements: IBM AT, 386 or compatible, 

and Windows 3.0. Windows not included. 

Dept. Bl1,5370521ld Stree! SE. Grard Rap<ls, Ml 49512 •Vety US1JhJI ptogram' I've been wamng tor rh1S, Its juslashame M=n 


O!ders; 1-800-l.51-4319 • Ptione;(6t6) 698-0330 · Fax (616)698-0325 can·r deve!cpe somelhmg llllS greal' P.G, Ml Suggested retail price:579.95 


AbacusllHIBJ 
lo US and CanadaaddS4.00 postage &harding.Forelgncrde!s add $12.00postageper111!111. 
We accep! Vasa, Maslett3ltl 01 American Express.CaU or wrile lor )'OtJl !me calalOg. 

Com Know How 
From these bestselling books 

Assembly Language: Step by Step 
For lightning execution speed,no computer language 
beats assembly language.Teaches PC assembly and 
machine language the right way - one step at a time. 
Companion diskette contains unique simulator. shows 
how each instruction looks as the PC executes it. 
Includes companion diskette. Available December. 
ISBN 1 ·55755-096-4. , ( $34.95 

Upgrading & Maintaining Your PC 
Shows how to turn your PC into a high performance 
computing machine. Learn how to add a hard drive, 
increase memory, upgrade to a higher resolution 
monitor,or turn your XT into a fast AT or 386 screamer 
without having to be an electronics wizard. 
ISBN 1-55755-092-1 . 

' j 

NEW! ' 

Best5efler('- Turbo Pascal Internals r.r Gives you "know how" to program faster, easier, 
tighter and better. Find out how to use Turbo for system 
programming tasks-writing TSRs, performing multi 
tasking,using SAA windowing, implementing expanded 

' j 

and extended memory. Learn how Turbo generates 
machine code,handles the mouse,scans the keyboard. 
uses UNITS and OOPS, performs fast screen display 
and more. 750 pages with 2 disks - more than BOOK of 
source code. ISBN 1-55 755-080-8. $49.95 

In Iha UK con1ac1Compu:erBoo<shops021-706-1188 In Canada contact AdcftS011Wesley. 6-447-5101 

Order Toll Free: 1-800-451-4319 Ext. 211 In US and Canada 

Programming VGA Graphics 
Learn to program impressive VGA graph
ics. Includes both routines and language 
extensions for Turbo Pascal and BASIC 
programmers. Dozens of "new" DOS com
mands let you experiment with graphic 
techniques without programming. Includes 
applications and commented source code 
for over 84 programs in BASIC and Pascal. 
Includes 2 companion disks. 600 pages. 
ISBN 1-55755-099-9. $49.95 

assembly and BASIC. Explainsmemory layout, 

memory, writing device drivers, hard disks, 
PC ports, mouse drivers, fundamentals of 
BIOS, graphics and sound, TSR programs. 
complete appendices. 920 pages and 2 disks 

Avaliab!e a1 B Dal:on ~lers. Waldens. and Soltware Etc. and at olher bookswes nat<>'lWide 

£3e:,t5eller/ PC System Programming 
An encyclopedia of PC technical and 

programming knowledge. Features parallel 
working examples written in Pascal, C. 

DOS operations, using extended, expanded 

with more than 1 meg of programs in 
compressed format. A Best Seller. 
ISBN 1-55755-036-0. $59.95 

Abacus• 
Dept. Bll , 5370 52nd Street SE, Grand Rapids, Ml 49512 

Orders: 1-800·451-4319 · Phone: (616) 698-0330 • Fax: (616) 698-0325 
111 US and Canada add 54.00 postage &hand'ing. Foreign0<ders add $12.00 postage per book. 

We accept Visa . Mas1ercard or Amencan Express. ca:1 Of wnte tor )'OU! free ca!alog of olher PC books. 
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714 855-0411 
• AT&T • COMP. • DELL • 

ESIABllSHEO \985 
VI SA MASTERCARD SAME DAY SHIPPING 

DYNAM C ELECTRONICS 
SIMM A D SIPP MODULES 
256 X9·10 
1MEG x8· 10 (MAC) 
1MEGX9·10 
1MEGx9 80 

ORCHID BOARDS 
(FOR ALL PS/2 'S) 
AAMQUEST EXTRA 1&32 

S19.50 
$55 .00 
S60.00 
$63.00 

IBM PSl2 MODEL 70 & SO 
6450603 1MEG-SONS 
6450604 2 M EGf70..E61 , 121 
6450608 2 M EG/70-A21 
6450379 2MEG/80-111 ,311 
30f2933 4MEG 

COMPAQ MEMORY 
1MEGAOO-ONMOOULE 

$99 .00 
S199 .00 
$199 .00 
S279 .00 
S875.00 

$129.00 

714 855-0411 DYNAMIC ELECTRONICS, INC. FAX 714 855-8504 
Oi>rriburingCompura Upgrade> WOTldwide 

PRICES SUBJECT TO CHANGE 

198 B YT E • NOVEMBER 1990 Circle 121 on Reader Se,,.ice Card (RESELLERS: 122) 

M;i+llWW FPU FACE-OFF 

August BYTE) . The exceptions were 
Weitek's Abacus chips and the Cyrix 
EMC87 when it was operating in mem
ory-mapped mode. 

The BYTE FPU benchmarks expect 
80x87 compatibility, so I had to craft a 
separate set of benchmarks for these 
chips. To do this, I used Phar Lap's 
386IASM assembler and Run386 DOS 
extender, accompanied by some assem
bly language macros from Weitek. When 
you execute Run386, it senses the pres
ence of an Abacus chip and creates a se
lector that you can use to address the co
processor. Using Weitek's macros, I eas
ily constructed an Abacus equivalent of 
the Fmath benchmark. I didn't build a 
version of the Fourier benchmark for the 
Abacus chips, because they don't direct
ly support trigonometric functions. 

If you need transcendental functions, 
Weitek provides a software library that it 
claims is faster than on-chip operations. 
The Cyrix EMC87 appears in the same 
memory-mapped region as the Abacus 
chips, and I discovered that you can force 
Run386 to build the selector as though an 
Abacus chip were present. So, a few 
modifications to the Abacus benchmark 

t eFPU 
benchmarks produced 

some clear leaders 
in each category. 

yielded an EMC87 version of Fmath. 
I also ran the UNPACK, a popular 

floating-point benchmark written in 
FORTRAN. I chose Lahey F77L FOR
TRAN as the compiler, since it is avail
able in a 32-bit version bundled with 
Eclipse Systems' OS/386 DOS extender. 
I ran both single-precision and, for the 
386 and 486 systems, double-precision 
versions of the UNPACK. The double
precision UNPACK is so large that it can 
only run in 32-bit mode. Hence, I could 
run only the single-precision version on 
the 286 machines. The results of all the 
tests are shown in the figure . 

If your applications consist primarily 
of spreadsheets and bookkeeping calcu

lations, the Fmath results should give you 
a good picture of the chips' rankings . 
Fmath tests the fundamental operations: 
addition, subtraction, multiplication, and 
division . If your work involves scientific 
or engineering calculations, or if you're 
a 3-D CAD user, the Fourier test is a 
good indicator of coprocessor perfor
mance in the more esoteric areas of tran
scendental calculations. The results of 
the UNPACK test provide an overall 
measurement of the coprocessors float
ing-point throughput. 

FPU Finalists 
The FPU benchmarks produced some 
clear leaders in each category. Weitek's 
Abacus 4167 proved an able companion 
for the Deskpro 486/25, outperforming 
the i486's integrated FPU on all but the 
double UNPACK test. One possible ex
planation: The 4167 must perform two 
doubleword moves to load its chip regis
ters with double-precision values . By 
contrast, the i486 requires only a single 
instruction. With a list price of $995, the 
Abacus 4167 isn't cheap, but it's your 
only choice if you need to enhance your 
486's math performance. 

OESKPR038&20, 25 
4 MEG ADO-ON MODULE S349.00 
OESKPR038&20,20E.25 
H.P. LASER JET UPGRADES 

ll&llD llP&lll 
1MEG S104 .00 1MEG S1 19.00 
2MEG 5169.00 2MEG S189,00 
4MEG S309.00 4MEG S329.00 

LAPTOP MEMORY 
512KFORlOSHIBA f.l100E 5149.00 
2MG FOR TOSHIBA 11600 SZ79.00 
2MG FOR TOSHIBA f.l100E SZ7900 
2 MG FOR TOSHIBA f.l100SX 5279.00 
2 MG FO ATOSHIBA f.l200SX S279.00 
2 MG FOR TOSHIBA 15100 $279.00 
2MG FOR TOSHIBA 15200 SZ79.00 
3MG FOR TOSHIBA f.l200 $47900 

.. 


2MEG 

t1E'llPRODESIGNERll W/1 MEG 11E'JI 

INTEL MATH COPROCESSORS 
8087 -1 ,2 
80287 ·6,8. 10 t1E'll 80287Xl 
80387 •16. 20. 25. 33 80287XL T 
80387·SX 

BOCA RESEARCH 
BOCARAM/AT PLUS 

2MEG 
4MEG 

BOCARAM/AT 
512 
2MEG 

BOCARAM/AT I 0 PLUS 
2MEG 
4MEG 

$519.00 

S345.00 

NEW 

S345.00 

S425.00 


$189.00 

$329.00 


$370.00 

$470.00 




CLUB 
HAWK III 

The time of DOS mainframe has 
arrived! Running at a blazing speed 
of 21 VAX MIPS, CLUB's award 
winning HAWK family, based on 
Intel's i486 CPU, achieve the main
frame horse-power that out-per
forms any RISC or SP ARC based 
systems in their class. 

With such extraordinary value, 
price/ performance, and compati
bility, the HAWK line of systems 
break through new benchmark 
barriers in UNIX/XE IX, DOS, 
and ovell environments. 
Combine this with our family of 386 
based computers and peripherals, 
you receive the widest selection of 
systems from a single major world 
class manufacturer. 

It's no wonder that hundreds 
of thousands of these systems have 

ri PERFORMANCE COMPARISON I}
-

CLUB 
21.0 MIPS IHAWK Ill 

(1486·33) 

Compaq Deskpro 20.0MIPS I 
~486·33) 

AST Premium 20.0MIPS I(1486-33) 

CLUB 
17.5 MIPS IHAWK II 

(1486·25) 

Compaq Oeskpro 16.0 MIPSI
(1486-25) 

AST Premium 15.0 MIPS I(1486-25) 

VAX MIPS 

been installed in corporations 
world wide. That's why CLUB's 
systems are called the Ultimate 
Business Computers. Put yourself 
on the fast track and call today 
for more information. 

Circle 70 on Reader Service Card 

"CLUB AT prides itself 011 being an 
authorized Novell reseller, making the tower 
model a good choice for LAN server applica
tions. .. . [ CLUB ]combines field-leading 
performance, solid construction, and know
ledgeable technical support at an exceptio11
ally low price." PC Magazine, February,1990 

"Whe11 it comes to the basics· price, 
performance, and ... capacity - [ CLUB J 
delivers 011trageo11s value." 

PC World , Best Buy Award 1989 

For more information call: 
Continental USA, Hawaii, and Alaska: 

(415) 683-6600 
Fax: (415) 490-2687 
CLUB Canada, Toronto: (416) 609· 121 
International Sales: (415) 683-6623 
Call for Corporate and Educationa l Discount 
GSA # GSOOK90AGS5260 

~~~-~ 

-~- -·-- • - - 1 ---...... . - ••9'. 
~--- ~ ._..._..- ·- •• J - 

American Technologies, Inc. 

The Ultimate Business Computers ,... •• , ~ 
Tiw •bo\~ fNf! rioNd br,11rd.t. '~ N mn ut lndmu.r~ cf thflr r~1\ if' romp.-nits 
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- .e.'UIX >
A ~mid campnil9nr1-.. MEN\.1 JYS'TEM...uplMI d brh1c1a1 all ~pK'pwlU md ~ ....... aderO~ 

..... tt.DCl yl=~AMEMJ·fTEMQIO•~f---~~ly, 1$ ·~~fSl.. otpl'CCIU. 

- nsa: 
s...~ M LI Ill MENVIX. PLUS .""' ID• --- ljnlCD. ~ ymi. tD dl9p. ~.. &Dd ;;Ma mi.all....,. 

"'J•llll wlllo ~.-d & ... ~ wi6o .11 tr-~~.,. c~a....= Na- A Addrw1 · la~ wlftb • I S..1 


ln""tlb f)'nm . ~ wnti ~ 11Adp1rp91n. a..... r11. ~· -illy _._CP .ml .. ~ l'Jdsn. 

- J'Y:f'IEM _... 


All 1111'1 11MENUIXASYSDC..PLUS 1 PA.SIT BTREE IDdsl. m.iy-.captJDity ~ t.p ftl• ..,..-,. md• 6dl •le( 

u'1ii'lliR. Ua&r DOS. ~· wMt .1 UNIX 'C'" SHEU... l6d UNIX lib lllilW°• -=ti• aowlc, Pf°••C . lac.tDdlt1 I 111111 ..~mo


~. All dnit rt_, islodt 13>-"0Dad tell P11•llWIWll• ~~ly. Aw&lal!lll: ~AU. lbDIWd rr:.m.a. 


Alllhorlled INTERACTIVE UNIX Rood!..- Rd 3..2 1...- 2.2 , 11.oo SCO I MICR.OPDRT I ESIX 

Appli=IUJ" P""fo"" 5635.00 /Vdworl< P""fo"" 5875.00 ll'orb..mo,. P""fo,.. $1435.00 


~ App/i,,dlio,. 0-•lopu $1355.00 /V.,_rl< lJN.,i,,po $1'35.00 'ff'orbldlio" 0-lop~ $1595.00 
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In the 386/80387 category, Weitek 
again came out on top with its Abacus 
3167. At $995 this is also the most ex
pensive chip in this category. To use this 
chip, your machine must have a Weitek 
FPU socket, and the applications soft
ware you're running must support the 
3167. (Weitek provides a list of software 
packages that are compatible with the 
Abacus coprocessors.) 

Also, if accuracy is critical, keep in 
mind that the Weitek chips can only han
dle single- and double-precision floating
point numbers . They don't support the 
IEEE 80-bit extended-precision numbers 
that some scientific and engineering ap
plications might require. This is not a 
problem for the majority of applicatfons, 
however. 

If the Abacus 3167 doesn 't fit your 
needs , the next logical choice is Cyrix 's 
$994 83D87. If 3-D transformations are 
all the floating-point work you ever do, 
and your software supports IIT's custom 
instructions, the 3C87 may be a contend
er. But the 83D87 is faster than anything 
other than the Abacus 3167 , is Intel com
patible, and is priced on a par with Intel 's 
80387DX. Tack the 38D87's improved 
transcendental accuracy on top of that, 
and you've got a winner. 

You may also want to check out the 
Cyrix EMC87 , which should be avail
able by the time you read this . It' s got all 
the advantages of the 83D87 , plus a 
memory-mapped architecture. If the 
final version performs as well as the 
83087, it will give the Abacus 3167 a 
run for its money. 

In the 80287 arena, most manufac
turers are aggressively pricing their co
processors, and AMD leads the way with 
its $99 80C287. Note, however, that 
price is just about the only thing that the 
AMD coprocessors have going for them · 
the 80C287 won 't set any speed records . 
Best performance is a toss-up between 
IIT's 2C87 ($319) and lntel's 80287XL 
($370). The 2C87 is slightly faster and 
less expensive, but the 80287XL enjoys 
the extra 80387-type instructions. No ap
plications yet support IIT's custom in
structions or the 80287XL's 80387 in
structions . But developers are likely to 
support the Intel chip first. 

My benchmark results are a good 
guide to performance. But as with most 
computer peripherals the best bench
mark is to grab your critical software, 
find a computer store that sells coproces
sors, and go for a test drive. • 

Rick Grehan is the director of the BYTE 

Lab. He can be contacted on BIX as 

"rick_g. " 

200 BYTE • NOVEMBER 1990 Circle 316 on Reader Service Card 

http:SCREEN.SA
http:ll'orb..mo


Scalable fonts in acartridge. 

No longer just adream. 


CJ- 1990 Pact.fit: 0.!lta P:oduct5, Inc. Made in the US.A. Pacific Outhnes is a trademark of Pacific Data Products. Inc. la.:;erJe.t • 
is .i regh.ttr«I trademark of He1•:!e1t-radi:ard Com~ny. Sc.alablt" type o-utlincs .tre licensed from ngfo: Corpora1lon, Agf:i ~ • • 

Compugtapli.ie Division. CG Bodoni and CC Pal.1t:io~re ~i.stered tr,1dem.ark5 .u1.d Shannon i$ a lrade.f'l'l.!lrk of Ag(~ 


Corporation. Letraset is a registered lradem.1 rk and Rc,,'\le i!. a tradirmark of ~lie P~daflex Corporation. ITC Bookman l! 

.l ttgi5'er«i tr.lde~tl;'. of T~tentatioMl Typeface Corpor.:l.tion. All othercompitony ~nd produa name$ 21n: rr~dem.ar~ of 1h-eo 
company or m.anufactunir respedin•ly. 

Lagine how your docwnents 
would look if you could substitute 
ordinary printer fonts with typeset 
style fonts. Instead of Times®, you 
could use distinctive CG Palacio®.Or 
add flair with Letrase Revue"'. 
Imagine choosing from up to 51 differ
ent fonts, including CG Bodoni®, CG 
Palacio, Shannonr·", Revue and ITC 
Bookman®, that can be scaled to any 
size, in quarter point increments from 
0.25 to 999.75. 

You've dreamed about such things 
for your Hewlett-Packard LaserJet"' III. 
Pacific Outline make the dream real. 

These easy-to-use cartridges 
eliminate the need for soft fonts, 
accelerating your work and saving disk 
space. Pacific Outlines offer quality 
scalable type from Agfa/Compugraphic, 
and ready-to-use software drivers for 
several major software applications. 

Offered at a price that won't cause 
nightmares. To learn more, call or 
write: Pacific Data Products, 
9125 Rehco Rd., San Diego, CA 92121, 
(619) 552-0880. FAX: (619) 552-0889. 

PACIFIC 

DATA PRODUCTS 

See us at Booth llW818 

@~@rn100Hi'Fall '90 
November 12-16. 1990 


Las Vegas, Nevada 
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Buy our IBM-compatible color 

printer and get this Mac-compatible


color printer free. 

The new Phaser PX Color Printer from Tektronix. 	 Macs that might come along. Automatically switch

ing from port to port to keep everybody happy.Only $7995 Add to that certified PA TO E°'*Color that can 
The price is as much of a breakthrough as anything be printed on paper or transparencies, and you've got 
else. The Phaser PX offers PostScript-language com a color printer that will do more for less money than 
patibility and 300 dpi thermal-wax color that's brighter ever before. 
and bolder than that of pricey competitors. And not So call 1-800-835-6100, Dept. llJto find out how 
only can you hook it up to an office full of PCs via to get your hands on the new Tektronix Phaser PX. 
serial or parallel, but it will also accommodate any Then you can kill two birds with one color printer. 

The New Tekl:ronixPhaserPX~ 

•Panlone, lnc.'s check-standa rd trademark for color reproduction and color reproduction materials. Copyright C 1990Te'ktronix, lnc. 



Buyour Mac-compatible color 

printer and get this IBM-compatible


color printer free. 

The new Phaser PX Color Printer from Tektronix. 	 workstations that might come along. Automatically 

switching from port to port to keep everybody happy.Only $7995 Add to that certified PANTONE *Color that can 
The price is as much of a breakthrough as anything be printed on paper or transparencies, and you've got 
else. The Phaser PX offers PostScript-language com a color printer that will do more for less money than 
patibility and 300 dpi thermal-wax color that's brighter ever before. 
and bolder than that of pricey competitors. And not So call 1-800-835-6100, Dept. llJ to find out how 
only can you hook it up to an office full of Macs via to get your hands on the new Tektronix Phaser PX. 
AppleTalk, but it will also accommodate the PCs and Then you can kill two birds with one color printer. 

The New D!kl:ronixPhaserPX* 
All rights reserved. Phaser is a trademark of Tektronix, Inc. All other trademarks mentioned herein belong to other com pa me>. 

Circle 393 on Reader Service Card (RESELLERS: 394) 



Now you can have the power and performance of Aiiee's fully loaded 486 EISA 
Tower delivered to your door/ Check out these outstanding features: 

486 EISA TOWER (AU for.,_.. lldoi matloft 
Intel 486-25 CPU D 4 Meg RAM D 1 .2 MB 5.25"drive D 1.44 MB 3.5" drive D 150 MB 1Bms ESDI hard drive 
D ESDI controller w/32K cache D 16-bit VGA card D 14" VGA monitor (1 024 x 768) D 2 seria l, 1 parallel & 
1 game ports D 101-key Keyb?ard D Genius Mouse D MS-DOS 3.3 or 4.01 D Eight 32-bits EISA slots 

- ,, 

Altllc: 1i 	

T i •, "AJtecZlp S86s are solid machines featuring 
1 ~ brand-name parls. A good buy, 

they are clearly affordable • 
PCM.t94l1M , May.30, 1989 

"Computer users should /Ind Allee machine 
an excellent value with good performance." 

PC Mf9U>M, .1UtoJ 195IO 

A/tee sets the standard for the highest quality design and 
manufacturing of all our products. We're fast, friendly, and 
ready to help you select the right features for your needs. 
Take a look at some of our other great systems: 

386/33 VGA 	 $3,595 
Intel 386-33 CPU D 32K Cache D 4 Meg RAM D 1.2 MB 5.25"drive D 1.44 
MB 3.5" drive D 150 MB 18ms ESDI hard drive D ESDI controller w/32K 
cache D 16-bit VGA card D 14" VGA monitor (1024 x 768) D 2serial , 1 
para llel & 1 game poris D 101-key Keyboard D Genius Mouse D MS
DOS 3.3 or 4.01 
(25 Mhz Cache System d educt 5400) 

386/25 VGA 	 $2,795 
Inte l 386-25 CPU D 4 Meg RAM D 1.2 MB 5.25"drive D 1-44 MB 3.5" drive 
D 105 MB 18ms IDE hard drive D 16-bit VGA card D 14" VGA monitor 
(1024 x 768) D 2 serial, 1 parallel & 1game ports D 101-key Keyboard D 
Genius Mouse D MS-DOS 3.3 or 4.01 

386/SX VGA 	 $1,895 
Intel 386SX·16CPU D 2 Meg RAM D 1.2 MB 5.25"drive D 1.44 MB 3.5" 
drive D 66 MB 25ms hard drive D 16-bit VGA card D 14" VGA monitor 
(640 x 480) D 2 serial, 1 parallel & 1 game ports D 101-key Keyboard D 
Genius Mouse D MS-DOS 3.3 or 4.01 
(20 Mhz 386/SX versi on add S150) 

286/12/66 MB VGA COMBO $1,795 
1 Meg RAM D 1.2 MB 5.25" drive D 1.44 MB 35" drive D 66 MB hard drive 
o 16-bit VGA card D 14" VGA monitor (640 x 480) D 2 serial, 1 parallel 
& 1 game ports o 101-key Keyboard o Genius Mouse o MS DOS 3.3 or 4.01 
o Panason ic 11 BO printer wtcable o Surge Proteclor 

286/12 VGA STAR $1,295 NEW 
D 1 Meg RAM 0 1.2 Mor 1.44 M drive D 40 MB hard drive D 16-bit VGA 
card o 14" VGA monitor (640 x 480, .41 mm) D 2 serialfl parallel & 1 game 
ports D 101-key Keyboard D MS-DOS 33 

Various hard drive capacity available. 

AL11C 
Technology Corp. 

1-800-255-9971 
Polley: 	Same day snipptng witl'\ ~andatd configurat1ons IOI 01'd!I'$ before 3 PM EST. 

Shi~ng and handling axtra. Personal and company checks requlre 10 days to clear. Pfk:&S 
ate subject tochat19e, and all i1ems are sul)Ject 10 availability. AJI re1urns muSt be $1'1ippe<ii 
prepaid. insured . in ori9lnaJ cond ilion and complete wilh documentation. All feturns muS1 
MYe RMA number. 30-da:y money back guarani@-& croes w incrude snipping_No surcharge 
for V4sa & MasterCard, 2% for American E:qxess. 

hnology Corporation• 18555 East Gale Avenue • Industry, CA 91748 • 818/912·8688 • FAX: 818/912-804 B 
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Corey Sandler 

REVIEW 

New Controller Makes SCSI 
Palatable to PCs 

For ATs with 
large chassis, the 
SmartConnex/ISA 
can take the 
hassle out ofSCSI 
upgrades. 

I
f you 're accustomed to conventional 
PC interfaces, SCSI is a strange breed. 
Neither the original PC architecture 

nor the current version of DOS was de
signed for SCSI devices. So, before your 
PC can capitalize on SCSl's speed and 
flexibility, you may find yourself mixing 
and matching specialized software driv
ers, hard disk drive controllers, hard disk 
drives, and motherboard ROMs. 

Distributed Processing Technology's 
SmartConnex/ISA SCSI controller can 
bridge this gap between IBM ATs and 
SCSI (DPT also announced a SmartCon
nex for Extended Industry Standard Ar
chitecture that wasn't shipping commer
cially in time for this review) . The 16-bit 
SmartConnex/ISA uses the Western Dig
ital WD1003 disk drive controller inter
face, which makes your computer see the 
controller as a common ST506 AT-com
patible device without your having to in
stall special driver software. The Smart
Connex also works with your other drive 
interfaces. An associate and I installed it 
and an external hard disk drive in a 
386SX with an internal hard disk drive 
that used a motherboard-based Intelli
gent Drive Electronics interface, and 
both drives worked fine. 

The SmartConnex also includes inter
nal and external interface connectors, so 
you can attach SCSI hard disk drives 
either through a rear panel or from inside 
the computer. And because the board 
uses a IO-MHz 68000 CPU, it can out
perform some SCSI controllers in read-

and write-throughput speed. 
However, problems with the board's 

design and documentation mean that 
SCSI instailation still isn't headache
free. Nevertheless, if you're a PC user 
who's interested in adding a SCSI-based 
high-capacity hard disk drive, the Smart
Connex is worth considering. 

Why SCSI? 
SCSl's advantages center on speed and 
flexibility (see "The SCSI Bus," Parts 1 
and 2, February and March BYTE) . 
SCSl's speed is due to the fact that it is a 
parallel interface, not a serial interface 
like the ST506. SCSI is fleXJole because 
it was designed to be more than just a 
bard disk drive interface. More and more 
devices-including tape drives-are 
showing up with SCSI compatibility. 
And while the serial ST506 limits you to 
two physical disk drives, SCSI supports 
up to eight devices-seven peripherals 
and a controller board. 

The major problem for PC users is that 
MS-DOS doesn't include a generic inter
face that supports all the devices avail
able with a SCSI connection. That means 
that when you install a SCSI connection, 
you usually must also install a softwa.re 
driver that is compatible with both the 
device you are controlling and the appli
cations you want run. This is still true 
with the SmartConnex for everything ex
cept a hard disk drive, although DPT says 
that it is developing device drivers for 
tape and optical disk drives (release dates 

SmartConnex/ISA 

Company 
Distributed Processing Technology 
132Candace Dr. 
Maitland, FL 32751 
(407) 830·5522 

Hardware Needed 
IBM AT or compatible 

Software Needed 
MS·DOS, OS/2, NetWare 286 or 386, 
SCO Xenix or Unix, or Sytos Plus 

Price 
As tested (with flop py disk dri ve 
controller): $365 
Without floppy disk drive controller: 
$330 

Inquiry 1105· 

were not available at press time). 
Ifyou want more than two disk drives , 

you have to install a compatible software 
driver in your MS-DOS CONFIG.SYS 
file. The catch is that not only must you 
depend on DPT to supply a driver that 
supports your particular hardware, but 
you also have to hope the driver works 
with the application that you'll be using 
with the hardware. If DPT (or any SCSI 
controller manufacturer) doesn ' t have 
drivers for your hardware and software 
combination, you'll have to install an
other controller or find another device . 

But this problem may diminish as vari· 
ous groups and manufacturers push for 
SCSI standards. An ANSI CAM (Com
mon Access Method) committee is work
ing to establish a software interface for 
SCSI that would be installed in a variety 
ofoperating systems. Ifsuch an interface 
is successful , hardware vendors would 
only have to write their interfaces to the 
common software standard instead of to 
every operating system and application. 

Tight Squeeu 
In addition to having a SCSI connection, 
the SmartConnex can include an optional 
floppy disk drive interface that is com
patible with 5\4- and 3 1h-inch devices . 
The SmartConnex's ST506 compatibil
ity is built in, which means that you can 
plug the board into the PC bus , hook up 
the floppy and hard disk drive cables 
from your standard drives, and go. Actu
ally, a software driver stored on the disk 
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M;l#llWM NEW CONTROLLER MAKES SCSI PALATABLE TO PCS 

SMARTCONNEX SCSI BENCHMARK RESULTS 
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• SmartConnex/I SA Western Digital FASST 

Although the SmartConnex/ISA can simplify upgrading to SCSI, its performance 
was only marginally better than that ofthe Western Digital controller that shipped 
with the test 300-MB SCSI hard disk drive. 

and transparent to the user handles ST
506 emulation. A DPT utility controls 
driver installation and use. 

But installing the board can present 
problems. First of all , it's 4 ':h inches 
high, not including the bus connect pins. 
That was too tall to fit into our Compu
Add 3 l 6s slim-line test machine. The in
ternal connectors and the top ofthe board 
stuck out beyond the edge of the chassis 
(we installed the board in this box , and it 
worked fine with the cover off) . 

The board also was too tall when we 
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used the internal interface connectors in 
our private-label 20-MHz 386 clone with 
a full-size AT case. If no cables are at
tached to the internal connectors, the 
case fits- but just barely. However, with 
this particular clone, we could not attach 
the external connector because of the 
width of the slots in the rear of the case. 
SCSI uses a large SO-pin, D-shell con
nector, which requires the maximum slot 
width. For comfortable use, you 'll need 
an oversize AT-type case for this board. 

Yet another problem occurred when 

we tried to use the board in an Austin 12
MHz 286 and a CompuAdd 216-small
footprint PCs with internal bus risers 
that accept boards sideways. In these 
machines, the cables that connected the 
SmartConnex to the floppy disk drive 
were too short. We had to disable the 
floppy disk drive interface on the board 
and use the connectors on the mother
board. 

We also found that the SmartConnex' s 
documention and supporting utility soft
ware seemed unfinished. In fact, we had 
considerable difficulty getting the board 
up and running, because the instructions 
for using the utilities were not clear. 

To install a hard disk drive with the 
SmartConnex, you run a simple utility 
that calls a low-level format routine and 
then stores the proper ST506 emulation 
driver on the last block of the hard disk 
drive. Drivers are available for a variety 
of operating systems, including OS/2 , 
MS-DOS, Xenix/Unix , and Novell Net
Ware. Once you complete these steps, 
you simply type FDISK (or the equiva
lent, depending on your operating sys
tem). perform a high-level format , copy 
the system over, and load your files . 

However, when we repeated this pro
cess during testing with a Core Interna
tional Model 310 SCSI hard disk drive, 
we received numerous drive not ready 
and no boot device messages . Nothing 
in the documentation explains these 
errors . As it turns out, the emulation 
software that is stored in the final drive 
block cannot be erased , and the utility 
software is not smart enough to know 
what to do when it discovers that the 
driver software already exists. This was 
the source of our numerous error mes
sages, according to DPT technical-sup
port personnel. (DPT sent us a utility 
that will erase the driver software. The 
company doesn 't ship the utility in the 
basic package on the theory that once you 
conduct a low-level format and install the 
driver, you don't need to remove it unless 
you change controllers.) 

The documentation lacked a " quick 
start" section, forcing you to uncover in
stallation instructions obscurely embed
ded in page after page of technical dis
cussion. When we put aside the manual 
and anonymously called the company, 
technical support proved to be quite 
good. On one call, we received 20 min
utes of support time without complaint. 

Aside from poor on-screen instruction 
and incomplete documention, we liked 
the SmartConnex. Although DPT rates 
the SmartConnex's transfers at only 4 
megabytes per second, we found that it 
operated relatively quickly . It rapidly 



Smaller Computers. 

Bigger Applications. 


Storage To Match. 

The dimen ions of computing are chang

ing. Today's lower profile. higher-end 286 and 
386 computers are taking up less desktop 
space and taking on much bigger applications. 
Matching these new computing dimensions 
with new dimensions in storagehas never 
been more important. And once again. it is a 
company ca lled Storage Dimensions that is 
doing that matching. 

We call itperformance matching, actual! . 
And our new 100. 200 and 320 megabyte 
internal SpeedStor'gsubsystems are three 
solid examples of how we put ou well in front 
of today's 286/386 power curve. Because 
you get smartly engineered half-high storage 

matched no only to the new smaller computer 
enclosures. but to their larger performance 
demands. With our proprietary SCSI-based 
architecture. host bus adaptor and on-board 
look-ahead caching for added speed. Plus 
an optional floppy port for cost effecti e 
in tallation and expansion. 

Whether you measure your torage needs 
in square inches. megab tes or milliseconds 
you'll find the dimensions you require are 
the ones we deliver. Theones that have put 
our products on morede ktops than any other 
storage solution. Call u at (408) 879-0300. 
Storage Dimension 2145 Hamilton Avenue. 
San Jose. C 95125. 

See us a1 Rotunda 600111 #4214_ 

November 12-16, !990 • SlDRAGE DIMENSIONS ()(@MIMH/Fall '90 
Las Vegas. Ne"ada 
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Call me, I 'm interested, circle 324 011 Reader Service Card. Please se11d literaJure, circle 325 011 Reader Service Card. 



THE MOST ADVANCED 

CORDLESS MOUSE 


THE ZEN MOUSE 
Available in cordless and corded models for 


IBM PC's, PS/2's, and compatibles. 


• Dynamic Tracking o Mouse Pad Required 
• 10-1000 dpi • Compatible with virtually 

o Cleaning Required all application software 
• Rechargeable • Made in USA 
• Compatible wi th Microsoft";' Logitech";' and MSC Mice 

ZENY 
COMPUTER 
SYSTEMS INC. 

4033 Clipper Court Tel 415/659-0386 
Fremont, California 94538 Fax 415/659-0468 

JO C?r OFF WITH nil.SAD 
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Once 

you get past the 

installation difficulties, 
the SmartConnex 

performs as promised. 

completed long menus and data-file 
searches. BYTE Lab benchmarks of the 
board with the Core hard disk drive 
showed random-read throughput ofabout 
45K bytes per second ; random-write 
throughput came in at around 54K bytes 
per second (see the figure) . For compar
ison, we ran the same tests using the 
Western Digital FASST SCSI controller 
that ships with the drive. We found the 
Western Digital controller considerably 
slower on reads and nearly identical on 
writes: Random-read throughput was ap
proximately 31 K bytes per second; ran
dom-write throughput was more than 
53K bytes per second. 

Guarded Recommendation 
Once you get past the installation diffi
culties , the SmartConnex performs as 
promised: It's somewhat faster than the 
interface that comes with the drive we 
tested , and the board 's ST506 drive emu
lation makes for what should be an easy 
installation. We also liked the internal 
and external connections and the option
al built-in floppy disk drive controller 
that lets you replace your existing con
troller, if that 's what you need. 

However, we are concerned that the 
board did not fit easily into four of our 
test machines , and the lack of easy-to
understand documentation and on-screen 
prompts made the installation much 
more difficult than it should be. 

If you want to enhance your PC with 
SCSI, the SmartConneJ!. can simplify the 
installation. Just make sure your com
puter 's case is large enough to hold the 
board and that you have DPT's technical 
support number in your telephone's auto
dialer. • 

Corey Sandler is president of Word Asso
ciation, a consortium ofhigh-technology 
writers and consultants headquartered in 
Nantucket , Massachusetts . He can be 
reached on BIX clo "editors. " He worked 
with Word Association technical editor 
Tom Badgett in testing the DPTboard. 
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yNo
Sense Of 

assembler. Our R&D Department 
works day in and day out, developing 
new technologies to keep Northgate 
on the cuuing edge of high 
perlormance computing. 

We design and manufacture our 
own motherboards in the .S.A. If 
you hear otherwise, hang up ... you 
deserve the truth! 

A word about price. Northgare is 
the perlormance/price leader in 
systems for home and office. o, 

orthgate computers aren't the 
cheapest. Why? Because we don't 
take shortcuts in technology to get 
perlormance gains and hold prices 
down. Some companies cut corners 

to get speed improvements. Shadow 
RAM is one such technique. 

ShadO\ RAM sets aside room in 
RAM for temporary storage of system 
and video UO instructions normally 
stored in system ROM. By running 
these routines in RAM, instructions 
can be executed at the micro
processor's fastest speed. 

However, this RAM is best used for 
extended memory needs like disk 
caching, RAM disk, and spoolers. 
When Shado\\ RAM eats up this 
space, you can experience software 
compatibility and operating problems. 
You11 never experience shorrcuc
relaced problems with a orthgace 
system. Call toll-free 800-548-1993. 

D
on't be puzzled about com

puting for the 90's ... call the 
company who speaks your lan

guage: orthgate. Were your 
problem-solving partners. We listen to 
your needs, analyze options, then 
recommend solutions. 

We use a "modular systems" approach 
that allows us to custom configure 
your system to meet your current and 
furure needs. 

Now, let's shatter a few myths... 

Northgate is a true manufacturer 
of computing systems ... not an 
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NorthgateBringsItAllTogetherAnd 

Puts IbwerForThe90's InYour Hands! 

N orthgate exemplifies power! 

IBM! Compaq! Dell!All the 
others! The unquestioned industry 

leader is orthgate! Why? Only orthgate 
solves the puzzle! Nowhere else can you get 
the blistering combination of triple caching 
power ... industry's fastest components and 
peripherals ... performance boosting soft
ware ... power services and technical 
support ... all for incredible factory-
direct prices! 

Tri-Caching technology 
breaks performance barriers! 
Caching guarantees power computing 
into the 90's! Northgate uses three cypes of 
caching technology wextend total system 
performance. Each system has a minimum 
of 64K SRAM memory cache, 32K-64K 
cache hard disk comroUers and caching 
sofr:ware-aUfor enhanced performance 
and speed. 

11ENWO#fCF 
lRICIOllG 

SRAM Memory Cache! onhgate uses 
high-speed 64K-256K static SRAM cache to 
buffer frequently requested data from slower 
memory scorage areas. RAM cache reduces 
the main processor's idle time (wait stage} 
while data is transferred to and from main 
memory. Our external 486 SRAM cache 
operates in true burst mode for 
33Mb/second execution of instructions. 
BoostS the hit rate for data finding co 99% ! 

Hard Disk Caching Controllers! Disk 
caching improves performance by relieving 
the bottle neck caused by hard drives. 
Whenreading and writing to hard disk, the 
information passes through a RAM cache 
buffer. This buffer retains data after it has 
been sent co its destination. If the same data 
is needed again, it is drawn from the cache 

Circle 259 on Reader Service Card 

instead of the disk. Result? Accelerated 110 
transactions! 

Caching Software! orthgace uses disk 
caching sofn·are for enhanced performance. 
Here's how it works. During a session the 
sofnl'are "learns' co anticipate what data 
youil need next and brings it inco the cache 
for quick retrieval. 

Industry's most powerful 
components and peripherals! 
System speed is not based on the CP 
alone. Hard drives, floppydrives, video 
cards and other peripherals all play a pan in 
enhancing overall performance. One slow 
element slows the whole system down. 

onhgate solves this problem by us ing che 
lacesc in AT interface technology co 
ma.xirnize system performance. 

Hard disks made just for Northgate 
customers- fastest in the 
world! For Northgate (and 
you!) only the fastest hard 
drives will do. Our 
complete selection of hard 
drives-featuring our 
exclusive Maxtor 
200Mb-use AT 
technology wich disk 
cachingconcroUers for fast , 
efficient throughput. 

Fastest video 
combinations on the 

market-screens appear almost before 
you release "Enter"! Norchgate's 16-bit 
Super VGA lets you zip through desktop 
publishing, windowing and other bit-mapped 
graphics operations. Select from our broad 
range of high performance monitors and 
video cards to meet the most demanding 
design and engineering applications! 

Now ... performance 
software unleashes the 
power of your Northgate! 
To make the most of our awesome power, 
ll'e're including FREE performance sofnvare 
with our Elegance™386™and 486™Power 
User's systems. This S1139.00 suggested 
retail value includes Microsoft® Windows™ 
3.0, Samoa®Ami™ Professional word 

processing and lnformix® Wingz™ graphics 

spreadsheer. 


Microsoft® Windows™3.0! 
Youve heard about ~~~===::;:==i 
che point-and-dick 

ease of Apple 

computing. ow 

Windows brings it 

to the DOS world! •~:::::..;.;::..!:J....;..--...!..J 


Windows speeds through even the most 

demanding 32-bit sofnvare ... makes 

program operation and multi-tasking 

a breeze! 


AmiPro™- word processing 
and desktop publishing 
~'!!'!!'!!!'!!IJ!'=----i in one! 

You gee 
sophisticated 
11 ord processing 
features including 
130,000 word 

spell check, dictionary, thesaurus, search 
and replace, editable page views, multiple 
foncs, integrated graphics and more! And 
you gee the look and feel of expensive 
desktop publishing packages! 

Wingz™-powerful graphics 
spreadsheet and database 
program! 
Wingz for 
Windows3.0 
is the first 
spreadsheet 
program chat lees 
you cake full 
advantage of coda_ 's powerful 
windows/graphics based environments. You 
get unsurpassed number-crunching power 
and page perfect presentations. 

FORMORE INFORMATION, 

CALL TOLL·FREE 24 HOURS EVERY DAY 


800-548-1993 

Notice to the Hearing Impaired: Northgare has 
TDD capabilicy. Dial 800-535-0602. 

~fC ~A:/.,,AL / "' 
-D~~.ii;...SYSTEMS ne~/f9"". 
7075 Flying Cloud Drive, Eden Prairie , MN 55344 
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New Northgate Elegance 486i'" System... 


"&litors' Choice" said PCMagazine!* 

(Adding: "Northgate stops at nothing to please its 
customers...97%would buyagain!"**) 
lnfoWorldlabs scored 
it 9.1-top rating ever!t 
Incredible powerandunmatched 
performance at a price you'd 
expect to pay for a 386ni! 

Delivered to Your Home or Office 

Whether 80286, 386 or 
486 technology, orthgace 
consistently brings you top rated 

s seems. Our value and performance is 
unexceUed when you look ac the experts' 
opinions. orthgace is acompany in 
which you can place your trust - perhaps 
our most important advantage! 

In January, 1988, Northgate won ics 
first Editors' Choice for the 286112 
SuperMicro. Norchgace leadership 
prevailed again when PCMagaz.ifle 
benched 386 systems. One couldn't do 
better. Three Editors' Choice - one for 
each speed in our Elegance line of 20 25 
and 33MHz systems. orchgate is the 
only company who can make chis claim! 

PC Magazine then called for 486 
ISA systems for review. Result: 
there was no question about ic. "Only 
one machine stands ouc; they said, 
"you could pay less for a 486 system, 
buc not get the bonuses char are offered 
with the Elegance."' 

Along the way, we added another Editors' 
Choice of our On111i&:f keyboard. 
There you have it ... 

A record five Editors' Choice 
Awards in one year's time! 
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customer support was well evidenced. 
testers at lfljowoddwere thoroughly and 
About the same time, the tough 

"As we learned more about its service 
methodically examining Elegance 486i. policies, it became clear that Norchgace 
They reported you could buy the next scops at nothing co please ics customers:' 
highest ranked system (scoring 8. 2 vs. No wonder " orthgate was the 
our 9. l) but you'd also pay three hands-down winner when it came to 
times as much! t customer loyalry.".. 

/11foWorld's editors concluded chat That's the story. Designed and built to 
orchgate's 486i "leads the pack by a perform. Proven by che industry's most 

comfortable margin. It offers impressive demanding testing. Fairly priced. And 
performance, exceptional expandability backed by people with apassion to serve 
and it is tops in support and value:t you with asupport policy that inspired 

one magazine columniseA subsequent issue of lnfoWorld 
to say:

Ouly 30 1990) showed Elegance 
486i leading the pack again as a "What WordPerfect is co 
network file server and software support, orchgace is 
stand-alone system as well. to hardware and there are even a 

few things that WordPerfect 
And, as if we had planned it, could learn from the folks in 
PCMagQzi11e came along with its Minneapolis. orthgate is fast 
Service and Reliability issue in becoming the ordstrom of the 
which orthgate's dedication to computer world:tt 



Completewith the Spectacular200MB Maxtor 

"PowerMax" Super-fast hard drive! (Maximir,ed 

perlonnance exclusively for Northgate andyou!) 

The secret to Northgate's 

state-of-the-art power! The 
486 processor combines the 

capabilities of an enhanced 386, an 
advanced internal cache controller and 
8K of supporting scacic cache memory. 
The chip also incorporates an enhanced 
387 FPU (Floating Point Unit). You get 
increased performance for che most 
demanding math-based applications. 

Northgate caching enhancements 
give you greater speed! We've added 
a 64K read write-back SRAM cache 
(expandable to a orthgate exclusive 

2561<) co further accelerate the execution 
of instructions. 1/0 transactions are 
faster than ever thanks to a 3 2K hard 
drive cache controller. Finally, we armed 
Elegance 486/25 with Smartdrive DOS 
disk caching software. Result? Processing 
speed you musesee to believe! 

Elegance 486i ISA is the perfect 
high performance graphics/software 
workstation or necwork server. Ics multi
stage caching is an excellent match for 
cough number-crunching operations. 

Look at everything you get! Elegance 
486i comes with 4 b of RAM, a 

Elegance 486i ISA System ~atures 

• 25MHz Intel®80486 processor 
• 4Mb of 32-bit RAM (expandable co 

8Mb on motherboard; total system 
RAM of 16Mb with optional 32-bic 
memory card) 

• Proprietary, U.S.-made motherboard 
• 	200Mb Maxtor hard drive with 15ms 

access; 16-bit controller with 1: I 
interleave; 32K disk read-look-ahead 
cache buffer 

• 64K SRAM memory cache; 
read/write-back caching 

• 	High density l.2Mb 5.25"and l.44Mb 
3.5"floppy drives; also read/write low 
density disks 

• 	Eight expansion slots; one 32-bit slot; 
six 16-bit and one 8-bit slot 

• Weicek math coprocessor suppon 
• One parallel and two serial pons 
+ High-resolution monochrome monitor 
+ Clock/calendar chip raced at 5 years 

• 	200 wau power supply (220 watt 
power supply in tower case) 

+ Desktop case with room for 3 exposed 
and 2 internal half-height devices 

+ Front mounted reset and high/low 
speed controls 

• 	faclusive onhgace Otn11iKeyl 
ULTRA keyboard 

+ MS-DOS 4.01 and GW.BA.SlC 
software insralled 

• 	On-line ser's Guide co the svscem 
and MS-DOS 4.01 . 

+ QA Plus Diagnostic and tilicy 
software 

• Microsoft Windows 3.0 and mouse 
• I year warrancy on system pans and 

labor; 5 years on keyboard 
+ Unlimited 24-hour coll-free technical 

support 
+ Free on-site service for one year 
+ FCC Class BCertified 

Select the options you need... 

let Northgate custom build them into your system today! 

+ Hard drives up to 1.2 Gigabytes 
+ Tape back up devices 
• Floppy, CD ROM and optical drives 
+ Modems 

+ Laser quality and dot matrix 
printers 

• SVGA color monitors and cards 
+ Weitek coprocessors 

200 b Maxtor hard disk with 15ms 
access, l.2Mb 5.25" and 1.44Mb 3.5'1 
floppies, desktop ca e, 14"monochrome 
monitor, exclusive OnmiKey keyboard 
and icrosoft Windows"' 3.0. 

Or select our Power System with 
seven bay tower case, 14" SVGA color 
monitor with 1024 x 768 resolution, 16-bit 
SVGA adapter with 512K video memory, 
and 220 watt power supply. PL S! 
Microsoft Windows 3.0, Samna®Ami"' 
Professional word processing software 
and Wingz"' graphic spreadsheet 
and database software. A Sll39.00 
value software is yours at 0 
EXTRA CHARGE! 

Support power! Your Elegance 486i 
ISA is backed by ex-pert coll-free 
technical support 24 hours a day, seven 
days a week. PLUS, free on-site next 
day service to most locations if we can't 
solve your problems over the phone 
AND a l year parts and labor warranty 
(5 years on Om11if<£)1keyboard). 

Use Elegance 486i ISA RISK 
FREE for 30 days! If it fa ils to meet 
your expectations retu rn it for a full 
refund ... no questions asked! 

ORDER TODAY! Call toll-free 
24 hours every day. 

Complete Elegance 486i System 

ONLY$5895°0 
Power User's System Just 86495°0 

Delivered to your home or office 
EASY F 1ANCING: Easy paymeni options. use 
your onhgate Big ·, . VI .\, J\fasterCard ... or lease 
it. Up w fivc--ye3r 1erms :.l\'3ilablc.. 

C>\LLTOLL-FREE24HOURSEVERYDAY 

800-548-1993 

Fax your order. (612) 943-8338 
Notice to the Hearing Impaired: Nonhgate has 
T O D capabiliry. Oi:il B()().535-0602. 

-P+#-i!!lfftlF~~r-/" 
7075 Flying Cloud Ori,·e, Eden Prairie, MN 55344 
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Northgare Elegance 386733 System... 

"	...combines top perfonnance, good 
components and aggressive pricing... 
excellent perfonner all around:' ~~~t.'1989 

Award winning 386 
performance! Sizzling 
Northgate Elegance 386/33 

and 386/25 systems both won 
PC Magazine Editor's Choice awards, 
been rated #1 and #2 products 
(respectively) in lnjoWorld AND 
received Computer Shopper "Best Buy" 
recognitions. No other company can 
make that claim! Here's how we did it! 
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Elegance 386's high performance 
motherboard is designed and 
manufactured by orthgate. With a 
16Mb 32-bit DRAM capacity, irs 
consistently rated in the top 1% of 
performance - at 25 and 33MHz, 
Elegance 386 is the fastest in its class! 

Tri-caching started here! Elegance 
was orthgate's first triple caching 

machine. It comes with 64K read 
write-back SRAM cache to accelerate 
the execution of instructions. And, as 
your needs increase you can expand 
Elegance's SRAM to a orthgate 
exclusive 256K! A 32K hard drive 
cache controller accelerates 1/0 
transactions while Smartdrive DOS 
disk caching software increases overaU 
system throughput. 



Z
ip through demanding 
programs. lulti-scage 
caching easily handles even a 

heavy overhead of video programs, 
1/0 inrensive casks, network servers, 
large data bases and advanced 
desktop publishing programs. 

Desktop or tower...your choice! 
Elegance 386 comes standard in 
our elegant five bay desktop 
case. Our popular seven bay 
tower case is also available. 
Eicher way, you get plenry of 
room for all kinds of 1/0 
boards, and internal/external 
peripherals. 

Start with our base 
y tern! orchgate"s base 

system includes IMb of 
RAM , a 40Mb fast access 
hard drive, 1.2Mb S.25"and l.44Mb 
3.S"floppy drives a 14" high resolution 
monochrome monitor and our 
exclusive OmniKey®I PL S keyboard. 

Tell us what you need . . . we'll 
build your system! Performance 
options include: hard drive options 
up to 1.2 gigabytes with lSms 
access; VGA and SVGA color cards 
and monirors; Intel and Weicek math 
coprocessors· CD ROM and optical 
drives; tape backups; printers and a 
hoseof ocher ! 

Or select our Power 
System ' ich 4 lb of RAM a 
_OOMb Iaxcor hard drive with 
lSms access l.2Mb 5.25" 
and l.44Mb 3.5" floppies, a 
14" Super VGA color mo nitor 
and an Om11iKey keyboard. 
Comes complete \rich 
Microsoft®Windowsr• 
3.0, Samna mi"' Professional 
word processing sofnrnre, 
Wingz"' graphics spreadsheet 

and database sofrware and a mouse. 
This $1139.00 suggested retail 
value sofnrare is your at 0 
EXTR CH RGE! 

Elegance 386 Base System Features: 

• 25 or 33MHz Imel®80386DX 

processor 

• !Mb of32-bit RAM (expandable co 
8Mb on motherboard; coca! system 
RAM of 16Mb with optional 32-bic 
memory card) 

• Proprietary, .S.-made motherboard 

• 40Mb fast access hard drive; 16-bit 
concroUerwith 1:1 interleave;32K 
disk read-look-ahead cache buffer 

• 64K SRAM memory cache; read/ 
write-backcaching 

• High density 1.2Mb 5.25" and 
1.44Mb3.S"floppydrives; also 
read/write low density disks 

• Eighcexpansionslots;one32-bit Joe; 
six 16-bic and one 8-bit sloe 

• Weicek math coprocessor support 

• One parallel and cwo serial pons 

• Hercules compatible video adapter 

• Clock/calendar chip raced at 5 years 

• 200 wan power supply (220 watt 
power supply in wwer case) 

• Optional seven bay upright Tower 
case; room for three exposed and four 
internal half-height devices or deskcop 
case with room for three exposed and 
2internal half·height devices 

• Fronc mounted reset and high/low 
speed controls 

• Exclusive orthgate 
011111i.Key/ULTRA keyboard 

• 14"high resolution monochrome 
monitor 

• MS-DOS 4.01 and GW-BASIC 
sofrware installed 

• On-line User's Guide co the svscem 
andMS-DOS4.0I . 

• QA Plus Diagnostic and Utilicy 
sofrware 

• I yearwarrancyonsystempartsand 
labor; 5 year.; on keyboard 

• FCC Class BCertified 

Industry's finest 24-hour toll
free technical support! Your 
Elegance 386 is backed by expert 
technical support any time you need 
it. Call coll-free, 7 days a week, 
24 hours a day. PLUS, free on-site 
next day service co most locations if 
we cant solve your problems over 
the phone. 

Elegance 386 is backed by a one year 
warranty on pares and labor· fi ve 
years on the Om11iKey ke. board . If a 
pare fails, we'll ship a rep lacement co 
you O\ ernio'hc at our expense 
before you return you r pare! 

Use Elegance 386 25 or 33MHz 
RISK FREE for 30 days! If it fail s 
co meet your expectations return ic. 
No questions asked. 

ORDER TODAY! Call coll-free 
24 hours every day. 

25MHz Base System Model 

52999°0 
PowerUser's System S4699oo 

33MHz Base System Model 

53499°0 
PowerUser's System s5199oo 
Delivered to your home or office 

E SYFIN CING: Easy 
payment option . e your onhgace 
Big ' , \ l , Ma cerCard ...or lease 
ic. p co five- ear term a ailable. 

CALL TOLL-FREE 24 HOURSEVERY DAY 

800-5481993 

Fa '< your order. (612) 943- 33 

Notice to the Hearing Impaired: Konhg:ite has 
TDD c:ipabili~' Dial 00- -35-0602. 

~ /ofAllT/faATE ~,,,: L,,~,_ 1• 
~$~ ~~F-
7075 Flying Cloud Drive. Eden Prairie. MN 55344 

t;.~'Tipi ~ortJ:.pic Compu1tt S~c:im. IM. 1990. All ri&bu feltt\~. ::-.;:onhpie. 0-iX,, ~the: S'onhptc ·:-.... logo vc reg.mered rndcmarb of 1 ' p« Computct SYJ:(:iru. 80386 aod so.a uc- ulder.wks of lr.itcl. 
All ot.t~: produtu 1ftd bnnd tu.meJ 1ri: tnde"maib :i.;.d r~ne.red u.idrn\ldts of theu f~\'C CQmp.lma. PrKn snd ~ICUJOMw~ tO chanir:r; ...-itbikit ootic-r.. Nardl.pte IOCt'Vl::i the t\Slit tO i~w'e Mmpati.en,1 ofequ~ or pelter q1,111it')o· or 
pcrfonuncc. All J"mi Stlh;ttt to a\':llibbilicy. We IUJl'IPOl't the cthnl 111-e cf tohwuc. "To rc-pon s.oftw.'S.rc C'Of"'riibt ' 'iobooai.. call chc- Softwwc PW!dhcn Auonirion"s 1ni-Pirx)· HodiDC .ii I O.J PIR • 
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• • 
Northgate Announces ••• 

TM -1 1ne 

F irst time ever! O\\" you 
can have Norchgate Elegance"' 
power, speed and performance 

in our popular space-saving 
SlimLine case! Elegance 386 
computers shocked the industry 
with a #1 and #2 sweep of !11foworld's 
1989 best product awards; AND 
three Editors' Choice awards from 
PCMagazine. 

Cache! Cache! Cache! Like our 
powerful Elegance systems, 
SlimLine 386 features 64K SRAM 
cache to zip through the execution 
of instructions. For even faster 
speed, we've added a hard drive 
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cache to make quick work of 1/0 
transactions. To top it off, SlimLine 
386 comes with Smartdrive 
DOS disk caching software that 
anticipates the information you U 
need next and brings it into the 
cache for fast access. 

Better features across the 
board! SlimLine's motherboard 
is highly integrated allowing 
maximum system features in the 
smallest possible space. It includes 
space for up to 8Mb of 32-bit 
RAM, one parallel and cwo serial 
ports, fully integrated floppy disk 
controller and IDE hard drive 

controller. Plus an intecrrated 
SVGA with 512K ideo RAM to 
speed up bus throughput 
makes the S) tern faster and 
more reliable! And there is still 
room for expansion with five 
open sloes. 

Three speeds! limLine 386 
comes with our choice of 386DX 
25 or 33MHz processors. For 
faster math-based applications 
budgets forecasts, spreadsheets 
and databases - all models feature 
80387 coprocessor support to 
allO\·\ you to easily add floating 
point unit (FPU) performance. 



AII purpose systems! 
SlimLine Cache is the 
perfect network workstation 

or stand-alone unit for business 
and home use. It pro ides excellent 
support for advanced desktop 
publishing and graphics. 

Base system includes lMb of 
RAM (expandable to 8Mb on the 
motherboard), a 40Mb fast access 
hard drive, 1.2Mb 5.25" and 
1.44 3.5" floppy drives, a 12" VG 
monochrome monitor and our 
exclusive OnmiKey / PL S 
keyboard. 

You name it, we'll build it! 
Performance options include hard 
drives up to our super-fast lSms 
200Mb Maxtor hard drive, monitors 
and video display cards, math 
coprocessors, cape backups, primers 
and a host of other choices. 

Or select our Power System 
with 4 lb of RAM, a 200Mb fast 
access hard drive, 1.2Mb 5.25" 
and l.44Mb 3.S"floppies, a 14'' 
Super VGA color monitor and 
an Om11iKey keyboard. Comes 
complete with licrosoft® Windowsrx 
3.0, Samna mi™Professional 
word processing software, Inform~ 
Wingzrx graphics spreadsheet and 
database software and a mouse to 
maximize system performance. 
This $1139.00 suggested retail 
value software is yours at 0 
EXTRA CHARGE! 

Industry's finest 24-hour toll· 
free technical support! Your 

limLine 386 Cache is backed by 
expert technical support any time 
you need it. CaU toll-free, 7 days 

a week, 24 hours a day. PL S 
free on-site next day service 
to most locations if we can't solve 
your problems over the phone. 

Slimline 386 Base 
System Features: 
• 25or33MHzlntel"' 80386DX 


processor 


• 1Mbof32-bit DRAM (expandable to 
8Mb on motherboard) 

• Down-scaled, proprietary, U.S.-made 
motherboard 

• 40Mb fasraccess hard drive; AT bus 
interface; 1:1interleave;32Kor64K 
look ahead disk caching 

• 64KSRAM memory cache; read / 

write-back caching 


• High density l.2Mb 5.2S"and t.44Mb 
3.S'floppy drives;also read/write low 
density disks 

• Five open expansion slots; three full 
length 16-bit and 2halflength 8-bit 

• 25 or 33MHz 80387 or Weitek 

coprocessor support 


• One parallel and two serial pores 
• Built-in 16-bit SVGA with up to 1024 x 

768 resolution; 512K video memory 
• Clock/calendar chip rated at Syears 
• lOOw:mpowersupply 
• Small footprint SlimLine case with 

room for two exposed and l internal 
half-height devices 

• Frontmoumedresetandhigh/ low 

speed controls 


• Exclusive orthgate OmniKey IPLUS 
keyboard 

• 12" VGA monochrome monitor 
t MS-DOS4.01 andGW-BASJC 


software installed 

• On-line ser'sGuide to the system 

andMS-DOS4.01 
• QA Plus diagnostic and ucility sofcware 
• Smartdrivecachingsofcware 
• l year warranty on system parts and 

labor;5years on keyboard 
• FCC Class BCertified 

More great support! Your new 
SlimLine 386 Cache come with a 
one year warranty on parts and 
labor· five years on the Om11i&y 
keyboard. If a part fails, we'll ship a 
replacement to you overnight at 
our expense - before you return 
your part! 

Use SlimLine 386 Cache RISK 
FREE for 30 days! If it fails to 

meet your expectations, return it. 
o questions asked! 

ORDER TODAY! Call toll-free 
24 hours every day. 

2SMHz Base System Model 

52999°0 

Power User's System s4499oo 

33MHz Base SystemModel

s3499oo 
Power User's System 5499900 

Delivered to )our home or office 

EASY FINANCING: Easy payment options. 
Use your Northgate Big'N. VISA. MasterCard ... 
or lease it. Up to fil'e-year terms a\':lilable. 

Cl\LLTOLL-FREE 24 HOURS EVERY DAY 

800-548-1993 

Fax your order. (6 12) 943·8338 
• 1otice to the Hearing Impaired: orthg:Hc has 
TDD capability. Dial 800-535-0602. 

t.~ngtu Konhptc Comp111e1" s,~tc"m.. Int, 1990. Allt1chh tciet\'rd, Nonhp:c. OIP1A'.f:r IDd tb e l'\bt'U\plc: 'i\.~ ~'° itr rcl)t.tcrtd uaocm.t.tlo of:-..lonhptc CoMputcr S\'1Ccms. 80lho aad CM&.1.1c uad'cmukl of Intel. 
•\ Uoilicr pro®<'U ~nd bm!O l'llf'D('S arc- tud~ulu. al\d rcgf!;1c-rcd u-tdcfl'lllli of chc-11rcsp«tf,,'C: compan~> . Pti«t. n1d 5p«ifKttl0"5 &iib,1«1co1;hwgc wi~hcM noucc. ~onhlµ:e rC')en·.:J 1hc 11iitn to t\i~ntl)lc ~tnpor.c11u of ~1ul er ltcJt("I qu.a.IJ.C~· or 
pcdnitmiMC". AU uctru ~U~J«t to l1-11hbLl1t~·. We suppotc 1he i::th.IC".l! inc ol 1-0k•11·1rc... To 1c-pon...cf1.,.~re C"O~~l \"KJ.lit.a.u. t"l.ll ilk Sc!t'iu.rc Publ.nh.n.s ."iuixb.t1<1t'l

0

S"l'llJ>P1raey Hotline u l-800-..JS ·PIRS. 
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New From Northgate... 

20 M fbwered Up 


Yes, we're a bit late to the party 
with SX systems. How come? 
We just couldn't bring ourselves 

to market another ho-hum SX. 

So we put our research and 
development team on it. Boy, 
did they rise to the challenge! O\\' 

you can get an SX 16 or 20 MHz 
machine with the power to run 

icrosoff' Windows"' and other 32-bit 
software at flashino cache-enhanced 
speeds. And, the packaged au this 
power and performance into our 
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exclusive space-saving case - a 
favorite of orthgate customers! 

The secret to SlimLine's 
space-saving design? A fuUy 
incegrated motherboard designed and 
manufactured by orthgate! This 
design reduces bus load - makes 
the system faster and more reliable! 

Motherboard features include a 
built-in VGA adapter (with 512K 

ideo RAM), parallel and two serial 
ports, fuUy integrated floppy disk 

controller and lDE hard drive 
conuoller. lotherboard integration 
also makes it easier to install modems 
or add-in cards. 

Triple cache boosts performance 
to zero wait state! You get a 
built-in 64K memory SRAM cache 
co accelerate the execution of 
instructions; hard drive caching 
accelerates UO transactions; 
and disk caching software speeds 
the movement of data to and from 
the CPU. 



Sli 
With 64KCache! 

SlimLine 386SX is perfect for 

office environments and home 
use. It handles word processing, 

spreadsheet, database management and 
most graphics applications with ease. 

Slimline 386SX base system 
includes lMb of RAM (expandable 
to 8Mb) on the motherboard, 
a 40Mb fast access hard drive, l.2Mb 
5.25" and J.44Mb 3.5" floppy 
drives, and a 12" VGA monochrome 
monitor. Plus, you get orthgate's 
award-winning OmniKef'/ 102 
keyboard. 

Or, we'll build your system to 
your specs! Theres room for three 
half-height devices including floppy 
drives, hard disk or tape bach.llp. 
Choose from 80, 100, or our 200Mb 
hard drive with 15ms access. And, 
you still have five open expansion 
slots (3 full-len!!th 16-bit, and 
2 half-length 8-bit) for all of your 
peripherals. 

Exceptional support! SlimLine 
386SX is backed by expert technical 
support any time you need it. Call 
toll-free, 7 days a ,,·eek 24 hours 

SlimLine386SX System ~atures : 

• 	 16 or 20 Hz Ince!~ 80386SX 

processor 

• 	 lMb of 32-bit DRAM (expandable to 

8Mb on motherboard) 

• 	 Down-scaled, proprietary, U.S.·made 
motherboard 

• 	 40Mb hard drive; AT bus interface; 
1:1 interleave; DisCache: 64K look 
ahead disk caching; 19ms access 

• 	 64K SRAM memory cache; 
read/write-back caching 

• 	 High densicy 1.2Mb 5.25'' and 1.44Mb 
3.5" floppy drives; also read/write low 
density disks 

• 	 Five open expansion sloes; three full 
length 16-bit and two half length 8-bit 

• 	 16 or 20MHz 80387SX or Weitek 
coprocessor support 

• 	 One parallel and two serial ports 

• 	 Built-in 16-bit SVGA with up to 1024 x 
768 resolution; 512K video memory 

• 	 Clock/calendar chip rared ac 5 years 

• 	 100 wan power supply 

• 	 Small footprint SlimLine case with 
room for two exposed and one internal 
half-height devices 

• 	 From mounced system resec and 
high/low speed concrols 

• 	 Exclusive orthgate 0f!miKey/ 
102 keyboard 

• 	 12" VGA monochrome monitor 

• 	 MS-DOS 4.01 and GV.-BASIC 
software installed 

• 	 On-line User's Guide co the system and 
MS-DOS4.01 

• 	 QA Plus diagnostic and utiJicy 
software 

• 	 Smartdrive disk caching software 

• 	 I year warranty on system parts and 
labor; 5 years on keyboard 

• 	 FCC Class B Pending 

a day. PLUS, free on-site next day 
service to most locations if we 
can't solve your problems over the 
phone. Of course, you get a one year 
warranty on parts and labor; five years 
on the OmniKey keyboard. If a part 
fails, we'll ship a replacement to you 
overnight at our expense before you 
return your part. 

Use a SlimLine 386SX RISK 
FREE for 30 days! If it fails to meet 
your expectations, return it! 

Order Today! Call toll-free 
24 hours every day. Ask about custom 
configurations, leasing and financing 
programs. 

~~s~Hz s199900Svstern 
:O. iodel 

~~~fHz $219900S) tern 
;\lode! 

Delivered to your home or office. 
Call for other configurations and pricing. 

EASY FIN NCING: Easy paymenc options. 
se your 'o rthgace Big 'N~ VISA, MascerCard ... 

or lease ic. Up to five-year terms available. 

CALL TOLL·FREE 24 HO RS EVERY DAY 

800-548-1993 

Fax your order. (612) 943-8338 
Notice to the Hearing Impaired: Northga1e has 
TDD capabilic.... Dial 00-535-0602. 

AL NORTHGATC Jfe~ ;~ 
l~s~ :--r«'
i075 FlyingCloud Drive, Eden Prairie, .\1 N 55344 

~-r~t North.ptc ~mp~Jer S~~lCmi:. Inc. 1990. All npu rt"u~·cd, ~o~:c. Ortt:zt~ ibd the No.nhpt<" 'N' loge aJc tt:~tm:d tndem:ubol Nonb.ptc Computer S}-,.«ms. OJ86 md80-'36 uc mckm.uks of ltud. All other produeu ~nd bru-d n:mic1 
are tnd("m:ukJ !lnd rc,PJ.teri:d tr;1dc'mulu of U"IW re.sp~ni'~ ~pan~s. Pric:cs and spttJi.r:uio:i:t s~jttt {()dw\ce • 'ith04lt Mfl('C. Notthpt<" tti<.l'\~~tlK tlsfu to u.ib)OtU!(" cQmlo'QDCJIU of equal or grci1u qinlity or pcrfolm.11K'r:. All i:e.m:t iubjett to>n-iilabi!ity. 
\\i: .iI.1p~r1 ·the ethiol UK ol iofni."Wi:.. To IC'pon '°""'UC "opyrigb: violaiK>ns. ~ die Soft•"Wc Publis.hcn Anocution":t .\no·P.if'lcy Hotl111e: u l-80G-.3SS.P IR . 
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OrderYour Northgare ComputerToday, 

Make No Payments fur 90 days!* 

Just say"charge it" 
toyourBig N 
credit card! 

Get your new Northgate without 
spending a penny this year! 

Simply fi ll in the Big' ' information 
form and send it to orthgate. You'll 
get prompt attention! Once you're 
approved call our systems consultant , 
toll-free, to select the orthgate 
configuration that perfectly matches 
your needs! 

You'll free your other credit cards! 
Big · · lets you easily increase your 
credit power. Besc of all, you'll make 
no payments for your new computer 
for 90 days after shipment! But, don't 
delay computers must be ordered 
by December 31, 1990 to qualify for 
deferred billing! 

orthgate leases systems too! 
Choose from flexible terms up t0 five 
years in length. It' never been easier 
ro gee onhgate computer yscems 
than it is now! 

Call Northgate N ow! 

800-548-1993 

HOURS: Monday-F"riday 7a.m. -8p.m. CST 

~ NORTHGATE /"-u-v-s~fj!/j/fER ';fe~f9"'· 
7075 Flying Ooud Drive, Eden Prairie. MN 55J.t4 
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OPEN YOUR CREDIT CARO ACCOUNT BY FILLING OUT THE APPLICATION BELOW. 
Please complete all appropriate secticns. providing al least two years residence and employmef11 history. If yoo are self-employed, please be 
sure to complete section d. THIS IS NOT A CREOIT AGREEME llTI One wm be sent to yoo upon authorization of an account. !This FD!111 
Must Be Sig~ To Process Y001 01de1.J All Financad Purchases Arn Subject To Credit AppioYal tt You Have Any Credit Questions. Please 
Cell For Assistance. Thank Yool 

aoncE 10A married person may applj for individual credit. I am applying lor !check one box. please!: WISCOISll APPUCAITS
0 JOINT CREDIT with another person. Complote entirn applicalion. You ni:stdixlo:se 1Wf mtri1tl 

Slltv'S:0 INDIVIDUAL CREDIT complet& only individual section. 
o ... rlt<I 
D UIWT'afritd

0 INDIVIDUAL CREDIT but rely on income of anothet. Complete entire application. 
"If you are amarried Wisconsin applicant. you must provide your spouse's information as indicated, even D legtlyuP1111.
though your spouse ma1 not be signing the cont ract. 

I a. Personal Information 
NAME _ ___________________HOME PHONE {___)----

SOCIAL SECURITY NUMBER DATE OF BIRTH __ / __ / __ 
PRESENT ADDRESS _______________ CITY ____ ST ___ ZIP -- 

CATE Of RESIDENCE MO. --- YR. ____ BUY O RENT 0 OTHER O ----------- 

PREVIOUS AODRESS·---------------------------- 
EMPLOYER ________________ OATE OF EMPLOYMENT MO. YR. ____ 

MONTHLY GROSS SALARY$ _______________BUSINESSPHONE {___)---

PRE\llOUS EMPLOYER DATES Of EMPLOYMENT TO --- 
Income from alimon1. child support or separate maintenancepaymonts need not be disclosed if you do not wish to have it considered as 
basis for repaying the obligation. 
ADDITIONAL MONTHLY INCOME $ SOURCE 

I b. Oedit Information 

PLEASE TELL US IF YOU HAVE: CHECKING ACCOUNT !YIN! SAVINGS ACCOUNT (Y/NI ----- 
BANK UJAN IYINI HOW MANY? VISA IYINJ HOW MANY?____ 
MASTERCARD IY/Nl HOW MANY? FINANCE COMPANY LOAN IYINI ___HOW MANY? ____ 
OEPT. STORE CHARGE CARO IYINI __HOW MANY? __ CREDIT UNIONACCOUNT IYINI __HOW MANY?__ 

OTHER MAJOR CHARGE CARDS IY/NI HOW MANY?--- 

I c. Joint Applicant's Personal Information 
JOINT APPLICANT'S NAME ________________HOME PHONE (__J ----- 

SOCIAL SECURITY NUMBER DATE OF BIRTH __/ __ /__ 
AODRESS. ________________ CITY _______ ST _____ZIP ___ 

DATE OF RESIDENCE MO. ____ YR . ___ 

JOINT APPLICANT'S EMPLOYER ----------- OATE OF EMPLOYMENT MO. ___ YR. ___ 
MONTHLY GROSS SALARY $ BUSINESS PHONE /_J --- 
NAME AND ADDRESS OF NEAREST RELAT IVE NOT LIVING WITH YOU ________________ 

------------------------RELATIONSHIP 

I d. Sclf·Employmenl Information 

BUSINESS NAME ------------------ USINESS PHONE (_J _____ 

TYPE Of BUSINESS D Prop1ietorship D Partnership 0 Corporation IN SUSI NESS SINCE------- 
YOUR ANNUAL INCOME FROM BUSINESS Gron$ __________ Net$ ---- ------ 
PERSONAL BANKER'S NAME BANKER 'S PHONE (_] 

I e. Customer Authorization 

I authorize Northgate Computer Systems or its assignees to investigate credit rnco1ds and to report my performance hereunder lo credit 
agencies. I hereby certify Ihat the following informati0t1 is furnished lo 1ou for thepurpose of obtaining credit and is true and correct of 
the best of my knowledge and belief. There are costs assoeiated with lhe use of this credit ca1d. To obtain more informationabout these 
costs, call us at 1-800-548·1993 or write to P.O. Box 59080. Minneapofis, MN 55459·0080. 
NY- A consumer credit report may be requested in connection with this application 01 in connection with updates, renewals or extensions 
of any credit granted as a result of this application. If I subsequently ask for this information, I will be informed whethe1 or not such a 
report wes requested and. if so. the name and address of the agency that furnished the report. 
OH-THE OHIO LAWS AGAINST DISCRIMINATION REQUIRE THAT ALL CREDITORS MAKE CREDIT EQUALLY AVAILABLE TO All CREDIT· 
WORTHY CUSTOMERS AND THAT CREDIT REPORTING AGENCIES MAINTAIN SEPARATE CREOIT HISTORIES ON EACH INDIVIDUAL 
UPON REQUEST. THE OHIO CIVIL RIGHTS COMMISSION ADMINISTERS COMP LIANCE WITH THIS LAW. 

APPLICANT'S SIGNATURE ________________OATE __________ 

JOINT APPLICANT'S SIGNATURE DATE __________ 

FOR MARRIED WISCONSIN APPLICANTS: 

I acknowledge that the obligation described herein is being incurred in the interest of my marriage 01 family. 


BUYER 'S SIGNATURE _________________DATE __________ 


· fou musr reque-st defC'r rr:d billing when ordering. Plymenc.s \\'ill be deferred for 'hrcc billing cyclc'.i afcer shLpmenc. 

(m~res[ will :aC'Cruc: durin,g{he deferred period at-a r.ne of 1.5'% per momh (18% APR). 

This is nor an 3pplic-:uion. A complcred pplicHion and iigrcxmcm must be on file prior oo :1ppro\':1l for credir. 
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Stanford Diehl 
•..••..•,,•.•,. 

REV I EW ry. The summary sheet used results from 

the three monthly sheets. I've found this Windows Takes On WingZ type of operation easier to perform on a 
true three-dimensional spreadsheet such 

Photo 2: WingZ gives you ... 
power/ul control over 
presentation graphics. You 
can even adjust the 
perspective and rotation of 
three-dimensional graphs. 

If there is a medium for gauging the 
graphical prowess of Windows 3.0, 
WingZ is it. One look at WingZ on the 

Macintosh proves just how graphical a 
spreadsheet can be. But can it do the 
same tricks on top of DOS? And, more 
important, is all this graphical wizardry 
more than an aesthetic diversion? Name
ly, will it make your spreadsheet chores 
easier or more effective? 

The WingZ for Windows 3.0 comes 
bundled with an OS/2 version (the com
plete package is called WingZ PC) . 

WlngZPC 

Company 
lnformix Software, Inc. 
16011 College Blvd. 
Lenexa, KS 66219 
(913) 492-9922 

Hardware Needed 
2 MB of RAM (3 MB recommended): 2 
MB of hard disk space; VGA, EGA, or 
8514/A monitor 

Software Needed 
Microsoft Windows 3.0 

Price 
$499 

Inquiry 1226. 

<llllPboto I: With WingZ, it 's 
easy to generate splashy 
graphs, text boxes with 
attached scroll bars, and 
user-defined buttons. 

When I began working with WingZ for 
Windows, I was immediately struck by 
its versatility and ease of use. Presenta
tion features approach desktop publish
ing capabilities, and making graphs is 
downright fun . WingZ fits effortlessly 
into the Windows 3.0 environment, in
cluding support of Dynamic Data Ex
change links and importing graphics 
metafiles. In the constrained arena of 
spreadsheets, WingZ apparently can leap 
through hoops of fire. 

Once I got down to work, though, 
some annoying limitations sprouted up. 
WingZ spreadsheets are as big as you 
want them to be. You'd use up memory 
before you could use up those billion or 
so cells. You would think, given this po
tential mass of data, that you could easily 
change defaults and reformat an entire 
sheet. Not so. I selected an entire sheet 
by clicking on a box in the corner of the 
sheet. Easy enough. But when I made 
format changes with the whole sheet 
specified, WingZ balked. The changes 
would affect any data already entered in 
the sheet, but newly entered data would 
revert to the default format. You have to 
highlight a range and change formats 
manually each time (or write a macro to 
do it for you). 

Taking Inventory 
As a model, I set up three monthly inven
tory worksheets and a quarterly summa

as Lotus 1-2-3 release 3.0. With true 3
D, all the sheets are combined into one 
structure resembling a cube. You can then 
"cut through" the cube to total the three 
monthly sheets. WingZ, on the other 
hand, uses external references to link the 
sheets. To reference a cell in an external 
sheet, you specify the filename and the 
cell reference (external. ref: al). 

WingZ linking facilities are disap
pointing for such a full-featured prod
uct. First, there is no way to use the 
mouse to specify links. Other linking 
spreadsheets, such as Quattro Pro and 
the inexpensive Lucid 3-0, let you pull 
up the external sheet and click on the cell 
you want to reference. WingZ forces you 
to manually enter the filename (includ
ing extension) as well as the cell refer
ence. This can get tiring when you need 
to reference a lot of external sheets. 

There are a couple more troublesome 
limitations when you link sheets. You 
can't, for instance, link to a sheet on 
disk. All referenced sheets must be open. 
And WingZ does not automatically up
date the references . To negotiate the re
calc benchmark for the linked Savage 
worksheets , I had to write a script that 
called each sheet and recalculated them 
one at a time. 

Sometimes WingZ seemed surprising
ly intuitive; other times, not at all. When 
I typed in " Feb 90," it understood that as 
a date and put the data in the default date 
format. Pretty smart. But when I added 
two cells together, both of them for
matted as currency, it did not format the 
result as currency. Sometimes it even 
seemed to outsmart itself. When I added 
a blank column into the worksheet, 
WingA adjusted my external cell refer
ences. I then had to go back and change 
them so that they referred to the cells in 
my external sheets-cells that, of course, 
did not change location. 

The Graphical Advantage 
Start churning out graphs, though, and 
you may just forget all about WingZ's 
shortcomings. You just block off a range 
of data, click on the graph icon, and 
specify the area for the graph by simple 
click and drag. WingZ generates a graph 
on your sheet wherever you want it. 
There is a full grab bag of graphs to 
choose from , including scatter, contour, 
3-D, and wire-frame graphs , to name a 
few. Once your graph has been created, 
you can resize it, move it, or revise it 
from the Graph menu. 
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WINDOWS TAKES ON WINGZ 

DOS PRODUCTS 
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60 Iii • Excel 
"t:I fo r Windows 2.10 c 
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20 Quattro Pro 1.0 
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WingZ.. 

0 for Windows 
Math mix Sort Load Recalc Recalc linked Short Long 

or3D 

Savage Optimal recalc 

WingZ performed admirably on our standard spreadsheet benchmarks. All times are in seconds. Shorter bars indicate faster 
execution. 

DOSINEPROM 

Or any other code, for that matter! PromKit allows 
you to create Eproms that look like read-only Qisk 
drives in your PC-compatible systems. Use PromKit 
even ifyou're not a programmer. Just use PromKit 
to convert any disk into EPROM images for your 
Prom blaster! Copy system files, batch files, data files, 
or anything else you want. Use Proms for read-only, 
SRAMS for read-write! Includes source code in C. 
Over 180 pages, including disk, only $179. Includes 
schematics for add-in boards. 

FREE We'll include a free copy of the pod~et -
sized XT-AT Handbook b~' Choisser and 

Foster with each Prom Kit if you mention this ad when 
you order. Of course. this S9.95 value is also available 
by itself. Or buy five or more for only $5 .00 each. 

I CIU I 800-462-1042 IESI 
619-271-9526 

Annabooks 
FAX 619-592-0061 12145 Alta Carmel Ct., Suite 250 

San Diego, CA 92128 Money-back guarantee 

Arevou 

Ioomiginto


other neoples'

WmClows? 


Write your own Windows™3.0 applications 
Quickly and Easily with Software Engineer™. 

• 	 A complete LISP programming environment including 
a LISP-aware program editor. 

• 	 Supports Dynamic Data Exchange (ODE) at a higher 

level than the SOK. Create both client and server 

applications. 


• 	 Supports GDI, the clipboard, dialog boxes and menus. 
• 	 Sample programs supplied include DOE sessions with 

Microsof~ Excel and Micrografx™ Charisma~ . 
Requires 386-based or fast 286-based machine and 
Windows™ 3.0. 

$249.95 
To order Software EnJtilleer 

or for more lnfonnalloo, 
Call (214)234-2611 
or FAX (214)234-2674 

IJ 
RANJRIJP 

SIJFTWAIE 
845 Arapaho Road • Sulte 105 • Richardson • Texas • 75081 

Somt:n.ui.a r:nenOOfled &bo~ 111.aybl v·adei::arb or~!~ tradecWU~ lMl:r ttS~W t'lo!Mrt. 
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Finally. An input device based on your input 


New limited 
lifetime WarrantySuffiihaSketch II. 

No..,embe' 28. 1989 
SummaSlttld'l 11 

diskette with test 
and reset soft
ware, an 
Autodesk® 
Device Inter

face TM driver, 
Universal Mouse 

EmulatorTM and a 
Microsoft® Windows 

driver. And an offer for 

~(~mi)if~~7Fall '90 

November 12-16, 1990 


Las Vegas. Nevada 

Booth #4224 


The new SummaSketch II tablets 
were created with one thing in 
mind-you, the people who use 
tablets every day. You said you 
wanted a complete plug and play 
package, so we're giving you 
the works-both in PC and 
Macintosh SE and II versions. A 
12" x I 2" or 18"x12'' graphics 
tablet with a4-button cursor and 
2-button stylus, or 16-button 
cursor for the PC 

a free tablet template (US and 
Canada only)worth over $245. 

The Macintosh version hos on 
Apple Desktop Bus TM inter
foce device to connect the 
tablet to the computer. 

You 'll a/so get the most soft
ware compatibility with over 350 
PC programs and oil Macintosh 
SE and II software written under 
the Apple Softwore Developers 
guidelines. 

SummoSketch II tablets hove a 
standard accuracy measurement 
of ±0.015 inches, selectable res
olution of up to 1,016 /ines per 
inch and high proximity so you 
con trace from documents up to 
1h" thick. Add in convenience fea
tures such as apower/proximity 
light, on-off switch, wedge shape 
design for easy use, lightweight 
construction for portability-and 
it'seasy to see why SummaSketch 
is the industry standard and the 

~M Sunnagraphics.M 

Every decision should be this easy. ™ 

obvious choice of today's com
puter professionals. 

Best of oil, you getoilof 
these benefits of on affordable 
price. And that's why our new 
SummoSketch II is the easiest 
buying decision youhave to 
make. Find out more about 
SummoSketch II today. For litera
ture and the name of alocal 
dealer call 1-800-888-2028, 
Ext. 304. For technicalinforma
tion ca/1 203-88 1-5400. 

; © 1990 Summogrophics Corporolion. For IBM/Compalibk infonnaJion circle 326; For Macintosh infonnaJion circle 327; For 
Seymour, CT 06483 • All righls reserved. Reseller inquiries circle 328 on Reader Service Card. 

The PC version includesinter
face cables for the IBM® PC, AT, 
PS/2 and compatibles.Autilities 



Word is 

getting 

around. 


The news is spreading fast! 
Our 80,000 ecstatic customers are telling their friends about how 


much time they save on flowcharts and data flow diagrams. 

EasyFlow, unlike most "screen draw" programs, is dedicated to fast 

composition and modification of flowcharts and data fl ow diagrams. 


They're spreading the news about the automatic line routing, 

automatic text cente1ing and the slick cut & pa te. 


They say you can create charts and then cleanly move them into a 

desktop publishing program. 


EasyFlow works with most matl'ix p1'inters laser printers and 

plotter and comes with a 200 page manual. They say you get all thi 

plus 350 context sensitive help messages on screen for only $149.95 


and RUSH delivery is available. 

They're telling their friends but not their bos es. Their bosses 


think they had to sweat bullets to come up with these 

amazing results. You mean you still do?. 


With 80,000 customers talking, it's amazing that 

you haven't heard. Give u a call and find out for yourself what 


everyone else is talking about! Then call a few friends and 

tell them about the wonders ofEasyFlow. 


Flowcharting Made Easy ! 


HavenTree Software Limited 

P.O. Box 1093 -A Thousand Island Park, NY 13692 


Order Desk: 1-800-267-0668 

Info: (613) 544-6035 ext.80 Fax: (613) 544-9632 

From our fax to yours ... Info Fax: (613) 544-2049 
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As flexible as these graphs are, they, 
too, suffer from surprising limitations. 
You must first block off a contiguous 
range ofdata and generate a chart before 
you can manipulate it. Ifyou want to add 
a new series outside the selected range 
you must first copy an existing series , 
select the copy, and then specify the new 
series. It would be much easier if you had 
the option to specify all your ranges up 
front, before the graph is drawn. As long 
as your data lies in contiguous columns 
or rows, you are all right, but once you 
start jumping around, things ge t 
complicated. 

In any case, the graphing functions 
are flexible enough for you to come up 
with just about any presentation that you 
could possibly want. You can even select 
different objects in the graph (the legend, 
the title, or the actual graph itself) , sepa
rate them from the graph borders, and 
put them anywhere you want. I drew a 
graph. removed the legend, and placed it 
to the left of the row labels. I then placed 
the bars to the right of the data. 

WingZ really shines when it comes to 
manipulating graphical objects like this . 
You can easily create "buttons" by click
ing on an icon, and then attach scripts to 
them for truly automated spreadsheets. 
You could have sales data on your sheet 
along with a button that, when clicked 
on, would bring up another spreadsheet 
with a breakdown of sales by salesper
sons. You can draw ovals , rectangles , 
and polygons and fill them with a range 
of patterns or attach a drop shadow to 
them. Text fields are just as easy to 
create, and you can attach scroll bars to 
them. WingZ also boasts tabling, ma
trix, and database operations, as well as 
an impressive scripting language. A full 
set of functions is available, but if you 
can think up any functions it doesn ' t 
have, you can define them yourself using 
the scripting language. 

In the end, WingZ is a mixed blessing. 
It can certainly put Windows through 
its paces and for presentation punch, 
WingZ can't be beaten. The Windows 
3.0 version is not qu.ite as snappy as the 
Mac version, but it performs admirably 
when compared to other DOS (and even 
OS/2) products (see the figure). It falters 
somewhat when it's faced with the nitty
gritty work of filling in formulas , link
ing sheets , and simple formatting. If you 
can put up with a little more up-front 
work, WingZ can make your final pre
sentations soar. • 

Stanford Diehl is a BYTE Lab testing 
editor/engineer and spreadsheet expert. 
He can be reached on BIX as "sdiehl. '' 
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"So, this punk comes upto me and says, 
'Isthere anythi~you won't do forabuck?' 

And Isay, 'Sure. Iwon't plug in my PC 
without aProxima product to protect it.'" 

"I may be crazy, but I'm notstupid." 


"When people tell me I take foolish 
risks, I say to them: 'At least Iassess the 
risks, and I always take steps to protect 
myself. Do you?' 

"Take many microcomputer users. 
They're cool and calm, just cruising along 
until - wham!- they've crashed. Lost all 
their data, maybe even burned out a 
motherboard. Yet they sit there, stunned. 

Whether you're operating ahome computer or a tech
nicalworkstahon, there's a state-of·the-art Proxima 
Proline to matchyour needs. 

They had no idea they were at risk. 
"Or maybe they just thought it would 

never happen to them. Yet studies 
indicate that everv AC outlet in America 
has a97%orobabilitv of incurring at least 
one system-damaging event each year. 

'Whether its aProxima~ Praline'" 
Surge Suppressor that clamps down on 
incoming surges and spikes - or aPower 
Director?! that protects against power 
problems and acts as apower control 
center - your micro needs ultra-reliable 
protection against the 101 power 
problems that threaten it. 

"So check out theentire range of 
innovative Proxima Power Protection 
Products. And ask about the Proxima 
Lifetime Equipment Protection Policy. 
With the purchase of aPraline 20 or 30, 
or aPower Director, it guarantees the 
survival of your hardware from apower 
problem - for life." 

Want to hear more about how to save the life of your 
computer? Just write, and I'll send you, free, 'F. e 
Ways to Stop Being aComputer Daredevil.' Or call 
800/ 582-2580 (800/ 582-0852 in CA). 

ame ----------

Company __________ 

Address __________ 

, City Stale_ Zip ___ 
I 

:I Poone___________ 

: eturn to: Computer Accessories Corpora ·on, 6610 ancy , 

~ _~~e_D~ _:._~n-~e~°.: ~A- ~2!~1.:. __ _______ ____ ~ 
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Pail{001 ~rv r~,. 

~L - erver . 
• Designed with developers in 

mind-you can incorporate the 
FairCom Servers directly into your 
applications. Something Oracle 
and MS/ SQL Server won't let 
you do! 

• No other server can match 

the speed. flexibility or concur· 

rency of FairCom Serve~ . 


• Multi-threaded design 

increases performance - .the 

server utilizes all the previously 

unused time spent waiting for 

locks or 1/0 operations. . 


• Industrial-quality transact1~n 
processing. including full commit 
and roll-back. intermediate save 
points and complete logging. 

• Compatible with c-tree plus. 
ANSI-standard SOL QBE. our nat· 
ural language query tool. and 
other interfaces. . 

• Two configurations (Fa1rCom 
Server or FairCom SQL Server) 
each comes with acomple.te 
c-tree plus file handler; Fa1rCom 
SQL Server also includes an ANSI· 
standard SQL engine. 

FairCom introduced the first portable 
server to the developer community in 1988. 
Since then developers have been demanding 
increased user response time, faster server 
performance. more flexible interface options 
and industrial-quality transaction processing. 

The kind of server technology that devel· 
opers can incorporate into their applications 
to create more sophisticated. flexible and 
dependable DBMS products. 

FairCom Servers. The server technology 
developers have been waiting for. 

The FairCom Servers utilize high perfor
mance design features: 

• Multi-th. eaded design 
• 1/ 0 minimization. Sophisticated pro· 

prietary caching and compression algorithms 
reduces 1/0 functions 

• Key locks. Minimizes interference 
between users while maintaining maximum 
data availability. 

Transaction Processing - The heart of 
the FairCom Servers. 

FairCom provides industrial quality on-line 
transaction processing (O LTP) and fully auto· 
matic recovery, including full commit and roll · 
back intermediate. save points and complete 
logging. No other server can match the speed. 
flexibility or concurrency of FairCom Servers. 

Complete interface flexibility. 
FairCom Servers offer developers two con· 

figurations. The FairCom Server is an ultra· 
high performance server utilizing the widely 
accepted c-tree'" and c-tree plus'" Application 
Programmers Interface (API). The FairCom 
SOL Server includes c-tree plus and a full 
ANSI-standard SOL. serving both SQL and 
non-SOL clients simultaneously. 

The FairCom Server can also be used in a 
stand-alone (vs. a network) configuration 
it can be tightly coupled with a developers 
application. 

FairCom -A decade of performance 
and quality. 

This new client / server technology break· 
through will come as no surprise to the U.S. 
and international software developers who 
have been utilizing FairCom products during 
the past decade. Our file handling technology 
is incorporated in the products of many lead· 
ing companies including 3Com, Hewlen 
Packard. CR. Cray, lnformix. Sharp. Digital 
Research. IBM and others. 

Call (800) 234-8180 to get a complete 
technical overview of the latest generation of 
servers - FairCom Servers. 

The developers client/server. 
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Mac-ish Interfaces forUnix 


Photo 2: looking .._ 
Glass 's interface 
features pull-down 
menus and job 
control. 

Those of us steeped in the Unix reli
gious experience can't understand 
why everyone doesn ' t use it. In con

versations with the anti-Unix crowd, 
they say, " It 's too hard to use." Until 
now, there's been no debating that point . 

It took someone else to do it , but a 
layer of simplicity has finally been added 
to Unix . Two products , IXI's X.desktop 
2 .0 and Visix Software ' s Looking Glass 
1.0 , are jockeying for position as the 
standard desktop environment manager. 
Both are being bundled with workstations . 

These packages represent more than 
just a pair of pretty faces . Why all the ex
citement? Consider the Macintosh-it 
owes its success to the simplicity of its in
terface. After working with one Mac ap
plication, you learn the mouse actions 
and methods that drive virtually all pro
grams for that environment. 

Under the covers , however, the Mac 
OS is teeming with complexity. It 's just 
hidden from the disinterested , and there
in lies the key to a good operating envi

X.desktop 's main 
desktop window 
and iconic 
directory views. 

r9 

11!1 


ronment : Build in enough versatility to 
handle any job that comes along, but in
clude a layer for those who "just want to 
run stuff." And that's just what Looking 
Glass and X.desktop do. 

I installed the software on an ALR 
PowerVEISA 486/33 with 13 megabytes 
of memory and a 600-MB hard disk 
drive. A combination of Interactive Unix 
2 .2 and Interactive X Window l.2 
formed the software base, with the dis
play served up by a combination of a Par
adise 8514/A card with memory expan
sion, a 512K-byte Orchid ProDesigner 
VGA , and a Seiko CM-1440 high-resolu
tion monitor. 

If you ' re just starting out with Unix, 
you 'll want to get experienced help in 
setting things up. Just getting the pack
ages installed requires knowing a little 
about Unix . Since new users are the main 
target audience, the software should have 
been easy , even effortless, to install. 
While it's not all that difficult, I doubt 
that the average new user could handle it. 

With Looking Glass, the necessary li
cense server is not started automatically. 
Instead , a system has to be designated as 
the server and the vls program run from 
there . The documentation is lame on this 
point , and if you follow the directions for 
starting the program that appear in the 
front of the manual , they won 't work. 
You ' ll get a message about a missing li
cense server , but no information about 
how to start it. The section on the license 
server appears a few pages later . 

Turning the Key 
Running either package involves the sim
ple entry of a command, l g or xdt. X 
Window needs to be running before you 
enter these commands, and you can place 
either command in a user ' s default X 
start-up script for an automatic start. 

Under X Window, windows cannot be 
manipulated (i .e., resized , moved , or 
iconified) without a window manager. 
Both packages conform to the OSF/Motif 
user interface specification, so the obvi
ous choice is the Motif window manager 
(mwm) . Interactive , like many Unix ven
dors, doesn ' t ship this standard with its 
X Window package (it is available sepa
rately) . X.desktop fill s this gap by pro
viding its own window manager, which 
you can enable with the -manager switch 
from the command line. Looking Glass 
has no window manager , but it wi 11 add a 
Motif-like border to windows if you 're 
using a window manager (like uwm) that 
doesn ' t add these adornments. 

X .desktop opens one window , the 
desktop, where all the initial icons sit 
(see photo 1) . The defau lt configuration 
places icons representing the root and 
user 's home directories , a supplies direc
tory and a trash can. You can add pro
grams and files to the desktop by drag
ging them there . Files are not moved 
anywhere , but a file is marked as a 
"ghost" in its original location to indi
cate that it now lives on the desktop. 

Double-clicking on any directory icon 
opens a new window with a view of the 
files in it. By default , files are represent
ed by icons that convey some limited in
formation. Directories are marked by fa
miliar folder icons, executable files by a 
console display, X Window executable 
files by a big X, read-only files with a 
pair of glasses, and so on . 

There are over 90 djfferent icons , but a 
view of a typical directory is filled with 
little consoles (executable files) and 
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X.desktop 2.0 

U.S. Contact 
Uni Press (U.S. dist ributor) 
2025 Lincoln Hwy. 
Edison, NJ 08817 
(800) 222-0550 

European Contact 
IXI, Ltd. 
62- 74 Burleigh St. 
Cambridge CB 1 1 OJ 
UK 
44-223·462131 

Hardware Needed 
Graphical display and po1nt1ng device. 
4 MB of flee disk space 

Software Needed 
XWindow System 3.0 or higher; compati ble 
Unix operating system (various); Motif 
window manager (optional) 

Price 
Single·user version: $495 
(Sile licenses available) 

Inquiry 1018. 

stack of paper (regular files) . A screen 
full of identical icons is just clutter . 
Thankfully , directory windows can also 
be set to di play filenames . Thi is fast 
and useful. Each name has a tiny icon to 
its left with a symbol that clearly shows 
whether it is a directory, executable, or 
regular file . 

Directory views can be sorted in a 
number of way . All X .desktop menu 
appear as pop-ups; you hold down mouse 
button I in the background area of any 
X.desktop window . This can be a bit 
confu ing-there' no clue that a menu 
lies in wait. 

Whether in an iconic or text iew files 
are manipulated in the same manner. A 
single click selects a file, and a double 
click opens (with an editor, for example) 
or executes it. Dragging an icon to a dif
ferent directory moves it, and dragging 
while pressing mouse button 2 copies it. 
Clicking on an icon ' s name brings up a 
window that lets you change the name . 

Clicking on a file and invoking the 
View option from the pop-up menu dis
plays that file ' s characteristics. If you 
have the access rights, you can modify a 
file' permi ions with a few clicks . An 
annoyance i that the file rype is repre
sented a a four-character jumble that al
ma t requires that you have a crib sheet 
nearby to decipher it. 

The upplies directory, shown as an 
office supply cabinet, is intended to hold 
utilities for backups, printing, and other 
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Looking Glass 1.0 

Company 
Visfx Software. Inc. 

11440 Commerce Park Dr., 

Suite 600 

Reston, VA 2209 1 

(800) 832-8668 

Hardware Needed 
Graphical display and pointing device; 
4 MB of free disk space 

Software Needed 
XWindow System 3.0 or higher; compati ble 
Unix operating system (various); Motif 
window manager (optional) 

Price 
$495 to $1295. depending on platform 

Inquiry 1019. 

low-level needs. As it is an ordinary di 
rectory, any executable can be copied or 
linked into Lhecabinet. 

Looking Glass's de ktop metaphor is 
spread across the entire screen (see photo 
2) . It initially opens three windows: a 
control window with pull-down menus 
that control Looking Glass and perform 
other functions , a de ktop window that 
holds frequently used application icons, 
and a directory view. UnJike X.desktop , 
Looking Glass uses pull-down menu ex
clusively. The control window and d.irec
tory views have their own menu panes . 

Icon actions are only slightly different 
from X.desktop· to copy a file , you drag 
it with mouse button 1 an.d the Control 
key pressed . 

Looking Glass 's directory view i its 
best feature. It is a dual-paned window , 
with a horizontal sash separating the di
rectories from the files. The a h can be 
moved to any position , changing the ratio 
of visible directories and files . 

There are hundreds of file icons all 
well drawn and most of them explicit in 
their description of the file type . The 
level of detail is extraordinary-many 
icons map to specific named files. Open
ing a directory view on /bin for in
stance, shows unique icons for the first 
twelve files in that directory . Most com
mon (and ome not so common) com
mands have icons bound to them. That is 
the first feature that makes Looking 
Glass a more useful iconic environment: 

The default icons mean omething . 
The directory view can also be ex 

panded to a list of names , and here, too. 
Visix outdid itself. The narrow view sim
ply Ii t columns of file , similar to the 
output of l s . But selecting Wide from the 
pull-down menu bring up every piece of 
information Unix knows about the file , 
arranged in a useful columnar report. 
Each column is topped by a small win
dow containing the title. The column ti
tles can be picked up and moved to other 
locations or discarded, creating a totally 
customized viewing format . 

One of the informational items shown 
in the Wide view is something that Look
ing Gia s figure out for itself-the file 
type . Ln order to attach a descriptive icon 
to some files , Looking Glass tries to de
termine the file type. This can involve 
anything from looking up the filename in 
a cable to opening the file and reading 
enough of it contents to gue s the type 
(as the Unix fi e command does). 

Opening a large directory for the first 
time can be slow a Looking Glass sifts 
through the files. attaching type data to 
each. File types are kept in a separate 
data file . . l gdb , to save the trouble of re
generating the types every time a direc
tory i opened. 

Looking Glass al o has a virtual desk
top window into which you can put com
monly u ed programs and files . The con 
trol window , in addition to holding the 
main menu. erves another interesting 
purpose. Whenever an application is 
launched from within Looking Glass it 
icon and a sociated command appear in 
the control window. Clicking on che icon 
there and electing a menu option will Jee 
you kill the application gracefully or 
forcefully . This may seem minor , but it 
makes Looking Glass a nearly complete 
environment . Killing errant proce ses is 
also one of the mo t confusing thing for 
new user to learn· thi makes it a snap 
(or, rather, a click). 

Making Them Your Own 
A large part of working with any graphi
caJ environment i tuning it to your own 
preferences. With Looking Glas , this is 
simplified somewhat by the set-it-and 
forget-it approach : The window place
ments and settings you u ed during your 
last session are restored in later ones . But 
to go deeper than mere cosmetic adju t
roents, both packages give you two op
tion : i on editing and rule files . 

Ifyou don't find an icon that expresses 
what you have i.n mind, you can create 
one. X.desktop uses the X Window pro
gram bitmap, while Looking Glass in 
cludes its own. The advantage to using 



Asystem with this much power 

doesrit deserve anything less. 


UNIX* System V /386 PC users no longer 
have to settle for aspreadsheet that 's anything 
less than the industry standard. 

Because now, Lotus® 1-2-3® for IX 
System Vgives you all the power and perfor
mance of 1-2-3. Along with new features that 
let you make the most of your UNIX or XENIX® 
System V /386 PC. 

So you can work with true 3D work
sheets. Take advantage of file linking. Create 
high-impact business graphics. Access data
bases quickly and easily. In fact , do every
thing you can do with Lotus 1-2-3 

now, you can also share information with 
other 1-2-3 users, regardless of their plat
form or environment. 

At the same time, you get full advantage 
of your UNIX system's capabilities. Like multi
tasking so you can work on one job while 
your computer is completing work on others. 
Background processing, that lets you run 
1-2-3 applications at preset times. And with 
the Multi-user Edition, you can even save 
money by having a group of users share a 
single spreadsheet package. 

Call 1-800-343-5414, extension 
CDM-0112 , for more informationRelease 3.0. 

And macros, keystrokes, and files about 1-2-3 for UNIX System V 
And start using the best spreadare compatible with other 1-2-3 

releases. So you can not only use any sheet you can get. Instead of settling 
for just any spreadsheet you can get.work you've done with 1-2-3 up to 

Lone .1:2·3,.t>lXSysanv---·--· 

Introducing Lotus 1-2-3 for UNIX System V 

C 1990 !.«us De,"elopmem Corporation. Lotus and 1-2-3 are registered trademarks of Lotus ll<r•elopment Corporation. 

• uMX is a registered trademark o! AT&T. XE~L\ is a registered trademar of ~licrosott Corporation. 



MAC-JSH INTERFACES FOR UNIX 

bitmap is that files are stored in a stan
dard X Window bit-map format and can 
be generated and used by other X Win
dow programs. Looking Glass stores its 
bit maps in a proprietary-format file . 

Looking Gia rule file add recogni
tion for file types that are unsupported 
by the ba e software. Attributes can be 
attached to file types to set whether they 
need to run in a terminal emulator win
dow , whether a command can accept 
multiple filename arguments , and 
whether printing applies to the file and 
how it should be handled. These defini
tions are compiled for faster access. Even 
though Looking Glass can be extended 
with specialized file types , its behavior 
can't be changed. There is no way to at
tach a special meaning to rnou e button 
3, or to change the action taken when a 
file is deleted . 

This is whereX.desktop really shines . 
It comes complete with a full-featured 
programming language, which can be 
used to change every facet of X.desk
top's behavior. Each icon type has pro
gram code a ociated with it that deter
mines how mouse-clicks (including 
multiple clicks) and drags affect it, and 

how it interacts with other icons. 
Using the language, for example, a 

Gateway icon could be created and at
tached to a directory. Dropping files on 
that icon might copy them to another sys
tem on the network. Interaction with the 
user can be arranged through utilitie in
cluded with X.desktop that pop up rnes
age windows and take user input from 

the keyboard. 
The language is aJ o extended to shell 

script and to the command line through 
the tellxdt command . Any X.desktop 
programming language command can be 
sent to xdt from the outside this way. Al
though it would take some doing , you 
could create entire domains of special
ized icon that are tuned to a particular 
purpo e. And since the cripts are all in 
plain text files they are easily exchanged 
between systems. 

Telling Them Apart 
In general, I am impressed with both 
products . Looking Glass is much more 
u eful out of the box. With more stan
dard icons, job control and flexible 
method for looking at files , it can ap
peal to both new and experienced Unix 

users . It doe n 't pander but neither does 
it force you to understand anything about 
Unix . Users at any level could live com
fortably under Looking Glas . 

X.desktop on the other hand is less 
immediately useful but much more 
adaptable to specific requirements . Ex
perienced u ers will delight in tinkering 
with its programming language, wrap
ping themselves in a custom environment 
that is uniquely their own. New user can 
get by, buc will gain little from X.de k
top uhtil a helpful hacker comes along 
and adds some new behavior. If I were a 
system administrator charged with plac
ing 20 workstations in the hands of new 
Unix u ers I'd spend the time to write 
cu tom X.de ktop programs that would 
make the users' live easier and cut down 
on the number of problem call . 

So if you stop me on the treet to tell 
me how Unix isn't for you, you had better 
prepare yourself. With X.desktop and 
Looking Glass out there you 're clean 
out of excuse . • 

Tom Yager is a technical editor and Unix 
expert for the BYTE lab. You can reach 
him on BIX as "tyager." 
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4-8 16 64+ 
Our Hostess multiuser serial controllers are an Expand up to 16 users with the -1rra 16 high Our l.iltra Cluster gives you the fle.xibiliry and 
excellent choice for up to eightoccasional users. performance intelligent serial controller. But if power for virtually limiile growth. 1aning 
The Hoscess 550 provides buffering for even your mulciu er requirements are more mode ta with an ·1rra 8 base board, you can expand 16 
higher perfonnance. And for truly high perfor 16 port Hostess 550 controllermakes :in equall} u ers ac a cime, while maintaining currenr level 
mance, choose the ultra 8. intelligent choice. of performance eveiy rep of the way. 
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Pe1fom1a11ce 
remains high as 
you add user.s. 

..c Host utilization 
est peuonning con- decreases. 
trollers available 

today. OT Express 
dramatically 

reduces host 
udilization and 
significantly in
creases throughput by managing 
all data transmission and data 
transfonn functions on the con

troller. So now as you add users, 
no one gets caught in a wait tate. 

operating system. 

performance with the cost of an "X' 
1ulti ision's advantage really compute. 

JIPLJEO PROTECTlO 

We back our products with an uncom
promising 30-day satisfaction guarantee 
a •5 year warranty, complete technical 
support, and most importandy...a com
pany that's easy to do busine s with. It 
all adds up to the best protecrion plan 
available. And if you're a AR, call us 
about our Reseller Program that provide you with options 
designed exclusively for your needs. ·1 yr. MultiVisio11 

See us at 

@COMNH7Fall '90 
Novetri>er 12-1 6, 1990 
In Bally's Boolh 8540 
Las Vegas, Nevada 

~ Io - >,,,>~ 
Graphics Comtrol 

ACoouol Systems Company 

MultiVision can al o run applications deo company offers you more perfor
signed for the "X" envirorunent. But unlike a IAN-based "X"mance than Comtrol. In fact, our new 

tenninal, MultiVision is a multiu er system that transfersOT Express driver transfonn our ltra 
data up to 100 time fa ter. When you compare thatSeries into the high-

terminal... 

Our producrs offer serial pon and memory Multiply your choices. Cail Comtrol today. 
options tha1 are field upgradable; compatibility 
with ISA (AD, MicroChannel and El A buse ; 1-800-926-6876 

Corntrol O:>p. 26 ) Po.non Road, P.O. Box 61 ill St P-3.ul, ~Ui ))161R 232,422,485 and Currem Loop interfaces and 
c 1990 COMTIIQL CORl'OR.•no~ .\II righ~ """""'"- All "'""'b<>n<l rU>'"'5 ,mi

DB 9, DB 25 and RJ 45 connectors. pmdU(t rumes m Ulciem2rks ot l\'gisl:~ tri~rks ol their res~"< bold<-n:. 

When your needs move beyond text,MultiVision 
moves into view--a high speed (100 megabits 
per econd) communications controller that 
offers near instantaneous multiuser graphics 
like you've never seen before. 

Circle 82 on Reader Service Can! 

At Comcrol we pioneered multiuser 
technology. And we know that there 

are no single 
solutions to 
multiuser en
vi ronments . 
That'swhywe 
offer more 

choices than any 
other company ...from text to graph
ic .. .for modestusers to over 64 users 
supported by a single PC. And we've 
notonlymultiplied yourchoices we've 
multiplied performance,allowing you 

to expand without the high co t of adding computer . 

MULTIPLIED PERFORMANCE 

MULTIVISI01 . FOR C HOICES BEYOND W ORDS 

When graphics enter the equation, MultiVision enters the 
picture. Afully functional multiuser ystem for up to 16 users, 
MultiVision speeds image to the screen at a blistering 100 
megabits per second. As a result, you'll experience near 
instantaneous trans
mis ion of your 
graphics. 

With oftware that 
enhances standard 
operating system 
graphics drivers , 
MultiVi ion is 
compat
ible v.ith 
virtually any 
monitor, keyboard mou e or VGA controller supported by the 



Get set for smooth sailing. Because 
Microsoft CProfessional Development Sys-
tern version 6.0 is not only designed to be 
fast and powerful, but also easy to control. 

Thanks in large part 
to Microsoft's unique Pro
grammers WorkBench. It 
integrates the debugger, 
editor and compiler, allow
ing them and all the other 
powerlul programming 
tools to share data. 

Tools like our Source 
Browser, that taps directly 
into the project database. 
Thl·s .ceature wi'l} aiue '"OU

l I o~ v ' J ,

instant access to the rela

:[t!;~~~~~~:\I 
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£tpiorethe rela1io11Shipsb~1wemfu11ctio11s,1 ·an·ables, develop1'ng appl1'cati'ons c.Or
/)•/JCS. a11d macros using illfor111alio11 created by th compiler and U 

stvrediui1ieprojccldalabaSc. the MS-DOS, Microsoft 

tion are designed to complement each other. 
Together they provide you with an intelligent 
mix of professional guidance. 

You'll find the C Advisor always online 
and ready to help. It's a hy
pertext-based reference 
system complete with sam
ple codingsolutions you can 
copy and paste directly into 
your program. You'll also 
find the hardcopy documen
tation offers many useful 
tips and techniques for 
advanced C programming. 

So whether you're 

tionships between functions, macros, types 
and variables. It'll even give you a full call 
tree that literally draws you a map. 

With our CodeView~ Debugger, you'll 
save a lot of time. This powerful tool not only 
debugs any size DOS*or OS/2 application 
program,on any 286 or380 machine, but also 
lets you explore nested structures and arrays. 

The Programmers WorkBench even 
has an open architecture that is supported by 
many third party tools. 

Our online and hardcopy documenta-

Windows version 3.0 or MS OS/ 2 Presen
tation Manager systems, our Programmer's 
WorkBench will allow you to write the fast
est code around in the shortest amount of 
time possible. 

For a free white paper with more de
tails, just call (800) 541-1261,Department Nl9. 

Then get your hands on Microsoft C 
version 6.0. It'll blow you away. 

M'~so"r 
..,_u. - I• 

Making itall make sense· 



IFor!BMPCsmuiCompaiib/l'S 

MicrosoftC 
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Com11iler Performance 
• Based pointers access far data with size and 
speed of a 16·bit pointer 

• Register·based parameter passing dramatically 
improves performance of functioncalls 

• Optimization p~a lets you control what 
optimizations are meffect from within your code 

• Integrated inline assembler 
• Dramatically improved local code generation 
Programmer's WorkBench 
• New Programmer's WorkBench l.l is faster than 

ever before 
• Complete integration of edit. make,debug cycle 
• urce Browser gives you access to information 

on all aspect of your source code 
• Microsoft CAdvisor provides fingertip access 

to the environment. CLanguage, and C Runtime 
Libraries 

• Under 0 /2,Programmer's WorkBench takes 
advantage of OS/2 virtual memory. pro1ection, 
multitasking, and multiple threads to provide 
you the most productive development environ· 
ment available 

CodeView version 3.1 
• New version 3.1 is compatible with VCPI 

managers-CodeView can 1ake advantage of 
extended memory along with VCPI applications 
like386·Max~ 

• Completely redesigned user interface providing 
a multi·window. multi·file environment with 
views into source, data. local and memory 

• Debugs nearly any size application on 286 or 386 
machines 

• CodeView 1akes only lSK from the DOS 640K 
address space 

Documentation 
• Advanced Programming Techniques: Tips and 

1echniques for professionals-to help you get 
more out of C6.0 

• C 6.0 Reference: Reference guide covering op· 
tions and reference to runtime library rou1ines 

• Advisor: Complete reference material online, at 
your fingertips complements the C6.0 Reference 

• Installing and Usi ng: Gets you up and running 
with the professional de\'elopment sys1em 



The Dynamic Duo. The 4860 i an indu try-fi r t Mother
Board that packs the power of the Intel 80486 CPUwith the 
Intel 80860 RISC processor (i486 + i860 = 860). \X ith it, 
youcan build mainframe po\\ er into PC's for 
application includinf '.::AD LAN and de ktop 
pubLishing.Equally impressive. our 4860pumps 
up performance in your U11X workstations. 

APC Revolution. In the PC environment 
the 4860 is a 486-based MotherBoard which 
runs over 2 times faster than 386 computers. 
It's fully compatiblewith DOS IBM 's 0 /2 , 

ovell etware and IX. What 's more 
Hauppauge' 860 upport up to 6 MBytes 
of memor without a RAM expan ion board! 

RISC-YBusiness. Thanks to the 860 
symmetrical architecture, both the i486 and 
the i860 processors can acces the full range of memory,1/0 
system and the 64-bit expansion bus. The result? nprece 
dented dual proce sor performance. 

You 'll find that the i860 proces or is ideal in graphics appli
cations, performing up to 25 million floating-point operations 
per econd. That's more than 10 times faster than the i486 
processor alone! There's even an optional 64-bit frame 

Ti-Jdcmarks: IBM AT and OSI!: JB)I. lntrl .186. i-1 6 and il!(,(): Imel Corp. 00. and :XESlX: .llicm:<oft Corp. -1 

buffer card for ultra high-performance workstation graph ics. 
For UNIX Workstations, Too. The 4860 board makes 
a great foundation fo r high-performance RI C\\ orkstation 

that run advanced NIX application .Many 
\\ ork tation vendor are choo ing the i 60 
proce or a tandardized vehicle for CAD and 
simulations. terns. and the '!860 is perfectly 
compatible with these applications. 

Technical Features:• 4 Megabytes of high 
speed RAM expandable to 6 MBytes shared 
between i486 and i860 processors• Socket for 
optional 12 K tatic RAM cache module for 
the i486 •Full ize PC/AT form factor • Eight 
EISA1/0 slots •64- bit expan ion lot • 1 parallel 
2 erial port . 

The 860 MotherBoard. Built with the \\Orld' 
highest performing microprocessors. o youcan huild the 
world 's highest performing PC and\\ Orkstations. 
Hauppauge Compucer Works, Inc. 

91 Cabot Court 
 H 
Hauppauge, New York 11 88 _ auppauge.I 

111Toll Free: 1-800-443-6284 _ ,j-jiiii;:;;;;ill•ll-..•
1111111111ln 1 ewYork: ;16-434-1600 ..,. 


In Europe: (49) 2161-17063 


60 ,llmherRoord: flluppou~e Compu1cr \\ilrk.<. loc 
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Alan loch 

REVIEW 

New Bubble-Jet Outpaces 
Portable Printers 

The BJ-JOe uses 
a nonimpact 
bubble-jet print 
mechanism that 
can produce 360
by 360-dpi 
resolution text and 
graphics. 

If a col league produces an important 
document with Canon's new BJ-lOe 
printer and asks you to check the fine 

print , legalese may be the furthest thing 
from his or her mind . Instead , your co
hort may be referring to the crisp, 360
dot-per-inch resolution coming from this 
impressive portable. 

The BJ-lOe serves users of PCs (and 
Macs , through third-party vendors) who 
print more than notes to themselves on 
cross-country flights or while hunkering 
down in a hotel room . The $499 printer 
can deliver high-quality letters and re
ports that you ll feel fine about distribut
ing co your business contacts. In return 
you ' ll pay weight and size premjums 

BJ-10e 

Company 
Canon U.S.A., Inc. 
One Canon Plaza 
Lake Success, NY 11042 
(516) 488-6700 

Hardware Needed 
PC with parallel interface. or Macintosh 
with optional serial-to-parallel cabhng 
interface 

Price 
$499 

compared to portables like Kodak 's Di
conix 150 plus. Yet neither its 4 pounds 
(versus Diconix 's 3 Yio pounds) nor its 
12 \4 - by 8'h- by 2-inch dimensions take 
the BJ-1 Oe out of the portable arena . Its 
sharp , 360-dpi quality , however does 
separate it from the portable pack. In 
fact, the BJ-lOe surpasses the quality of 
some full-size, desktop ink-jet printers 
at four times the price . 

Bubble Brigade 
The " BJ" in the printer's name stands 
for bubble jet , a non impact print mecha
rusm closely related to ink-jet technol
ogy, except that air bubbles force ink 
from any of 64 nozzles. An electrical 
charge produces the bubble, and the re
sulting heat dries the ink almost as it hits 
the paper. Canon claims that the ink 
won't smear, but that ' s not entirely true . 
Careless fingers will cause smudges if 
you touch a fresh page. Let the ink dry 
for a couple of minutes, though , and a 
single pass ofa highlighting pen won ' t do 
any damage. (Multiple passes will mud
dy your prose.) 

To prevent ink evaporation, a small 
arm caps the print head when the BJ-lOe 
is idle. I left the printer unused for three 
weeks and then reinstated it without any 
dried-ink problems. 

Th i is Canon' s second bubble-jet 
printer now on the market. Last year, the 
company began shipping the BJ-130e, a 

desktop version capable of 132 charac
ters per second in letter-quality mode. 
Canon hints that more bubble-jet printers 
are in the offing, possibly including a 
color model sometime in 1991. 

Unlike the desktop BJ-130e ' s print 
mechanism, which consists of a separate 
ink cartridge and print nozzles , the BJ
!Oe uses a cartridge that integrates both 
elements . Canon rates BJ- !Oe cartridge 
life at 700,000 characters, or about 200 
single-spaced pages , according to my 
calculations. The $25 cartridges don 't 
leak or spill ink and they snap into place 
easily. 

Using DIP switches, you can select 
either BJ- l 30e or IBM Proprinter X24E 
emulations . Currently, you must emulate 
the BJ- l 30e using packages that offer the 
correct software drivers to achieve full 
360- by 360-dpi graphics resolution . 
Graphics in Proprinter X24E emulation 
are limited to 180- by 360-dpi resolution , 
although Canon says it is working with 
software vendors to develop drivers for 
full graphics resolution in that mode . 

Software drivers written for the BJ
130e are compatible with the portable 
version, including Windows (Windows 
3 .0 drivers were being developed at press 
time) , M icrosoft Word, WordPerfect 
5.0, QuattroPro, First Publisher, and 
three Postscript interpreters: UltraScript 
from QMS TeleTypesetting's TScript , 
and GDT Softworks' JetLink Express 
2 .0. QMS , GDT Sofrworks , and Tele
Typesetting also offer software drivers 
and serial-to-parallel interfaces that let 
you hook up Macs to the BJ-lOe and print 
at full resolution. 

Clamshell All iance 
The BJ-!Oe 's self-contained case and 
charcoal color resemble the clamshell 
portable computers on the market. While 
the BJ- lOe is a natural for the road (a re
chargeable battery pack weighing about 9 
ounces is a $50 option) , Canon markets it 
as a portable that doesn't have to hiber
nate between bu iness trips. A built-in 
stand and optional ($90) 30-sheet paper 
feeder mean you can set it up on your 
desk as a backup printer co dash off short 
letters and memos that you don ' t have to 
track down at the networked printer. 

You ' ll sacrifice little in the way of 
print quality. The BJ-!Oe prints in either 
a so-called economy or a high-quality 
mode. Print speed remains the same in 
either case , but in the economy mode less 
ink shoots out to print characters, for 
longer cartridge life. Characters sit on 
the page clearly defined; put a magnify
ing glass to them and their jaggies show, 
but the quality isn' t too far from a laser 
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"Good-by, Grover's "Good- by , Grover's "Good-by, Grover's 
Corners ... Oh, Corners ... Oh, Corners ... Oh, 
earth, you're too earth, you're too earth , you're too 
wonderful for wonderful for wonderful for 
anybody to realize." anybody to realize." anybody to realize." 

Figure 1: Texr samples from a LaserJet Series ill (wp), the Canon BJ-JOe (middle), and Epson 's EPl-4000 ink-jet printer rank 
the BJ-JOe 's output closer to laser-printer quality, thanks , in part, to fewer jaggies on the edges ofcharacters. 

Figure 2: In its unidirectional graphics mode, the BJ-JOe printed this 360- by 360-dpi line drawing from a file created by Canon. 

printer' s. Jn fact when I pitted tbe BJ
!Oe's output against the Hewlett-Packard 
LaserJet Series Ill and a full-size Ep on 
EPI-4000 ink-jet printer, the BJ-!Oe 
came in a comparatively close second to 
the laser printer (see figure J ). 

I printed sample on plain xerographic 
stock and 25 percent bond letterhead 
with fine result . The BJ- I Oe will not 
break any speed records; mine averaged 
about 75 seconds to print a full page of 
text in high-quality mode. But the bidi
rectional print (in text mode) doesn' t 
make you feel as though you're waiting 
an inordinate amount of time . 

The auromatic heet feeder does away 
with the frustrations of loading paper one 
page at a time. rt automatically handles 
letter-size paper; you can print on A4 
sheets if you feed the paper in manually. 
The feeder doesn't accept envelopes, but 
the printer handles them easily through a 
rear path. Printing continuous forms is 
not pan of the printer's capabilities. 

The feeder worked without hanging 
up, even on a series of JO-page text file . 
However, printed pages tend to gather in 
a clump after they exit the printer and 
may foul exiting sheets . 

I printed a line drawing in 360-dpi res
olution and found the tones to be an im
pressive range from solid black to white, 
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with sharp definition of crosshatches and 
other pattern (see figure 2) . The printer 
slows down a bit with graphics because 
it switches into a unidirectional print 
mode, but the clarity and resolution of 
the final image make the wait worth
while . 

Another plus is the printer's quiet op
eration . Step into a coworker's cubicle 
while the BJ-lOe i running, and you're 
more likely to hear the occasional clank 
of the paper rollers than the print nozzle. 

Bubble Trouble 
Nevertheless, this handy peripheral is 
not without some unnerving flaws . The 
user's manual is so perfunctory that you 
will wish it came with Cliffs Notes to 
help you decipher it. I found my elf read
ing some confusingly written sentences 
over and over , trying to glean their 
meaning. Don't cour the manual for a 
technical-support number, because one 
isn 't listed. The manual tells you to call 
your service representative, but don' t be 
deterred. Dial (800) 423-2366 and you 
will reach Canon's support line. I called 
anonymously and received immediate 
and knowledgeable service. Canon's 
fledgling BBS, at (51 6) 488-6528. posts 
a few new software driver . 

I also found myself cri nging at the 

printer ' frequent chirping. The printer 
chirps in lieu of control-panel ligh ts that 
telJ you if you ' re in draft or letter-quality 
mode and whether you're set for pica, 
eli te , or double-high characters. As you 
press control buttons , you bear a series of 
chirps in a variety of tones to guide you 
in your selections . The chirps attracted 
a stream of coworker into my cubicle 
wanting to know what new computer 
game I had found. So hope that anyone 
sitting next to you on a crowded flight is 
patient or plugged into a headset. 

Worst of all. l found these audio codes 
confusing and frustrating - I was never 
ure of the etting until the printer actu

ally started producing tex t . ff you ' re 
hearing-impaired. this printer may be 
impo ible to u e conveniently. 

Over time , I grew more comfortable 
with the control panel, but I wou ld still 
prefer a more intuitive vi ua! display. 
Even so , Canon may have a hit. Laptop 
owners who want high-quality output 
from a portable printer that can serve 
double-duty on the desktop should con
sider this bubble-jet printer. The price 
alone should make you feel , well , posi
tively efferve cent. • 

Alan loch is a BYTE technical editor. You 
can reach him on BIX as ' ajoch. " 
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est tY and moit cost-effective data com· 
munlcations products available. Let our new horizons 
lead you to product savings and satisfaction beyond 
your expectations! 

BayTech's statistical multiplexers offer convenient, 
cost-effective solutions for your communications require
ments. Our units multiplex from four to twenty indi
vidual communication channels to a single dial-up or 
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All of Bay Tech's products are simple to set-up 
and to use. And all come with the most efficient tech
nical support available, so BayTech's exceptional ser
vice continues long after the product is delivered. Bay Tech 
can help you tailor a system today to suit your specific 
application requirements. Call now to find out how 
BayTech's products can expand your horizons! 
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The ideal 16-inch ergonomic 
monitor for professional graphics 
and business applications. 

. 

~ 

Maximum performance for CAD/CAM, spreadsheets, databases, 
WYSIWYG word processors and desktop publishing. Designed for 
PCs and Macintosh II. 

1024 x 768 resolutions. Supporting the new, higher refresh rate 
of 70Hz and above for a flicker-free display. No distortion. Sharply 
focused. Bright images across the entire screen. 

An anti-static, non-glare screen. Low 

magnetic radiation. No interference between 
 NANAO
two monitors separated by a mere six inches, for 

dual-display applications. NANAO USA CORP. 


23510 Telo Ave., Suite 5 
Microprocessor-controlled configuration for Torrance, CA 90505 us A 
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Wa yne Rash Jr. 

REVIEW 

APoqet Full of Power 

The Poqer PC 
weighs only 
I pound, and 
programs such as 
lotus Agenda and 
Acr are available 
on ROM cards 
made specifically 
for ir. 

Poqet Computer's Poqet PC i a re
markable device. Whether you see 
thi tiny computer as a workhor e 

or an executive toy, a !-pound, IBM 
PC-compatible computer slightly larger 
than a pocket calendar that runs for 100 
hour on two AA alkaline batteries i in
deed a technical achievement. 

The ba ic Poqet includes 5 l 2K bytes 
of sy tern RAM , 640K bytes of ROM a 
64K-byte RAM card a fi le transfer 
cable, and a carrying case for $1995 . My 
test machine also included a 512K-byte 
RAM card ($350) and special ROM-card 
versions of Ace ($395) , XyWrite ($495). 
and Locus Agenda ($395). Built arnund a 
7-MHz 80C88 , the machine is slightly 
faster than an IBM XT. 

When BYTE first saw the Poqet (see 
" A PC in Your Pocket," November 
1989), it was clear that th is was not a ma
chine for everyone. At the time , the com
puter's LCD had clarity problems, and 
the minfature keyboard was impractical 
for any cask that required more than a few 
keystrokes . The display problem is fixed , 
and the keyboard i improved, but the 
keyboard 's small size still limit the ma
chine's u efulne s. 

The keyboard and screen are just two 
of the compromises required to create a 
computer the size of the Poqet. Another 
is the machine's 512K-byte system RAM 
limit-the Poqet simply doesn ' t have 
enough room inside for more memory. 
This limitation is less of a problem than it 

sounds, however. since programs in the 
Poqet ' s 640K bytes of internal ROM 
(i .e .. DOS 3.3 , GWBASIC , PoqetTools, 
and PoqetLink utilities) or on optional 
ROM cartridge don't have to be loaded 
into RAM to execute. 

Tiny Typing 
The Poqet's keyboard has a 77-key 
QWERTY layout with 10 function key 
across the top and a numeric keypad u
perimposed over the letter keys on the 
right side of the keyboard . You activate 
the keypad by holding down the blue Po
qet key next to the space bar . This key 
also act ivates everal other secondary 
functions on the keyboard . 

Some Poqet-key combination simply 
invoke lesser-u ed key on tandard key
boards, such as the Fl l and Fl2 keys . 
But the Poqet key also controls several 
special functions , including contrast and 
brightness controls , power management, 
the keyboard lock, and the alarm and 
speaker controls. 

Pressing Poqet-Escape invokes Poqet
Tools , a SideKick-like pop-up menu that 
includes a calculator a text editor, a 
scheduler, an address book, and a com
munications program . The menu also in
cludes a setup utility that controls power 
management and other functions. 

The keyboard, which measures just 
8 ~ inches wide, performs well for its 
size, although the 'h-inch-squa re key 
caps are so small and so closely paced 

Poqet PC 


Company 

Poqet Compurer Corp. 
650 Nor h Mary Ave. 
Sunnyvale. CA 94086 
(800) 624-8999. ext. 1590 
(408) 737-8100 

Components (as reviewed) 
Processor: 7-MHz 80C88 
Memory: 512K bytes of RAM; 640K 
bytes of ROM 
Mass storage: 64K·byte RAM card. 
512K·byte RAM card 
Display: 7- by 27/e·inch super wist LCD: 
MDA mode 25 rows by 80 columns 
CGA mode 640 by 200 pixels 
Keyboard: 77-key 
1/0 interfaces: X bus edge connec or 

Size 
8i'4 43/, 0 x 9/, 0 inches: 1 pound 

Price 
$2345 

Inquiry 1082. 

that you probably won't want to do any 
touch-typing . Still. touch-typing i not 
impo sible. a one of my coworkers (who 
has very small hand ) demon crated. 

The Poqet never truly shuts off. Pre 
ing the 110 key . just above the Return 
key, shuts off the display and CP but 
continues to power memory to protect 
programs and data . When you reactivate 
the machine . it return to the state it was 
in before you deactivated it. Even during 
normal operation , the CPU goe into 
sleep mode between key troke , and the 
sy tern huts down the display after sit
ting idle for 2 minutes. 

Peering Ahead 
The 7- by 2~-inch screen pre ent a full 
25 row by 80 column in either CGA or 
MDA mode. The default is MDA . The 
characters , while mall. are cri p and 
easy to read: They're about the ame size 
asthetextonthi page. 

Although the screen doe not have 
backlighting, it' s till possible to use it 
under average lighting conditions . The 
screen fold IO any angle. but it wil l not 
fold open complete! if you have a serial 
cable or data tran fer cable attached to 
the machine. Along the bottom of the 
screen are indicator blocks that tell 
among other things, function-key statu . 
when you're accessing the ROM disk. 
when the battery is low and when the 
power management oftware is enabled. 

The Poqet is free of external controls 
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and connectors, except for a single XT
bus edge-card connector at the rear of the 
unit that accepts a data transfer cable 
(which is included) or an optional serial 
or parallel cable, and two memory-card 
slots on the underside that hold RAM or 
ROM cards. 

RAM cards used for data storage, 
come in 64K-byte and 512K-byte sizes; a 
1-MB card was still in development at 
press time. My test unit included a 5 I 2K
byte RAM card. Despite a recent price 

cut (the 512K-byte card dropped from 
$595 to $350), the cards are an expensive 
way to store data. One alternative is to 
configure the Poqet's 512K bytes of sys
tem RAM as a RAM disk. Another is to 
buy Poqet's external 3 Yi-inch 1.44-MB 
floppy disk drive for $395, but this re
duces portability and cuts battery life 
down to 20 hours. An optional memory 
card reader for desktop PCs, which was 
unavailable at press time, should make 
using the cards more convenient. 

PCTEX 

Makes Your Best Work 


Look Its Best. 


For professional publishing and the 
power to produce high-quality 
technical documents, scientific 
notation, mathematical formu las 
and tables, rely on PC TEX to make 
your work look its best. 

And with Personal TEX's Fontware 
Interface package, you have access 
to the complete library of Bitstream 
Fontware, fo r type selection and 
quality previously available only to 
professional typographers. 

The next step beyond standard 
desktop publishing, PC TEX is the 
difference between average and 
expert. With PCTJ:X you'U get 
professional typesetting at amateur 
prices. 

DefinitionName 

Gamma 

Sine . ( ) sm x = 1 ( ix - i:r) 2i e - e 

Error ( )erf z = 2 1=·"r::; e -  dz 
yn a 

Bessel 11""Jo(z) =- cos(zsin8)d8 
11" 0 

Zeta ((s) = L k-s 
l<=l 

(!Rs> 1) 

PC MAGAZINE wrote: "(With PC 7£X) .. .you can achieve incredible precision in 
fonnatting text, especially mathematical expressions. '' 

TNFOWORLD said: " ... No non-T£X-based program has such typographical r:esrherics. .. 
enonnously ftexible. .. " 

PERSONAL 
N ew PCTJY(3.0, with double the page-building 
capac.ity, is now available. For 386 computers, there's 
PC TEXJ386 and Big PC TEX/386. ~~ 
For a product catalog and free demo diskette, call 

INC 
415/388-8853. See the best for yourself. 	 12 Madrona Avenue 

Mill Valley. CA 94941 

PC TEX is a registered TM of Per'°nal TEX. Inc. TEX is an America.n Mathematical Society Thi. Bitstream and Fonrware 
arc trademarks of Bitslream Inc. Site licenses available co qualified organiza1ion;, Inquire abou1 PT! distribu1orship . This 
ad was typeset using PC TEX and Bitstream fonts. 

Moving Bits 
The Poqet ' s fi1e transfer cable attaches to 
the serial port of your desktop computer. 
Using PoqetLink, you can send and re
ceive files at 115,200 bps . Ifyou can find 
enough room in RAM, standard IBM PC 
software will work. I was able to use the 
Norton Utilities and WordStar 4.0 with
out problems. Other packages, including 
WordPerfect, wouldn't fit on a 512K
byte RAM card. 

Poqet has received a great deal of co
operation from software vendors, who 
have ported their packages to ROM ca rds 
for use in the Poqet. ROM and RAM 
cards slide like tiny drawers into slots in 
the bottom of the Poqet's case . 

I tested three ROM card applications: 
Lotus Agenda, Act (a business-contact 
tracking package), and XyWrite . Other 
available programs include Lucid 3-D, 
Lotus 1-2-3 , AlphaWorks, and Lotus 
Metro/Express. Each program operates 
exactly like its disk-based brethren, and 
each costs the same. 

Poqet the Difference 
Despite the Poqet s technical accom
plishment, I dido 't find the machine use
ful. I was unable to make it slide into an 
inside jacket pocket, so the computer had 
to stay in my briefcase, where it wasn 't as 
handy as a scheduler. It's also too small 
for most people to type on to any extent. 
A Poqet user, it would seem, has to be 
satisfied with writing brief memos and 
working with small spreadsheets. That s 
a fairly limited use for a machine that 
costs about $2000. 

Poqet Computer markets the machine 
co field salespeople and some managers . 
But even these people are likely 10 be bet
ter served by a notebook-size computer, 
such as the Zenith MinisPort or the NEC 
UltraLite . Each of those machines has a 
more usable keyboard and a disk drive , 
and each is about twice the size of the Po
qet. Each also costs less in its base con~ 
figuration than the Poqet. 

Whether the Poqet is an executive tool 
or an executive toy is for you to decide, 
but as powerful as it is for its size, the 
machine' s form factor ultimately Limits 
its effectiveness. In this case, the size 
seems just a bit too small. • 

Wayne Rash Jr. is a BYTE contributing 
editor and avid laptop user. He is also 
technical director ofthe Network Integra
rio11 Group of American Management 
Systems, Inc. (Arlington, VA). He con
sults wirh the federal government on 
microcomputers and communicaJions. 
You can contact him on BlX as "wayne
rash, "or In the to. wayne conference. 
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BABY CASE W/200 WATT P/S STANDARD FEATURES : STANDARD FEATURES : STANDARD FEATURES : 
• 1 MEG MEMORY • 2 MEG MEMORY • 2 MEG MEMORY • 2 MEG MEMORY 
• 1.2 MB FLOPPY OISK DRIVE • 1.2 MB FLOPPY DISK DRIVE • 1.2 MB FLOPPY DISK DRIVE • 1.2 MB FLOPPY DISK DRIVE 
• 40 MEG HARD DISK DRIVE • 1.44 MB FLOPPY DISK DRIVE • 1.44 MB FLOPPY DISK DRIVE • 1.44 MB FLOPPY DISK DRIVE 
• 2 SERIAL/1 PARALLEL • 65 MB HARD DISK DRIVE • 65 MB HARD DISK DRIVE • 65 MB HARD DISK DRIVE 

GAME PORT • WA6 1:1 ALL CONTROLLER • WA6 1:1 ALL CONTROLLER • WA6 1:1 All CONTROLLER 
• MONOCHROME GRAPHICS CARD • MONOCHROME GRAPHICS CARO • 14" VGA MONITOR • 2 SERIAU1 PARALLEL AND 
• 12" AMBER MONITOR • 12" AMBER MONITOR • HI RES VGA CARD w/512K GAME PORT 
• 101 KEYBOARD • 2 SERIAL/1 PARALLEL AND • 2 SERIAL/1 PARALLEL AND • 1024 x 768 MULTI SYNC MONITOR 
• 1st YEAR, PARTS & LABOR GAME PORT GAME PORT • HI RES VGA CARO w/512K 
• 2nd YEAR, LABOR • 101 KEYBOARD • 101 KEYBOARD • 101 KEYBOARD 

• 1st YEAR, PARTS & LABOR • 1st YEAR, PARTS & LABOR • 1st YEAR, PARTS & LABOR 
• 2nd YEAR, LABOR •2nd YEAR , LABOR • 2nd YEAR, LABOR 

$1,095.00 $1,595.00 $2,295.00 $2,595.00 


HT CYRIX 
8087-3 
8087-2 

80287-6 
80287-8 

80287-12 
80287-XL 80387-16 80387-20 

80387-25 
8087-1 80287-10 80387-SX-16 80387-33 

SHECOM WA6 HIRES 
HITEK DEXXA 1:1 MFM VGA 

KEYBOARD ByLogitech CONTROLLER CARD 
w/Cables w/256K 

(exp 512) 
$42 $35 $75 $95 

Quantity Pricing Avai lable SHECOM COMPUTERS HOURS (PDT) All Merchand ise carr ies22755-G Savi Ranch Parkway M-F a AM-6 PM ful l manufacturers
Yorba Linda, CA 92686 warranty. 

Tel: 714-637-4800 Prices subject to change!•R•l
FAX: (714) 637-6293 AM~~s VIS4 "" ., . without notice. 

http:2,595.00
http:2,295.00
http:1,595.00
http:1,095.00


Every Day, Hundreds OfPeople Abandon 
Their Keyboard And Buy NorthgateOnmiKeys. 

NOW! Find OutWhy ,tL~~ 

Risk Free For 60 Days! 

Order an OmniKey and put 
it to the test ... if you don't 
think it's worth every penny 
you paid, we'll buy it back! 

There is no faster-or 
better-way to type! See for 
, ourself! With OmniKe,, you 
don't need to "eye check" the 
monitor co know you've made 
an entry. Crisp ALPS key 
switches let vou kno\\" ll"ith 
sound and sensation! 

Put an OmmKey to the cesr. 
You11 see, OmniKer is not just 
a replacement keyboard, ic's a 
syst.em upgrade! Order now and 
we1J deliver one co your home 
or office for 60 days RISK 
FREE! You have nothing to 
lose ... everything to gain! 

All OmniKeys Have 
These Outstanding 
Features: 
• 	Unmatched Com· 

patability; Ask us! We 
h3ve 3 ke,·board for vour 
IBM rype.computer! . 

•	 LED Indicators show 
SCROLL, CA PS. and 
!UM Jock Starns at a 


glance. 


• FCC Class B Certified 

• 5·Year Warranty-the 
industry's strongest! If you 
have any problems of 
materials or workmansh ip, 
Nonhgace will repair or 
replace your keyboard AT 
NO CHARGE! 

OnmiKey/lJLTRA With F-Keys On Top And Left! 

PC Computing said "keyboards 
don't get any better than this." Ouly 
'90) ULTRA gives you 12 Function
keys on left. PL S 12 programmable 
Special Function keys on top , for one
key macro commands. 

ULTRA's Interchangeable ke. s let you 
swap CTRL, ALT and CAPS LOCK 
keys on left-and the ASTERISK and 
BACKSLASH keys on right. ULTRA's 
one-piece steel base is self-stabilizing 
for sure-handed typing. The ultimate 
keyboard for power users! 

OmniKey/ULTRA 

ONLY 5149°0 


OmniKey/ULTRA Features: 
• Deluxe 119 key layout. 
• 	12 Function (F) keys on left. 
• 	12 Special Function (S F) keys on top

use chem as duplicace F-keys or program 
them for macro commands . 

• [ncerchangeable ALT. CAPS LOCK and 
CTRL keys on left. 

• Switchable ASTERISK and 
BACKSLASH on right. 

• Separate diamond·shaped cursor keypad. 
• Calcularnr style numeric keypad with 

excra equals key. 

• Period/comma lock-locks ou1 < > , 
punctuation in! 

• Lifetime quality double injected keycaps. 
• Kevs color coded for use with 
W~rdPeriect. 



F-Keys on left, top or both-ifs up to you! 


OinniKey/102 With F-Keys On Left 
First keyboard to get back to the "Best Buy!" You can cusromize 
basics! lose people learned to type OmniKeyl 102, roo! If you prefer the 
with function keys on left for fast , one- standard IBM enhanced layout, you 
hand combination commands. 
OmniKey/ 102 delivers chis and more. 
That's why readers of Computer 
Shopper made OmniKey/ 102 their 

OmniKey/101-1 With F-Keys On Top 

Many people have become 
accustomed to the standard IBM 
layout. For you we've duplicated, 
\\·ell nearly, the IBM layout (we 
couldn't resist making a couple of 
improvements). We made 
OmmKey/ 101-l with a footprint 20% 

CHARGE IT! \\e acrept VISA and MasterCard. 
HOURS: l\fon.-Fri. 7 a.m. to IO p.m.; Sat. 8 a.m. to 
4 p.m. Cenual . Dealer and disuiburor prices a\"ailablc. 
Se habla espaiiol por su conveniencia. 

can S\\ap the CTRL, ALT and CAPS 
LOCK keys. The best 102 key 
keyboard a ailable works with virtually 
e ery IBM-cype personal computer. 

smaller than IBM's-saves desk space! 
We also weren't willing tO compromise 
OmniKeys double wide BACKSPACE 
key and large lrshaped ENTER 
key- chey mean roo much in term of 
increased speed and accuracy. 
Cu romers worldwide agree! 

800-526-2446 

FAX Your Order! 6U-943·8332 
Notice to the Hearing Impaired: Northg:ne now 
has TDD capability: 800-535.-0602 

OmniKey/102 Features: 
• Innovative 102 key layout. 
• 	 12 Function keys on the left. 
• Interchangeable ALT. CAPS LOCK. 

and CTRL keys. 
• Large L-shaped Et\'TER key. 
• eparate inverted T cursor keypad. 
• Calculator-style nu meric keypad with 

added Equals key. 
• Interchangeable Backslash and 

Asterisk keys. 
•	 Lifetime quality double injected 

keycap . 
• Keys color coded for use with 

\\ ordPerfecc. 

OmniKey/102 

ONLY599°0 


Omni.Key/101-I Features: 
• Enhanced JOI key layout. 
• 	12 Function key on cop. 
•	 Interchangeable CAPS LOCK and 

left CTRL keys. 
• Large l.rshaped ENT ER key. 
• Double size BACKSPACE. 
• ln\'erted T cursor conuol pad. 
• 	Calculacor-sryle numeric keypad with 

ndded Equals key. 
• 	Lifetime quality double injected 

keycap . 
• 	Ken color coded for use with 

Wordperfec1. 

OmniKey/101-1 

ONLYS89°0 


N NORTHGATE 
COMPtJTER 

.. SYSTEMS 
_,..1£ L,,,_,_ /"
,,-r:~~ 

075 Flying Cloud Drive, Eden Prairie. MN 55344 

::-COprri&t'lt Notthg;uc: Computer S~·uc:ms. Inc. 1990. All rights tdcf'\·o.I. Northg;1.cc: , OmniK~}' ind the Big "!\;" logo uc rnadc:marlu of Northg::nc Computct Systems. Other brsnd namc5 :1.rc uadcmMksor registered 
u11dcmulu of the• rcspc<t~·c O\\IKU. Spccifictions subjctt to chmg.: "ithout notic-c. Subject to OCC'2.sion:a.J Lnvcntc.ry shortages. We support the cthiea.I use of soft\\-...re. To report software: c<>p)Tipn violufoM. cllll the 
Softwuc: Publishers Assocution's Anti-Piraq HOf.linc u IA800-J88-PIR8. 
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CSpeed 

C Portability 

C Flexibility 


'lhe-c:- Llbrsy far.,....... 
.... Saeen Mmrwg•ment 

Comp9tlble Wllt'I the dllta, lndec 
memo ftles Oil dBl'\SE - QJllPER. 

Portable 
Port your application to any environment with a 

C or C++ compiler. Acces megabyte of memory 
using 386 DOS compiler , OS/2, Unix or Microsoft 
Windows. 

Compatible 
As you directly use the data, index and memo files 

of dBASE ill through IV or Clipper, you can u e 
Code Base 4.2 with any dBASE compatible product. 

Easy 
Consult examples in the 280 page user's guide as 

you interactively execute Code Base 4.2 routines 
from a learning utilit y. You wil l remember the 
routines which are named like dBASE commands. 

_E 
Power 
Build a multi-user, dBASE compatible 

application which is several times 

faster than dBASE Iv, Clipper or 

Fox Pro. Watch its windows and 

menus appear instantly on any 

computer. 

Small 
Make stand alone executable file as mall a 14K. 

Code Ba e 4.2 executables are 1h to 1h the ize of 
corresponding Clipper executables. 

Complete 
Enjoy the benefit of complete dBASE funccional

ity, including browse, edit, men u , window , multi ple 
index fi le per database dBASE expre ion evalua
tion relations and fil ters. 

Order Today 
Order the DOS-OS/2 version for $295. Call 

(403) 448-0313 or fax (403) 448-0315. Discover 
why Sequiter Software Inc. and mo t of tware 
dealers offer a 60 day money back guaran tee. 
Source is included and there are no royaltie ! 

Sequiter Software Inc. • P.O. Box 5659, Station L, Edmonton, Alberca, Canada T6C 4G 1 
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REVIEW 

One-Size-Fits-All Code with Lattice C 


o one can argue this: Software por
tability is now more important 
than ever. The problem for devel

opers, though , is that creating a program 
that runs under DOS , extended DOS, 
and OS/2 is no easy task. Often it means 
collecting a huge library of disjoint pro
gramming tools. And if you also con
sider the increasing importance of Unix, 
the problem becomes even bigger. 

Lattice 's newest C compiler package, 
the 80286 C Development System for 
DOS and OS/2 , addresses much of this 
concern. It enables developers to create 
program that run under DOS. extended 
DOS, and OS/2 . The kicker is that with 
Lattice , all three environments can be 
supported by a single executable file . 
And Lattice includes over 800 functions, 
many of which mirror Unix calls. 

Other development environments 
exist of course , that let you use extended 
memory (i.e. , separate third-party DOS 
extender products, OS/2 itself, and the 
386 enhanced mode of Windows 3.0) . 
But Lattice is the first major compiler 
vendor to include a DOS extender with 
its compiler that gives DOS programs ac 
cess to 286 or 386 extended memory. 
There are no fees or royalties when you 
distribute the Lattice extended DOS fa 
cil ity with your application . And the 

Lattice 80286 C 
Development System 
for DOS and OS/2 

Company 
Lattice. Inc. 

Subsidiary of SAS lnst1tu e, Inc 

2500 South Highland Ave. 

Lombard, IL60148 

(800) 444-4309 

Hardware Needed 
A286· or 386-based IBM AT, PS/2, or 
compatibie. 512K bytes of RAM 
(2.5 megabytes for OS/2), 5 MB of free 
space on a fi xed disk. and parallel oort 
for copy-protect device 

Software Needed 
DOS 2. 1 or higher: OS/2 1.0 or higher 

Price 
$495 

Inquiry 1225. 

users of your application do not nece sar
ily have to upgrade to OS/2 when your 
software starts running out of RAM . 

The Shootin' Match 
The new Lattice development environ 
ment jncludes all the tools and library 
routines of the regular compiler product 
(version 6 .0) . You get a full-screen sym
bolic debugger CodeProbe, that runs 
under both DOS and OS/2. The LASM 
assembler is mostly compatible with 
MASM , although it does not handle 
MASM-style memory-model directives 
and some as embler macros. 

For projects with many source code 
modules , a make utility (LMK) is sup
plied that is a superset of the Unix make. 
EXTRACT and BUILD utilities are also 
supplied to help you create your make 
files . Other utilities let you find and op
tionally change all occurrences of a 
specified string in your source code files 
a well as produce source code statistics. 
Lattice provides it own linker, bind pro
gram (for con eructing family mode ap
plications}, and object file librarian . 

The standard library is fully A SI 
compliant and incorporate many func
tions you 'd find in a Unix environment. 
Lattice has added several useful func 
tions of its own to the standard library : 
The 'build string list " and ''sort string 
list" functions are examples of routines 
that tempt you to forgo strict ANSI cod
ing in your programs. In addition to the 
standard library of functions , Lattice 
gives you these application libraries: 

• Communications Library: supports 
XMODEM, YMODEM , and 
Kermit . 

• Databa e Library: creates and 
manipulates dBASE III-compatible 
files. 

• Graphic 	 Library: has several 
drawing routines, but limited font 
support. 

• Screen Management Library : text 
mode routines very much like Unix 
curses. 

Installing, Tuning, and the Dongle 
The installation of the Lattice 80286 C 
compiler and rts tools is straightforward. 
Basically, you choose whether you want 
OS/2 support, and you pick the memory 
model you want ; the installation pro
gram then puts the files into the correct 

directories . It requires about 5 mega
byte of disk space. To take advantage of 
the feature of this compiler, I used my 
Gateway 2000 386/33 computer as a test 
bed. It ha 4 MB of extended memory , 
and I regularly use it for both OS/2 and 
DOS development work. 

The installation proce s is noteworthy 
in two ways . First you must let the DOS 
extender software "' learn ' ' about your 
hardware by running the TU E utility. 
TU E attempts to find the fastest way to 
enter and leave protected mode on your 
system possibly crashing your system in 
the process . Users of software you pro 
duce with Lattices extender wil l have to 
TU E it , as well. 

Second. Lattice decided to copy-pro
tect this compiler product with a hard 
ware device called a dongle , that at
taches to your parallel port. The dongle 
sits tran parently between your printer 
cable and the parallel port. There is no 
mention on the package about any sort of 
copy protection. Frankly, I was annoyed 
by the implications of copy-protecting a 
professional oftware development tool. 

Compiling Your Code 
To check out the compiler, I created ex
tended DOS versions of the LAN-aware 
programs that accompany my book Net
work Programming in C. I also compi led 
the Dhrystone benchmark program . 
Comparing the size of the resulti ng exe
cutable files with the output of other C 
compilers proved difficult. The bound 
family mode ver ion of any program is 
naturally larger than a pure DOS or pure 
OS/2 version . Being able to create a sin
gle executable file that works correctly 
under DOS, extended DOS. OS/2. and 
the DOS compatibility box is an impres
ive feat. 

Performance-wise the Lattice com
piler emits code tbat is comparable to that 
of other C compilers. The Dhrystone 
benchmark ran in 5 econds no matter 
which C compiler I u ed. The results 
were consi tent when I ran the program 
in DOS mode. in extended DOS mode , 
and under OS/2. 

When you tell the compiler to opti 
mize your code, it invokes a separate step 
{the global optimizer , LGO) just prior to 
linking , Because the optimizer gets to 
see as much of the emitted object file as it 
wants , the optimizer can make intelli
gent decisions about what to streamline. 
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TURN YOUR PCs INTO 

XTERMINALS 

HCL·eXceed family 

of X servers for 
DOS PCs from 
Hummingbird. 

Our 
Release 11 .4 

implementation 
of Xseivers is opti

mized for 286-, 386
and 486-based PCs 

with EGA.. VGA.. super 
VGA.. or 8514A compatible 

graphics controller. 

The seivers support TCP/IP 
transports from FTP 

Software Inc., Excelan, 
Ungermann-Bass, 
Hewlett-Packard, 

Wollongong, 
3Com, Beame 

HCL·eXceed, & Whiteside, 
a real mode seiver, and Sun. 

for PCs with as little as 

640K of memory. 


HCL·eXceed Plus, a protec
ted mode seiver, makes up to 16MB 
of memory accessible to Xclients. 

HCL·eXceed Plus/8514A, a pro
tected mode seiver supports 8514A 
hardware compatible display adaptors 
for high resolution graphics with 256 colors. 

-..UMMINGBIRD~MMUNICATIONS LTD. 
2900 John Street, Unit 4 
Markham, Ontario, Canada L3R 5G3 
Telephone: (416)470-1203, Fax : (416)470-1207 

mizer ' unrolls " the code as it transforms 
called subroutines into in-line code. 

The Lattice Toolbox 
The Latt ice debugger, CodeProbe, oper
ates in full-screen mode but is a com
mand-line debugger at heart. Interest
ingly, when you choose a CodeProbe 
menu option, the software emits a line of 
debugger commands to itself. This inter
nal discourse is visible in the debugger ' 
dia log window. CodeProbe works in 
DOS , extended DOS , and OS/2 modes . 
It supports conditional breakpoints, data 
watches, slow-motion execution, and 
other customary debugger facilities. 

The text editor that comes with the 
Lattice compiler , LSE, is adequate for 
most programming purposes . It 's quick, 
has an interface to the Lattice compiler, 
and allows multiple source code files to 
be edited in multiple windows . Several 
other tools are provided with the com
piler. The li nker, LMB , supports both 
code and data overlays. 

The screen management rout ines that 
you get with the compiler are a close ad
aptation of Unix curses. I was able to 
easily move a small Unix program from 
an IBM RS/6000 AIX machine to my 
Gateway computer and compi le it for 
OS/2 . I smiled inwardly to see a typical 
curses u er interface appear in an OS/2 
session when I ran the program. 

Lattice does not supply a hypertext 
on-line reference with its compiler, al
though, of course , each part of the devel
opment envi ronment has an associated 
help file that you can access. Speaking of 
help, the on-line support for the Lattice 
compiler that has been available for years 
on BIX has been discontinued by Lat
tice 's parent company, SAS . 

T he Latt ice 80286 C Development 
System fo r DOS and OS/2 is a well-docu
mented , high-powered environment. As 
I put the compiler and tools through their 
paces, I tried to visualize myself as a de
veloper who has a memory-hungry appli
cation. Faced with the decision to shoe
horn my software and stick with DOS or 
force my customer to upgrade to OS/2 , 
I'd see the Lattice DOS extender as a 
welcome alternative . And lhe curses in
terface might encourage me to port my 
application to run under Unix so I could 
take advantage of that ma rketplace as 
well. But as good as this compiler is , Lat
tice may have tied a millstone around its 
neck with the copy protection. • 

Barry Nance is the author of Network 
Programming in C and is the exchange 
editor for rhe IBM Exchange on BIX. He 
can be reached on BIX as "barryn." 
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Lattice debugger is a 

command-line debugger 


at heart. 


It looks for opportunities to turn func
tions into in-line code, eliminate dead 
code assignments, perform peephole op
timizations, eliminate common subex
pressions, and do other things to make 
your code faster (or smaller, depending 
on what you specify). 

If you have variables marked vola
tile, the optimizer won' t eliminate ref
erences to them . Likewise, if you have a 
function that calls itself recursively , you 
can control the depth to which the opti



Interactive source· 
level debugger 

Generates high
pedonnance code for 
32-bit protected mode 

Microsoft source and 
library compatible 

Fast, tight code 

Profiler 

Protected-mode 
version of compiler 

Graphics library 

100% ANSI C and 
SAA compatible 

Run-time compatible 
withWATCOM 
FORTRAN 77/386 

Experts Agree on WATCOM C: 

"When Novell went looking for a 32-bit compiler for use with the NetWare 386 developer's kit, 
the company selected WATCOM's ... It's clear that Novell chose wisely; this product is a winner:' 
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Introducing Omnistor~ 
the first 5114" optical disk 
drive subsystem to support 
both Write-once 
(WORM) and Eraseable 
Magneto-Optic (MO) 
technology in a single 
multi-function unit. 
Utilizing ANSI/ISO 
standard 654 MB, 
sampled-servo 51/4" 
media, Omnistor 
provides a turnkey 
solution for both your 
intermediate and permanent 
archival data storage require
ments. Omnistor is available 
for a wide variety 
of host environ
ments, in both 
standalone 
and auto
changer 
subsystem 
configurations. 

Computer Upgrade Corp., 

OEM, VAD/VAR, and 
End-User pricing on both 

Omnistor and our 
traditional optical 
subsystem solutions. 

At Computer Upgrade 
the early bird catches 

more than the WO RM, 
they catch the competitive 
advantage. 

Call today for more 
information. 
Computer Upgrade Corp. 

2910 E. La Palma Ave. 
Bldg A, Anaheim 

CA 92806 
FAX 
(714) 630-9254 

a leader in optical 
archival storage solutions 
since 1986, offers 111 111 Computer 

~~---=-? Upgrade® 
800/874-8807 
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• ..•••.•.•....,. Doug Dayton 

REVIEW 

Document Management 

on Networked PCs 


Photo 2: lmara lets you l>
attach electronic notes called 
Memo Tabs to document 
images. 

As the number of files on a network 
increases, locating files becomes 
more difficuJt, and tracking multi

ple versions of a document becomes vir
tually impossible. Time is often wasted 
by working with out-of-date documents , 
and file access becomes harder to con
trol. Perhaps most worrisome, frustrated 
system users may become less disci
plined about file backups and may resort 
to archiving documents instead of simply 
deleting their obsolete files. 

Profound , from Wang Informatics 
Legal & Professional Systems, and Ima
ra , from lmara Research , take two dif
ferent approaches to the problem. Pro
Found is a character-based DOS applica
tion designed to help manage word 
processing and other live documents on a 
network; Imara is an OS/2 Presentation 
Manager-based application that manages 
graphics and documents that have been 
stored as image files. 

Both Imara and ProFound support di 
tributed (client-server) computing by en
abling files on different file servers to be 
stored and accessed transparently across 
a network. And both products use the 
metaphor of a library with a document 
catalog to control access, storage, and ar
chiving of files that have been checked 
into their databases. 

Imara is aimed at companies moving 

~Photo 1: Profound 's card 
catalog keeps track ofseveral 
important document 
statistics and searchable field 
descriptions. 

from charging sal~ 

Thank you in advance tor. 

toward a paperless office. Imara users 
scan or import paper documents into 
Imara's Structured Query Language 
(SQL) database as compressed Group 4 
fax files. Then lmara ' s image documents 
are shared among different workgroup 
members using Imara 's built-in E-mail 
facility (called I-mail) . 

ProFound provides a more pedestrian 
solution to document management, rely
ing on the character-based DOS interface 
and working with files created using 
word processors, spreadsheets, or other 
applications . ProFound's mainstream 
solution contrasts sharply with Imara's 
attempt to redefine how office workers 
share information. But while both prod
ucts provide features that can help you 
manage your distributed office systems, 
neither provides a complete solution to 
the problem of distributed file man
agement. 

ProFound Document Libraries 
Profound helps network administrators 
manage their users' file requests and 
document storage requirements by auto
matica 11y copying , distributing , and 
backing up their documents across mul
tiple file servers . When you first start 
Profound, you can go into one of two 
areas: the work area or the library. 

The work area is where documents and 

files are created and edited. A catalog 
card is automatically created in the work 
area as each new document is created, 
and it is updated when any revisions are 
made. 

You can configure Profound to auto
matically start the application you will 
be using after you create your catalog 
card. After a document is created or re
vised, Profound checks it into the Ji
brary. The library contains one or more 
catalog files that contain a catalog card 
for each document . Different work
groups can be assigned to one of 26 dif
ferent sections in the library. A work
group can be assigned to its own catalog 
and section, or many workgroups can be 
assigned to the same catalog and section. 

Each catalog card comprises two 
screens. The first contains identifying 
information for the document, including 
title, author, department, operator, cli
ent, matter, comments, and keywords . 
The second screen contains document 
statistics such as date created, last access 
date, last user, number of revisions kept, , 
archive interval, chargeback method and 
statistics for billing clients (including the 
actual and charged number of key
strokes) , pages printed, and time. Most 
of the field descriptions can be custom
ized (see photo 1). 

Once a catalog card has been created , 
Profound can perform searches on 18 
different fields , including indexed fields 
such as author, department, date, client, 
and matter, and on user-definable key
words. You can use both range and Bool
ean search parameters to find any docu
ments that have been checked into Pro
found . Profound also does full-text 
indexing and searching. 

Documents that match your search re
quest can be previewed in the library , 
copied to a new document in your work 
area , or checked out for modification. 
You can store document templates in Pro
found, but inexperienced users would 
benefit from having these set up by their 
system administrator. 

Profound automatically maintains an 
audit traiJ of activity for each document, 
and it can maintain up to 99 revisions of 
each document. Most users will main
tain only a few revisions and will save 
disk space by archiving their older revi
sions. You can configure Profound to 
automatically back up files to specified 
directories and to automatically archive 
files after a predetermined number of 
days, if the files have not been checked 
out for that period of time. 

Access to documents is controlled 
through the use of passwords, which can 
be assigned for each operator, author, 
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Pro Found 

Company 

Wang Informatics Legal & 


Professional Systems 
2111 East Highland. Suite 400 
Phoenix, AZ 85016 
(602) 224-0855 

Hardware Needed 
IBM XT, AT, PS/2, or compatible with 640K 
bytes of RAM and a hard disk drive with at 
least 2 MB of storage 

Software Needed 
DOS 3.1 or higher and Novell NetWare 2.15 
or 386; Banyan VINES 3.1 or higher; or 
3Com 3Share network operating system 

Price 
First five users: $995 

Inquiry 1076. 

department, or document. Users can be 
assigned access or modification rights to 
any or all documents in the system. 

Profound uses a WordPerfect-like in
terface with pull-down menus , pop-up 
windows, on-line context-sensitive help, 
and lots of command keys. Profound is 
easy for experienced WordPerfect users 
to learn and is relatively easy to set up. 

The system administrator guide is 
clearly organized and uses a step-by-step 
approach. However, the guide does not 
provide a top-down view of how the pro
gram's modules interact. It is best to sim
ply read the system administrator guide 
cover-to-cover before setting up the pro
gram. 

As with many database programs, in
terdependent modules eliminate any 
hope of shortcuts. Network administra
tors should plan to spend some time de
termining the most efficient way to set up 
Profound 's library and to distribute 
their workgroup's documents across 
their network's servers. Once Profound 
has been set up, however, its on-screen 
prompting should enable experienced 
word processors to master Profound in 
an hour or two. 

Profound has been integrated with 
WordPerfect 5.1 and Jurisoft 's Com
pareRite. If you are using WordPerfect, 
the Profound interface takes over when 
you create , load, or save a document. 
When you save documents, Profound's 
Integrated Document Card Screen is dis

lmara 

Company 
lmara Research Corp. 
111 Peter S . , Suite 804 
Toronto, Ontario 
Canada M5V 2H 1 
(416)58 1-1740 

Hardware Needed 
Intel 386SX-, 386-, or i486-based 
workstations with 4 MB of RAM and VGA; 
HP ScanJet; HP LaserJet; 
Gammalink's GammaFax adapter; 30
MB hard disk drive; network server with 
8 MB of RAM and 100-MB hard disk drive 
or optical disk storage 

Software Needed 
OS/2 1.2; OS/2-compatible network 
operating system; network-based SOL 
database server 

Price 
First two users: $2995 

Inquiry 1077. 

played, enabling you to check your docu
ment into Profound without leaving the 
WordPerfect interface . If Jurisoft's 
CompareRite has been installed, past re
visions can be red-lined from inside Pro
found . 

Although Profound is designed to 
work with any office workgroup, it§ most 
obvious audience is professional offices 
that do time or project billing. Profound 
automatically records keystrokes, time 
spent in each document, and the number 
of pages that have been printed. This in
formation is displayed on each docu
ment's catalog card and can be printed in 
a disbursement report. Charges can be 
accrued on a straight time basis or on a 
per-document basis . After the clients 
have been entered into Profound's client 
section, Profound automatically verifies 
that documents belong to a specific client 
and generates a disbursement charge re
port that can be exported into several 
time-billing programs . 

Profound requires an IBM XT, AT, 
PS/2 , or compatible with 640K bytes of 
RAM and a hard disk drive with at least 2 
MB of storage. The program runs on DOS 
3. 1 or higher and supports Novell Ad
vanced NetWare 2. 15 or higher, NetWare 
386, or Banyan VINES 3.1 or higher. 

Imara Imaging 
Imara uses a client-server architecture 
built on Microsoft's OS/2-based SQL 
Server. Once you have stored documents 

- Circle 235 on Reader Seniice Card 



Announcing the end of the 
SCSI compatibility crisis: 

The SCSI disk controller from DPT 
that's so intelligent, it doesn't 
need special software drivers! 

See Us At Booth #115 

8~©1M~~/~\lFall '90 
November 12-1 6. 1990 

Las Vegas. Nevada 

SCSI connectivity hassles are a thing of the past! SmartConnex 
makes it possible for the first time to run SCSI disk drives w ithout 
special software drivers or BIOS ROMS that cause compatibility 
problems. Just plug in SmartConnex and you're all set-exactly as 
though you were using a standard ST506 drive. And, you'll enjoy 
optional connectivity to hundreds of other peripherals with 
appropriate software, including tape and optical drives. 

1 ?IJ. ]), /fl <!Dlnpo±i.bilil-y 
SmartConnex is compatible with al/ PC ATs and operating sys
tems, and is guaranteed to work with a// existing AT applications. 
So it isn't necessary to buy new programs or make any changes 
to system software. No matter what operating system or SCSI 
disk drive you use, you won't have to worry about controller 
compatibility. 

SmartConnex's on-board 68000 processor and custom-designed 
ASIC ch ips make it the highest-performance control ler on the 
market. Its unique design pushes the fastest SCSI disk drives to 
their top performance limits! 

lln /I+ in aKordoJ>iJ,'+t.f 
SmartConnex costs less and performs better t)ian other prod
ucts- it's that simple. When you consider cost along w ith Smart
Connex's other great advantages, there's no smarter move! 

fiaded !xj & ies-1-: D-Pr 
Distributed Processing Technology was the first to develop 
caching disk control lers and hardware disk mirroring for micro
computers, and is the recognized leader in the industry. Our 
products have been at work for over a decade, speeding up min is 
and mainframes. We offer a 1-year warranty, clear documenta
tion, and outstanding technica l support. 

Puf ~mar-f(!e;1111e,I 6-tA.e ~l j 
Cal l today and f ind out more about the end of the SCSI compati
bil ity crisis- w ith SmartConnex, from DPT. 

DPT 
Distributed 132 Candace Drive 

Maitland, FL 32751Processing Phone: (407) 830-5522 
FAX: (407) 260-5366 Technology 

Circle 116 on Reader Service Card (RESELLERS: 117) 



DOCUMENT MANAGEMENT 0 NETWORKED PCS 

in Imara as compressed Group 4 fax 
images , you can share them within a PC
network environment. 

Imara uses a five-level hierarchical 
cataloging system. Users define their 
image database by creating sets, which 
are analogous to file cabinets; catego
ries , which are like file drawers; and file 
folders, which contain documents. Docu
ments are composed of one or more 
image and text pages. Imara 's database 
can store up to 40 million pages. Once 
documents have been stored in Imara's 
database, you can access them through 
Imara 's query-by-forms and keyword 
search facilities . 

After categories have been set up , you 
can fill in a form template for each docu
ment you wish to check in. These tem
plates are similar to ProFound's catalog 
cards and enable you to search for docu
ments using structured information, 
such as owner, topic, action-due-date, 
and priority, and to perform unstruc
tured searches using keywords that cross
reference information in different files. 

Individual pages can be retrieved and 
displayed at the user's workstation and 
can be annotated with electronic Memo-

Tabs. MemoTabs are electronic notes 
that provide a convenient way to share 
comments about a particular image. 
They can be either displayed on the. 
image or hidden to facilitate printing. 

Users create their filing system by 
creating new sets, categories, and folders 
interactively with Imara, or by using 
Imara's Execution Language (IXL) to 
create a database script. If you will be 
moving many document~ into Imara, it is 
much faster to create a database using 
IXL than to create the database as you 
import your files. 

Imara 's script language is straightfor
ward-Imara has done a good job of pro
tecting the user from the SQL Server in
terface . But the documentation assumes 
that the system administrator has a thor
ough unoerstanding of SQL Server and 
of the networking environment. 

When you start Imara, you see four 
icons: a server, an in box, an out box, 
and a trash can. The server icon includes 
all the document and image files that 
have been stored in different sets, catego
ries , and file folders. The in box lets you 
scan or fax graphics files and import 
ASCII text files into the system. The out 

box lets you fax, print, export, or I-mail 
files . The trash can lets you delete or re
move files (see photo 2) . 

When you first click on a page in a 
document, two windows appear: a page 
tool and a page window. The page win
dow displays a portion of the image file 
that you have loaded into the Imara desk
top . The page tool's Panview displays a 
miniature of the entire page, along with a 
shaded rectangular area called the lens . 
The area in the lens indicates the specific 
portion of the page. By dragging the lens 
in the page tool with your mouse, you can 
view different parts of your image file in 
the page window. Imara also has a pre
view feature that lets you view an image 
without loading and decompressing it. 

Imara's I-mail Jets you distribute doc
uments by copying or linking them to 
other folders . I-mail is too limited for 
general office messaging, however; it 
only provides a one-line message field . 

Much oflmara' s power comes from its 
ability to link documents. Linking docu
ments assigns pointers from a document 
to different file folders . This helps con
serve disk storage and allows users work
ing within different file folders to view 
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or modify multiple copies ofa document . 
Imara's use of Group 4 file compres

sion enables you to store 81h-inch by 11 
inch 300-dot-per-inch images, which 
normally require about 3 MB of storage, 
in several hundred kilobytes . But Group 
4 compression doesn't work well with 
complex images like photographs; in 
fact, this type of image may be larger 
after compression. But the bottom line, 
according to Imara, is that storage costs 
using " jukebox" optical drives have 
come down to about 5 cents per page
provided you make the initial investment 
in such equipment. This is competitive 
with microfilm and paper-based docu
ment storage systems. 

I found that 150-dpi scanned or faxed 
images are hard to read on a standard 14
inch VGA monitor. Using a 1024- by 
768-pixel enhanced VGA display or a 
1280- by 960-pixel 19-inch Moniterrn 
display greatly enhances document legi
bility and obviates the need to print out as 
many files . Since Imara currently sup
ports only monochrome displays and 
printers, most users will opt for a large 
high-resolution monochrome display. 

lmara has written its own OS/2 driver 

to support the HP ScanJet Plus, and the 
company recommends GammaLink ' s 
GammaFax. (At press time, Gamma
Link was the only fax-modem supplier 
shipping an OS/2 driver.) 

Imara ' s ScanJet interface works flaw
lessly , but I discovered that Hewlett
Packard' s interface card conflicts with 
16-bit VGA cards. (This can be resolved 
by plugging 16-bit VGA cards into an 8
bit slot.) Scanning images requires pa
tience ; most users will eventually be 
compelled to invest in an automatic 
document feeder for their scanner. 

All this power takes its toll in the hard
ware department . Imara workstations re
quire at least a 386SX-based PC with 4 
MB of RAM, a 30-MB hard disk drive, a 
VGA adapter and monitor, a mouse, and 
a network adapter running OS/2 1. 2 or 
higher . 

Imara servers require a 386 processor 
with at least 8 MB of RAM, a 100-MB 
hard disk drive, and a network operating 
system that supports OS/2 1.2 with Mi
crosoft SQL Server 1.1, Oracle Server, 
or IBM 's Database Manager. 

Imara recommends using WORM 
(write once, read many times) optical 

Yours. 
Harvard Graphics 2.3 from Software Publish ing Corporation brings 

new dimensions to presentation graph ics. The Hewlett-Packard LaserJet Ill printer 
wri tes a new chapter in printing history. 

Puc chem together and your presentation becomes a 
major event. 

disk storage, HP LaserJet printers with at 

least 2 MB of memory, GammaLink ' s 

GammaFax, a LaserMaster LXI printer 

controller (to enable the LaserJet to print 

images at a usable speed) , and an HP 

ScanJet Plus . 


Management Decisions 

Both Imara and Profound solve real

world document management problems. 

But despite their implementation of ad

vanced client-server technologies , nei

ther product Jets users manage both text 

and image files effectively. 


Businesses such as law firms and ac
counting firms that have standardized on 
particular DOS applications like Word
Perfect or Lotus 1-2-3 should give Pro
found careful consideration. Businesses 
such as insurance companies managing 
many graphics-based documents that in
clude diagrams , hand-written notes, and 
signatures will find lmara invaluable. • 

Doug Dayton is the founder of Dayton 
Associates, a computer-industry market
ing and consulting firm in Belle vue. 
Washington . He can be reached on BIX 
c/o "editors. " 

Harvard Graphics 2.3 

iiiiiiiiiiiiiiiil1~...;;;-:;;L1t-,., Harvard Graph ics is packed with easy-to-use new features 
jll chat will dazzle your audience-like a gallery of pre-designed 

charts and DrawPartner ;" an integrated advanced drawing package. 
The HP LaserJet Ill has raised the standard of printing excellence 

with HP's exclusive Resolution Enhancement technology. Your graphics will look unusually 
sharp-better than ever before. cn~soFTWARE 

With Harvard Graph ics and the HP LaserJet Ill , your next presentation is certain to be ~C~PUBLISHING
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The Joneses. 


II Check out the benchmarks. When it AMMA uses ''write-back" cache technology 
comes to speed, pure and simple, main instead of the "write-through" technologies used 
frames are no longer the main attraction. in most PC's. The write-back cache was developed 

Introducing the Everex STEP 486/33 
and STEP 486/25. Along with the STEP 
486is they give you desktop perform
ance that was previously unheard of 
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for mainframes. Everex was the 
pioneer in developing it for the PC. 
And in doing so, opened a whole new 
dimension in desktop performance. 

There are two reasons. The first, of course is With AMMA you can write directly to the 
the 486™chip. The other is Al\1MA';' Everex's STEP 486's cache in nearly all cases. With write
proprietary Advanced Memory Management through techniques, on the other hand, you lose 
Architecture. most of the performance benefit of the cache. 

•Inquiries from outside the US. call 41S·49 ·1111. EVER ror EXcellencc is• «gjS<er<d trademark and E;·emc.STEP, STEP 486is, AMMA and PDS are trademarks of Evtr<x S~1ems. lnc.4i6 is• trademark oflniel Co11>. 



And howto keep up

withthem. 


That's because write-through forces you to write 
to main memory much more often. And main 
memory is slower than the cache. 

This is especially important in 486 computing 
where the CPU performs as many as four times the 
write operations as in 386. Which makes AMMAs 
write-back architecture, combined with the 486's 
embedded cache, a powerful combination indeed. 

But the STEP 486 machines give you more 
than just speed. They come with Programmable 
Drive Select. Ifyour drive isn't listed on the set

up table, PDS™Iets you custom-configure the BIOS. 
It's good for virtually any hard drive. 

What's more, all STEP systems come with a one
year extendable warranty and a one year renewable 
on-site service contract that also covers all Everex 
peripherals in the system. 

To find out more, call l-800-334-4552*for the 
name of your nearest Authorized Everex Reseller
every one a high performance expert. 

Then you can let the Joneses try keeping up 
for a change. REJE-

£¥FR~D~~· 

1990 E,.erex Sys:te~ Inc. For more information on how the abQ\·~ benc.Jimarks v..-ere deri\'Cd,.pleue wrile the E"<ercx ~rfomunceTest Center. 48431 Milmon1 Drh"C. Frt:mont. CA 94538. 
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Steve Apiki 

REVIEW 

Small, Low-Cost UPSes 


PC Power's /nnerSource 2210 (left) takes a unique approach to backup power by 
offering a UPS as a replacemem for a standard supply. Upson ic 's PC Might-25 
(right), a single-user UPS, is the smallest, lightest unit BYTE has seen. 

Data residing on a single-user system 
is not any less critical than data 
stowed on a network file server. 

But until recently, protecting your sin
gle-mach ine installation from the vaga
rie of your utility company often meant 
shelling out the cash for a big , noisy un
interruptible power supply (UPS) with 
more capacity than you required . 

Upsonic and PC Power & Cooling of
fer two solution to the problem of sup
plying reliable power to a single ma
chine. The Upsonjc PC Might-25 is a 
mall , quiet, and inexpensive UPS that's 

suitable for use on a desktop. PC Power 

PC Might-25 

Company 
Upsonic Corp. 
One Park Plaza, Suite 600 
Irvine, CA 92714 
(714) 833·7162 

Hardware Needed 
Microcomputer system 
(drawing 250 VA or less) 

Price 
$195 

Inquiry 1106. 
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& Cooling's InnerSource Model 2210 is 
a drop-in replacement for AT power sup
plie with an internal standby system and 
AC power for the monitor . 

Strictly speaking, both the PC Might
25 and the AC side of the InnerSource are 
standby power supplies (SPSes). When 
utility power fajls or dips below a critical 
level , they switch from providing power 
directly from the line to providing power 
from a built-in battery. When there is ad
equate AC power, they u e some of the 
available energy to recharge the battery. 

While these two models are function
ally similar their design philosophies 

lnnerSource Model 2210 

Company 
PC Power &Cooling, Inc. 
31510 Mountain Way 
Bonsall, CA 92003 
(619) 723·0075 

Hardware Needed 
AT or 386 computer with space for 
a full-size (8%· x 591fo- x 5s;,0-inch) power 
supply 

Price 
$495 

Inquiry 1107. 

are radically different. The PC Might
25 , although small and inexpensive, is 
more or less a traditional SPS; the Inner
Source , on the other hand, avoids many 
of the problems of providing AC backup 
by supplying DC power directly to the 
computer . 

PCMight-25 
At $195 , the PC Might-25 is easily the 
least expensive SPS I have come across. 
The price i low enough to attract people 
who may never have considered buying 
an SPS in the past. What you get won ' t 
shatter any records for holdup time or 
provide the same type of power your sys
tem 's power supply is used to , but it wil l 
provide adequate power for cooducting 
ao orderly shutdown. 

The unit is not much bigger than a 
large modem or a small external disk 
drive . Installation is imple. The nine
page user's manual is enough to describe 
user interaction witb the system in suffi
cient detail. 

As you might expect from the unit's 
size, holdup time i limited. The PC 
Might-25 shuts off before the battery is 
completely drained , to lengthen battery 
life and shorten recharge time. I mea
sured holdup time with two loads . The 
first was a small 286 system runoing a 
hard disk drive and a monochrome moni
tor; this system drew 0.8 amperes of cur
rent, so the power requirement wa about 
40 percent of the PC Might-25 's capac
ity. The econd load was a larger 486
with-VGA unit that drew close to twice as 
much power. The resu lts are shown in 
figure 1. 

When the power goes off, the unit 
sounds a noticeable but unobtrusive 
alarm. That 's its only communication
since it i meant to back up single ys
tems , the unit ha no ports for sending 
signals over a network or to the protected 
system for automated shutdown. 

Small capacity offers one small ad
vantage: It takes very little time to re
charge the unit. Up onic claims that a 
full recharge can be completed in 2 to 3 
hours. 

I had no problems running systems 
during standby operation . The manufac
turer specifies transfer time {the time to 
switch from normal to backup power) at 
4 milliseconds, which houJd be quick 
enough to escape the computer' s ootice. 
Cut-io and cut-out poiots are fixed at 102 
volts and 108 V, respectively, so if you 
experience frequent brownouts , the sys
tem may go on and off more than you 
would like. 

Backup power has a modified square 
waveform . Engineers argue over whether 



New Model- SLPr" has 8 parallel and 2 serial ports : The 
original SLr"has 4 parallel and 6 serial ports. Both can 
share any combination of ten printers or PCs; automatic 
switching, queuing, and serial-to-parallel conversion 

Improved Data Throughput-True 115,200 bps: use other 
vendors' file transfer software with serial connected PCs 

Pop-up Menu via Hotkeys: Keyboard selection of printers 

Simple Installation: Just plug in your cables and run the 
menu-driven installation software 

User Upgradable Memory: From 256KB to 4MB buffer 

Save by Sharing Resources: The SL enables everyone 
to share lasers, printers, plotters, and modems. Greater 
access by more users reduces unproductive idle time 
and the expense of purchasing additional peripherals. 
All users can simultaneously send print data and 
quickly release their PCs to continue working. 

BUFMLO~ 
45 Day Money Back Guarantee 

CALL TODAY (800) 345-2356 
Fax (503) 585-4505 

Buttalo Products, Inc. 2805 19th St. SE,Salem, OR 97302· 1520 

Circle 399 on Reader Service Card 

HWP 5Ports from $275 
All ports are parallel and user 
configurable as either 3 inputs 
to 2 outputs with a pop-up 
menu, or 4 inputs to 1 output 
as a buffered auto-switch; 
memory is user upgradable 
from 256KB to 16MB buffer 

AS-41 5Ports $200 
4 parallel inputs to 1 parallel 
output, automatic switch with 
no buffer; use the AS-31 for up 
to 3 inputs to 1 output, $175 

CE 2Ports from $175 
Printer buffer with 1 parallel 
input to 1 parallel ou tput, from 
256KB to 4MB buffer 

SPPS Converter $100 
~~~~~~~~~.;___~ 

Combination serial-to-parallel, 
or parallel-to-serial interface 
converter in a single unit, no 
power supply needed, serial 
transfers to 115,200 bps, DIP 
switch configurable 

RCJ Toshiba Memory Module 

Memory expansion module 
for the Toshiba TlOOOSE, 
TIOOOXE, or J3100SS laptop 
(notebook) computer, 
IMB - $299, 2MB - $549 

Cables &Adapters 
High quality, 24 gauge 
shielded cables, parallel or 
serial; modular cable adapters 



M;IQllM SMALL, LOW-COST UPSES 

MEASURED HOLDUP TIMES 

~ Worse Better ~ 

lnnerSource 221 0 

PC Might-25 

0 5 10 15 20 

Time (minutes) 
D Smallload • Large load 

Figure 1: Holdup times for typical small and large loads, in minutes. 

AC 

HOW THE INNERSOURCE 2210 WORKS 


DC outRectifier DC-to-DC 
conversion 

Battery 

Transfer 
switch 

Charger 

AC out 

Figure 2: Block diagram ofthe lnnerSource 2210 power supply. The output ofthe 
battery is wired to the DC-to-DC converter, which means that no DC switching is 
required when power fails . 

or not square waves make a good input to 
switching power supplies , but the PC 
Might-25 provides output filtering to 
eliminate much of the noise associated 
with square-wave outputs. 

The InnerSource 
A traditional SPS takes in AC power 
converts it to DC power, and stores it in a 
battery. When a blackout occurs , the unit 
takes DC power from the battery, trans
forms it to AC power, and sends it to the 
power supply in the computer , which 
transforms it to DC power for use in the 
system . For those of you keeping score, 
that's three conversions where only one 
is requi red , and each conversion means 
less efficient use of power. 

PC Power & Cooling 's InnerSource 
eliminates most of the extra steps. The 
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InnerSource looks (and acts, under nor
mal conditions) like a standard , FCC 
Class B, full-size AT power supply. It re
places the power supply unit in the ma
chine that you intend to protect. When 
the power fails , the unit supplies DC 
power from the battery directly to the 
system board (see figure 2) . There is no 
need for additional conversion. 

In addition to having a clean and effi
cient design, the InnerSource sidesteps 
debates over which waveform is best and 
how much noise an AC inverter intro
duces . Since the battery and rectifier are 
connected to the same transformer , PC 
Power & Cooling also claim zero trans
fer time between standby and normal 
operation. 

If you didn't need to power a monitor 
during a blackout , this would be the end 

of the story. Since you do , the Inner
Source provides a standard battery-in
verter stage for supplying AC power to 
the system monitor. This is a typical 
standby system, with a rated transfer time 
of 2 ms and a 120-V root mean square 
modified rectangu lar-wave output. 

Holdup times, shown in figure 1, were 
good- certain ly enough to save work and 
shut down properly. Like the PC Might
25, the InnerSource sounds an alarm at 
power failure and shuts down before the 
battery is completely drained . This unit 
requires 8 hours for a full recharge , but it 
recharges constantly as long as the sys
tem is plugged in . 

Classifying the power output of the 
InnerSource is not as easy as it is with 
that of an external SPS. The unit supplies 
220 watts of DC power to the system 
board and 120 volt-amperes of AC power 
to the monitor. With efficiency and 
power-factor calculat ions considered , 
PC Power & Cooling claims that the In
nerSource is equivalent to a 550-VA ex
ternal UPS · in any case, 220 Wis enough 
to run a heavily stocked AT or 386 sys
tem with no problems. 

The 120-VA (l -ampj AC ource, how
ever, is a little underpowered. Typical 
VGA monitors require just about all of 
this; an IBM 8513 , for example, requires 
0 .95 amp. Big-screen monitors can eas
ily require 1.2 amp and may require 1.6 
amp ; the power draw means you can ' t 
use the InnerSource with a typical 19- or 
20-inch monitor. 

If you want to run a network server off 
the InnerSource, PC Power & Cooling 
offers a $49 modu le that lets the Inner
Source talk to a network . 

The InnerSource ha a few weak 
spots , but these have to do with the na
ture of the device. It requires enough 
room inside the case for a fu ll-size sup
ply and , of course, will work only wi th 
IBM PC- compatible machines . If a 
power failure should occur, you'l l need 
to replace the enti re unit; with an exter
nal system, you need replace only the 
UPS or the internal supply. And at $495 , 
replacements aren ' t cheap. Fortunately , 
PC Power & Cooling has an excellent 
reputation for reliability. 

Between the PC Might-25 and the In
nerSource , you should be able to find 
what you need to back up a single system. 
Whether you prefer the traditional exter
nal device or the drop-in replacement 
concept, the peace of mind you 'll get is 
worth the small investment. • 

Steve Apiki is a BYTE Lab testing editor/ 
engineer. He can be reached on BJX as 
"apiki. " 



The best got better. 
SYSTAT 5.0's new menus make the top-rated 
statistical program even easier to use. v 4.1 

New Features Menus or commands - your choice Rewritten 
documentation includes statist ics tutorials Fast, built-in drivers for 
SYGRAPH Global mapping and many new plots Multi way repeated 
measures Means model for missing cells designs Post-hoc tests 

Interactive stepwise regression. 

Statistics Basic statistics. frequencies. I- tests, post-hoc tests 
Multi way crosstabs with log-linear modeling. association 

coefficients. PRE statistics. Mantel-Haenszel, asymptotic standard 
errors Nonparametric statistics (sign, runs, Wilcoxon, Kruska l 
Wallis. Friedman two-way ANOVA. Mann-Whitney U, Kolmogorov
Smirnov. Lilliefors. Kendall coefficient of concordance) Pairwise/ 
listwise deletion of missing values. Pearson correlation. SSCP. 
covariance. Spearman. Gamma. Kendall Tau. Euclidean distances. 
binary similarities Linear. polynomia l. mu ltiple, stepwise. weighted 
regression with extended diagnostics Multivariate general linear 
model includes multi way ANOVA. ANCOVA. MANOVA. repeated 
measures. canonical correlation Principal components. factor 
analysis. rotations. components scores Multidimensional scaling 

Multiple and canonical discriminant analysis. Bayesian classification 
Cluster analysis (hierarch ical, single, average, complete. median. 

centro id linkage. k-means. cases. variables) Time series (smoothers. 
exponential smoothing. seasonal and nonseasonal ARIMA. ACF. 
PACF. CCF. transformations. Fourier analysis) Nonlinear estimation 
(nonlinear regress ion. maximum likelihood estimation, and more). 

Graphics Overlay plots Drivers for most graphics devices 
Two-dimensional: Error bars Scatterplots Line and vector graphs 
Vector. dot. bubble and quantile plots Bar graphs (single, mul tiple. 

stacked. range) Box plots (single and grouped) Stem-and- leaf 
diagrams Linear. quadratic, step, sp line, polynomial. LOWESS. 
exponential smoothing Confidence intervals and ellipses (any alpha 
value) Smooth mathematical functions Rectangular or polar 
coordinates Log and power scales ANOVA interaction plots 

Histograms (regular, cumulative. fuzzy) Stripe and jitter plots 
Gaussian histogram smoothing Scatterplot matrices Voronoi 

SYSTAT is the only package 
to receive these three awards. 

tesselations Minimum spanning tree Maps with geographic 
projections (U.S. state boundary fi le included, county and world 
boundary files available) Chernoff faces Star plots Fourier plots 

Pie charts Contour plots on regularly and irregularly spaced poin ts 
Control charts and limits Three-dimensional: Data plots Smooth 

function plots Vector plots Linear. quadratic. spline. least squares 
surface smoothing Typefaces that print in perspective. 

Data Management Import/export Lotus, dBase. and DIF 
files Full screen data editor Full screen text editor Unlimited 
cases Missing data, arrays. character variables Capability to 
process hierarchical, rectangular or triangular files. irregular length 
records Character. numeric. and nested sorts Merge and append 
la rge files Unlimited numeric and character variable transformations 

Subgroup processing with SELECT and BY Value labels and RECODE 
statements Macro processor with programming language. screen 
control, file manipulation, applications generation. and report writing. 

SYSTAT operates on IBM PC's" and compatibles, MS-DOS~ 

VAX• tMicrovax and Macintosh!' Site licenses. quantity prices and 

training seminars available. No fees for technical support. 


SYSTAT--====® 
SYSTAT. Intelligent software. 

For more information call or write : SYSTAT. Inc. 1800 Sherman Avenue. Evanston, Illinois 60201-3793 Tel : 708.864.5670 Fax: 708.492.3567 

For international representatives call : Australia 61.3.4974755, Canada 416.424.1700. Finland 358.0.6923800. France 33.1.40935000. 

Germany 49.61.265950, Italy 39.587.213640. Japan 81.3.5902311. New Zealand 64.71.562675, Norway 47.3.892240, Sweden 46.8.110620. 

Switzerland 41.31.416611, The Netherlands 31.3402.66336, UK: Letchworth 44.462.482822. London 44.81.6926636. London SE 44.0753.841686 
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REV I EW 

TravelMate 2000 LivesUp to Its Name 


The Texas 
Instruments 
TravelMate 2000 
packs AT-class 
performance into 
a 4-pound 
notebook PC. 

There's something about the Texas 
Instruments (Tl) TravelMate 2000 
notebook PC that says, "Take me 

with you ." Its size (11 by 81h by 1%inch
es) and weight (4% pounds with battery) 
are big factors in creating that impres
sion. So are its 640- by 480-pixel VGA 
display , internal 20-megabyte hard disk 
drive , and 12-MHz 80C286 CPU . To
gether, these features make for what is 
arguably the most totable AT-class note
book system available. 

The TravelMate 2000 has its flaws. 
The battery life is sub-par: 2 hours at 
best (an optional battery pack adds 3 
hours to the running time, 21J inches to 
the length , and about 2 pounds to the 
unit' s weight). A floppy disk drive is 
available only as an external option . 
Some people might find the keyboard un
comfortable to use; the keyboard pre
sents no typing angle to speak of, and it 's 
set back about an inch from the front of 
the unit. And with a price of $3995 , the 
TravelMate is also expensive. 

On the plus side the TravelMate pro
vides performance, VGA , and conve
nience. These benefits compensate for 
the drawbacks if portability is the main 
issue. 

What You Get 
TI sells the standard Trave!Mate with 1 
MB of internal RAM (expandable to 3 
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MB with two 1-MB RAM cards) , a 2 1h
inch 23-millisecond 20-MB hard disk 
drive, one serial and one parallel port, 
the triple supercwist VGA LCD screen 
with 16 gray levels and an AC adapter. 
MS-DOS 4.01 LapLink, and the system 
utilities reside on 1 MB of ROM . This all 
fits easily into any briefcase, with room 
left for other essentials. 

When you turn on the TravelMate, you 
a.re greeted by Laptop Manager, a DOS 
shell. Laptop Manager comes set up to 
run the system utilities from a menu ; 
adding applications to the menu is a sim
ple matter of answering a few prompts. If 
you get stuck, pressing Fl brings up a 
help screen. 

The system utilities include Traveling 
Software ' s ubiquitous LapLink file 
transfer program (cables are included 
with the TravelMate) and Battery Watch, 
which monitors battery drain . Both pro
grams are well-regarded, time-tested 
utilities. 

Tl pairs Battery Watch with its Bat
teryPro power-conservation software. 
BatteryPro is what TI terms a 'power 
conservation system." Basically, it mon
itors the notebook s components-hard 
disk drive, display, and keyboard-and 
shuts them down when they're not used 
for a specific amount of time. It puts the 
whole system in standby mode after ape
riod of inactivity, and it automatically 

TravelMate 2000 

Company 
Texas Instruments 
P.O. Box 202230 
Austin. TX 78720 
(800) 527-3500 

Components (as reviewed) 
Processor: 12-MHz 80C286: socket tor 
80C287 math coprocessor 
Memory: 1 MB of RAM; 1 MB of ROM 
for MS-DOS 4.01 and utilities 
Mass storage: 2112-inch 23-ms 20-MB 
Conner Peripherals hard disk drive 
Display: 10-inch·diagonal 640· by 480· 
pixel VGA: backlit triple supertwist LCD 
Keyboard: 79-key IBM Enhanced style 
1/0 interfaces: One parallel port; one 
serial port; one proprietary external 
expansion bus 

Size 
11 x 81h x 1 % inches: 4% pounds 
(with battery) 

Price 
$3995 

Inquiry 1078. 

selects CPU speed for your applications. 
(The slower you run the CPU, the less 
drain on the battery.) It also has a RAM
based hard disk cache to minimize ac
cesses . Power utilities of this ilk are be
coming common on many notebook PCs. 

Despite BatteryPro 's energy-saving 
features , the TravelMate manages only 2 
hours of running time on a charge. This 
is undoubtedly because TI shaved size 
and capacity from the battery to reach 
size and weight goals. 

File Manager, another Laptop Man· 
ager utility , is exactly what its name im
plies; you can edit, execute, copy, delete, 
find , and so on . File Manager is simple 
and does the job, but it ' no orton Com
mander. For instance, if you want to find 
a file, you must already be in the direc
tory in which it resides . 

Options You Will Need 

If you spend $4000 for a 4-pound AT

compatible system , you will probably 

want all the benefits of the 12-MHz pro

cessor along with its convenience. Well , 

you can have them, but at the cost of a 

few more dollars and a little of that con

venience. 


For starters you need a modem (it' 
about time modems became standard 
equipment on all notebook PCs) and at 
least another megabyte of memory to run 
the latest software. Add $499 and $549, 



486 Engineering Workstation 
80486-25MHz CPU 2 serial, l parallel & l game•4MB RAM ports 

128KCache 101 Enhanced keyboard 
l .2MB 5.25' floppy d rive MS-DOS 3.3 or 4.01 

l .44MB 3.5' floppy d rive Two year warranty• 

•••lSOMB ESDI hard drive 

••••••• 16-blt VGA cord w/512K $4,595• Super VGA color monitor 
(1 024x768) 

386/33MHz Corporate Workstation 
• 	 80386-33MHz CPU • 2 seria l. l parallel & l game 
• 	 4MB RAM ports 

• 	 101Enhanced keyboard• 	 64KCoche 
• 	 MS-DOS 3.3 or 4.01• 	 l .2MB 5.25" drive 
• 	 Two year warranty•• 	 l .44MB3.5" d rive 

• 	 lOOMBIDE hard disk d rive 
• 	 16-bit VGA c ordw/ 512K $2,995
• 	 Super VGA color monitor 

(1 024x768) 

386/25MHz Business System 
80386-25MHzCPU 2 seria l, l parallel & l game•4MB RAM 	 ports 

101 Enhanced keyboard 

1.2MB5.25' floppy d rive MS-DOS 3.3 or 4.01 

••• 64K Coche 

1.44MB 3.5' floppy drive Two year warranty• 

•••l OOMB IDEhard d rive 

16-bitVGA cordw/512K 


••••• Super VGA color monitor $2,795 
(1024x768) 

386/20MHz Pro-System 

386SX Executive System 


Our Best Starter Package Ever! 
• 286/ 12 computer • Printer stand 
• lMB RAM • Ten diskettes 
• l .2MBor l .44MB • Computer paper 

floppy d rive • MS-DOS 3.3 or 4.01 
• 40MB hard d rive • Choice of software 
• Monochrome • User's guide 

monitor • Surge protector 
• 101 key keyboard 
• Panasonic 1180 

p rinter &coble $1,495 
Circle 12 on Reader Service Card 

' If you're looking to buy a computer by moil order but still wont a 
company that will stand behind what Issells. the ACMA 386/25 is 
a good bet.' 'Among PCs reviewed this issue. our favorite is the 
ACMA 386/25.' "Choose the ACMA 386/20 for better-thon
overoge construction quolity: o1m & 12120 1989J 

'The Acmo 386SX is highly expandable , performs well .l'IUUlanER and offers o verv complete system tor an excellent
='olt'l:r! prlce ...Acmo offers one of the best service policiesin the 

moil-order business.' 'The Acmo system not only looks 
good. it's a good performer. .. it performed consistently above overage.' 

(Moy/June 1990) 

~ ' .. .the machine could reliably handle everything I piled 
• • .; _ onto it.' 1he systems from ACMA Computer. Inc. Inspire 

~ confidence: 'Clearly. ACMA Intends to be competitive, 
not only In terms of system bong for the buck, but also in the realm of 
intangibles like technical support and product warranty.' (AprO & JUIV 1090> 

800-456-8809 

Hearing Impaired TDD 800-456-8901

Acma 

Ask Us About On-Site Service! 

• 	 80386-20MHzCPU 
• 	 4MBRAM 
• 	 l .2MB 5.25' floppy d rive 
• 	 1.44MB3.5' floppy d rive 
• 	 65MB hard drive 
• 	 16-bit VGAcordw/512K 
• 	 Super VGA color monitor 

(1024x768) 

• 	 80386/SX- 16MHzCPU 
• 	 l MB RAM 
• 	 l .2MB5.25' floppy drive 
• 	 l .MMB 3.5" floppy drive 
• 	 65MB hard drive 
• 	 16-bitVGAcord w/512K 
• 	 Super VGA color monito r 

(l024x768) 
AD compulert ore COV91ed by o •two year lcbor 
ond one y&ar ports worronly end o ~Doy 

"Money·Boci< guorontee. We oecept VISA. 
Mcoler Cad. Ame<1con Exp<...,. OScovet cad. 
C.0 .0 .. approved POs. ond personal ci"lecb 
(olow I dov> To clear). Al P<ices and specillco
llons. 0te :5U:ljec1' to ChOnge w1ThOU1 nottce. Col 
Acmcl01cu·"'"'spec:lftcc!icns.P<lclng.paymeoT. 
snipping, '''''"''"Y. leo<W>g onct retun polde~
0045--0cy Money-Bocic guorontee covers Acmo 
t:l<ond CCJ<nP<JIO<$ oNy (~ not ~
Sottwcre. pfinf&t$, monitOB and .slipphg ore not 
retundoble. Non-Acme bfond product'$ ore 
coveradbylhMmon~WOffonty. Weore 
nor,...,,.,,_ '"' emlf> n typogopliy. photog
ropiw. oc or o~. Acmo mserves the rignr ro 
submtufe &QUhident ports. Brand names ore 
regb-tered Tr0dem0rk$ Of ft'leir rG'Sl)eC1'tve corn
~. 386 and 486 are 1eg;ster8d 1Tod9mor1cs ot 
Intel Cotp¢<OT10n. Aano CornpU!OtS ne.. Ill 
f<>.ok>r Ave.• Fremont. CA 94539 (4 15J 623-1212 
COip.. (4 15) 623-0818 Fax 

• 	 2 seria l, 1 parallel & l game 
ports 

• 	 101Enhanced keyboard 
• MS-DOS 3.3 or 4.01 
• Two year warranty• 

$2,395 

• 	 2 seria l. 1parallel & l game 
ports 

• 	 101 Enhanced keyboard 
• MS-DOS 3.3 or 4.01 
• Two year warranty• 

$1,995 
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M;iiiiiWM TRAVELMATE 2000 LIVES UP TO ITS NAME 

DOS BENCHMARKS 

TravelMate 2000 

Compaq Deskpro 386/20 

IBM PC AT 

DWord o Deskiop o o o o DScientiticl 
Processing Publishing Database Compliers CAD Engineering Spreadsheet 

TravelMate 2000 

Compaq Deskpro 386/20 

IBM PC AT 

0 CPU D FPU D Disk D Video 

CONVENTIONAL BENCHMARKS 

LINPACK Dhrystones 
(single) (Ohry./sec.) 

(MFLOPS) 

Tl TravelMate 2000 0.3397 3474.7 

Compaq 386/20 0.16970 8449.7 

IBM PCAT 0.02105 2317.9 

For appltcalion and low·level benchmarl<s. results are indexec and show relatioe performance: !or eaoo 
individual index. an S·MHz IBM PC AT running MS-DOS 3.30 • 1. 

The BYTE low·level benchmark suite identifies performance differences bet1"'9n macl1ines at the hardware 
level; the application benchmarks evaluate real·worfd performance by running a standard test suite usmg 
oommerCially available applicatioM. Application 1nde~es ir.clude tests using the fOllov.1ng programs: Word 
proceSS<ng: WordPerfect 5.0; Desktop PubliShing: Aldus PageMaker 3.0; Database: Borland Parado.x 3.0 and 
AShton· Tate dBASE IV; Compilers: Microsol t C 5. 1 and Turbo Pascal 5.5; CAD: AuloCAD release 10 and 
GenE!lic CADD level 3 1. 1.5; Scientific/Engineering: Stata release 2, MathCAD 2.5, and l'C·Matlab 3.Sf: and 
Spreads~!: Lotus 1·2·3 release 3.0 and Miciosolt Excel 2. 1. 

The BYTE Lab introduced version 2.0 ol lhe DOS benchmarks on the August issue (see "BYTE 's New 
Benchmarks: New Looks. New Numbers"). Benchmark results for machines revfewec under previous 

respectively. If you use Windows or an
other graphical user interface, you will 
want the full 3 MB. And you will want 
the second battery pack ($249), or at 
least a spare internal battery ($129) . Two 
hours is barely enough under the best cir
cumstances. I got between l 1h and a little 
under 2 hours . 

These options push your capital invest
ment to over $5000. You also end up with 
about 2~ pounds more than the 5 pounds 
(with AC adapter) that you were al ready 
carrying. With the added paraphernalia, 
you also might have to make more room 
in your briefcase. 

Other Observations 

Although I complained about it earlier, I 

find the Trave!Mate 's keyboard accept 

able in light of what TI is trying to ac

complish. It felt comfortable, and I had 

little trouble adjusting to it. 


Cradling it in your arm, the Travel
Mate has a solid feel. It runs quietly; I 
did not experience the high-pitched 
whine some LCDs emit. I did notice 
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...,,sions aren't directly comparable. To obtain a copy of lhe benchmaiks. JOln the listings area of the 
byte.bmarks conference on SIX or contact BYTE directly. 

something about the construction that 
troubled me: When you open the screen, 
the tension from the hinge flexes the 
plastic above the keyboard more than I'm 
comfortable with. I don 't think this will 
affect the elect ronics , but I do worry 
about stress cracks developing in the 
case. 

On the BYTE benchmarks, the Travel
Mate turned in scores that, while not 
startling, were at least respectable-par
ticularly in the disk and video tests. Un
fortunately, the BYTE Lab could not get 
a cumulative application index, as the 
notebook's memory configuration was 
inadequate for running some of the soft
ware used in that test suite. My evalua
tion unit was not equipped with a math 
coprocessor. 

The black-on-white VGA screen has 
good contrast, and the light seems well 
diffused. A switch Jets you reverse the 
video to wb ite-on-black, and the contrast 
and brightness controls have adequate 
range. A pop-up utility lets you adjust the 
gray scaling. 

The Verdict 
TI has quite an accompl ishment in the 
TravelMate. For many people, it is in 
complete in its standard form, but no 
other computer offers so much in just 4 
pounds. (The Sharp 6220 is the same 
computer with only cosmetic differences 
and no utility software. TI makes it and 
similar notebook PCs under OEM ar
rangements . The TravelMate was actu
alJy a joint design project with Sharp.) 

The TravelMate is a charmer, warts 
notwithstanding, and that charm is pro
portional to the weight of the portable 
you are currently lugging around. The 
ultimate portable is one that you don't 
notice carrying and that performs com
parably to your desktop system . The 
TravelMate is as close as you can get to 
that ultimate portable. TI sacrificed 
some functionality to get there, but the 
trade-offs are reasonable. • 

Michael Nadeau is the managing editor 
of the BYTE Lab. You can reach him on 
BIX as "miken. " 
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Our Vf240 terminal emulator has 

changed the meaning of portability. 


fili Smart Terminal Emulltor 
• and CommunlcatJon• program 

-- - -~------------- 

What does Vf240 portability mean to you? 
• 	Portable across operating systems! Our ZSTEM 240 

software runs under both MS-DOS and Unix 386 System V. 
making your PC look and act like a Vf240/340 terminal 
on either operating system. 

• 	Portable across machines!ZSTEM 240 runs on IBM PCs,XTs, 
ATs, PS/2s and compatibles, from AT&Ts to Zeniths! 

• Portable across portables! ZSTEM 240 runs on portable 
PCs, letting you connect to your office systems when 
you're on the road. 

• Portable across video adapters! ZSTEM 240 supports 
all standard video adapters: VGA, EGA, CGA, MCGA, 
AT&T, Hercules and many extended adapters. No matter 
what adapter/monitor combination you use,ZSTEM 240 
displays double-high/double-wide characters, 132 columns, 

and Vf340 ReGIS, sixel and Tektronix graphics. 
• Portable across networks! ZSTEM 240 connects to your 

favorite networks, including Novell, 3COM,TCP/IP, 
Ungermann-Bass, Excelan, Wollongong, FTP,Sun and 
DEC's CTERM and LAT. 

Of course, ZSTEM doesn't really come with a handle. What it 
does come with is our top-notch technical support and 
documentation,plus asolid warranty, so you can be assured 
of quality products backed by quality people. Call today 
about our complete line of Vf emulation products. 
KEA Systems Ltd. Tull-Free Order Desk 
3738 North Fra er Way Unit 101 1-800-663-8702 
Bw·naby, B.C. Canada V5J 5G1 
Telephone: (604) 431-0727 
FAX: (604) 431-0818 

Z TEM and the KEA and ZSTEM logos are trademarks of KEA Systems Ltd. All other brand and prod uct names are trademarks or regis tered trademarks of thei r resp ective ho lders. 
~Copyright KEA Systems Ltd., 1989. All rights reserved. 
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Stan Miastkowski 

REVIEW 

Pricey Hard Disk DrivePortability 

The Disctec 20, 
shown here with 
its docking 
bracket, measures 
just 3.2 by .81 by 
5 inches and 
weighs only 7 
ow1ces. 

The Disctec 20 shows how far we've 
come from the clunky, noisy, and 
notoriously short-lived full-height 

hard disk drives that were the only game 
in town during the early days of the PC 
revolution. The Disctec 20 is a 20-mega
byte removable hard disk drive that's 
packaged in a neat little nylon-covered 
case measuring just 3.2 by .81 by5 inch
es. It weighs a scant 7 ounces . 

You might describe the Disctec 20 as a 
thick floppy disk. It's designed to be in
terchanged with a wide variety of PC
compatible computer systems by means 
of a "docking bracket" and a controller . 
The standard docking bracket requires a 
half-height bay in your system. (An ex
ternal docking bracket would be handy, 

Dlsctec 20 

Company 
Disctec 
147 Wes Lyman Ave., Suite 200 
P.O. Box 1750 
Winter Park, FL 32789 
(407) 645-0001 

Hardware Needed 

IBM PC, AT, or compatible or Toshiba T1200 


Software Needed 

MS-DOS or PC-DOS 


Price 

XT version, $670; AT version, $695; 

drive-only version, $640; Toshiba T1200 

version, $680; additional cartridge, 

$595; additional docking bracket, $50; 

additional controller. $100 


Inquiry 1060. 

but it isn't available at this time.) The 
unit u es a half-length add-in card that 
contains an Intelligent Drive Electronics 
interface. Cards are available in both 8
and 16-bit versions for PCs and ATs (and 
compatibles), respectively. The 8-bit 
card supports a single Disctec 20; the 16
bit card supports two. Ifyou have an IDE 
interface in your system, you can buy just 
the cartridge and the docking bracket . 

Disctec also offers a custom combina
tion docking bracket/interface card for 
the Toshiba T1200's expansion slot. Ac
cording to the company, more custom 
versions are in the works for other popu
lar laptop systems. 

The case is well sealed and houses one 
of the new-generation 2 lh-inch hard di k 
drives. The company claims it will take a 
150-g jolt without damage. 

For Your Eyes Only 
The idea of a portable, removable hard 
disk drive isn't a new one (Tandon did it 
years ago), but Disctec is the fir t com
pany to make it truly handy. The disk 
cartridge itself is small and light enough 
to toss into your briefcase at the end of 
the day and bring home to another com
puter equipped with a docking bracket. 
Even better is the ability to easily tote 
your work along on the road with a Disc
tec 20 in a laptop. And of course, you 
can't overlook the security aspect. Ifyou 
lock up your Disctec cartridge or (even 
better) take it along, your data is abso
lutely ecure from prying eyes . And if 
you use the Disctec 20 as your boot de
vice, your computer's even more secure. 

Installing the Disctec 20 isn't compli
cated. I installed mine in a 20-MHz 386 
system in two different configurations: 
as the primary (boot) drive and as a sec
ondary hard disk drive. The Disctec con-

trailer also has a floppy disk drive inter
face, so it can be the only disk drive 
controller in your system. When I in
stalled it as the secondary controller, I 
had to play with jumpers on the board, 
disabling the floppy disk drive controller 
and setting the memory location for the 
board so it wouJdn 't conflict with the pri
mary controller. 

Consistent Performer 
The Disctec 20 requires special driver 
software, called from your DOS CON
FIG.SYS file. Unfortunately, that pre
cludes its use with alternative operating 
systems, such as OS/2. The software 
comes with its owr1 well-designed autO
matic installation utility. That's where I 
initially ran into trouble. After installa
tion, the Disctec 20 was flaky, and disk
performance utilities such as Norton 
Utilities refused to recognize it. A quick 
call to Disctec got me an updated version 
of the driver, and I didn't have any addi
tional problems after that. 

The installation utility lets you choose 
among several options, including wheth
er you hear a beep when you change car
tridges. And if you re using the Disctec 
20 in a laptop, you can choose the time 
before the drive goes into a "spin-down" 
mode to conserve battery power. There's 
also a power-save mode where the disk 
keeps spinning but the support circuits 
are powered off. In pin-down mode it 
takes about 2 seconds for the drive to get 
back up to speed. Jn power-save mode 
recovery takes a short 1/ 10 second. Even 
without the power-conserving modes, 
the Disctec 20 pulls just I watt of power. 

No louch at performance, the Disctec 
20 has an average access time of23 milli
seconds, according to the company. The 
unit I tested did better, consistently scor
ing in the 19- to 20-ms range. Data trans
fer is a respectable 500 megabits per sec
ond. There is no performance penalty in 
using the Disctec 20. In fact, it wa con
siderably faster than my primary drive. 

The Disctec20 is well built and bandy. 
But you 11 pay a large premium for conve
nience. The interface, docking bracket 
and a cartridge retail for $670 to $695, 
depending on the system you want to in
stall it in . Additional drive cartridges 
sell for $595 · additional docking brack
ets are $50. For a 20-MB drive, that's ex
pensive. But to be fair , new technology 
is always initially exorbitant. Ifyou want 
or need true data portability and ecur
ity, the Disctec 20 is a logical choice. • 

Stan Miastkowski is a BYTE senior news 
editor. He can be contacted on BIX as 
"stanm." 
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To be ucce ful in coday's business environment ou 
need drive, decerminacion and commitment. You also need 
che righc produces supporting you-keeping thing running 
smoochly, on crack and on schedule. Products char consi rently 
meec operating pecificarions, and provide rhe dependability 
you can rely on. Produce uch as Mir ubi hi di k drive . 

Ju t like you, Mic ubishi Electronics i al o driven by 
uccess. We manufacture the lace c in memory storage rechnol

ogy, and offer one of che broade c ranges of flexible d rives in 
the induscry coday. ~ harever your memory requirements, 
Mir ubi hi ha the drive you need-from 720 KB and 1.44 MB 
3.5" model co 360 KB and 1.2 MB 5.25" models, with a vari
ety of mounting and bezel configuracions. 

As one of che largesc supplier of flexible 

Micsubi hi also manufacture rigid di k drives chat have 
the ame incomparable dependability a the flexible drives. 
Every 5.25" rigid drive supporcs che high-density mode of the 
newer (RLL) controllers, with up to 65 MB formatted memory, 
a well as the standard-density mode of the (MFM) controllers 
u ed in today' most popular y rem , with up co 42 B for
matted memory. 

So when you're looking for reliable, high capacity di k 
drives, look co Mir ubi hi . We'll make ure you gee a qual
ity drive. 

For the auchorized Micsubi hi re eller nearest you, call 
1- -556-1234, ext.. 54 in the . . and Canada (in C alifornia 
1-800-441-2345, ext. 54). 

• MITSUBISHIdisk drives in the world, Micsubishi~ 6' ELECTRONICSconcinues to earn ics repucarion for 
See us atproducequality and 

0 COMOOHi'Fall '90design innovacion. 
November 12- 1s. 1990 

Las Vegas, evada 
Bootn 1216\ fit ubi hi Elec me America, Inc. , Information \'>tems Division, 991 Knox Street, Torrance, CA - 2. 

Mit ubishi Electric Sales Canada, Inc., 5 \Xbodbine Avenue, Omario UR 5G I. 

©19 Mitsubishi Electronics America. Inc. Mitsubishi is a rtgisttrtd trademark of Mitsubishi Electric Corp., Tokyo. Image counesy of Software Publishing Corp. 
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REVIEWER ' S NOTEBOOK 

Reviewer 's Notebook provides new information-including version updates , 
new test data, long-term usage repons , and reader feedback-on products 
previously reviewed in BITE. 

PowerFlex 20CSX Model 110 ALR Pumps Up PowerFlex 

Reviewed in the June issue, the 286
based ALR PowerFlex and its up
gradable architecture provides a 

cost-effective means of keeping your 
DOS-based system current with the de
mands of your applications. Advanced 
Logic Research recently introduced a 
new PowerFlex model , the 20CSX , 
which begins life as a 20-MHz 386SX
based PC and is upgradable to a 25-MHz 
486. Like the earlier version, the 20CSX 
is relatively inexpensive and well made. 
The two systems also share the same 16
bit bus architecture , which forces you to 
pay a performance penalty when using 
the 32-bit i486 CPU. 

The 20CSX does not replace the earli
er PowerFlex. It is a midrange model that 
ALR is aiming at users of graphical in
terfaces such as Windows , and its config
uration reflects that. The Model 110 that 
ALR sent to BYTE comes standard with 
3 megabytes of RAM an 800- by 600
pixel Super VGA card , a 25-millisecond 
106-MB hard disk drive with an Intelli
gent Drive Electronics controller, and a 
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ALR has added 
the PowerFlex 
20CSX, a 
Windows-ready 
20-MHz 386SX PC, 
to its popular 
PowerFlex line. 

two-button mouse. It also sports a 32K
byte static RAM cache. In all other as
pects , the 20CSX is the same mach ine as 
the original PowerFlex (see "Two to 
Grow On," June BYTE). 

Good Performer 

The BYTE Lab benchmarked the Power

Flex 20CSX in its 386SX mode . Bench
mark indexes for the 486 version should 
be similar to those achieved by the origi
nal PowerFlex. As the graph shows , the 
20CSX performs comparably to the 
Compaq Deskpro 386s/20 in both the 
low-level and application suites; the ma
jor difference is the ALR's significantly 
better CPU index: 2.49 versus the Com
paq's 1.76. 

Windows 3.0 is crisp in both its ap
pearance and its performance on the 
20CSX. The Super VGA video with the 
ALR FlexView 2X Super VGA monitor 
eliminates the fuzziness sometimes ex
perienced with lesser graphics systems. I 
experienced no compatibility problems 
with the ALR system. 

Company 
Advanced Logic Research. Inc. 
9401 Jeronimo 
Irvine, CA 9?718 
(714) 581-6770 

Components (as tested) 
Processor: 20-MHz 386SX; 20-MHz 
80387SX FPU 
Memory: 3 MB of 80-ns DRAM, 
expandable to 5 MB on motherboard and 
to 16 MB total; 32K·byte static RAM 
cache 
Mass storage: 3V2·inch 1.44-MB Teac 
floppy disk drive; 106·MB 25-ms 31/z·inch 
Toshiba IDE hard disk drive 
Display: ALA 800· by 600-pixel Super 
VGA controller with ALA FlexView 2X 
Super VGA monitor 
Keyboard: 101 ·key modified IBM 
Enhanced AT layout 
110 interfaces: One serial, one parallel, 
and one mouse port: one 8-bit and five 
16-bit ISA expansion slots (five open) 

Price 
$4008 

Inquiry 1075. 

Like the original FlexCache system, 
the 20CSX is ruggedly constructed . The 
case fits correctly and is easy to remove 
and replace , and the motherboard is 
firmly mounted. Installing add-in cards 
flexes the electron ics very little. I found 
no last-minute engineering modifica
tions in the system. 

One for the Budget-Conscious 
Among all the 20-MHz 386SX systems 
BYTE has reviewed, the 20CSX is a 
standout. It is one of the best performers , 
comes Windows-ready , and provides a 
means of increasing the horsepower as 
needed. It's also among the lowest priced 
at $3349 (without the math coprocessor) . 

Its biggest drawback is still its 16-bit 
bus, which prevents the system from tak
ing full advantage of the i486. As the de
mands of your applications increase, you 
just might need all of that i486. Nonethe
less, the PowerFlex 20CSX is an attrac
tive starting platform for the business 
user or professional moving to Windows. 

-Michael Nadeau 
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DOS BENCHMARKS 

ALR PowerFlex 20CSX 

Compaq Deskpro 386/20 23.6 

21.4 Compaq Deskpro 386s/20 

IBM PC AT 

For appl1cat1on and low·level benchmarks. results are indexed and sl1ow relative Tate dBASE IV: Compilers: M1C1osol1 C 5.1 and Borfand Turbo Pascal 5.5; CAD. AutoCAO 
performarce. for eacn lndrvidualindex, an S·MHz IBM PC AT running MS-DOS3.30 ~ 1. For release 10 and Generic CADDlevel 3 1.1.5: SoentmctEngineering: Stata r ease 2. 
all benchmarl<s, lugher numbers ind"cate belier perfor ance. MalhCAD 2.5. and PC·Mallab 3.5 • and Spreadsheet LOlu!> 1·2.J retease 3.0 and Microsoft 

E.xcet 2.1. 
The BYTE low·level benchmark su11e 1dent16es performarce doffe<ences between mach<nes 
at the hardware level: the appl1ca11on bencnmarks evaluate 1eal·"°'1d performance by For more 1nformatron on all the BYTE benchmarks, see "BYTE"s ew Bencnmarks: ew 
runrwng a standard test suite usmg commercially available appl1cat1ons. Appl1ca11on Looks. ew Numbers• on page 158 rn the August 1!>Sue 
indexes include tests uSlng the follo-Mng programs. Word Processing: WordPerfect 5.0; 
Desktop PubliSh1ng: Aldus PageMaker 3.0: DatabaSe. Borland Paradox 3.0 and AShton-

Hard Disk Confusion at Micro Express 


In BYTE' s Product Focus on 386SX 
systems (see "386SX PCs: Heirs to 
the Low End,' ' August) , we recom

mended Micro Express ' s ME 386 SX/ 
SL, based in part on its fast (19 millisec
ond) Quantum ProDrive hard disk drive . 
Since then, some readers have reported 
that they had received slower hard disk 
drives in the systems that they ordered . 
Readers also reported having problem 
contacting Micro Express and receiving 
technical support. 

BYTE repeatedly called Micro Ex
press, posing as a customer and did ex
perience problems getting through to 
both sales representatives and tecbnical
support personnel. Wben we asked what 
hard disk drive was shipped with the sys
tem, two salespeople cited a 28-ms West
ern Digital hard disk drive; another cited 
a more comparable 23-ms Conner Pe
ripherals hard disk drive . one of the 

salespeople mentioned the Quantum Pro
Drive. 

A Micro Express spokesperson said 
that favorable reviews of the ME 386 
SX/SL had caused a rush of orders that 
overloaded the company ' s telephone ys
tem and created temporary product 
shortages and support problems. He 
added that the company is working to 
correct these problems. 

Micro Express confirmed that it no 
longer sells the 40-MB 19-ms Quantum 
ProDrive and claimed that it was offering 
a comparably equipped system with 
either a 28-ms Western Digital hard disk 
drive for $1799 or an 80-MB 19-ms 
Quantum ProDrive for $1899. (The sys
tem that we tested for the Product Focus, 
with 2 MB of RAM, a 40-MB hard disk 
drive, and a color analog monitor, cost 
$1945 .) In subsequent calls , Micro Ex
press salespersons did offer these alter

natives but they quoted $1999 for the 
system with the 80-MB Quantum Pro
Drive and incorrectly stated the average 
access time for the Western Digital hard 
disk drive a 23 ms . 

Most system vendors " second source' 
major components to ensure an adequate 
supply. Usually, these components offer 
roughly equivalent performance to the 
components they replace; occasionally, 
however, they do not. BYTE strongly 
urges readers to specify the subsystem 
components that they want when order
ing a system. (A description of compo
nents in our test systems accompanies 
every BYTE review.) If a part isn t in 
stock, most companies will special-order 
it for you. 

As for Micro Express, we are con
fused about exactly what the company is 
offering. 

-Rob Mitchell 
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With HP's enhanced OCR capabilities, 


Cl\IOje or Cl\IOli (k!O'~l · L < Gr Chlo~. bloom1nl ·.•rd.c· · 
feminine name 2 see 0APH IS ANO CHLO£ 

chlor• (klor) combining form CHI.ORO· : used befor• • "'~' 
chlor·ac·ne Cklor ak'ne) n. an acnelike skin disorde· <• .,.~ i.•:. 

aure to chlorinated hydrocarbons 
chlo·ral (klllr'al) n. lcHLOR(O). + AL(COHOL) 1 • :hrn, ,J.\ • 

leaa liquid, CC4CHb. with a pungent odor. prepmd b~ fr;,;( 
ol' chlorine on alcohol: used in the manufaclure oi ODT 21~· 
CHLORAL HYDRATE 

cl\lorel llydrete a colorless. crystalline compound. er,, rw" 
uled chiefly as a sedative 

chlor·a·mlne Cklo'r'a men'. klor'a m~n': k16r •m'to · • 
( CHtOR(O)· + AMINE a colorless, pungent liquid. :-<H,CI..~:;:· 
by the action of ammonia on some hypochlorite 

chlOr-lm·~·COI (klor'am fen'i kol '. ·k<>l'l n. . H.C; 
llM(ID) + PHE(N)· + S l (TR)· • (CLY)COL. an •nl1b1 ~ (.' j 

C.,H11Cl1N10,, prepared synthetically or isola ted ircm a -~ 
(Streptomycea 11tnezuelae): it is used again l a wide vanf )'oiti: 
lerief and ricketUial diseases and against some vi ruA.. 

ch1o-rete (klo'r'tt', · it) n. a sal t of chloric aci.4 
velent. nqative radical CIO, 

OlllOM.=Y-cll·zlne (klor'sl' i.. 
:antlliiltamh1e 

chlo·ro·sls tkl;i. ro'sisl n. First IModl: 
abnormal condit ion of plants in whic 
color or turn ye ll ow as a lack of chi 
disease, lack of ligh l. elc. 2 a form 
som•timcs affect ing girls at puberty a1 
~mnish color - chlo·rot 11 c (·r5t'ik l ac 

chloro•thlla·zlde lklor'o thfa. zid'l n. I 
a S)n t h~ 1 ic drug. c .H,CI .o.s ,. u c 
heart fa ilure , or ' 'ariou edemas bl' re 
through the kidneys • 

chlo·rous flc.lo r 'a.s l adj. 1 of or con~ 
dcS1gna11ng or of an unstable acid. HC 
~· h1ch exis1s onl ~ in solu tion and whos 

chlor•plc•rln !kl6r pi k 'rin) n. CH'"
ch lor•promlo•zlne (le ~ 
C ·H1,N:S 
p 

?\ow you can tak a pag ofthi 
A paragraph of that. ombine 
th m with a fe\\. i.ma0 e . And 
quickly ·om up with on \' ry 
i.mpre sive document. The HP 

can.Jet Plu canner can r ad 
everything from a magazin 
article to a balanc he t. Then it 
tays on the job ·o you can ea ily 

fine-tw1e, or make major change 
to, · rything you·ve canned. 

Th affordabl . -bit ScanJet Plu 
is supported by a \\ide rnriety 

of third· party Rand graphic 
ofu\·are pa ka0 e . HP' optional 

'r 



it's easy to make chocolate moose. 


)R Ill!· · ·OSIS f 1 dn 
een pans lose 1he ir 

prod uc1 ion due to 
·def1cienC) anemia 
og the skin to turn a 

+ TH I - ~ ?.· - I OE I 
j( ong hype 11e nsi o n. 
~Mra ah and " jler 

rt,alent r-""' 
r" ... 

247 chlorosis I cholinesterase 
chockla ·block (·a. blak'I ad/. !see prec BLOC 11 Naur. al pulled so 

11gh1 as rn have 1he block touching I aid of~ • • g iadlel b l 
hoisted all 1hc wa • up. ad a signal fla11 ? - 1mcd - ad/. 
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King,' ' Bob Ryan looks at new disk tech 
nologies , what Lhey are and how they are 
likely to affect future disk drives . In the 
text box " Side by Side, " Bill Passavanti 
discusses perpendicular recording , a 
new way to put more bits onto a disk. 

Another new form of "disk" technol
ogy is solid-state. Flash-memory JCs 
contained on credit-card-size device 
are entering the microcomputer arena . 
Because of their size they will probably 
invade the laptop market first, and take it 
by storm. In " Store Data in a Flash. '' 
Walter Lahti and Dean McCarron ex
plain what flash memory is , what it is 
likely to be used for , and why. 

After disks , the next most popular 
magnetic medium is tape. You don ' t tend 
to think of magnetic tape when you think 
of microcomputers, but as systems be
come larger and more complex , backups 
become more important. When di k-to 
di k backup are no longer practical , 
lape provides an aJternative. In " DAT's a 
Solution," Karina Lion examines the ad
vantages of digital audiotape and ex
plores quarter-inch cartridge and 8-mm 
options as well. 

Whether you use magnetic or optical 
media, data compression is becoming the 
rule rather than the exception in an effort 
to cram more data into existing space. In 
" Getting Your Byte ' s Worth," Steven J. 
Vaughan- ichols examines hardware
based data compression . It is so transpar
ent and automatk, you'll never know 
you're using it. 

As data continues to proliferate , the 
optical versus magnetic debate will con
tinue , and new and improved technol
ogies will appear on both sides-and in 
the middle. So let the opposing factions 
fight it out. We'l.I just watch-and collect 
the spoils . 

-Jane Morrill Tazelaar 
Senior Editor , State ofthe Art 
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Magnetic 

vs. 
Optical 

M

ass storage is the subject of 
one of the hottest debates in 
the computer industry. Will 
optical media replace mag

netic media? Many people lhink it's only 
a matter of time. But magnetic media are 
far from dead. In fact they outperform 
optical media by a significant margin. 

Perhap magnetic will withstand the 
challenge it faces from optical. Perhaps it 
won 't. Or perhaps the two will merge 
into a hybrid form. In ' 'State of the 
Media ," David A. Harvey looks at the 
advantages and disadvantages of each 
and explores the possibilities of hybrid 
technologies combining the good points 
of both. And in a related text box, " Play
ing Catch-Up, " Andrew Reinhardt ex· 
p!ores the confusion that is the stan
dards' environment for optical storage. 

One of the wildest ideas I've heard in a 
long time is that of storing data in cry 
tals with light. This is no hocus-pocus. 
In "CryslaI Clear Storage ," Tom Parish 
examines holographic data storage , a 
technology whose capacity dwarfs even 
that of optical disks, while giving you 
faster access to your data. 

Another new optical storage technol
ogy, called phase change , uses a whole 
new method for storing data on an optical 
disk. In the process , it merges the capac
ity ofmagneto-optical storage with a per
formance better than that of traditional 
optical storage. It may bridge the gap be
tween magnetic and optical. In "Enter
ing a New Phase," Bob Ryan describes 
bow phase-change technology works and 
its potential for the future. 

Tbe most popular form of magnetic 
technology is the disk, be it a hard disk or 
a floppy . If magnetic disk technologies 
are to remain healthy, they will have to 
continue to evolve, in speed, in capacity , 
in densities , and in recording means and 
materials . In " The Once and Future 
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STA T E OF T H E ART 

MAGNETIC VS. OPTICAL 

State of the Media 

Magnetic vs. optical: Is it the war ofthe disk drives 

or a marriage ofconvenience? 

David A. Harvey 

H 

ow far the micro

computer indus
try has come in a 
decade or so . It 

wasn t so long ago that all 
data was stored on cassette 
tapes . At that time, the advent 
of the single-sided floppy disk 
seemed like a miracle. 

Today, with a 150-mega
byte hard disk drive, two CD
ROM units, and a I-gigabyte 
magneto-optical drive-not to 
mention double-sided high
density floppy disk drives
serving for storage thoughts 
of single-sided disks give me 
acute claustrophobia. How
ever, the more places you 
have to put data, the more 
confusing it can become to 
decide which device to use. 

As much as we 'd all like to 
have the newest and most in
novative technologies on our 
desks , the primary question 
is , " Which storage option is 
really appropriate to your needs?" If you 
listen to all the hype, you ' re going to 
hear conflicting reports. 

The makers of traditional magnetic 
drives will tell you that they provide a 
faster and more tested technology, and 
that the capacity of hard disk drives is in
creasing daily. The producers of optical 
drives are prone to elaborate on how the 
time has come for optical drives to re-

ILLUSTRATION : JOE GAST © 1990 

place all other mass storage devices . And 
floppy disk drives continue to grow big
ger and faster, too. 

Ultimately, the industry will probably 
evolve toward one standard way of stor
ing information. From here, that future 
looks optical . But for now, the choices 
you make will affect not only your pro
ductivity , but also how you work. 

The conflict between traditional mag

netic mass storage devices and 
optical technologies includes 
questions of speed, cost , data 
migration , archival needs , 
and the amount of data you 
need to store. The most im
portant difference between 
the two technologies lies in 
how they let you manipulate 
the data . 

Magnetic Racing Stripes 
If the data associated with 
your primary applications is 
contained in executable and 
temporary files , in discrete 
and manageable data files , 
then you probably want a hard 
disk drive . The advantages of 
hard disk drives include their 
speed, cost , and universality. 

No optical device on the 
market can even come close to 
matching the speed of a ge
neric Intell igent Drive Elec
tronics drive with a software 
cache thrown in. And optical 

drives can t begin to touch an ESDI hard 
disk drive with 0.5-millisecond access 
time, throughput greater than I mega
byte, and a bus-mastered caching con
troller on an Extended Industry Standard 
Architecture bus . 

If you need your data nearly instanta
neously , if a hard disk can contain it , and 
if you have a good backup system worked 
out for that data , then you probably have 
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no reason to go optical. Optical devices 
are not so slow that they ' re unusable. 
however. Some of the newer rewritable 
devices, both phase-change and magne
to-optical. are fa t approaching hard disk 
drive speeds. 

Optical drives are slow for a number of 
reasons . CD-ROMs and some WORM 
(write once, read many times) drives use 
constant linear veloc ity (CLV)-data is 
organized sequentially in one continuous 
spiral track, rather than in track s and 
sectors (see figure I). When you want in
formation , the read head must find the 
temporal position of the data rather than 
moving to a logical address . The proces 
of finding a specific piece of information 
is analogou to scanni ng a compact di k 
to find a particular passage of music : The 
read head must move along the entire 
track until it gets to the data . 

Read-write optical drives employ con
tant angular velocity (CAV)-data is or

ganized into sectors and tracks (see fig
ure 2) . The read-write head is heavier 
than a conventional hard disk drive 's, 
and thus it takes longer to physically 
move the head to a given location. 

Until now , the real degradation in re

writable optical drive performance was 
tied to the technology of the magneto
optical drive . On an MO drive , writing a 
byte of information requires two passes. 
An erase pa re tore the di k to its orig
inal state; then a write pass adjust the 

traditional 
hard disk drive is still 

the best bet for primary 
mass storage. 

magnetization to reflect the bit pattern of 
the data. With the advent of phase
change technology which can do one
pass writes (see " Entering a ew Phase" 
on page 289), the performance of rewrit
able optical devices wil l improve tremen
dously . 

Even without pha e-change technol-

CONST ANT LINEAR VELOCITY 


Figure 1: /11 constant linear velocity (CLV) recording, data is arranged in a single 
spiral rrack with a uniform densiry ofbits. This lers you pack the most information 
possible onro the disk. The speed ofrhe disk varies between the outer and inner 
edges- rhe closer rhe read head gets to the outer edge. rhefaster the disk spins. Data 
is located by its temporal position, measured in minutes and seconds. Each second 
consists of2K byres ofdata. 
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ogy , however, MO drives are relatively 
fast. The Storage Dimensions LaserStor 
on my desk reports an average seek time 
of about 40 ms. To put that into perspec
tive, it 's about as fast as a Seagate ST25 i 
and faster than an ST225 . 

What all this means is that if you are 
using disk-intensive programs-anima
tion packages, spreadsheet and database 
programs, programs that make frequent 
use of temporary files , or anything that 
use the hard disk drive for virtual mem
ory-you ' re far better off using a tradi
tional hard disk drive to store your in
formation. 

The Magnetic Advantage 
Physical size and power requirements are 
another advantage of hard disk units. 
Within the last few years hard disk 
drives have become smaller and required 
less power. It ' reached the point where 
if you look in almost any laptop. you' ll 
find a 2 V2- inch form-factor drive. The 
disk in this drive holds between 20 MB 
and 100 MB of data and can run for 
hour on battery power. 

Optical drive , on the other hand, are 
bulkier and require more power. With 
the exception of CD-ROM drive , which 
come in a 5 1A-inch half-height form fac
tor , most optical drives are full-height 
51A-inch models-too large for laptops . 
(A Jew of full-height 3 1/2 -inch optical 
drives are expected to hit the market this 
year.) More and more manufacturers are 
making half-height optical drives , but 
even these are too big and too heavy for a 
laptop . You ' ll see them sooner in AC
only transportables and luggables. 

As long as you don't continually run 
out of available storage space , hard disk 
drives are your most economic solution . 
This means not only that it's going to 
cost you less to store your data , but also 
that you can upgrade or add new drives as 
you need them. With SCSI drives or a 
multidrive controller, like PSI's hyper
Store you can easily circumvent DOS 's 
two-drive limitation and add as many 
drives as you need. 

The start-up cost for WORM or re
writable drives is till high . At best 
you're going to pay in the neighborhood 
of $3500 for an optical drive , a control
ler , and one piece of media. However, 
additional disks cost only $100 to $200. 
In the long run, if you're dealing with 
ma sive quantities of information , an op
tical system may be cheaper. 

A traditional magnetic hard disk drive 
is still the best bet for a primary mass 
storage system. In this role, an optica l 
drive just can't compete with a hard disk 
drive 's price. performance, and overall 
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functionality. For example, the NeXT 
Computer came initially with only a re
writable optical drive. However, because 
this device proved too slow for its virtual 
memory file swapping, NeXT added a 
conventional hard disk drive to speed up 
the operation. 

That doesn't mean that there aren't 
any uses for optical devices. Quite the 
opposite. in fact. Document storage and 
retrieval , graphica l image databases , 
medical diagnostic references , and the 
storage of multiple versions of files are 
some of the applications best suited to op
tical storage . And when put to good use, 
an optical storage system can be an essen
tial part of a computer system. 

The Optical Advantage 
The 1 imitations of hard disk drives be
come apparent when you deal with large 
volumes of data that in turn require a lot 
of space for backup. If you're dealing 
with 1 gigabyte of data, you could opt for 
mirrored I-gigabyte hard ·disk drives. 
But when the data enters the multigiga
byte or even terabyte range. hard disk 
drive solutions become unmanageable. 

Optical drives can store more informa
tion in less space than hard disk drives 
can. Since optical drives use easily re
moved and inserted cartridges, you can 
use a single drive to manage unlimited 
amounts of information. And with juke
box-style changers, in which a robotic 
arm handles disk changing and selection, 
you can have terabytes on-line. 

The optical storage advantage occurs 
because the laser is more precise and 
requires less room to write the same 
amount of data than the write head of a 
magnetic hard disk drive does . With 
WORM drives , which usually encode 
byte of information as pits on the sur
face of the disk, this means both more in
formation in a smaller space, and a more 
secure store of data- the pits are a rela
tively permanent form of encryption and 
are not affected by magnetic fields . 

More storage space doesn't just mean 
cramming more onto a disk , however. It 
fundamentally changes what you can do 
with your personal computer . Instead of 
dealing with onJy part of a set of data , 
you can have all the data in one place at 
one time. If you work with large images , 
an optical drive not only allow you to 
store the images in one place, but it 
makes them easier to manipulate , com
pare , and analyze. 

Optic.a.I devices are particularly suited 
to storing documents. Using software de
signed for file management, such as 
N/Hance 's TextScan or Lotus·s Magel
lan, you can sort and group documents 

contextually. The advantage to this isn 't 
just speed. It allows you to group docu
ments in ways that were impossible when 
they weren ' t all accessible for complex 
word searches. 

Another benefit to optical drives is 
that you can store both a graphical image 
of the original document and a text copy 
on the disk. This is useful for performing 
signature verification or for including di
agrams and photographs. The possibili
ties are endless with thi kind of storage. 

One real-world example comes from 
Bill Ford , president of On-Line Com
puter Systems. Using CD-ROM and the 
company ' s retrieval technology , On
Line devised a troubleshooting disk for a 
telecommunications switch . Technical 
specifications , the switch ' s software 
code, documentation , and diagrams of 
the switch were linked together by the re
trieval engine. Using this tool , it is possi
ble to click on, say , a variable, get its def
inition, and retrieve every module and 
procedure that references that particular 
piece of code. 

People have an associative memory 
and a relatively brief duration of reten
tion in short-term memory. The avail

ability of more information organized 
relative to context rather than to content 
means that you can draw different con
clusions than if you could only access the 
data in bits and pieces. 

Wanted: Standards for Optical 
Optical drives are akin to giant floppy 
disk drives. Therefore. data exchange be
tween users is as easy as " sneaker" net. 
Proprietary installable file systems also 
make data migration between different 
operating systems possible . 

By implementing an installable file 
system that runs as a TSR program (using 
interrupt 2 l hexadecimal under DOS) or 
as an IFS driver (for OS/2 and Unix), the 
only thing you need is to install the ap
propriate software on each operating sys
tem . This approach has also been applied 
to rewritable drive . 

Another benefit of the IFSe used for 
WORMs or virtual WORMs (rewritable 
drives using a write-once file system) is 
archive tracking. When you save a new 
copy of a file to a WORM device, it 
doesn ' t overwrite the old one. Usually 
when you save a new version of a file , 
onJy the changed sectors are written to 

CONSTANT ANGULAR VELOCITY 


8 

Figure 2: Constant angular velocity (CAV) is the organiwrion ofdata into 
sectors and tracks. Because the number ofbits per sector remains constant with CAV, 
data is packed most tightly in the shorter tracks near the center ofthe disk. 
Although this method cannot pack as much data onto a disk as CLV can , 
the sector/track addressing method makes locating data much faster with CAV 
than with CLV. 
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H oping to avoid the chaos of incom
patibility that has plagued the 

WORM (write once, read many times) 
drive market, manufacturers and stan
dards committees tried to get a jump on 
standards for 5 1A-inch rewritable mag
neto-optical (MO) drives . For a while , 
it seemed they had succeeded: Except 
for the Canon drive used in the eXT 
Computer all the MO dri ves intro
duced since the fall of 1988 have ad
hered to the draft ANSI and Internation
al Standards Organization (ISO) stan
dards . 

But now the situation has grown more 
complicated . At Spring Comdex last 
June , Pioneer Communications and 
Laser Magnetic Storage (LMS) intro
duced " multifunction" drives that sup
port both WORM and MO media but 
use a different format than other rewrit
ables. And in August , Hewlett-Packard , 
Sony , and 12 other companies an
nounced a specification that would 
allow standard rewritable optical drives 
to be used in a write-once mode. 

The emergence of alternate technol
ogies, on the eve of the ISO's expected 
approval of a worldwide standard. has 
thrown the market into confusion and 
sparked calls to reopen standards dis
cussions . All this wrangling concerns 
only 5 1A -inch media using MO technol
ogy; standards for 3 1h -inch disks and 
phase-change media are year off. 

The Near Standard 
The ANSI's X3BJ l committee is now 
considering only one standard for 5 1A
inch rewritable optical disks, using MO 
media and a formatting scheme called 
contin11ous composite servo, or CCS. In 
CCS , the disk is etched at the factory 
with a spiral of grooves that define the 
location of data tracks . Two tracking 
heads read the grooves constantly to po
sition and focus the third head precisely 
over the data . 

In contrast, by the time you read th is, 
the ISO will likely have approved two 
versions of the standard for MO drives 
that are identical in all respects except 
for the servo technique. The standard , 
called ISO DIS 10089, specifies a For
mat A, which is CCS, and a Format B, 
which is sampled servo, or SS. The lat
ter does not use grooved tracks or multi-

Playing Catch-Up 

Andrew Reinhardt 

pie heads ; instead , bits that align the 
single head are mixed in with the data . 

An SS disk is stamped at the factory 
with regions of precisely calibrated pits 
that tell the head where a data track is 
located. In the ISO specification , there 
are 32 sectors per track and 43 servo 
segments per sector so in a single rota
tion of the disk , the head's position is 
calibrated almost 1400 times ; even so, 
it has to be much more precise than in a 
CCS mechanism. Besides telling the 
track location , servo regions are also 
used to focus the head and provide clock 
synchronization. 

The Battle of the Servos 
CCS traces its roots back to analog
video laser disks . As an older and more 
mature technology , it is considered a 
safer bet than SS. CCS-formatted media 
are easier, though more time-consum
ing, to manufacture, whereas SS media 
require more expensive and advanced 
equipment, but they are faster to make 
because disks can be stamped. In the 
end , the manufacturing contest between 
the two is a draw , because current tech
nology makes both equally feasible · 
any differences in price are due to pro
duction volumes , which favor CCS . 

The more germane advantages of SS , 
according to its proponents , are that it 
offers superior speed and accuracy , a 
well as the potential for greater disk ca
pacity. SS drives handle data and servo 
information separately and sequential
ly , whereas CCS drives must deal with 
both simultaneously. Therefore, CCS 
drives need greater proce sing capacity 
to achieve equivalent data throughput. 
More important, CCS drives can expe
rience cross talk between the data and 
tracking grooves: Because this interfer
ence is absent from SS drives, SS offers 
a better signal-to-noise ratio. 

Since SS drives have only one bead , 
which saves a lot of mass they can seek 
tracks faster. And because surface area 
on the disk is not used up for tracking 
grooves , SS disks can have many more 
tracks , although current standards do 
not specify that. (Because some ofeach 
track is used up for servo information 
SS disks hold less data per track. In the 
ISO format , enough additional tracks 
are added that the net capacity of both 

formats is the same .) 
Pioneer and LMS developed SS MO 

drives because they already sell SS 
WORM drives and wanted to provide an 
upgrade path for current users. The ad
vantage is that you only need a single 
drive unit to use both WORM and re
writable media. By contrast , the CCS 
MO drives marketed by Sony , Ricoh , 
and others , can ' t read from or write to 
any other optical media . Pioneer and its 
cohorts asked A SI to consider adding 
a specification for SS to its 5 'A-inch MO 
standard , but the membership voted 
strongly against the request in a May 
meeting. So, only the ISO will docu
ment SS . 

Magneto-Optical Multifunction 
The consortium headed by Hewlett
Packard has responded to the Pioneer
type multifunction drives with a pro
posal to give MO drive an " archival " 
capability. Such drive would also be 
multifunctional , but they wou ld use 
only MO media . However, you would 
still need to stock separate disks for per
manent and temporary storage because 
each would be coded differently at the 
factory . 

The Hewlett-Packard specification 
would supplement the current ANSI/ 
ISO specifications, but neither stan
dards organization has plans at this time 
to incorporate it into published docu
ments . However, with Hewlett-Pack
ard , Sony, Maxoptix , Olympus/Ricoh , 
Seiko/Epson, Philips- Du Pont Optical , 
3M, Fuji , Mitsui , and Asahi backing it, 
the specification may become a de facto 
standard even if it is never formally 
adopted . 

In a nutshell, the Hewlett-Packard 
scheme takes advantage of fields that 
are defined but unused in the current 
ISO standard . These fields would be 
used to set flags indicating that the re
writable medium was to be used only for 
permanent storage. While bits would 
not be permanently burned into the me
dium as with WORMs Hewlett-Pack
ard contends that with proper firmware 
the disks would be as secure as WORM 
storage- and perhaps longer-lived . 

Opponents of the proposal say that if 
you need write-once storage, you won't 
want to use disks that could theoretical
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ly be erased. Hewlett-Packard responds 
that somebody bent on destroying data 
could also alter a WORM; in any case, 
its write-once MO proposal offers three 
levels of security. The most prevalent 
misconception about the method is that 
an MO disk written with "permanent" 
data could be accidenta1ly erased if it 
were inserted into an older-generation 
MO drive; in fact, says Hewlett-Pack
ard's BiJl Boles, the drive would reject 
the disk or issue an error message. 

The three levels of security are as fol
lows: First, the djsk contains two tracks 
whose contents are coded at the factory 
to indicate whether it is a rewritable or 
write-once MO. If the codes indicate 
that the disk is rewritable, the drive can 
store data; if not, or if the drive can't 
read the tracks (as would be the case for 
older generation media) , then no writ
ing is allowed. The second and third 
levels of protection involve setting flags 
on the disk-one is an indication written 
during formatting that the medium is 
write-only, and the other is a code em
bedded in each sector that indicates it is 
locked. 

What this means, of course, is that 
disks can be either write-once or rewrit
able, but not both. What is the benefit of 
this scheme over Pioneer's if you still 
have to use different media, especially 
when WORM djsks are cheaper? Hew
lett-Packard answers that MO disks will 
eventually become less expensive than 
WORMs because of higher volume. 
More important, some research now in
dicates that MO disks are more stable in 
the Jong run than WORMs, which are 
subject to decay from humidity trapped 
in the data pits. 

A Fly in the Ointment 
Yet another variant exists for MOs that 
could further complicate the standards 
picture. This subset of the CCS format, 
called wned constant angular velocity, 
or Z-CAV, is concerned not with pits 
versus grooves, but only with the ar
rangement of sectors in tracks . Al
though neither the ANSI nor the ISO is 
considering its adoption as a standard 
right now, a group of vendors, including 
Maxoptix, Hewlett-Packard, and sev
eral media makers, is promoting the 
speed and capacity benefits of Z-CAV. 

All the drives discussed earlier are 
constant angular velocity (CAV) de
vices, which means that their motors 
spin at a constant speed (see figure 2) . 
(By contrast, audio compact dfaks and 
CD-ROMs use constant linear velocity, 
which means that the motor spins at dif
ferent speeds depending on which track 
is being read, so that the data passes 
under the laser at a constant rate. See 
figure I.) 

CAV disks look like bicycle wheels, 
with the sectors arranged regularly be
tween the spokes. Z-CAV, on the other 
hand, takes advantage ofthe fact that the 
outer tracks of a disk are longer than the 
inner tracks. The result is a staggered 
arrangement of sectors, with an increas
ing number per track the closer they are 
to the outer edge. The Tahiti drives 
from Maxtor can support standard CAV 
and nonstandard Z-CAV media, and the 
Z-CAV disks hold 1 gigabyte of data in
stead of the normal 650 megabytes. Ac
cess to data in the outer tracks is also 
faster than in the CAV arrangement. 

Further in the Future 
Two other developments loom on the 
horizon for optical storage. The first is 
phase change (see "Entering a New 
Phase" on page 289) . The second is 31/z
inch drives and media, for which stan
dards are still evolving. 

The ANSI and ISO have promulgated 
draft standards for 31/z-inch MO media 
and drives, and on that basis, a few 
companies, including Pinnacle Micro 
and O.C.E.A.N. Microsystems, have 
already shipped products based on a 
Nakamichi mechanism. But you may be 
taking a risk buying these drives, says 
Ken Hallam, chairperson of the ANSI 
subcommittee on 5 1A-inch MO stan
dards . Buyers of early Sony and Ricoh 
5 1A-inch MO drives will be able to meet 
the final ISO standard with a field 
PROM upgrade, but changes may yet 
occur to the 31/i-inch specification that 
would render existing products physi
cally incompatible with the final stan
dard. 

Hallam says that an agreement on 
3 'Ii-inch MO standards is at least a year 
away at the ISO and even further at 
ANSI because there are still a lot of ar
guments between committee members. 

The new specification won't be just a 
scaled-down version of 51A-inch stan
dards, because manufacturers want to 
leapfrog today's drive technology. One 
possible goal-pushed for mainly by 
IBM-is to allow both rewritable and 
read-only (stamped) disks to be used in 
the same drives. IBM apparently be
lieves 3 1h-inch medja will become an 
important means of distributing soft
ware. 

Among the most controversial ques
tions still to be decided is whether the 
whole disk or only parts of it may be 
read-only. ANSI is leaning toward al
lowing only a single track to be read
only because this would simplify track
ing and eliminate the need to catalog 
which parts of the disk are rewritable 
and which are not. But Japanese vendors 
and other forces in the ISO want read/ 
write status to be fully interchangeable 
on a sector-by-sector basis , which 
would complicate tracking and defect 
management but increase flexibility. 

In any case, if 31/z-inch drives have to 
accommodate read-only media , the 
specifications for tracking and reflec
tivity will have to be quite different than 
in the 5 %-inch specification, because, 
to a laser beam, stamped bits look dif
ferent from MO spots. If that is not 
enough to worry buyers of 31/z-inch 
drives, as recently as August ANSI ap
proved minor changes to the disk car
tridge specification that could render 
current 3 'Ii-inch media incompatible 
with future drives. 

A Vicious Cycle 
The push and pull between market 
forces, standards bodies, and what is 
technically feasible has always been 
complex, even in the well-planned opti
cal storage area. The problem facing op
tical drives today is not technology but 
confusion over standards. 

This is a vicious cycle: Uncertainty 
depresses demand, which keeps vol
umes low and prices high, which de
presses demand , and so on. Until the 
uncertainty is alleviated, optical drives 
won't reach their potential. 

Andrew Reinhardt is an associate news 
editor for BYTE. He can be reached on 
B/X as "areinhardt. " 
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disk, and new pointers are adc t 
Combined with a file syster hat man

ages the pointers, this meth I enables 
you to recover any version of lY file at 
any time. Such a recovery is f ;sible be
cause the directory structure c 1 WORM 
drive is not stored in a file llocation 
table; it is saved as discre._ address 
pointers located after each sector. 

Thus, if you need to keep audit trails of 
documents, you no longer have to keep 
multiple floppy disks , directories, or 
paper copies. This capability makes 
WORM technology ideal both for back
ups and, in cases where you always need 
to have multiple versions available, for 
primary document storage. 

This sounds great, and it would be if 
you could just install the software, re
gardless of the drive' s manufacturer. 
Alas, you can't. In the first place, a lot of 
manufacturers add specialized functions 
to their bus adapters, and their IFSes are 
written to take advantage of unique fea
tures and capabilities. 

While having devices from different 
manufacturers is normal in many compa
nies, problems arise when you need a dif
ferent host adapter for each one. Al

though I've been pleasantly surprised by 
the relatively few problems I've had with 
several different bus adapters coexisting 
in my computer, I've run out of expan
sion slots. 

Universal support of SCSI would mean 
that any combination of devices could be 
daisy chained from one host controller. 
This would not only solve the slot and 1/0 
address problems generated by multiple 
adapters, but, in the case of bus-mastered 
SCSI controllers, would result in signifi
cant performance advantages. 

One thing 1hat appears to be happen
ing, however, is that a number of vendors 
are moving to support the SCSI-1 and -2 
standards for their drives. Sony drives, 
for ex.ample, can be run off a standard 
Adaptec SCSI controller. 

WORM drives especially are beset by 
standardization problems. Almost every 
WORM drive on the market uses a dif
ferent proprietary file system (the same 
IFSes that make portability between op
erating systems possible) . This means 
that you can't read disks across different 
manufacturers ' drives. But the problem 
doesn 't end with the file system: WORM 
drives are so proprietary that for some a 

pit is a 0 and for others it ' s a 1. 
For MO drives, the situation is slightly 

better . The International Standards Or
ganization standard was not final when 
the 5 'A -inch MO drive came out, which 
resulted in some incompatibility between 
different manufacturers' drives. But the 
move is toward firmware upgrades and 
the production of new devices that adhere 
to the standards. For a detailed look at 
the standards ' situation with all kinds of 
optical disks, see the text box " Playing 
Catch-Up" on page 278. 

Hopefully , optical drives will move 
increasingly toward standards for deal
ing with data storage and for bus inter
faces. Much of the promise of the tech
nology would be defeated by a scenario 
in which drives and disks are manufac
turer-specific . Rather than going the 
route of hard disk drives, which , in gen
eral , require you to use the adapter card 
with which they were formatted , optical 
drive makers need to pull together and 
work toward common ground. 

If you can truly treat optical drives as 
giant floppy disk drives , the advantages 
will be limitless . However, if they be
come entrenched in proprietary inter-

IBArtYArt I 
While many computer manufacturers say they are com and 400 watt power supplie , and all come with our exclu ive 

patible, CSS Laboratories' TM MaxSys TM file servers are certi 12-slot motherboard. If you need a heavy-duty file server, this 
fied to work with your network operating system. Our MaxSys is it. All of our 286, 386SX, 386 and 486 tower and desktop 
386MT/33, for example, has passed testing by Novell,® systems come with a full one-year warranty, a national 800 
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line offers unsurpassed compatibility, while providing all the they are all certified to provide uncompromising performance 
power and features to carry your network well into the future. and reliability. 
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faces and ways of dealing with media, I 
fear that many of their advantages will be 
lost. The situation is reminiscent of the 
one users faced trying to use 360K-byte 
floppy disks in the early 1.2-MB drives . 

Optical drives are also more suited for 
use in environments that are not kind to 
conventional hard disk drives . The re
cording techniques of optical drives and 
the durability of the media mean that 
heat, vibration, and magnetization are 
less likely to adversely affect them. 

Even though the recording heads on 
WORM and rewritable drives are still 
very sensitive, using them to read data in 
adverse circumstances is more success
ful than using conventional storage de
vices. Hard disk drives just weren't built 
for use under extremely stressful condi
tions. With a magnetically and physical
ly ensitive disk rotating just microns 
away from a head, hard disk drives are 
prone to both magnetic and mechanical 
disruption. 

The nature of optical media promises a 
longer life than that of conventional mag
netic media. In the case of WORMs and 
CD-ROMs, you have the added security 
of data permanence. Conservative esti

mates are that a WORM or a CD-ROM 
disk will last 60 to 100 years and that the 
data on an MO disk will remain stable for 
about 10 years. 

A Marriage of Convenience 
Traditional magnetic devices and optical 
storage devices are not mutually exclu
sive. Rather , they use complementary 
technologies. The problems arise when 
you begin to treat them as one and the 
same. Admittedly , if you don ' t really 
need the speed of a fast hard disk drive, 
you could certainly do very well with a 
rewritable optical device as your primary 
storage unit. For most of us, though, 
faster hard disk drives are essential to 
getting optimum performance from our 
applications and our personal computers. 

Although data redundancy is a good 
thing , you don 't want to overdo it. When 
you reach the point where, without any 
real method or reason you sometimes 
use a hard disk drive and sometimes an 
optical drive as your primary storage de
vice , your productivity will drop in pro
portion to the number of files that are 
saved on different devices. It is hard 
enough to find information on a large 

hard disk without having to scan over an
other gigabyte or so of WORM and re
writable disk space. 

Ifyou take a sober look at optical tech
nologies , you ' ll probably find one that 
will work for you . Personally , I don' t 
know anyone who wouldn't benefit from 
CD-ROM. At the same time, don 't toss 
your hard disk drive in the trash. Optical 
drives bring us the ability to do things 
that conventional magnetic drives can
not; they don 't replace them. Chances 
are , you 'II be using your hard disk to hold 
programs and store your primary data 
for some time to come. 

"A place for everything, and every
thing in its place' is a good rule of thumb 
for managing data . When considering 
the wonders of optical drives, remember 
that the power of any new tech nology lies 
not in what it can do that ' s already been 
done, but in what it can do that has previ
ously been impossible. • 

David A. Harvey lives in Houston , Texas, 
where he is finishing an MA degree in lit
erature and creative writing at the Uni
versity ofHouston. You can reach him on 
BIX as "daharvey. " 
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Holographic data storage promises faster access 
to lots more data. This is a new age. 

Tom Parish 

I 
t's no surprise to even 
the layperson these 
days to hear about tre
mendous advances in 

processor speeds for com
puters. ln the 15 years since 
the first personal computer 
was introduced, processors 
have evolved from 4 bits with 
CPU speeds in the thousands 
of instructions per second to 
32 bits with speeds of up to 50 
million instructions per sec
ond. 

Processor speeds for super
computers are moving beyond 
the billion-instruction-per
second range. With all this 
performance-and the prom
ise for more-we really need 
ways to improve data-access 
times and data transfer rates 
between primary and second
ary memory systems (i.e ., 
RAM and disk). 

However , no matter how 
creative the system architec

ture is, performance is always limited by 

how fast you can store (and retrieve) 

data. The limitations are the result of the 

seek and latency times that the mechani

cal nature of all disk drives-magnetic or 

optical-causes. 


The problem is that disk drives are 
slow in comparison to present-day CPUs, 
even those used in personal computers. 
This situation is well known as the I/O 

ILLUSTRATION: JOE GAST © 1990 

bottleneck. Over the past IO years, disk 
drive performance has increased by 
about a factor of three. In comparison, 
the CPU performance has increased by 
about a factor of 1000. 

Computers designed with current pro
cessor technology require that you invest 
in sophisticated hardware and software 
disk-caching schemes to achieve quicker 
access to large volumes of data. How

ever, disk caching does not 
provide significant speed im
provements when you need 
random access to large data 
sets. 

Another idea that was bor
rowed from the mainframe 
arena is the use of disk arrays. 
However, parallel access to 
eight disk drives only adds an 
order of magnitude improve
ment in performance. 

Despite fantastic advances 
in magnetic and optical disk 
technologies, physical limita
tions are involved in getting 
data on and off these rotating 
devices . A top-of-the-line 
disk drive today can transfer 3 
to 8 megabytes per second. 

Enabling full-motion video 
editing and playback, for ex
ample, will require band
widths greater than 20 MBps 
with current TV and personal 
computer standards. Further, 
high-definition TV requires 

four times the resolution of today's video 
programs and double the frame rate (60 
frames per second instead of the current 
30 frames per second) . 

What we need is a memory device that 
performs like RAM and has the capacity 
and cost of magnetic and optical media. 
The Optics Lab at Microelectronics and 
Computer Technology Corp. (MCC) is 
developing new techniques for storing 
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REMOVING THE 1/0 BOTTLENECK 

1/0 bottleneck 

Memory Memory 

Holostore 
Disk 

storage techniques that is capable of stor
ing digital information as 3-D holograms 
in photorefractive crystals. To provide 
an overall view of the holostore's storage 
characteristics, table l shows its proto
type targets and achievable future per
formance targets. 

To optimize the device for a particular 
system (i.e. , to the size of the blocks of 
data used), you can control page size, 
pages per crystallite (per stack) , stacks 
per module, and whether modules are 
fixed or removable. A DOS- or Unix
based operating system would find a 4K
byte or SK-byte page size easy to handle, 

Figure 1: The holostore is a new mass storage device that stores digital information since these choices closely map what dfak 
drives provide today as a cluster . A holoas three-dimensional optical holograms. It could eliminate the /10 bottleneck. 
store device embedded with custom pro
cessors for image processing may work 

HOLOSTORE STORAGE CHARACTERISTICS 

Table 1: The characteristics ofthe holostore, both in the prototype device and 
in expected achievable targets, provide an overall view ofits capabilities. 

Characterletlcs Prototype targets Achievable future targets 

Page size 64K bits 1 megabit 
Pages per stack 30to 50 100 
Stacks per module 900to2500 10,000 
Storage module 

Size 3 by3 by 0.5cm to 
5 by 5 by 0.5 cm 

10 by 10 by 0.5 cm 

Capacity 200 MB to 2 gigabytes Over 100 gigabytes 
Media Fixed array of strontium 

barium niobate 
Removable module 

(3 cm by 0.5 cm) 
Average page 
readtime 

1 to 10 microseconds 100 nanoseconds 

Average page 
write time 

100 microseconds 10 microseconds 

Average sustained 
transfer rate 

100 to 800 MB per second Over 1 terabyte per second 

Costs Prototype costs to be 
determined 

Less than two times magnetic 
or optical disk cost per 
bit in 1995 

Packaging 51/4-inch peripheral Hybrid module 

digital information as three-dimensional 
(3-D) optical holograms. The holostore, 
a new mass storage device with super
computer performance, could eliminate 
the 110 bottleneck (see figure 1) . 

Storing and retrieving data as two
dimensional patterns of light, or pages, 
in a 3-D volume of light-sensitive crystal 
provides the basis for the holostore. Or
ganizing the data into pages provides ac
cess speeds orders of magnitude faster 
than the rotating devices of today. For 
example, the fastest magnetic disk cur
rently available takes over 5 hours to 
transfer what a holostore device could 
transfer in I second. Here, finally, is a 
memory device that can handle the de
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mands of computing with images. 
This technology is based on photo

refractive volume holographic storage 
(PVHS) techniques; it makes possible 
extremely fast, nonvolatile, and poten
tially removable media. Holostore mem
ory would be a good choice for systems 
that need to provide fast random access 
for the recording and playback of digital 
video and high-throughput transaction
processing systems. It could finally en
able a secondary memory device to out
perform the processor. 

How It Works 
Holostore is a name informally adopted 
for a memory device using holographic 

more optimally with images sized to 512 
by 512 bits , or 32K bytes. Record-ori
ented processing systems might perform 
better with smaller page sizes. 

For illustrative purposes, let's assume 
the storage medium inside the holostore 
is an array of 2500 tiny crystal rods (50 
by 50) tightly packed into a volume of 5 
cm by 5 cm by 0.5 cm. This storage me
dium is small enough to need a spe.cial 
package to carry it. Initial prototypes ex
pected in the next few years will be built 
to fit in a 5 1A-inch form factor. The hclo
store 's size will shrink considerably as 
solid optoelectronic technology matures 
making it possible to integrate holostore 
technology directly into the processor. 

The crystal storage material is stron
tium barium niobate doped with cerium 
to accelerate the photoelectronic activity 
during the write process. For details on 
the nondestructive read problems being 
solved for photorefractive crystals and 
the reason for using an array of crystal
lites instead of a single monolithic cube 
of photorefractive material, see the text 
box "Making PVHS Work" at right. 

It has been demonstrated that each 
crystallite is capable of holding over 30 
pages, but recent experiments indicate 
that 50 or more pages may be possible. 
One aerospace company demonstrated a 
prototype with lithium niobate crystals 
that could store 500 pages of information 
without signal-to-noise problems. 

Reading and Writing 
The holostore's major components are 
the laser source, the page composer or 
spatial light modulator, the crystallite 
array, the page-selector assembly, and 
the detector array (see figure 2) . The 
laser light is split into separate beams 
and steered into the crystallite to write or 
read a page of data. 

The holostore' s laser source is a 
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Making PVHS Work 

Photorefractive volume holographic 

storage (PVHS) technology has 
been investigated in the past as a mem
ory-storage mechanism, but with little 
success. One reason for its failure was 
the emphasis placed on storage capac
ity. However, the real advantage of th is 
technology is its random-access speed, 
which is fundamental and won't erode. 

Another reason for early failures was 
the state of the art of related technol
ogies (e.g., two-dimensional spatial 
light modulators as page composers, 
lasers, beam deflectors, photorefractive 
materials, and detector arrays). Only in 
the last few years has this technology 
been mature enough to put a prototype 
together at a reasonable cost. 

One difficulty with PVHS technol
ogy has been its destructive readout. 
Tbe reilluminated reference beam (i .e., 
the read beam) used to retrieve the re
corded information also excites the 
donor electrons and disturbs the equi

librium of the spa.ce-charge field in a 
manner that graduaJly erases the re
cording. In other words, when you read 
a page from the crystal many times, 
eventually you destroy the information. 
In the past, this has limited the number 
of times you could read a page before the 
signal-to-noise ratio became too low. 

Previously, bulk photorefractive 
crystals were usually used with relative
ly large crystals, usually 1 centimeter 
by 1 cm in length and 0.5 cm in depth. 
However, it is difficult to grow high
quality crystals, such as strontium bari
um niobate, in larger sizes , making 
scaling to higher capacity difficult. As 
a consequence, widespread application 
for bulk photorefractive technology did 
not occur, despite the initial surge ofde
velopment in the 1970s. 

In 1988, researchers at Microelec
tronics and Computer Technology 
Corp. (MCC) and Stanford University 
patented a nondestructive read tech

nique and a manufacturing technique 
for using arrayed crystallites instead of 
monolithic crystals . The technique for 
the nondestructive read provides the 
ability for prolonged readout without 
degrading the stored image data. Tests 
have shown that the equivalent of one 
billion reads can be accomplished with
out signal-to-noise degradation. 

Use of an array of crystallites, in
stead of a single monolithic crystal, has 
many advantages for holographic stor
age. Small-diameter crystals are easier 
to grow , and you can increase storage 
capacity by making a larger array. In 
addition, the reference beam is guided 
through the crystal rod, increasing the 
interaction length and thus the dynamic 
range. Also, these smaller crystals dra
matically improve the angular selectiv
ity of pages, allowing a larger number of 
pages per stack. And finally, they vir
tually eliminate cross talk between 
stacks. 

TOTALLY 
RADICAL••• 
The Caching Baby Motherboards 
A New Concept in PC Design 
As if being a Caching motherboard weren't enough, 
we've redefined the state-of-the-art with our new 
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BASIC HOLOSTORE STORAGE CONCEPT 

Crystall ite storage array 

CCD array 
(page detector) 

Spatial light modulator 
(page composer) 
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pages 

Crystall ite 

Figure 2: The holostore 
superimposes a pattern of 
light and dark spots based 
on the digital data onto the 
data portion ofthe laser 
beam. The data is stored as 
electronic-charge patterns, 
based on the interference 
between the data and 
reference beams, which 
modify the optical 
properties ofthe crystallite. 
The result is a 3-D 
holographic image ofthe bit 
pattern carried in the data 
beam. 

HOLOGRAPHIC STORAGE ASSEMBLY 

Control 

signal 


Actuator: laser diode-pumped, 
doubled YAG laser (532 nm, green) 

Continuous 
wave laser 

Crystallite 
addressing 

deflector system 

Beam 
expander 

Fourier 
xlorm 
optics 

3-cm circular 
crysta ll ite 

array 

Data in 

CCD 

(detector array) 


Data out 

Figure 3: The laser source for the holostore prototype is a compact, doubled, diode-pumped YAG laser with BO-milliwatt 
output at 532 nanometers. The beam splitter splits the laser into separate data and reference beams and steers them onto the 
surface ofa crystallite to store (or retrieve) a page ofdata. 
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compact, doubled, diode-pumped YAG 
(yttrium aluminum garnet) laser with 80
milliwatt output at 532 nanometers (see 
figure 3); a 532-nm laser falls within the 
green range on the visible spectrum (see 
the photo). Tracing the beam from the 
laser, it first encounters the stack-selec
tor assembly, which steers it to an indi
vidual stack of pages. Next, a beam split
ter separates the beam into two parts . 
The first part is the data beam, and the 
second is the reference beam. 

Starting from the beam splitter, the 
holostore expands the data beam onto the 
surface of the page composer, where dig
ital electronic data enters the system. 

·This data is displayed on· the surface of 
the page composer and i1luminated by 
the expanded data beam, creating a bit 
pattern of light and dark spots. The holo
store superimposes this pattern of spots 
based on the digital data onto the laser 
beam, where it represents the bits on the 
page to be stored. 

After the page composer, the holo
store focuses the data beam through a 
lens system into and through the crystal
lite array. As the two beams, data and 
reference, enter the crystallite together, 
the reference beam interferes with the 
data beam, writing an interference grat
ing in the photorefractive material. The 
holostore converts the grating pattern in 
the photorefractive material to a stored 
electronic-charge pattern that modifies 
the optical properties of the crystallite. 

The result is a 3-D holographic image 
of the bit pattern carried in the data 
beam. (The interference grating allows 
the hologram to be recreated when the 
holostore reads the data.) This is the en
tire write process. 

As an example, a 256- by 256-bit array 
(8K bytes) should require approximately 
100 microseconds to transfer, assuming 
a theoretical transfer rate of 80 MBps. 
Currently, the frame rate of the page 
composer limits the 1/0 rates . To write 
another 64K-bit page in the same stack, 
the holostore shifts the reference beam's 
angle roughly one-fourth of a degree and 
loads new data on the page composer. 

The read cycle is relatively simple. 
During a read cycle, the data beam is 
shut off, so only the reference beam 
shines through. The holostore selects the 
location of the reference beam for the 
specific stack of pages to be read , and the 
angle then determines the address of the 
specific page in that stack. 

The reference beam illuminates the 
interference grating stored at this se
lected angle, resulting in the reconstruct
ed image of the original bit pattern stored 
there . The holostore then focuses this 

pattern as an image on the system's de
tector array . The detector array is a 
charge-coupled device that captures the 
reconstructed light and dark bit patterns 
of the image and converts them back to 
digital electronic signals for transfer to 
the computer. 

An average page-access time of I mi
crosecond has been demonstrated with 
the prototype now under development at 
MCC, which provides a potential trans
fer rate of 800 MB per second. In the fu
ture, even higher speeds should be avail
able as computers are reoriented toward 
high-performance memory devices. 

Staging the Technology 
Getting the holostore into personal com
puters and workstations will come in 
stages. Some possible areas of applica
tion are disk replacement, disk caching, 
front-end-processor caching, system-bus 
interfacing, and direct connection to the 
CPU. These areas are listed in order of 
their complexity to implement, as this 
will have an effect on how soon holostore 
devices for these functions will appear. 

It ' s easy to affect computer perfor
mance by installing a holostore device as 
an interface to existing ESDI, SCSI, or 
SMD controllers in installed systems. 
This would require no changes to bus 
structure or the operating system, al

though it might be necessary to modify 
disk drive controller firmware some
what. To the controller, the holostore de
vice would look exactly like a disk drive 
without seek and latency delays . When 
data is requested, it is available at what
ever transfer rate the existing controller 
can support. 

Performance improvements of two to 
30 times for workstations are possible 
because the holostore would greatly re
duce seek and latency times. (It would 
provide 1- to I 0-microsecond access 
time versus approximately a IO-millisec
ond access time for magnetic or optical 
disk storage.) The holostore would pro
vide a simple way to boost the perfor
mance of installed systems through field 
upgrades. It could also provide freedom 
from the vibration and temperature prob
lems that trouble disk drives . 

Where a large investment in minicom
puter and network-based disk systems 
exists , you might want to upgrade only 
the disk-caching component. After all, 
the processors have the performance you 
want; it's the disk drives that create the 
bottleneck. 

A new caching disk drive controller 
with a few hundred megabytes of ex
tremely fast nonvolatile holographic stor
age would boost the performance of 
existing drives by holding "hot spots" in 

A prototype holostore device. Since the beam falls within the green range 
on the visible spectrum, you can trace its progress through the device (see figure 3 
for more details). 
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HOLOSTORE APPLICATIONS I 
Table 2: Many possible applications for the holostore come to mind because 
ofits ability to handle the demands ofhigh bandwidth at a relatively low cost 
with a nonvolatile memory system. 

Memory-hierarchy element 
Special virtual memory paging devices 
High-speed write-through caohe 
Context swap space 
Plug-compatible disk drive replacement 
"Solid-state disk" for "hot spots" in databases 
"Bulk-store" swapping device for transaction processing and supercomputing 
Removable medium for data backup and high-speed restore 

Image-processing element 
Diagnostic-medicine image store 
Target-classifier subsystem 
Airborne sensory-data recorder 
Vehicle data-storage system 

Entertainment medium 
"Crystal jukebox" for music and video 
High-definition TV video recorder 
Read-only movie-playback system 

Data-distribution medium 
Compact, nonvolatile. random-access replacement for microfiche and CD·ROM 

databases, and simplifying recovery and 
restart issues for transaction-processing 
systems. This same holostore (disk-cach
ing controller) could provide a port for re
movable backup and high-speed restore. 

Another possibility for improving the 
throughput in transaction-processing 
systems is to integrate a multimegabyte, 
nonvolatile holostore device into a front
end processor or file server. This would 
aJlow the front-end processor to run 
more independently during main-system 
interruptions, and would vastly simplify 
recovery and restart. 

A holostore device could also be inte
grated onto the system bus as the primary 
memory device, which would give you 
"instant on" support for playing back 
audio, video, and text files. 

Finally, the most fascinating designs 
with bolostore devices will be those i.nte
grated directly into the CPU for image
processing applications. The holostore 
can provide quick random access to ex
tremely large files with no bus delays, an 
important factor for high-performance 
graphics workstations and multimedia 
systems' controllers. 

Interactive Video 
One popular vision for the future in
cludes full interactive-video applications 
working as smoothly and quickly as text 
applications do today. To achieve this vi

288 BYTE • NOVEMBER 1990 

sion , you need the ability to record and 
play back hours of digital video as well as 
edit the programs in real. time. Instant 
access to video and audio would also de
crease the amount of time that profes
sionals currently have to spend to edit 
and produce video programs. 

Current optical and magnetic disk 
drives aren't built to achieve these vi
sions. You may recall the problems that 
the budding digital video interact ive 
(DVI) industry has had to overcome to 
permit CD-ROMs to play back digital 
video on existing 286/386 systems. So
phisticated compression and decompres
sion algorithms are being designed into 
special ICs to overcome two problems: 
insufficient data storage and I/O speeds. 

NTSC-standard TV supports a screen 
resolution of 512 by 480 pixels. You need 
at least 750K bytes of data to display a 
single frame. To get the full-motion ef
fect you see on TV, the screen must dis
play 30 frames per second; hence, the 
bandwidth requirement for playing video 
is 22.5 MBps. Without precompressing 
the video into presentation-level video, a 
CD-ROM of 648 MB would hold less 
than 30 seconds of video and take more 
than an hour to show . 

Most scenes don't change dramatical
ly from one frame to another. Thus, DVI 
developers have devised a compression 
algorithm that digitizes and stores the 

first frame of a scene, and then stores 
only the changes in the scene from frame 
to frame. 

Playing back a video application is 
made possible by moving the compressed 
data over the 1/0 path from the disk drive 
to special decompression hardware. As 
the CD-ROM can provide 72 minutes of 
full-motion video, it will undoubtedly 
become a common video playback de
vice, much like the audio CD has. 

In the Crystal Ball 
Most of the cost in any computer-related 
product is the memory component. The 
cost of RAM , ROM, and disks domi
nates current products , and with the 
move to more digital, audio, and video 
capabilities and the increases in storage 
that they require, these costs will rise. 

The holostore could be the next piece 
in the hierarchy of memory devices be
tween RAM and disk drives to support 
the growing demands of high bandwidth, 
low cost, and, most important , nonvola
tile memory systems. Table 2 contains 
some possible holostore applications. 

With the growing emphasis on high
resolution video and graphics merged 
with high-fidelity audio, the holostore 
could be a major weapon in the arsenal of 
high-speed 1/0 devices-one that can 
support the high bandwidth that these 
digital products require . • 
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MAGNETIC VS. OPTICAL 

Entering 

a New Phase 


Phase-change technology combines the capacity 

ofmagneto-optical storage with enhanced performance 


Bob Ryan 


0 
ptical and mag
netic storage r~p
re sent opposite 
ends of the spec

trum. Optical storage is vol
ume storage, while magnetic 
media offer performance. 

With the capacities of indi
vidual, replaceable cartridges 
measured in hundreds of 
megabytes and gigabytes, op
tical disks let you store amaz
ing amounts of information in 
machine-readable form. On 
the other hand, with access 
times heading below 10 mmi
seconds and throughput well 
over 10 megabits per second, 
magnetic media remain the 
only choice for applications 
where superior disk perfor
mance is essential. 

Now, by combining the ca
pacity of magneto-optical 
(MO) storage with enhanced 
performance, a new optical 
storage technology-rewrit 

able phase change-promjses to make the 

gap between optical and magnetic stor

age seem more like a crack in the side

walk and less like the Grand Canyon. 


A New Arrival 

Phase-change technology has existed 

since the 1960s and is used in many com

mercial WORM (write once, read many 

times) drives. Up to now, however, tech-


ILLUSTRATION : JOE GAST© 1990 

nical concerns about media durability 
have kept rewritable phase-change stor
age devices in the research Jabs and off 
your dealer's shelves. With the introduc
tion of rewritable phase-change drives in 
this country and Japan by Matsushita, 
the technology has made the transition 
from theory to reality. 

Phase-change technology is the first 
read/write optical storage technology 

that allows for the direct over
writing of old data by new. 
This gives phase change a big 
advantage over current read/ 
write optical disks, which are 
based on MO technology. 

Erasable Optical Today 
As the name implies, mag
neto-optical disk drives are a 
combination of magnetjc and 
optical technologies. Unlike 
purely optical technologies, 
such as CD-ROM, WORM, 
and rewritable phase change, 
MO systems depend on both 
magnetism and optics to store 
and retrieve data. 

MO drives have made their 
mark as the first commercial
ly viable erasable optical tech
nology, but limitations in the 
technology may make it little 
more than a transition from 
pure magnetic systems to pure 
optical ones. 

A successful storage tech
nology must be able to create either an 
"on" or an "off' condition at a particu
lar area-the recording spot-on the re
cording medium and be able to differen
tiate between these two conditions. In 
addition, a read/write technology must 
be able to change a recording spot from 
the "on" condition to the "off," and 
from the "off' to the "on." Like magnet
ic media, MO systems fulfill all the 
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READING AN MO DISK 

Read beam 

i ~ 
6 

6 


Figure 1: Every recording spot on a magneto-optical disk has a magnetic orientation 
that corresponds to either a 0 or a J. To determine the orientation ofa spot, 
the read system bounces a low-power laser offthe spot. The direction ofthe 
polari<tltion rotation put on the reflected beam by the spot 's magnetic orientation 
reveals whether the spot is a 0 or a 1. 

two other layers that enhance the effects 
of the "read" laser beam. The two en
hancement layers also protect the active 
layer from contaminants. Capping off 
the disk is a transparent surface layer. 

The active layer of an MO disk is al
ways magnetized. A magnetic surface af
fects the polarization of any light that re
flects off it by rotating the polarization of 
the light either clockwise or counter
clockwise. This is called the Kerr effect. 
The direction of this rotation depends on 
the magnetic orientation of the reflective 
surface. 

A recording spot on an MO disk can 
have one of two magnetic states: positive 
or negative. These correspond to binary 
Os and ls . The optical head determines 
whether a spot is a 0 or a I by analyzing 
how the beam of a low-power " read" 
laser is polarized when it is reflected off 
the spot. Negative Kerr rotation corre
sponds to one state; positive rotation to 
the other . Thus , MO drives fulfill the 
first criterion of a useful read/write tech
nology: the ability to determine the "on" 
or " off' state of a particular spot on the 
recording medium (see figure 1). 

The second criterion- changing a spot 
from a l to a 0 or from a 0 to a I - in
volves changing the magnetic orientation 
of a spot. This, in turn , involves the pre
cise synchronization of optical and mag
netic technologies . 

WRITING TO AN MO DISK 

Write beam 

Figure 2: Writing a bit to a magneto-optical disk means setting the magnetic 
orientation ofa recording spot. The write laser melts the spot, while the underlying 
magnet produces afield with the new orientation ofthe spot. As the spot cools, 
it assumes this new orientation. 

Magnets and Mirrors 
To write to an MO disk, you have to be 
able to change the magnetic orientation 
of a spot without affecting the nearby 
spots. This is the function of the power
ful " write" laser. 

This laser has one purpose: to heat a 
spot on the recording medium to the 
Curie point-the temperature at which a 
magnetized substance loses its magnetic 
orientation. Once a spot is heated to the 
Curie point, a small electromagnet on 
the side of the disk opposite th.e read/ 
write head generates a magnetic field 
that reflects the new orientation of the 
spot. As the spot cools past the Curie 
point, it assumes the orientation of this 
magnetic field (see figure 2). 

When an MO disk is manufactured, 
every spot on the recording layer has the 
same magnetic orientation . This is the 
default condition of the media. Whenever 
an MO drive writes to the medium it as 
sumes that whatever area it writes to is in 
the default condition. Thus, before writ
ing any data, an MO drive must first 
erase the a.rea of the disk it wants to write 
to. Erasing a spot brings its magnetic 
state back to the default condition. 

Having to erase an area before writing 

requirements of true read/ write systems. 
The problem comes from how they ful 
fill the requirements . 

MO disks are built from layers of ma
terials. These layers are built on a glass 

or polycarbonate substrate, which car
ries the grooves and other formatting 
marks. The active recording layer, con
sisting of a rare-earth , transition-metal 
alloy , is normally sandwiched between 

Protective layer 

Dielectric layer 
I 

Recording spot 
melts past Curie point. Recording layer 

Dielectric layer 

Substrate 

Electromagnet induces new 
magnetic orientation as the 

spot cools. 
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to it effectively doubles the write time of 
MO drives in relation to other read/write 
storage technologies. This performance 
handicap makes it unlikely that MO 
drives will ever seriously challenge mag
netic media as your primary mass storage 
technology. 

Other limitations of MO technology 
involve the read/write head. Because the 
magnitude of the Kerr rotation is small
about l percent-the head requires rela
tively large and massive optics to detect 
the polarization of the reflected "read" 
beam. A massive head is slower to move 
across the surface of the disk, resulting in 
slower access times . Therefore, although 
MO disks spin as fast as magnetic media, 
the performance of the drives is two to 
four times slower than magnetic drives in 
read/write operations, and as much as six 
times slower in accessing a particular 
spot on the disk. 

Direct Write 
Phase-change optical storage systems are 
pure optical technologies. Unlike MO 

systems, where the " write" laser merely 
prepares the recording surface for the 
data , the " write" laser of a phase-change 
system actually writes the data to the 
disk. The laser itself determines whether 
the spot is a 0 or a l. 

Phase-change technology was first in
vestigated by Energy Conversion De
vices (ECD) in the late 1960s. It takes ad
vantage of the property of a particular 
category of thin films to switch between 
two stable structural states. 

Thin films are a wide-ranging class of 
sernimetal materials that can be deposit
ed onto a substrate in very thin layers . 
During the deposition process , they are 
introduced into a vacuum as a vapor. 
With phase-change thin films , vacuum 
deposition results in an active layer from 
200 to 500 angstroms thick. 

The compounds used in phase-change 
thin films are based on tellurium or sele
nium. These elements have the property 
of exhibiting both an amorphous state 
and a crystalline state. You can switch a 
spot in the recording layer between these 

BASICS OF PHASE CHANGE 

In its original state, a spot in the 
phase-change recording layer is 10000 1 
amorphous. 

8-mW laser 

l o © oo l 

8-mW laser transforms the dot to the 
crystalline state. 

18-mW laser 

18-mW laser melts the spot. ll cools to the 
amorphous state. 10000 1 

Figure 3: The remarkable property ofphase-change media to change from 
amorphous to crystalline at one energy level and from crystalline to amorphous 
at a higher level enables the realization ofdirect optical overwrite. 
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two states by the judicious application of 
power from a laser. 

There and Back Again 
Initially , phase-change media exist in the 
amorphous state. Changing a spot to the 
crystalline state, and changing a crystal
line spot back to the amorphous state, re
quires the manipulation of two important 
parameters of the recording material : the 
glass-transition temperature and the 
melting temperature. 

The glass-transition temperature is the 
point at which an amorphous spot is 
changed to the crystalline state. The thin 
films developed by ECO switch to the 
crystalline state when hit with a short 
burst of an 8-rnilliwan laser. 

The melting temperature is, of course, 
the point at which the recording material 
melts. The melting temperature is higher 
than the crystalline temperature and re
quires a more powerful (18-mW) laser. 
The important feature here is that the re
cording material doesn't recrystallize as 
it cools from the melting temperature; 
rather, it cools into the amorphous state. 
This process , called revitrification , 
gives the phase-change media the ability 
to switch directly from amorphous to 
crystalline and back again. Direct an 8
m W laser at a spot, and it turns the spot 
crystalline; use an 18-mW laser, and the 
spot becomes amorphous (see figure 3). 

Note that the original condition of the 
spot is immaterial to the results of the 
write operation. Say you want to write a I 
to a particular spot, and that the crystal
line condition corresponds to a l. If the 
spot is amorphous when you hit it with 
the 8-mW laser , it will change to the 
crystalline form. If the spot is already 
crystalline when you hit it with the 8
m W laser, it will remain crystalline, be
cause the laser isn' t powerful enough to 
melt it. 

Likewise, when you want to write a 0, 
the higher-powered laser will always 
melt the recording material and return it 
to the amorphous state, regardless of 
whether it was amorphous or crystalline 
to begin with. 

Readin.g Material 
The ability to change directly from one 
state to another is critical to a one-step 
read/write technology, but equally im
portant is the ability of the system to dis
tinguish between the two states. Luckily, 
the amorphous and crystalline states dif
fer in a very fundamental optical charac
teristic-they exhibit different reflectivi
ties. The system determines whether a 
spot is a 0 or a l by examining the inten
sity with which the spot reflects a low-
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power "read" laser (see figure 4). 
Because the differences in reflectivity 

between the amorphous and crystalline 
states of phase-change media can be 
orders of magnitude greater than the l 
percent change in Kerr rotation detected 
by MO systems, the read/write heads of 
phase-change systems don't have to be as 
sophisticated and sensitive as those of 
MO drives . Thus, as the technology ma
tures , you should see phase-change read/ 
write heads become Jess massive than 
their MO counterparts . The result will 
be faster seek and access times . 

The Layered Approach 
Like an MO disk, a phase-change disk 
consists of more than a substrate and a re
cording layer. Further layers are usually 
added to enhance the contrast between 
the reflectivity of the two states and to 
protect the active layer from outside con
taminants . 

Tellurium, the primary material used 
in most phase-change media, crystallizes 
below room temperature in its pure form, 
making it impossible to use in an every
day office environment. However, the in
troduction of small quantities of other 
materials , such as germanium and anti

mony, raises the glass-transition tem
perature of the alloy above 100°C. 

Future Phases 
After two decades in R&D laboratories , 
phase-change storage devices are now 
available from Matsushita in both Japan 
and the U.S. , where they are marketed 
under the Panasonic brand name (see the 
text box " Phase Change Is Real " on page 
296) . As more manufacturers introduce 
phase-change systems and as researchers 
make advances in media and optical
head technologies , you will see a steady 
improvement in media durability and 
disk access speeds. Given its inherent ad
vantage over MO technology , phase
change storage may be the premier opti
cal storage technology by the middle of 
the 1990s. 

In the future , phase-change technol
ogy may also challenge magnetic media 
in all but the most speed-intensive appli
cations. Advances such as very small in
tegrated optical read/write heads will 
greatly decrease access times, and more 
durable media will silence doubts about 
the reliability of the technology. Given 
its already large advantage in costs per K 
byte of storage, phase change may be the 

READING A PHASE-CHANGE DISK 

Read beam Reflected to intensity detectors 

Read beam Reflected to intensity detectors 

ol 
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Figure 4: Unlike magneto-optical drives , which must detect small changes in the 
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makes it possible to completely automate and 

streamline the entire information management pro
cess. From design and forms completion, to printing 
and integration with your existing dBASE® files. 

As years pass, other software makers may discoverCHOOSIN& 
the true purpose of business forms, and upgrade their 

WE'D 
LIKE TO 
SU&&ESTA 
FEW NEW 

FORMS 

SOFTWARE. 


it print,s on HP work in a network? 
LaserJef'J printers, Sendingfarms 
and the new IBM around the office is 
LaserPrinter 40I9. one tking. Manag
You 'llfind JetFonn ing i'T!formation 
is three times/aster tkroughout your~--- than others. 	 organization, across 

multiple plaifarms, 
is quite another. 

To appreciate the benefits of JetForrn"' software, we invite 
you to first examine the subject of busines.5 

__, forms themselves. And why every busines.5 
has so many. 

It 's because forms are the proven way to 
gather information. Communicate it. Store 
it, and process it. Which is precisely the point 

of view from which JetForrn was developed. 
Naturally, JetForm gives you complete 

WYSIWYG graphics and font control, using the 
industry standard Microsoft® Windows interface. 

But we also give you something else. And 
that's a set of capabilities that turns forms soft
ware from a handy way to replace pre-printed 
forms into a powerful way to run a business. 

Which is why you'll find JetForrn prints 
faster on the laser printers that businesses use most. 

And connects more effectively to networks. So both forms and 
the information they contain can be better shared and communi
cated - across departments, or entire organizations. And not just 

with IBM®PCs but with HP®3000s, HP9000s, 

products to the capabilities of JetForm. ButJetFo:.F 
has them today. And a new business day starts tomorrow. 

Call 800-267-9976 for complete information on 
the full family of JetForm forms software. ,r,1.1etrorm 

THEY'RE MORE THAN JUST FORMS.THEY'RE YOUR BUSINESS. 

yo-urfarms needs? 
Including complex 
policies and~ 
tract,s, as well as bar 
code labels?Will it 
handle them in the 
volume you'll need 
as yourfarms applir 
cations graw? 

"links" to your 
dn.tabase doesn 't 
mean it takes full 
advantage of dn.ta
baselinks. Jetfi'onn 
verifies data, per
forms cal,culations 
andjuUy reads and 
wriUs dBASEfiles. 

a.full set offlex
ible, easy to use, 
WYSIWYG design 
tools ta.ilored to 
forms design. AjWr' 
all, tkis isn 't desk,. 
top publishing. 
It 's in/omiation 
management. 

Call (800) 267-9976 (US only) or (613) 594-3026. Indigo Software Ltd., 560 Roche.ster Stteet, Suite 400, Ottawa, Canada KlS 5K2 

© 1990 Indigo Softwaze Ltd. JetFonn Is a 1r.ldeinark or Indigo Sol\wan! Ltd. All company and product names are trademad<s or ~ trademarks or their respectr•eowner.;. 
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ENTERING A NEW PHASE 

W&T 

~-
System lnstallaUgn 
RS232 lines can go up to about SOfut, CenlrOnics 
lines up to about !Sfeet. For further distances you 
need line driven. Be swe to use iaolatcd mes to avoid 
problcm5 wilh voltage drops and distanL lightning. Wc 
manufacture driven and ilolaL011 with up to S0.000 
volts isolation. No one we docs. 
#20001 , Cen!ronica line driwr I kV 4KB)'ll> S 189 
"80001, RS232liDc <*'iYer !kV S229 
~O. RS232liDc <*'i"" 501.V $319 
#88001, RS232 ilcl&10r !kV $129 
#88050, RS232 iacl&10r SClr.V $149 

Portable Q•la Bullen with b1U1;ry 

lnStrument readings, drilling templates, programs · 
you can transport all kinds of data in 1 small bo~ 
# 22031, C'.em:ronics 32K $149 
f221Z7,C'.em:ranics 128K $319 
#88031, RS232 32K S229 
#881Z7,RS232 128K S319 

Cpmputecs ran cyn up tg 95 '2 Caster 
Your compuLer i1 forced to run with the brakes on 
bccau&e standard printer and plotter buffen arc far 100 

small. lf you ptint &Jot a printer buffer can accelerate 
your •y.«cm by up Lo 95% and anyone can plug it in 
within a few sccmds. 
I 22ll64. Ccnll'Olica MK $149 
I 22256, Ccntranica 256K $229 
# 2210Z, Ccntranics 1024K SS89 
#88128, RS232 128K $229 
188512. RS232 Sl 2K $319 

The Ideal T.mitch 15 the ooe mu dgg•g notice at all 
Now there i.< a fully electronic automatic T -Switch 
that lets you sha.n: one printer between two or four 
computeri. It does not nud any operation and not 
even a power supply. 
t 25210, Cenlronica, 2 PCI ·- I P'inlcT S 99 
# 25410, Cenlrcmiai, 4 PCI ·-I P'imor $189 

I l[§lyle Workd>•le? 
Remember when you could walk into a place of 
business and immediately =nsnize what was being 
done there? People loved their job and surrounded 
themselves with profC11ionally·relaLcd artistic wades. 
Than.ks LO W&T, thia is again pocsible. We have 
commissioned WesL German a:tislS to design utwodc 
bued on the PC-Codcuble (order #17750), and part of 
the MS-DOS command set (order # ITI60). Computer 
professimals will find these prints lo be both practical, 
and beautiful lo display. Either print (approx. 20" by 
28" in size) can be hanging in your office for $29 .00. 
If you with to surround yourself, both prints can be 
purchased together for u liu.le u $50.00. 

To cm1er by ~ add S6 wpping and lw!clli.n(, FL 
ncidmul add 6.. Mks l&L ~la a lftdemam.of 
~Cilrp.. mM.il a indarwk' ofIBM C111p. 

We accq>t~ 1ndV11&" 

W& T Products Corp. 
P.O.Box 39559 

Ftlaud.rdal•, FL 33339 


Phone: 1-800-6211-2086 
Fax ; 1-305-$91-5923 
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Phase Change Is Real 


This spring, Panasonic Communica
tion & Systems Co. introduced the 

LF-7010, the first phase-change optical 
storage system available in the U.S. The 
LF-7010 is a multifunction drive, capa
ble of reading and writing Panasonic's 
current WORM media as well as its own 
phase-change disks. 

The LF-7010 uses 5 1A-inch media to 
store 1gigabyte of information on a sin
gle phase-change media cartridge. The 
drive can also read and write (once) the 
5\4-inch medium that Panasonic's LF
5010 WORM drive uses. This medium 
stores 940 megabytes on each cartridge. 
Panasonic plans to install the LF-7010 
into an automatic cartridge changer-a 
"jukebox"-that will hold up to 50 
phase-change and WORM disks for a 
maximum capacity of 50 gigabytes. 

Pluses and Minuses 
This phase-change system features a 
data transfer rate to and from the disk 
that can reach 10.3 MB per second. It 
uses the SCSI-2 interface, making it 
compatible with an ever-widening range 
of computer hardware. Panasonic rates 
it with a mean time between failures of 
20,000 hours and a bit-error rate of less 
than 10-11 

• 

To achieve its impressive storage ca
pacity, the LF-7010 varies the amount 
of data that it stores on each track of the 
disk. Longer tracks on the outside of the 
disk contain more data than the shorter 
tracks on the inside. This provides more 
room for data on the disk, but the in
creased complexity of the disk organiza
tion slows down access to the data . With 
an average seek time of 90 millisec

optical technology that finally overtakes 
magnetic storage. But don't expect that 
to happen in this century. (By then , you 
may see electron beams used to write 
data instead oflaser beams, resulting in a 
significant increase in the storage den
sity of the media.) 

Perhaps the most important aspect of 
phase-change technology is that it uses 
the same read method used in CD-ROM 
and WORM systems. This will make it 
possible to build multifunction optical 
drives that can read three of the four 
types of optical storage media-MO is 
the exception-and write to both WORM 
and phase-change disks . The benefits of 

onds, the LF-7010 is fast by WORM 
standards, but 50 percent slower than 
some magneto-optical (MO) drives and 
nearly 10 times slower than a high-per
formance hard disk drive. Obviously, 
the LF-7010 isn't ready to become your 
primary mass storage device. 

Choosing the appropriate balance be
tween capacity and access speed is a de
cision every optical-drive manufacturer 
must make. Panasonic intends the LF
7010 for applications, such as docu
ment-image retrieval and archival stor
age, that put a premium on capacity as 
opposed to speed. Therefore, it made 
sense to go with a system that varies the 
amount of data per track to take advan
tage of the longer tracks on the outside 
of the disk. There is nothing to prevent 
Panasonic from coming out with a faster 
drive that stores a fixed amount of data 
per track, although such a system prob
ably wouldn't be compatible with cur
rent WORM and phase-change med.ia. 

Battle Joined 
Obviously, the LF-7010 can' t compete 
with magnetic media as a primary stor
age technology. However MO develop
ers-even those who emphasize access 
speed over capacity-will have to take 
note of the LF-7010. Its one-pass write 
procedure may be enough to offset any 
advantage small-capacity MO drives 
enjoy in access speed. 

As a new technology, the LF-7010 is 
a fascinating and welcome develop
ment. In the marketplace, though, it 
won't be judged on the sophistication of 
its innards but on the job it does for 
use.rs . 

such a drive would be enormous. 
By offering the high capacity and re

movability of optical media while elimi
nating the need to erase the media before 
writing , phase change holds a definite 
theoretical advantage over MO storage. It 
remains to be seen whether Matsushita 
and others can translate this advantage 
into superior products. However, the 
next few years will be a banner time for 
the consumers of optical storage devices 
as these contending technologies are 
pushed to their limits . • 

Bob Ryan is a BYTE technical editor. You 
can reach him on BIX as "b. ryan. " 
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0 ou have a lot of power in your thumb. So we designed 

TrackMan~ -the world 's most popular stationary mouse 

to put that power to work . 0 rackMan 's brill iant 

ergonomic design includes a lightweight, thumb-

driven ba ll, three buttons at your fingertips and 

room to rest your hand. It is far more comfortable 

than any other stationary mouse. Because the 

thumb is far more agile and powerful than any 

finger. 0 ith TrackMan's adjustable resolution, 

you command the cursor with exhilarating speed and 

precision, even in the most confining workspace . O nd 

you get all th is for only Sl39, including Log itech 's~ li fe 

time hardware warranty. TrackMan works w ith 

any applicati o n on an IBM PC (or compatible ). 

O or more information coll Logitech's Customer 

Soles Center:(800)231-7717ext.347. In Californ ia : 

(800) 552-8885; in Canada : (800) 283-7717 ; 

in Europe: + + 41 - 21-869-9656. 
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Aren't you glad Windows New DESQview 2.3 
and OS/ 2 · aren't the only gets the most out of 
way to multitask and DOS. Even in 
window on the PC. Windows. 

It's all very well to For a lot of users, what's 
look at screen after screen exciting about Windows isn't 
of colorful graphics and Windows itself, but some of the 
new programs. But the great new programs that use it. 
brutal truth is that these ow you can run those programs 
environments require in DESQview 2.3, and keep on 
extensive, expensive hard· using the unique DOS multitask
ware upgrades for 80%of ing windowing capabiliti~s of 
PC users. ot to mention DESQview lets you nm all these programs in 11111/tiple windows and 11111/titas~ DESQview. (On 386 machines, 
new or upgraded software. tl1e111-111/ without 11111jor modifications to tire computer you ow11 now. And without DESQview 386 2.3 runs Windows 

It all adds up to $1,200 to replacitig or even upgrading your favorite programs. programs side-by-side with 386 
$2,500 per PC-and that's for in multiple windows, running sorts and CXJS-extended programs such as IBM 
the hardware and software alone. To say recalculations in the background, and Interleaf and AutoCAD 386.) 
nothing about a major investment in the they're operating in text and graphics And of course, newDESQview 2.3 
time it will take to learn new ways of modes in windows side-by-side. gives you all the other great strengths that 
working. With no drama, no fireworks and no made it the favorite of knowlegeable PC 

If all you want is enhanced huge memory or disk space requirements. users. Some of our recently added features: 
productivity from your PC, that's too high In fact, DESQview runs on i486, 80386, support for mouse menus within windows; 
a price to pay. 80286 and even 8086 and 8088 PCs. Its 

DESQview does it all. low memory overhead means you don't 

For less. have to buy a faster computer and more 


RAM to compensate for the demands of 

DESQview runs the programs you a complex, memory-hungry 'graphical' Some of DESQview's recent awards.

know and love in multiple vvi.ndows, operating system.
multitasks them and even lets you choose flexibility for as igning and reassigning

And DESQview builds on and extendswhether or not to use a mouse. And it does special keys within windows,support for 
~the most robust, stable operatingit all today. In fact, DESQ- 3270 and other terminal emulation, 
system available for your computer.~-.... view's been doing it for support for a wide range of hardware:CD

over four years now. Plus,you don't give up any flexibility ROM, scanner , comm ports, etc.and help 
People all over the in choosing programs. DESQview runs in handling troublesome TSRs. DESQview 

world are using DESQ virtually all DOS and OOS-extended keeps up with software and hardware 
view to manage custom programs and Windows programs as well. developments. As new standards develop, 

ized work environments like ou'll find us supporting them.o wonder major corporations all over 
those shown here.TI1ey are using it to cut the world have chosen to standardize on As long as you're using DOS programs, 
and paste data between programs running DESQview. you need DESQview. 
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Quarterdeck's family
of products is 

designed to enhance 
the way you work. 

At Quarterdeck, our 
mission has always been to 
increase your productivity in 
logical, economical steps-not 
to reinvent a system that 
already works for you. 

Our best known product, 
DESQview, has well O\ er a 
million users. 

And hundreds of thousands of 
people useour QEMM, the 
expanded memory manager for 
users of 80386 PCs and IBM PS/2"' models 
50 and 60 that makes it easy for your 
programs to break the 640K memory 
barrier. (Even within Windows, on 386 
machines!) 

Our newest products,Quarterdeck 
Manifest and QRAM help you understand 
and optimize the critical fi rst megabyte of 
your PCs memory. 

Manifest does for memory what PC 
Tools Deluxe does for disks. It guides you 

DESQ1i e"· Sy tern Requirem•nts: IBM Personal Computer ~nd !Olll< 
compatibles ~with I, SI&, 2U,&13.16 or i486 PJ'OCl'<SO"),,, th mo"°' 
chrome or color di pL>1·; IBM Per;onal Svstem/ 2 • Memory: f>WK rerom· 
mended; for DESQ\iew itself lJ. l4;K ,· Expanded Memory (Optional): 
e\panded memory boards compatible wilh the Intel AboveBoord; 
enhanced e.•panded memory boards com~tible \\11h the AST RA.~lpage; 
EMS ~.O expanded memo'.}'. boards • Disk: two diskette drives or one 
diskette drive and a hard disk • Graphics Cud (Optional): Herrules, IBM 
Color/ Graphics !CGA). IBM Enhanced Graphics !EGA!, IBM PS/2
IAd1·anced Graph ics (VGA) • Mouse (Option• ll: Mou5e Systems. 

Microsoft and compatibles • Modem for Auto-OiJler IC>litionall: Ha)'ES 
Ior compatible • Operating System; PC-DOS 2.0-4.0; ~lS-005 2.0-4.0I • Software Me<t l'C·OOS and MS-OOS applicanon programs; programs 
specific to ,\licrosoh \\1ndows 1.03-3.0, GEM 1.1-3.0, IBM TopVie1\' 1.1 
• Media: DESQ\iew isavaiLlbleon either 5-' /." or 3-'/:" llo vdiskette. 
Trademarks are property of their nespective holders: IBM, (f,12, PS/2, 
lnterleal, Top\liew, Lotus, l-2-3, Metro, Freelanre, AutoCAD, Venhlra 
Professional Publisher, PC Tool; Deluxe, Intel. 80386, i4S6, Abo"• Board, 
AST, Ri\Mpage, Hercules, Mouse Systems, Hayes, Microsoft Windows, 
Microsoft Woid, GEM, FNN N•m~ReJI,Spread.lhoet Solutions. 
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Tiie vast majority of programs nm i11 DESQview- eve11 Wi11dows 3.0 programs! 
A11d someprograms take special advantage of DESQview to e11/11111ce their opera
tio11. FNN ewsRea/ a11d products usi11g Spreadsheet So/11tio11s '@DV 'Hot Li11ks', 
for example, usewindowing, m11/titaski11g a11d i11terprogram comm1micatio11s. 

'under the hood' of your PC, showing how 
your memory is being used;even "' hich 
partsof RAM are faster. You'll see v. here 
TSRs, utilities, driversand buffers work, 
and find all the pockets of idle memory. 

QRAM is our memory optimizing 

utility that ends 'RAM cram.' 
It Jets you move drivers, 
TSRs and other utilities out 
of 'lower' memory and into 
idle memory locations 'up 
high,' giving your program 
as much as 130K more elbow 
room. And QRAM makes it 
easy to optimizeyour 
memory-even if you'\ e 
never used anythingbeyond 
1-2-3 before. 

DESQview, QEMM, 
Manifest and QRAMhelp 
youget the most out of the 
software and hardwareyou 
O\-\ n today. 

To find out more about our family of 
productivityenhancement products, mail 
in the coupon below with the appropriate 
boxes checked. Or see your authorized 
Quarterdeck dealer. 

Quarterdeck Office Systems, 150 Pico Blvd.,Santa Martica, CA 90405 (213) 392-9 ~1 Fa :(213) 39CJ-3802 

·····································-······························~:YEsf Product vSend Info ;..1 ~ J.. lh Price Each Totals 
: • DESQview 386 v2.3 Multita kin windowin environment I 5219.95 
• DES view v2.3 Multitaskin windowin environment 
: I need EMM-386 version 5.1 
: increase.d. I EMM-50160 version s.o 
: produdiVIty RAM Memorv o timizin utili 

now! uarterdeck Manifest Mernorv analyzer 

Payment DVisa 0 Mastel{:ard Expires_/__ Ship: ing & Handling 

Acct #I I I I I I I I I I I I I I I I I J 
ame__________ _ ___Title._ 

Sl29.95 
599.95 
S99.95 
579.95 
559.95 

- in USA/ varies outside USA 

California Residents add 6.75% ,_______. 
Grand Total _,L___ 

Address ---------------- - - -- 
City Stale Zip _ _____ ................................................................... 


Call for upgrade infonnation. ©199J Quarterdeck Offi.:€ Systems 



One little ARCStation 

offers lots of angles 

on perfonnance. 


The ARCStation SX is just 
6.8cm (H ) x 37011( W)x 3 .7cm (D) 

yet offers more perfomm11ce angles 
tlznn most big boxes. 

A1ong an otherwise bland 
a orhnentofnetworknodes 
from which to choose, the 
ARCStationSX isunique. It's 
the best mix of an inexpen
sive L workstation and a 
powerful personal computer. 

A a L N "'orkstation it's 
small , thus ideal for data 
entryand production in areas 
where desktop real estate is 
at a premium. 

Despite its ize, it's fast. 
l11eARCStationhasan80386 
S CP nmning at 16MHz, 

0 wait tate. So, it aids LAN 
perfonnru1ce. And, perhaps 
mo t importantly, it's inex
pensive. 

The ARCStation's greatest 
feature is... its great features. 
Users that require more than 
typical LAN nodes offer can 
ha e it in a platform consis
tent vvith the rest of the net
work. 

The ARCStation has en
hanced and tandard 1/ 0 
interfaces already in place. 
Any ARCStation SX can be 

decked out with up to 8MB 
of RAM, an 03 7-SX math 
coprocessor, 800X600 VGA, 
a mou e, ru1d one parallel 
and two serial peripheral 
devices. Then, if you want, 
add tvvo35" half- heightdisk 
drives. A 16-bit IDE hard 
disk controller and a floppy 
disk controller are built-in. 

So if you're building a new 
LAN or m aintaining an old 
one, you can standardize 
""ith one workstation plat
fom1 throughou t and still 

span therangeof user needs. 
From the simple, diskles 
node to the all-out perfom1
ance workstation, ARCSta
ti.on S offers lots of angles. 
Ask your ARC dealer about 

the ARCStation SX20 and 
ARCStation 286 a well. 

A.IVIERICA.N 
RESEA.RC::::H 
CORPORATION 

Argen no 
Ausrrro 
Bchro1n 

\.402.447 
222-93'l212 
973·531·'147 

lndon~o 
Iron 
ITOly 

21-3&J-d169 
1·828-248 
1·176-771'1 

Phlll1pp1nes 
Phlllpplnes 
Portugal 

2-817-4567 
2-817-1 882 
1·562459 

ollond 
url<ey 

United Arab Emirates 

2-~98·4552 
1-169-0230 
4·22426) 

Bonglode!h 
Belgium 

2-257-BSl 
2-241-8764 

Kenyo 
Kuwait 

2-746-044 
242·1823 

Span 
SouthAfnco 

l -416-9412 
lHlOS..3163 

United Kingdom 
USA Collforn10 : 

1~644144 
213-265-0835 

Denmark 
Finland 
Fronce 

3 l ·30t1·500 
52-609100 
1·47().93636 

Moloys<o 
orwoy 

Pok!sion 

S..530-030 
42-\2560 
21-521-529 

Span 
Sri Lanka 
Sweden 

1-410-9412 
1.s7.i9so 
31-658-551 

Elsewhere: 
West Germany 
Yemen Arab Republic 

S00-423-3877 
40-660051 
2-207721 

Greece 1-361-3500 Popuo New Guinea 257-477 Swl11erlond 22-785-1000 
Hungary 1-667688 Peru 14-419860 Taiwan 2-917-5269 
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STATE OF THE ART 

MAGNETIC VS. OPTICAL 

The Once and 

Future King 


Hard disk technology: Reports ofits death 
have been greatly exaggerated 

Bob Ryan 

I 
n Greek mythology, 
Odysseus had to sail a 
fine line between Cha
rybdis and Scylla. To

day , the same can be said 
about hard disk technology, 
as it tries to maintain a viable 
position between solid-state 
and optical technologies . A 
safe course depends on the 
continued evolution of materi
als , recording methods, and 
storage subsystems. 

Solid-state storage has a 
speed advantage over hard 
disk drives, and optical disks 
are capable of storing more 
data . With the continued im
provement in speed, capacity, 
and price/performance ratio, 
hard disk drives can still re
main the preferred direct-ac
cess storage dev ices . The 
challenges, however, are for
midable. 

The Contenders 
The idea of using memory chips for di
rect-access storage is not a new one. 
Dedicating a portion of memory to a 
RAM disk is a well-known way to in
crease system performance for disk-in
tensive activities. In fact, some compa
nies in the early to mid- l 980s were quite 
successful selling RAM disk expansion 
boards for IBM PCs and Apple Ils . 
These products were not meant to replace 

Il.WSTRATION: JOE GAST © 1990 

magnetic storage; you always had to copy 
the data they contained to a magnetic 
disk before you powered down your com
puter. 

Newer forms of semiconductor mass 
storage are intended to replace disk stor
age. As DRAM densities climb to the 4
megabit and 16-Mb levels and as the cost 
per bit drops, it becomes practical to con
struct mass storage units that are pri

marily semiconductor-based. 
Such solid-state storage units 
have been in use in the main
frame world for almost a de
cade, so don't be surprised to 
see them migrate to network 
servers , workstations , and 
even desktop personal com
puters. While they do include 
a magnetic disk for backup in 
the event of power loss, sol id
state disks are permanent 
storage devices. 

Another class of semicon
ductor devices that is being 
used for mass storage is the 
flash EPROM. While not as 
fast as DRAM , flash 
EPROMs hold their data 
when you power down (see 
"Store Data in a Flash" on 
page31l) . They thus combine 
some of the speed of semicon
ductor devices with the per
manence of magnetic media. 

The Optical Path 
The biggest challenge to magnetic mass 
storage comes from optical technologies 
such as CD-ROM, WORM (write once, 
read many times), and erasable optical 
disks. Optical storage is slower than 
magnetic primarily because of the great
er mass of optical read/write heads, but it 
offers greater capacity. And because op
tical-media cartridges are removable, 
you can store far more data than the 
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capacity of the disk would indicate. Disk 
changers even alleviate the need to man
ually swap cartridges. 

With semiconductor memory possess
ing a speed advantage and optical storage 
having greater capacity, magnetic disk 
storage is being squeezed on both ends. 
But advances in all aspects of hard disk 
technology, from basic materials to disk 
subsystems, ensure that the newcomers 
will be shooting at a moving target. 

Magnetic Basics 
A hard disk drive stores data by magne
tizing areas on the surface of the disk. 
"On" and "off' bits are represented by 
areas magnetized in opposite directions. 
The read/write head is an electromagnet 
that writes a bit by magnetizing an area 
with the proper orientation. The head de
termines whether an area represents a 0 
or a 1 by the current induced in the head 
by the magnetized area . 

Hard disk drives store bits on concen
tric tracks on a disk that spins at 3600 
revolutions per minute. To increase the 
capacity of a hard disk, you have to in
crease the number of tracks per inch. To 
increase the performance of a drive, you 
need to increase the number of bits per 
track, which permits more bits to pass 
under the head per unit of time. Squeez
ing more tracks into the same area and 
more bits into a track requires both ad
vanced recording media and high-perfor
mance read/write heads. 

Media Messages 
Until a few years ago, the recording sur
face of a hard disk was a plastic binder 
sprinkled with slivers of gamma ferric 
oxide (F~03 with a particular crystal
line structure). Given the monolithic fer
rite heads used at the time, this material 
gave very good performance. The prob
lem with ferric oxide is that it is not co
ercive enough to let you pack bits and 
tracks closely together. Coercivity is a 
measure of the field required to reverse 
the direction of magnetization of a bit on 
the magnetic medium. As you pack bits 
closer together, you need very high coer
civity materials to ensure that a bit won't 
be demagnetized or have its magnetiza
tion reversed by neighboring bits. 

Coating the gamma ferric oxide splin
ters with cobalt doubles their coercivity, 
but even this isn' t good enough to ensure 
a recording density that can compare 
with optical densities. Today, most hard 
disks are coated with a continuous thin 
film that is sputtered or plated onto an 
aluminum disk. These films consist of 
pure magnetic material, resulting in a 
much higher coercivity and a reduction 
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in signal noise over ferric oxide coatings. 
The most popular materials for mag

netic thin films are cobalt-nickel alloys. 
Unlike ferric oxide, these films contain 
no nonmagnetic oxygen. Because the sig
nal a bit induces in the head is propor
tional to the media's magnetization , pure 
magnetic media will produce better sig
nal-to-noise ratios than media containing 
nonmagnetic material. This is important 
when you ' re packing so many bits to
gether in a small area. 

Another advantage to cobalt is that it is 
highly anisotropic: It responds much 
more strongly to magnetic fields oriented 
along a certain axis . Aligned properly , 
cobalt bits are thus highly susceptible to 
magnetization from the read/write head 
but relatively impervious to magnetiza
tion from nearby bits . This is one of the 
reasons for cobalt's high coercivity. 

One problem with thin films is that 
they are susceptible to corrosion. Today, 
however, hard carbon coatings protect 
the recording media from contaminants 
and from damage from the read/write 
head, which touches the surface of the 
disk during starting and stopping. 

Metallic thin films are the medium of 
choice for today ' s high-capacity disks 
and will remain so for the foreseeable fu
ture. In fact , it is no longer the medium 
that limits the capacity of magnetic stor
age. The limiting factor is the read/write 
head. 

Closing the Gap 
As today 's thin-film media let you pack 
more bits per unit area, the bits them
selves become smaller and, even with 
pure magnetic materials , produce small
er signals. To read a bit on this scale re
quires a head that has a very small gap 
between the poles of the electromagnet; 
otherwise, the fields from adjacent bits 
would interfere with the signal. It must 
also be sensitive enough to detect the 
weaker signals from the smaller bits. 

Even before thin films were used on 
recording media, they were the materials 
of choice for read/write heads. Their an
isotropic properties help ensure that the 
signal they read is from the target bit 
only. The ability of drive manufacturers 
to construct heads that fly as little as 100 
nanometers above the disk is also criti
cal , because a closer head also has a bet
ter chance to read the weaker signals 
from smaller, higher-density bits. 

Beyond Induction 
Despite the advantages of thin-film 
heads over the older ferrite heads, the 
limiting factor that keeps the bit density 
of magnetic disks below that of optical 
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disks is the difficulty in reading closely 
packed magnetic bits. Heads that read by 
induction have a harder time reading 
smaller bits, because the intensity of the 
signals induced by such bits drops linear
ly with the size of the bits . 

Last year, the IBM Magnetic Record
ing Institute (San Jose, CA) demon 
strated a noninductive magnetic head ca
pable of reading bit densities as great as 
l.8 million bits per square millimeter . 
This is almost triple the data density of 
most popular magneto-optical drives. 

The demonstration drive used a mag
neto-resistive head to read the tightly 
packed bits. This head uses a thin-film 
element containing a single magnetic 
domain strung between two electrical 
leads. The resistance of the element 
changes as the angle of its magnetization 
does. The angle, in turn, changes as the 
element passes over the different bits in 
the recording layer. Because different 
polarities in the bits produce different 
angles of magnetization, which in turn 
produce different resistances across the 
element, the head reads the data by moni
toring a current passed through the ele
ment. 

Although no production drive uses 
magneto-resistive read heads, this dem
onstration proves that magnetic media 
have a lot of life left. The density advan
tages of optical drives may not be a great 
in upcoming years. 

Other technologies that may affect the 
density of magnetic media in the years to 
come include the metal-in-gap heads, 
first popularized in Sony 8-mm video
tape decks , and perpendicular record
ing, which produces vertically oriented 
magnetic domains on the media. See the 
text box "Side by Side" for more on per
pendicular recording. 

System Advances 

While advances in basic technology con

tinue to contribute to the speed and ca

pacity of hard disk drives, advances in 

other areas of hard disk systems also con

tribute to the vitality of the media. 


Perhaps the most common way to 
speed up hard disk access is to couple a 
hard disk drive with a cache of fast semi
conductor memory. Recently, control
lers with caches of I MB 2 MB, and 
even 4 MB have become common on 
workstations and high-end personal 
computers. These controllers combine 
many advantages of semiconductor mem
ory with the safety and pennanence of 
hard disk storage. 

Beyond simple caching, many compa
nfos are producing hard disk systems for 
personal computers that rival those in 
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Side by Side 
Bill Passavanti 

R ecent technology advances have 
brought about a new generation of 

higher-capacity floppy disk drives . 
Among these , perpendicular recording, 
a technology developed by Toshiba 
uses a new material-barium ferrite
on the recording media. Unlike conven
tional oxide media in which particles 
are magnetized horizontally, or parallel 
to the recor:iing surface of the disk, bar
ium ferrite particles are magnetized 
ver tically, or perpendicular to the re
cording surface (see figure A). 

With the particles in the recording 
media arranged more closely together, 
you can store more bits in the same lin
ear space, thus increasing data capacity. 
Data particles take less room when you 
line them up side by side instead of end 
to end. Bit density increases from the 
17 ,434 bits per inch you get on a con
ventional 2-megabyte floppy disk to 
34 768 bpi, resulting io a 4-MB storage 
capacity and a fast I-megabit-per-sec
ond data transfer rate. 

In addition to increasing data storage 
capacity, perpendicular recording also 
improves data integrity. Since the parti
cles are magnetized vertically, there is a 
sharp magnetic transition between the 
particles . Even high densities maintain 
this transition to clearly define each 
data bit. This orientation minimizes 
peak shift and reduces coercivity (see 
figure B) . With conventional floppy 
disk recording, increasing the bit den
sity crowds the particles, thereby reduc
ing the magnetic-transition space, blur
ring bit transitions, and increasing peak 
shift. 

The barium ferrite that is used in per
pendicular recording also improves data 
integrity. Since barium ferrite particles 
are flat platelets, they provide a relative
ly flat data surface. Consequently, a 
strong, continuous read signal is in
duced in the read/write head when you 
read the data (see figure C) . Converse
ly, conventional floppy disks exhibit a 
read signal that fluctuates between 
strong and weak because of the magne
tization and shape characteristics of the 
media particles . 

To accommodate perpendicular re
cording, the drive is engineered using 
some conventional drive components 

combined with new and modified ele
ments . Changes to the perpendicular
recording drive include a narrower gap 
on an otherwise conventional ferrite
ring read/write head · modified read/ 
write electronics to accommodate the 
higher data rate; and a full-track-width 
erase head that provides the full , deep 
erasure required in a perpendicular
recording system . 

While offering both performance and 
storage capacity improvements over 
conventional floppy disk technology, 
perpendicular recording promises to 
continue the tradition of cost-effective 
storage that has made present-day flop
py disk drive technology so popular. 
The use of conventional and readily 
available drive components, combined 
with the ability to manufacture the bari
um ferrite media in high quantities with 
the use ofexisting coating facilities, has 
kept the cost of perpendicular recording 
low compared to other new floppy disk 
technologies. 

Another element that makes perpen
dicular recording cost-effective is 
downward compatibility. Perpendicu
lar-recording floppy disk drives will 
aJJow you to read and write data using 
disks formatted by conventional 1-MB 
and 2-MB drives. Therefore, you can 
upgrade your system without rendering 
your existing floppy disks obsolete: 
Your data remains accessible while you 
gain in performance and storage ca
pacity. 

Future changes in servo technology 
that will allow for more precise posi
tioning of the read/write head will bring 
about capacity increases in perpendicu
lar-recording systems of up to 32 MB in 
the next couple of years. Ultimately, 
barium ferrite technology will store as 
much as 64 MB of data on a single flop
py disk, providing higher storage capac
ity along with the cost-effective, vol
ume-manufacturing characteristics that 
are required of floppy disk drives. 

Bill Passavanri is vice president ofmar
keting for floppy disk drives with the 
Disk Products Division of Toshiba 
America Jnfonnation Systems (Irvine, 
CA). He can be reached on BIX c/o 
"editors." 
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DIFFERENCE IN MAGNETIC LAYER 

Easy axis Easy axis 

Figure A: In the barium ferrite 
medium (left) , particles are 
magnetized vertically-perpendicular 
to the recording surface. In the 
conventional oxide medium (right), 
particles are magnetized 

Barium-ferrite medium Conventional medium horizontally, which takes more room. 

Figure B: Since the barium ferrite 
particles (top) are magnetized 
vertically, there is a sharp magnetic 
transition between the particles, even 
at high densities. This is in contrast 
to the conventional oxide particles 
(bottom). 

COMPARISON OF RECORDING METHODS 
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Figure C: Barium ferrite particles 
are flat platelets and provide a 
relatively flat data surface and a 
strong, continuous read signal (left). 
However, the media particles of 
conventional floppy disks exhibit 
different magnetiwtion and shape 
characteristics and a fluctuating 
read signal (right) . 
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STORAGE HIERARCHY 


Figure 1: The relationship between access speed and capacity: The fastest 
technologies have the smallest capacity; the slowest technologies have the largest 
capacity. The pyramid makes a rough correlation between the height ofeach block 
and the percentage ofeach type ofstorage present in a typical system. 

mainframe systems for complexity and 
storage. Earlier this year, Zenith intro
duced a new hard disk drive controller 
with its Z-386/33E. This controller is de
signed to minimize the amount of time 
spent waiting for a read/write head to 
seek the proper track and sector. 

The Zenith controller can detect the 
current location of a read/write head and 
determine the distance between the head 
and the data it has to access . In a single
drive system, this isn't very helpful , but 
in a multiple-drive system, the controller 
can determine which head is closest to its 
destination . The controller can then initi
ate data transfer from that head first. 

The Zenith controller is designed to 
increase the performance of multidrive 
systems. Another advanced controller, 
the Intelligent Disk Array found in the 
Compaq Systempro, is designed with 
fault tolerance in mind. The Systempro 
supports up to four pairs of hard disk 
drives . Each drive has its own control 
cable, and each pair shares a data cable. 
The controller is thus able to read data 
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from all four disk pairs at once. The IDA 
maximizes the benefits of this arrange
ment by using sector striping. 

In sector striping, sequential data sec
tors are not arranged contiguously on a 
disk. Instead, the sectors are spread 
across the eight disks in the system. This 
is a big plus because the system can read 
multiple disks at one time. Thus , it can 
read different parts of a file from differ
ent disks at the same time. 

Of course, sector striping can be a 
curse if one of the drives on the system 
goes down. Suddenly , every file on your 
system is missing some sectors . The IDA 
provide.s two solutions: mirroring and 
data guarding. 

With mirroring, the system keeps a 
mirror image of each disk on a second 
disk. When one drive goes down, the 
backup kicks in. This is effective, but it 
eats up half of your storage capacity. 

Data guarding is more complex but 
takes up less space. It takes 25 percent of 
your disk space to store a combined 
image of the disks in the system. Every 

time you write a byte to a disk, the corre
sponding byte on the other disks is read. 
The system combines the bytes with an 
exclusive-OR and writes them to a spe
cial area . If a drive fails , you simply read 
the bytes from the other disks and per
form an XOR on them to recover the 
missing data. The IDA can perform this 
data recovery in the background. 

The Storage Hierarchy 
Advances in recording materials, heads, 
and controller subsystems will ensure 
that magnetic-disk storage keeps up with 
its solid-state and optical cousins. How
ever, these alternative technologies will 
find a place on an increasing number of 
desktops, not as replacements for mag
netic disk storage, but as adjuncts. 

The different types of direct-access 
computer storage, from main memory to 
WORM drives, fall into a pyramidal hi
erarchy (see figure I) . At the top are 
memory caches and main memory. As 
you go down the pyramid, you encounter 
storage technologies that offer increased 
capacities but slower access times. 

Unt il recently , hard disk technology 
was unchallenged in the field of perma
nent direct-access storage. For most peo
ple, it continues to be their only form 
of permanent storage (other than floppy 
disks). However , as personal computer 
systems increase in size and complexity, 
optical and solid-state storage will see 
their share of the pyramid increase . 
Rather than being the only show in town, 
magnetic media will share storage duties 
with other technologies better suited to 
certain applications . 

One of those applications is arch iva l 
storage. Hard disk drives are simply too 
expensive to waste on archival storage. 
Why shou ld you pay for sub-IO-millisec
ond access to data you retrieve once a 
month, if that often? Archival storage de
mands capacity, not speed, so it is an 
ideal domain for erasable optical disks , 
WORM disks , and magnetic tape. 

The Main Squeeze 
The future of magnetic media is not in 
doubt · it wiJI remain your most impor
tant form of permanent storage. But you 
will increasingly see it augmented by 
other forms of storage (e.g., solid-state 
for very fast storage , and optical for 
high-capacity archival storage). 

Magnetic media will be squeezed on 
both ends by these alternate technol
ogies, but it ' s doubtful that it will ever be 
squeezed out of the storage pyramid. • 

Bob Ryan is a BYTE technical editor. You 
can reach him on BIX as "b. ryan." 
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FAD'I HEWLETT 
~a PACKARD 

HEWLETT PACKARD 
l.aserJet IU • . • • • . . . • . • • . . . • .PRCE. t.MTCHI 
laserJet I P ................PRCE.t.MTCH! 
laserJet R D • • . . . • • • • • . . . • . . • • . . • s:A1L 
Desk JetA)eskJet Plus . . . . . . . . • • • . . . • f;AIL 
Laser JetToners • . . . . . . . . . . . . • • . . . . $ 79. 
250SheetPaper,lelterTray .•...•.•.•.•.$ 59. 

KENSINGTON 
100'1t HP Compdb# Mt motyBoanl• 

1MG Upgrade •.••••...•••.••••.•• CALL 
2MG Upgrade ..•••.•••••••••••••• CALL 
4MG Upgrade •.•.•••••.•••••••••• CALL 

PANASONIC 
KXP 1180192cps,80col. ~n ...•.......$ 164. 
KXP 1124 192 cps. 24-pin . . • . . . . . . . . . . . $ 275. 
KXP 1624192cps, 132col24-pin ..••.••. .f;AIL 
KXP 1695330cps. 132col,9-pil ......•.. .s:AIL 
KXP 4420 l.aser,8page per minute . • • • . • • . • s:AIL 

EPSON 
LX8101al/30, 9-pin .........•.••.•••$ 175. 
FX850 330/88, 9-pin • . . • • . . • • . . • • . . . . $ 325. 
LQ850 330/88,24-pin ....••••.•.••...$ 515. 
LCl950 264/88, 24-pin . . . . . . . . • • . . . . . . s:A1L 
L051018o,4l0,24-pin ....•.....•.•...$ 314. 
FX1050264.54,9-pin ...•............$ 429. 
LQ1050 330i68, 9-pin .........•...•..$ 699. 
l.02550 400i108.24-pin ..•...•...•....J;All. 

LAPTOPS 

TOSHIBA 
Toshi>a T1000 . . . . . • . . . . • • . . . • . . . . $ 575. 
T1000 SE . . . . . . . . . . ....••••••••. t:AU.. 
T1000 XE . • . . . . . . . . ......••••..•t:AU.. 
T1200 XE . . . • . . . . . . • . . . . .•.••...s;ALL 
T 160028620MB ..••..•..•..••••••$2350. 
T 160028640MB ..••.••..•..•••...$2650. 
T3100E28640MB .••••••.•••.••.••$2550. 
T3100SX40MB ..••..•••.•...•••..$3550. 
T3200SX40MB ..•....•..•.....•..$3700. 
T5100 386100MB • • . . . . • . . • • . • • • . . • $4250. 
T5200 386 40M8 . • . . ...............$4500. 
T5200 386100MB ...•.........•....$4900. 

COMPAQ 
Deskpro 286E 20mbl40MB •.••..••. $ 2re0/2350. 
Deskpro386S ...••••••••••••..•.•s;ALL 
Deskplo~40MB ..•••...••.•.•.$4225. 
Deskpro3860JE111M3 ..•••...•...••$4750. 
Deslcpn> 386,25E 84MB . • . . ...••••••••$5450. 
Deskpro 386f25E 110MB ....••...•••••$6150. 
Deslcpn>386(25E3<XNB ..•••.•. • ••.••$8450. 
Deskpro 386133 84MB . . . • • . . . . ..••.••$7200. 

MODEL 486fl5N 
1~ •...............s;ALL 
Portable II 20MBl40MB . . . • • • . • • • . $ 3350(3950. 
Portable38640M8/100MB •••••.•.. $ 4750/5550. 

ciiSAMSUNG 

MONITORS 

SAMSUNG 
1257 Amber (12"720x35q .........•...$ 74. 
1464 008 (14°640x200l . . . . . . . . . . . . . . s 205. 
1453EGA (14"~ ••.•.••••.•... $ 319. 
VGA(14"~ .........••..•... $ 349. 

NEC 
MWlisync2A 14" (~VGA ......••..S 460. 
Wtisync GS 14"Mono • . . . . • . . . .....• J;All. 
Mllllisync3D 14• (1024x768) EGANGA ..•.•. S Sal. 
Mullisync 4016" (1024x768) .280P ......... J;All. 
Mullisync 5020" (1280x1024) .31DP ....•••• f;AIL 

PACKARDBEU,/PGSISONY 
Mono 12" Amber 720x350 .............. $ 74. 
PGSUllrasync 14' VGA .••.•.••....... J;AU. 
Sony 1302/ 1304 . • . . • • • . . • • • • . . . .. J;AU. 

VIDEO CARDS 

PARADISE 
VGA 1024x768 with 5121< . . . . . . . . • , • • . . s:A1L 

PC BRAND 
Mono Graphics W/Printer Port . . . . . . • • • . • . S 34. 
ColorGraphics wiPrinter Port . . • . . . . • • • . . S 34. 
EGA (640x41()) Autoswitch . . . . . • . . • . . . . $ 85. 
VGA 16 Bit .•...•....•....•...•.. S 149. 

HARDWARE 
AT12MHZ(exp.4meg0wail) •.•••.•.•.• $ 165. 
XT10MHZTurbo (exp.Owail) •..•.•.•••• $ 69. 
PCMer Supply 200 Watt . . . . . ..••...•.. S 49. 
Power Supply 150Wall ...•........... $ 39. 
XT Case fw,tlardware) • . . . • . . . . • . . . • . . S 34. 
Babv ATCase ~ardware) .••...•...... S 52. 
AT Case (FuD Size) . . . . . . • . • . . •.•••. S 59. 
Keyboald 84 Key (tactiletouch) •••.••••••• S 40. 
Keyboald 101 key (tactile touch) .•.••••••. $ 54. 
Mulli LOCard .•.......••.•••.•.•. S 34. 
FIQPPV ConbollerCard . . . . . • . . . • • . . . . . S 21. 
Fti>C (1 .44f1~ ..••..• , ..... $ 45. 
ATLO .........•...•.•..•.....S 32. 
Serial Card . . . • . . . . . . . . • • • • • . . . . . $ 20. 
Parallel Card . . . . . . . . . . . • . . . . . . . . . $ 20. 
Game Card ............•...•...•. $ 20. 

LAPTOPS • continued 
ZENITH lAPTOPS 

M'mispolt 2MB P.AM NOTE BOOK . . . . . .•.. t:AIJ.. 
Supeisport 184 .••.••.••.•.••••••. S1150. 
Superspolt 184-2 •...••..•••...••.. $1650. 
Supel1p0ft28620MB .....•.•••••••.• $2450. 
Supel1pOlt286 40MB . . • . • . . • ..•••••. $2650. 
386SX 40MB • • • • . . . . . • . . . . • . . ••.. $3850. 

NEC LAPTOPS 

Piospeed 286 20MB • . . . . . .•..•.••..•S1650 

Prospeed 286 40MB ••..•..•.•••..•.. $2425. 

Prospeed 386SX . . . . . . . . . • . . • . . . • . . $2650. 

Prospeed 386 40MB . . . . . • • . . . . •..•.. $3550. 


&)>Seagate 


SEAGATE 
20MB 65MS ST225 w!XT Conlroller ....•...S 229. 
20MB 35MS ST125 w!XT Controller . . •. • ... $ 299. 
30MB65MSST238w!XTController ..•..... $ 239. 
30MB 35MS ST138 w!XT Controller . . . . • . .• $ 345. 
40MB28MSST251·1 ..•............. $ 339. 
80MB28MSST4096FuHHeight .......... $ 535. 

HARD DRIVE CARDS 
XTMFM (20mg Contro11et1 ........•.... $ 55. 

XT FU 27x~gConlrolle!) . • . • . . . . . . .. $ 59. 

ATMFM2:1Confroller ................ $ 79. 

ATMFM 1:1 Controller ................ $ 105. 

ATFU 1:1 Controller ...........•...• $ 110. 

FLOPPY DISK DRIVES 

TOSHIBA 
360K5.25' HH Black ................ $ 59. 
720K 3.5' HH w/525' Mount . . . . . • . • . ••. $ 64. 
1.2MB 5.25"HH Grey .. .. .. . .. .. . . ... $ 69. 
1.44MB 3.5' HH Grey w/5.25' Mount .•.• . •.. $ 75. 

TEAC 
360K 5.25' HH Black . . . . . . . . . . . • . . . . $ 59. 
720K 3.5' HH w/525' Mount . . . . . . • . . . . $ 64. 
1.2MB 5.25' HH Grey . . . . . . . . . . .•.. $ 69. 
1.44MB 3.5' HH Grey w/5.25' Mount . . . . . ... $ 75. 

FUJITSU 
360K 525 . . . . . . . . . . . . . . . . . . . . . . $ 59. 
1.2, 5.25 . . . . . . . . . . . . . . . . • . • . . . $ 69. 

SONY 
720K3.5 ••..•.....•.......••...S 64. 
1.44,3.5 . . . • • • • . . . • . . . . . . . . • . . . $ 75. 

MODEMS 
Mastercom • 12008 (inte~. . . . ... • ... $ 44. 
Mastercom •24008 Qnte . . . . . . . . . . .. $ 75. 
US Robotics, Courier HST . . . • . . . . . . $ 615. 

SOFTWARE 
Wonlpelfect 5.1 . . . . • . . . . . . . . . . . . . . S::ALL 
Lotus 1·2-3 22.(3.0 .•. • ...••.••...... S::All. 
Microsoft ALL . . . . . • • . . . . . . . . . . . . . s::AU.. 

MOUSE 
Genius Mouse,GMSX . . . . . . • . . . . . . • . . $ 35. 
Genius Mouse F301 . . . • . • • • . . . • •.... $ 50. 
l.Dgitech Mouse C9 . . . • . . . . . . . . . . . • . s::AIJ.. 

INTEL 
ALL CO-PFl:lCESSORS . . . • . . • . . • . ss::AU.. 

http:360K5.25


j 386SX Power System I I I 386 Power System 

•6/12 MHz Motherboard 
• 80286CPU 
• Norton Si Rating 15.3 
• OWaitState 

• 1.2MB High Capacity Floppy 
• 1Meg RAM Expandable to 4MB 
• Serial PortJParallel Port 
• 1.2MB Floppy Controller 
• 8 Expansion Slols 
• 6-16 Bit,2-8 Bit Slots 
• 200 Watt Power Supply 
· AT Style Keyboaid 
• Mono Card!Parallel Port 
• Monochrome Amber Monitor 

$ 675. 
XT Power System 

• 4.77/10 MHz Motherboard 
• 8088-10 CPU 
• (1) 360K Floppy Drive 
• 640il< RAM/Floppy Controller 
• 8Expansion Slols 
• 150 Watt P.S./AT Style Keyboard 
• SerialiParalleliClock &Game Port 
• Mono CardiParallel Port 
• Monochrome Amber Monitor 

$ 459. 

• 16 MHz Motherboard 
• 80386SX CPU 

• 1Meg RAM (80 nsec.) Installed 

• 1.2MB or 1.44MB Floppy Drive 

• 2 Serial Ports 

• 1Parallel Port 

• 80387SX Co-processor Socket 

• Floppy Drive Controller 

• Hard Drive Controller 

• 8 Expansion Slots 

• 5-16 Bi~ 3-S Bit 

• RAM Upgradable lo 8 Meg 

• 200 Watt Power Supply 

• 101 Key Enhanced Keyboard 

• ClockiCalendar w/ Battery Backup 

• Mono CardJParallel Port 

• Monochrome Amber nit or 

• AC Power Pad 

$ 849. 

•20/25 MHz Motherboard 
• 80386CPU 

• AMI Bies 

• 1 eg RA ,Upgrade to 8 Meg 

• 1.2M8i1.44 High Capacity Drives 

• 2 Serial Ports/1 Parallel Port 

• 80387 Co-processor Soc et 

• F loppy~ard Drive Controller 

• 8 Expansion Slots 

• 2-32 Bit 5-16 Bil. 1-8 Bil 

• 230 Watt Power Supply 

• 101 Key Enhanced Keyboard 

• ClockiCalendar w/ Battery Backup 

. • Mono Card!Parallel Port 

onochrome Amber Monitor 

· AC Power Pad 

$ 1,275. 20MHz 

$ 1,375. 25MHz 

•33 MHz Motherboard 
• 64K Cache Memory 

• 80386CPU 

• A IBios 

• 1Meg RA (80 nsec) Installed 

• 1.2 B/1.44 High Capacity Drives 

• 2Serial Ports / 1 Parallel Port 

• 80387 Co-processor Soc ct 

• Floppy/Hard Drive Controller 

• 8 Expansion Slols 

• 2-32 Bit 5-16 Bil. 1-8 Bit 

• RAM Upgradable to 8 eg 

• 230 Watt Power Supply 

• 101 Key Enhanced Keyboard 

· Clock.calendar w/ Battery Bae up 

• Mono CardJParallel Port 

• Monochrome Amber Monitor 

• AC Power Pad 

$1,749. 
HARD DRIVE OPTIONS 

• 20MB Seagate Hard Drive .. $175. 

• 30MB Seagate Hard Drive . . S185. 

• 40MB Seagate Hard Drive .... S339. 

• BOMB Seaga e Hard Drive .... S525. 

MONITOR OPTIONS 
. onochrome Amber Monitor 

ono Card/Parallel Port . . $108. 
• EGA Monitor 

EGA Card . . .... .. .... S4 19. 
· VGA onitor 

VGA+ 16 Card +5 2K S436. 

•25 MHz Motherboard 
• 80486CPU 

• A IBios 

• 4 Meg RAM 

• 1.2MB/1.44 High Capacity Drives 

• 2Serial Ports 

• 1Parallel Port 

• 8 · 87 Co-p occssor Socket 

• Floppy ard Ori e Controller 

• 8 Expansion Slols 

• 2-32 Bit 5-16 Bit, 1-8 Bit 

• RAM Upgradable lo 16 Meg 

• 230 Watt Pov.~r Supply 

• 101 ey Enhanced Keyboard 

• Reset Button I Ke board Lock 

• LED Power & urbo Indicators 

• Cloe alt' dar w/ Battery Bae up 

• AC Power Pad 

$ 3,900. 
All y~tc111 Parts can IJ<: 

pnr·cha* d sep.anttl'ly. 


We also cmi-y 

HI'. Epson. Panasonic. 


·n msunµ. t'iEC. Sollwan: 

and i\ IOR E .. . 

90 DAY MONEY BACK GUARANTEE· 3 UARS PARTS U LABOR 
QUICK SHIPMENTS TO US/OVERSEAS 

Orders: 800-955-4858 Customer Service: 800-933-5161 
C.O.D. AVAILABLE 

Overseas Sales and Support: 213-379-4866 
HOURS: MON· FRI SAM to 5PM ~ - Technical Support: 213-379-9209 - FAX: 213-318-0555CUSTOMEPJTECH SUPPORT: 9:30AM to 4:30PM Vls.4 

2629 Manhattan Avenue #235 - Hermosa Beach, CA 90254nPrices subject lo change without notice 

http:1.2MB/1.44
http:1.2M8i1.44


The joy of C-scape 


T he C-scape ' Interface 
Management System is a flexible 

library of C functions for data entry 
and validation, menu text editing, 
context-sen itive help, and \\'indowing. 
C-scape's powerful Look & Feel™ 
creen Designer lets you create full. 

featured screens and automatically 
generates complete Csource code. 

C- cape include easily modifiable high· 
lerel function as well a primitive to 
construct new function . Its object· 
oriented design help you build more 
functional, more nexible, more portable, 
and more unique application -and 
yo u'll have more fun doing it. 

The industry standout. ~! any 
thou and of software developer world· 
wide have turned to the pleasure of,., tu- C- cape. The pre agree :4tf "C-scape i by far the be t. 

. . . A joy to u e " wrote 
IEEE Co111p11t 1: ~l ajor 

companies have selected C-scape as a 
standard for ofcware development. 

C- cape's open architecture lets you use 
it 111th data base, graphic or other C 
and -- librarie . C- cape run in text or 
graphic mode, so you can display text 
and graphic sim ultaneously. To pon 
from DOS or 0 / 2 to U'.\IX, AIX, Q~X, or 
VMS, just recompile. C- cape al o 

Elegant graphics and text 
Graphics. Run in color in text or graphics mode. 
Read images from PCX files. 

Object-oriented architecture. Add custom 
features and create reusable code modules. C· • 
compatible. 

Mouse support. Fully-integrated mouse support for 
menu election , data entry fi elds, and to move and 
resize windows. 

Portability. Hardware independent code. SupportS 
DO , OS/ 2, UNIX, AIX, \ IS, others. Autodetects 
Hercules, OOA, EGA, VGA. Supports Phar Lap and 
Rational DOS extenders. 

Text editing . Text editors with word wrap, block 
commands, and search and replace. 

Field flexibility. Masked, protected, marked, 
required, no-echo, and named fields with complete 
data validation. Time, date, money, pop-up Ii t, and 
many more higher-level functions; create your own. 

Windows. Pop-up, tiled, bordered and exploding 
windows; size and numbers limited only by RAM. 

Menus. Pop-up, pull-do1111 , 123·style, or lug menus; 
create your own . 

Context-sensitive help. link help messages to 
indhidual creens or field . Cross reference messages 
to create hypertext-like help. 

Code generation. Build any type of screen or fonn 
with the Look & Feel'" Screen Designer, test it, then 
automatically convert it to C code. 

Screen flexibility. Call creens from tiles at run 
time or link them in. Automatic vertical/horizontal 
scrolling. 

International support. Offices in Berlin, Germany, 
"14.ith an international netwo rk of technical companies 
providing local training support and consulting. 

upport Phar Lap and Rational DO ' 
extender . 

Trial with a smile. cape i 
powerful 11 xi ble, portable and easy to 
try. Te t cape for 30 day . It offer a 
thorough manual and function reference 
ample program with ource code and 

an optional creen de igner and ·ource,., 41- code generator. Oakland4'/ provide acce to a 24· 
hour BB , telephone ervi· 
ce , and an international 

network of companies providing in· 
country upport. t\o royaltie , runtime 
licen e , runtime module . After you 
regi ter, you get complete library ource 
code at no extra co t. 

Ca II 800-233-3733 (61 -·-191-7311 in 
~la achu eu , 206·i46· 767 in \\' hi ng· 
ton; ee below for International ). After 
the joy of C- cape, programming 11~11 
nerer be the ame. 

DO 0 / 2 (Borland and ~licro oft 
uppori): 11ith Look & Feel, . -199; library 

only, S399; XIX etc. start at 999; 
price include library ource. Training 
in Cambridge and eattle each month. 
)la tercard and \ i a accepted. 

BY1190 

Oakland Group. Inc. 675 Massachu eu A\"e., Cambridge,~!.-\ 02139 C ·.-\. f.-\X: Ii 6 ·H40. Oakland Group, GmbH. Alt ~loabit 91-B, 0-1000 Berlin 21 , F'.R.G. 
(030) 391 50-15, FAX: (030) 393 439 . Oakland International Technical Network (training, suppon, con ulting): Ausrralia t\oble )"Stem - (02) 564-1200: Benelux nt 
Data (02159) 4 14: Denmark Ra,·enholm {042) 7249; Austria-Germany-S.. itzerland ES:>! Oil27/524~; Norway Ravenholm (02) 44 55; weden Linsoft (013) 111~ ; 
·. K. ystemstar (0992) 500919. Photo by Je ica A. Boyan; Kaaji by Kaji Aso. Picture how a C cape program combining data emi;· with 1ideo image loaded from PCX 

file . C cape and Look & Feel are trad marks of Oakland Group, Inc.; other trademarks belong to their respective companies. Copyright © 1990, by Oakland Group, Inc. 
Features, prices. and term ubject to change. 
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STATE OF THE ART 

MAGNETIC VS. OPTICAL 

Store Data 

in a Flash 

Flash-memory /Cs offer new options 

for personal computer storage 

Walter Lahti and Dean McCarron 

N
ormally , you'd Today, a personal com
think of a flash puter ' s hard disk drive is one 
flood as a natural of its most power -hungry 
disaster, some components. When you use a 

thing that could pick you up desktop machine , you may 
and carry you away. But the not notice this power con
flood of flash memory that is sumption . But the power a 
about to reach the personal battery-operated portable can 
computer world will be a pos supply is limited- and hard 
itive event. It will carry the disk drives use up that power 
power to expand the reaches quickly . Most portables today 
of personal computing . require fairly soph isticated 

Flash memory is a nonvola power management facilities 
tile memory IC. Born of lhe to extend the amount of time 
blending of EPROM and the mach ine can be used . 
EEPROM , the flash IC is A portable' s power man
functionally and technologi agement facility often turns 
cally the offspring of these off the hard dfak drive if it 
parents (see the text box " Do isn't being used . While this is 
You Remember? " on page great for extending a porta
312). It is reportedly named ble' s limited battery li fe , it is 
for the speed with which it terrible for performance . 
can be reprogrammed. When the power comes back 

While flash and EPROM on , the disk drive's motor can 
memory cells usually contain take several seconds to bring 
a single transistor, a DRAM it up to speed before disk I/O 
cell typically contains a tran can begin. A fl ash-based disk 
sistor and a capacitor, an EEPROM cell ideal for solid-state "disk" drives. Flash needs no warm-up. When you turn on the 
two transistors , and a static RAM based disks are very fast compared to power, the data is immediately available. 
(SRAM) cell four or six transistors . Ob most available disk drives (see figure 1). With no waiting , you experience no loss 
viously, the more cells, the more real es Io 120 nanoseconds, you can access data in performance. 
tate (silicon) a memory requires . And stored in flash memory , while it takes 15 Io addition to achieving power savings 
real estate is always expensive. to 30 milliseconds to access data stored from an " instant-on" flash disk , you also 

on today's typical hard disk. In some im realize savings from not having to oper
Advantages of Flash plementations, such as in portable com ate power-hungry motors and servos. A 
Flash 's two significant attributes, non puters, the speed advantage of flash over I-megabyte flash disk requires a maxi
volatility and DRAM-like speed, are disk drives is even greater. mum of only 1.2 watts while operating. 

ILLUSTRATION: JOE GAST © 1990 OVEMBER 1990 • BYTE 311 



STATE OF THE ART 

STORE DATA IN A FLASH 

Do You Remember? 


T here are two kinds of memory: vol
atile and nonvolatile. Memory such 

as DRAM is called volatile if it forgets 
what it had stored when you turn off 
your computer's power. Memory such 
as ROM is called nonvolatile if it retains 
its data whether or not your computer's 
power is on . As all users who have ever 
turned off their computers before saving 
files to disk can tell you, the DRAM 
used in your personal computer to store 
programs and data cannot retain infor
mation without power. 

DRAM , however , is reprogram 
mable; the information it contains can 
be changed . When you load a new file, 
the new information replace the old . 
ROM, though, is not reprogrammable
the programs and data in ROM are per
manent, and you can' t change them. 

In the early 1970s, the only semicon
ductor memory available was DRAM, 
its cousin static RAM-which is also 
volatile-and ROM. The choices open 
to computer designers were using mem
ory that was reprogrammable but lost 
information without power, and using 
memory that always retained informa
tfon but could never be changed. What 
designers really needed was memory 
that could be reprogrammed in the sys
tem and that also retained its contents 
when the power was off. 

A few years after DRAM became 
available, a new kind of memory known 
as electrically programmable read-only 
memory , or EPROM , was introduced. 
EPROM is reprogrammable and non
volatile. But it has one drawback. In 
order to reprogram EPROM chips, you 
have to remove them , expose them to 
high-intensity ultraviolet light for as 
long as 20 minutes, reprogram them, 
and then replace them in your computer. 
Thus, EPROM fell short of being the 
ideal memory. Today, because vendors 
find them easier to program, EPROM 
chips are largely used as replacements 
for your personal computer's ROM . 

Electrically erasable programmable 
read-only memory, or EEPROM, was 
introduced in the late 1970s. EEPROM 

Psion uses four Intel 1-Mb 
flash-memory /Cs in its credit-card
size solid-state disk. 

(like EPROM) is reprogrammable and 
nonvolatile, and it can also be easily re
programmed within the computer. 

Still , there are drawbacks . EEPROM 
is slow and expensive and doesn ' t hold 
very much data. Today , you can store I 
megabit of data in an ordinary DRAM 
chip. You can access the data in 80 
nanoseconds, and it costs $5. In con
trast, it takes 150 ns to access a I-Mb 
EEPROM, which costs $265. 

In the mid-1980s , Toshiba Semicon
ductor invented flash memory. About 
the same time, Intel and Seeq Semicon
ductor were also working on flash mem
ory. While each manufacturer built its 
flash memory differently , they operate 
similarly. 

Like both EPROMs and EEPROM , 
flash memory is nonvolatile and repro
grammable. But it has none of the faults 
of these other types of memory. Unlike 
EEPROM , it is inexpensive: Today a 
I-Mb flash memory costs about $15. 
Unlike EPROM , flash memory can be 
reprogrammed electrically while it is 
embedded in the system- either by you 
or via system software. 

Still , one drawback remains. With 
DRAM, you can change a single bit at a 
time, but with flash memory you can 
change only a sector (consisting of mul

tiple bytes) at a time. While constraints 
of sector-level reprogrammability pre
vent it from replacing your computer' s 
DRAM , flash memory i well uited to 
other application . 

The type of storage that hard and 
floppy disk drives provide resembles 
that of flash memory. Disks are non
volatile-they hold onto data with or 
without power. And disks are repro
grammable-you can change the files 
whenever you want to . The similarities 
between flash memory and disk storage 
led to the building of "disks " based on 
the concept of flash memory. 

A flash disk isn't a disk drive at all ; 
there are no disks or moving parts . A 
fla h disk is a set of flash-memory parts 
mounted in a credit-card-size package 
that acts as a hard disk. This same set of 
parts could be mounted on a board in
side a machine. The difference between 
the two is that one i removable torage 
and one is fixed storage. A flash disk 
emulates a disk drive . 

A flash d.isk is bui.lt from one or more 
flash-memory ICs and some controlling 
logic devices . For example, to build a 
512K-byte flash disk you could connect 
four I-Mb flash-memory !Cs and place 
them on a small card . Psion has used 
this principle with its flash disk (see the 
photo). 

Flash disks operate fairly simply. At 
the hardware level, the computer simply 
sends digital read or write signals to the 
disk with the address of the information. 
If it is a read signal, the disk responds 
with the requested information. lf it is a 
write signal , the di k take information 
from the computer and stores it. 

In addition to flash-disk hardware, 
you also need software to manage the 
files on a flash disk. This file-system 
software handles creating and deleting 
files , changing the file sizes, and for
matting the flash disk. Microsoft has 
worked with Intel to create the Micro
soft flash file system, a standard MS
DOS-compatible flash-disk interface 
that makes it much easier for vendors to 
use flash d.isks in their computers. 

The lowest-power hard disk drives today drives have become remarkably tough, computer. It takes a lot for a flash disk to 
require about 3 W. on occasion they still do crash. fail : The flash memory must be damaged 

The fact that flash-based disks have no Flash-based storage is very reliable be physically through destruction of the de
moving parts carries with it yet another cause a flash disk is as tough as the rest of vice package, or electrically by an ex
advantage-reliability. While hard disk the electronic hardware in a personal treme electric shock or a power spike. 
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STORE DATA I A FLASH 

Disadvantages of Flash 
Flash memory 's extremely high speed, 
low power, and high reliability would 
seem to make it the ideal storage technol
ogy. Unfortunately there are two signif
icant drawbacks to flash disks . The most 
severe limitation i its cost. A conven
tional 40-MB hard disk drive costs about 
$320 or $8 per megabyte. Today , a I 
megabit flash IC costs $15 . Eight flash 
lCs are needed per megabyte of flash 
disk , making a flash disk cost about S 120 
per megabyte. 

Thus, you would have to pay about 
$4800 for a 40-MB flash disk or about 
15 times what an ordinary hard disk 
drive would cost. Because of this pre ent 
inequality the first mass-produced 
flash-based disks probably will store less 
than 40 MB . In the future flash -based 
disk prices will certainly decline mak
ing large amounts of flash-d i k torage 
more affordable. In a few years , you 
should only have to pay about $600 for a 
40-MB flash disk . 

The other problem with flash disks is 
that they can ' t compare with hard disks 
in density. The highest-den ity flash 
memory available today stores 2 Mb per 
IC- you would need 160 of these ICs to 
produce a 40-MB disk. Like all memo
ries , flash memory is expected to grow in 
density , so eventually far fewer ICs will 
be needed. 

Two Flavors 
Manufacturers currently offer flash de
vices in two programming flavors : those 
that require a 5-volt power supply, and 
those that require a 12-V supply. With 
both erasure and programmability po si
ble at 5 V, only one power supply is re
quired at the system level. The benefits of 
this feature are reduced system-compo
nent cost and pace avings. Thus, flash 
i ideal for portable-computing applica
tions. 

The 5-V flash cell is generally a mod
ified two-transistor (or split-gate) deriva
tive of EEPROM and is packaged with a 
different pin-out than the 12-V varieties . 
Five-volt programming lets a system 
interface with the device in much the 
same way it would with SRAM. There
fore for some applications , a flash de
vice can replace SRAM, particularly in 
system that use SRAM with battery 
backup. 

While both 12-V and 5-V flash mem
ory can be used as an SRAM replace
ment , the 5-V feature becomes more de
sirable for portable equipment where no 
external 12-V power is avaiJable and the 
addition of a 12-V power supply is not 
feasible . 

Figure 1: Flash 
disks are 125,000 
ro 250,000 times 
faster rhan today's 
hard disk drives. 
However, they are 
limited ro up to 40 
MB in capacity, 
whereas hard disk 
drives can srore 
from5MBro1 
gigabyte. 
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Ideal for Laptops and Palmtops around heavy batteries deal with short 
Laptop and notebook computers are the amounts of work time or suffer from 
ideal applications for flash disks . With hard disk drives operating at floppy disk 
current hard disk drives , you mu t carry drive speeds. Flash disks will answer all 

Microsoft makes sure 

you fly realistically. It~ up to 


you to flyrespoilSlbly. 

So you get an urge to 

buzz the Golden Gate Bridge. 
Okay. You can ignore the 
FAA-but not the crosswinds. 
Because in the world of 
Microsoft Flight Simulator
4.0,everything that happens 
is true to life. 

Banking, climbing or 
dodging thunderheads,your plane responds with perlect realism 
to your every move. Plus,you have 100,000,000square miles of 
land to fly over. And four planes to choose from: a Cessna, a Lear 
Jet, a sailplane or a dogfighter's dream-the Sopwith Camel. 

Ask your Microsoft dealer about PC Flight Simulator. 
Take it into the air. And ..._.__...~. 

find out what they really mean ffl~ll 
by "the wild blue yonder:' :rvlaking it all make sense· 
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Mylex has the best EISA solution. 

Af least that's what people tell us. 


486"' 33MHz System Board 

TI 34020"' Graphics ControllerSCSI Caching Host Adapter 

"The GXE020A TIGA board 

32-bit EISA SCSI controller 
"The Mylex MAE486 with its 

...scored as much as 45 
Ethern.ei LAN Adapter

kills the competition for reading percent higher on our low

large equential files in the IOBench 2 te t level benchmark tests than any other 

under UNIX.' Personal Work tation, June 1990 TIGA board evaluated." BYTE, April 1990 

"If I wanted to replace my entire 'My/ex has done a lot ofwork UJith EISA, 
system for optimum all-around and wepl,an to use its motherboard and 
performance, I'd build it from Mylex adclpters in a IAN Labs super-AT serue1~ ' 
EISA-based boards.'' 

PCJ1a azine . .11~) ' 1990 Visit us at COMDEX/Fall 
Personal Workstation, June 1990 Las Vegas Hilton 

Booth #H7368 

Of course, we've tested our EISA peripherals for compatibility with major EISA systems. """'-~ll!X 
To see what our high-performance EISA solutions can do for your system, call us at 11 ' ~ 

1-800-446-9539, or fax us at 1-415-683-4662. 

~86 ls a registered trademark of Imel CorporaUon.11 34020 Is a ..glstertd trademark of Texas lnstrum<nts. Mylex is a rcglst<rcd tradcmarl< of Mylcx CorporaUon. © Mylc.<CorporaUon, 1990 
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STATE OF THE ART 

STORE DATA I A FLASH 

your critical needs for laptop and note
book computers by providing speed 
rugged construction, and low power 
consumption. 

You can also benefit from flash mem
ory in other implementations. Flash will 
let you update your laptop's ROM with 
the latest versions of DOS, or any other 
operating system whenever you want to. 
Laptops save space on disks and in RAM 
by placing the operating system in ROM. 
The problem with this is that you can't 
update the operating system without re
placing the entire ROM-an expensive 
proposition. Thus, laptops often use old 
but reliable versions of DOS . Using an 
old version of DOS may mean that your 
computer won t need a ROM replace
ment in the near future, but it may not 
run recently written programs either. 

One thing lacking in palmtop com
puters, such a the Poqet PC and Atari 
Portfolio. is small, convenient mass stor
age. Without any optional peripherals, 
their storage is limited to programs on 
ROM cards and memory-expansion 
cards that lose their contents when they 
are removed. With flash-ba ed memory 
cards, you can put your own programs 
and data onto the card, modify them at 
will, and not worry about losing the in
formation when you remove the card. 
These features make flash-memory 
cards the logical choice for the palmtop 's 
missing " floppy disk drive.' 

Laser Printers 
lfyou use a laser printer, you can benefit 
significantly by using flash memory in
stead of ROM . In laser printer , ROM 
stores programs and fonts. ROM replace
ments are expensive because printer
control language programs have become 
large and are subject to frequent up
grades and improvements. Using a laser 
printer equipped with flash memory in
stead of ROM to store control-language 
programs you can reprogram your 
printer 's control language yourself at no 
cost and without replacing any ROM. 

Currently , laser-printer font-storage 
options leave much to be desired. You 
have three choices. You can download a 
font to the printer each time it is needed 
wasting your time and the laser printer's 
memory. You can place a font in a ROM 
cartridge and plug it into the printer, but 
you are limited to a selection of only a 
few fonts out of the hundreds available. 
Or you can store a font on a dedicated 
hard disk connected to the printer. 

But when you use flash memory inside 
your printer, you only have to download a 
font once and it remains in your printer 
until you choose to delete it from the 

Figure 2: A flash
memory cell is 
basically one 
memory bit (on or 
off). An array of 
up to 4 million 
flash-memory 
cells can be 
connected to fonn 
a flash IC. 

TYPICAL INTEL FLASH CELL 


N+ drain 

Second-level +Voltage gate First-level 
poly silicon polysilicon 

Control gate 
(floating) 

Voltage l Floating gate +Voltage drain 
source I Gate oxide > 1ODA I 

N+ 
source 

P-substrate 

printer's memory. Because you decide 
which fonts are stored in the printer's 
memory, you can really personalize 
them according to your preferences. You 
no longer have to buy cartridges that 
come with a half-dozen fonts ju t to get 
the one font you need. 

Fabrication Techniques 
Flash devices are manufactured using de
igns and processes similar to those used 

for EPROM and EEPROM, so the tech-

How to land a747 

in an areano bigger


thanyour~ 

What do you need to 

bring in a 400-ton, flve
story jetliner? Nerves. Skill. 
And the new Microsoft 
Flight Simulator Aircraft & 
Scenery Designer. 

Add it to our Flight 
Simulator4.0, and you're off 
on the most realistic flight 

experience this side ofaPC.You get aBoeing747400, complete 
with computerized flight display. You can also try out a Piper 
Archer, a Beechcraft Starship or a seaplane. Fly them stock, 
or push the envelope and modify them to your own specs. 

See a Microsoft dealer. ..u...-.lfll'a~ 
Because now it's possible to buy WI""~'' · 
excitement. In the jumbo size. Mak:ingitallmakesense· 

nology is evolutionary rather than revo
lutionary. Because manufacturers have 
dealt with similar products they will be 
able to climb the learning curve much 
more rapidly than if the technology were 
completely new. Thus, vendors planning 
to produce flash memory should be able 
to attajn manufacturing costs close to, 
but perhaps not equal to those enjoyed 
byEPROM. 

However, flash devices are a bit more 
complex and more silicon-hungry than 
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Introducing the high speed modems from U.S. Robotics 

Now with V.42bis 


Until now, high speed modem users had the best of 
one world. They either had speed or compatibility. 
U.S. Robotics just changed all that. 

THE BEST OF ALL WORLDS ... 
With the new line of high speed modems from 
U.S. Robotics - the Courier HST, the Courier HST Dual 
Standard and the Courier V.32 - you can now have both 
the highest speeds and the most compatibility. 

For speed - its the Courier HST which delivers 
throughput up to 35,500 bits per second with MNP® level 
1-5 error control and V.42bis. And it still costs less than 
$1 ,000. 

For Compatibility - the Courier V.32 provides CCITI 
standard modulations from 300 bps to 9600 bps for under 
$995. And with MNP levels 1-5 and V.42bis you will get 
complete data integrity plus throughputs approaching 
24,000 bps. 

For the best of all worlds - it's the Courier HST Dual 
Standard, combining the blinding speed of the Courier 
HST with the compatibility of the V.32. At $1 ,295, it 

U.S. ROBOTICS - THE EXPERT'S CHOICE 
You would expect the broadest high speed modem line 
from U.S. Robotics . We manufactured our first HST 
in 1987, and it quickly became the standard on over 
8,000 bulletin boards and for over 40,000 users. Rated #1 
by Data Communications magazine, it confirmed what 
our customers knew all along - U.S. Robotics delivers 
the best modem value. And we've been doing that for 13 
years - for over 1,000,000 customers. 

When you look for high speed modems, don't settle for 
half a solution. Look to U.S. Robotics. Call today for 
details on the high speed modems that give you the best 
of all worlds. 

Call 1-800-Dial USA. (1-800-342-5877) 

lllbilobotics® 
The Intelligent Choice in Data Communications 

8100 North McCormick Boulevard, Skokie, Illinois 60076 
U.S. Robotics. Courier and HST are trademar1<sol U.S. Robo1ics. Inc. Other computer 


and software names identttied by or '" are trademar1<s ol lheir respective 

manufacturers. Prices are sugges1ed retail prices in U.S. Dollars. 


For sales in lhe United Kingdom. please call Miracom. Lid .. Ipswich. England. 

Telephone: 0473 233888. For Canadian sales, call 1 ·800·553-3560. 


costs less than some featureless V.32-only modems. 



STA T E OF T H E AR T 

STORE DATA IN A FLASH 

EPROM devices . The most common 
flash chip is an array of single-transistor 
memory cells and looks much like an 
EPROM (se,e figure 2) . It is slightly 
larger than an EPROM of equal density 
to allow for the command port and pe
ripheral ci rcuitry that supports the in
system rewrite function and provides an 
on-chip processor interface. 

The typical EEPROM chip is made of 
an array of two-transistor cells to enable 
bit-level erase/reprogram. For any given 
density it requires much more silicon 
than either theEPROM or flash cell. Be
cause a major cost determinant in any IC 
is the silicon required , the EEPROM is a 
more expensive part. 

Erasing and Reprogramming 
In terms of reprogrammability, the flash 
IC falls somewhere between the tradi
tional EPROM and EEPROM (see figure 

Figure 3: 
Technology trade
offs for 
semiconductor 
nonvolatile 
memories. As 
programming 
flexibilit y 
increases , so do 
device complexity 
and cost. 

3). A major difference between flash 
memory and EPROM is that flash does 
not require ultraviolet light for erasure , 
as does the traditional EPROM . While 
flash resides in your system , you can 
electrically erase it in much the same 
way as you would an EEPROM . 

The energy needed to discharge or 
erase the gate in a typical EPROM is de
rived from UV light , a requirement that 
makes it difficult and time-consuming to 
erase an EPROM . In a typica l flash IC or 
EEPROM , energy resident in the system 
can be used to erase a group of memory 
cells or the entire chip. This feature 
makes it easy and fast to erase a flash IC 
in the system . 

You generally cannot erase a flash IC 
on a byte-level basis as you can with the 
EEPROM , but some flash I Cs can be 
erased on a sector-level basis . Flash !Cs 
are usually reprogrammable by hot elec
tron injection, a solid-state physics pro
cess that uses the energy in the system. It 
is possible to program on a byte level , but 
because it is not possible to erase on a 
byte basis, reprogramming is limited to 
sector or the entire chip. 

Because the flash device does not re
quire UV light for erasure, the chip does 
not need to be housed in an expensive ce
ramic window package such as that re
quired for an EPROM . Therefore , flash 
is also an excellent candidate fo r surface
mount technology. 

The advantage of surface mount is that 
there is less distance between the device 
and the board. This reduction can lead to 
improved reliability , better system per
formance, and higher board density , as 
well as reduced cost. Also, the flash de
vice can readily be packaged in memory
card configuration and handled as if it 

NONVOLATILE MEMORY TRIANGLE 


Byte-level-erasable in 
system a 
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were a floppy disk, which is important to for a 1-Mb EPROM versus over $250 for 
the portable computer world. a similar-size EEPROM. On a compara

The total cost of using flash memory ble device-density basis , flash memory s 
can be considerably lower than that for $15 average selling price is much lower 
EEPROM and , with some appl ications , than the EEPROM 's and greater than the 
close to that for EPROM- about $6.50 EPROM 's. With flash , application solu-

Create ascene 

inyourliving room. 


Make mountains. Build bridges. Give rise to rivers and run
ways. Whenyou add Microsoft Flight Simulator Aircraft & Scenery 
Designer to Flight Simulator 4.0, the world is literally yours. 

Because now you can choose from 34 different objects
natural or man-made-and change their size, shape, color and 
even location to your liking. Ask your Microsoft dealer about it. 

You'll get the biggest kicks M'~...~· 
in the air. While you're having the ft.J~ll 
most fun on earth. Making it all make sense· 
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Circle 223 on &ader Service Card S TATE OF THE ART 

STORE DATA IN A FLASH 

BACKPACK. 

IT'S ADRIVE OF A 


L aptop and 
notebook computers are 
the ideal applications 

for flash disks. 

tions are possible that would be imprac
tical with either the UV-light erasure 
EPROM or the pricey EEPROM. 

The law of the semiconductor jungle is 
that over time, all device types see im
proved performance and reach greater 
density levels . At the same time that sili· 
con real estate is minimized, costs are 
significantly reduced. By 1994, the cost 
of a megabyte of flash memory is ex
pected to move from its current level of 
about $120 to about $15 . 

Flash in the Pan? 
Unless developers are able to overcome 
the current limitations of flash disks, you 
will probably continue to use bard disk 
drives on your desktop computer for 
mass storage. Hard disk drives are inex
pensive and fairly reliable, and they can 
store plenty of data . Although single· 
user personal computers wiJJ probably 
continue to include bard disk drives, 
eventually network servers will probably 
offer both hard disk drives and flash 
disks on-board. 

On many servers , you frequently ac
cess file , such a programs, that are 
rarely changed. Flash disks are ideally 
suited to perform this service. You can 
store seldom-changed program files on 
flash disks, relieving the burden on the 
server. By doing so, the server' s re
sponse to program load requests will be 
far faster than if the files were stored on a 
hard disk. 

Flash memory combines the advan
tages of an EPROM's low cost with an 
EEPROM ' s ease of reprogramming . 
These advantages will allow flash mem· 
ory to make significant contributions to 
personal computers. Portable computers 
will be the first to benefit from this new 
technology , as flash-based disks in
crease their speed, operating time, and 
ruggedness . • 

Add a disk drive without hors laptops. It's available in 5.25" 
ing around inside your com and 3.5" and comes complete 
puter - just plug Back !!!!IBll!ll!al " with everything you need. 
pack into your parallel So see your dealer or 
port! Connect your get it straight from the 
printer to the Backpack horse's mouth and call us 
drive. No tools. No hassles. about Backpack today! 
No interface cards. Back MicroSolutionspack works with IBM and 

Compurer Products compatibles including PCs, 132 W. Lincoln Hwy., DeKolb, IL 60115 
XTs, ATs, PS/2s, PS/1 s, and 815·756·3411 Fox:756·2928 

Video In. 


Walter Lahti and Dean McCarron are 
vice presidents of In-Stat (Scottsdale, 
AZ) , a company that provides marker re
search for the electronics industry. They 
can be reached on BIX c/o "editors." 

IFFERENT COLOR. 

Truly affordable video imaging for 
IBM PC and Macintosh computels . 
ComputerE yes includes everything 
you need to capture 8- or 24·bit color 
(or 8-bit gray scale) images from any 
composite or S-Video source. 

Captured images can be used with 
all popular paint, animation, database, 
presentation. and publishing programs. 

Call today for more information and 
free demo disk. 

Digital Vision, Inc. 

270 Bridge St.. Dednam MA 02026 

(617) 329·5400 
To order call (800) 345-0090 

C 0 M P U T E R 

Professional 

Series 

Color Video 

Digitizers 

For Under 

$450. 

Digital Vision 

.. 
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~ 
It's the first 

systems approach 
to network power
protection.

Total network 
protection. 

With the price
breakthroughs we've achieved on our 
Accupower'3 line, you can now protect 
a file server and five to six PC node . 
All for what you'd expect to pay just 
for file server protection. 

And Emerson UPS has the broad
est range of LAN inte1face cables 
and software in the industry. From 

ovell's etware to the new IBM 
RS/6000 AIX. 

But that's just the first of many 
Wl.ique solutions that only
Emerson offers. I
AUPS thatfits inaslot. 

There's 
I -- I - our uruque 

AccuCard,"' 
for instance. 

A low-co t UPS-on-a-card that fits And you get our 

right into an unused slot in your PC. It moneybackguarantee. 

features complete data save and restore,
self-diagnostics and unattended oper- We're so confident in the absolute 
ation on vour nodes. UPS reliability of our network 

And. cable adapters Th: =uarante protection system , 
m?-ke ~_ccuCard compatible ~. "'~.~~~-£~~ well refund your money

~ ~~ .._. if, for any reason, you're
W1th vu tually all desktop ..::-:;;-:::.. ·h• ~ . f. d 'th 

t b .. • ··-- - not satJs 1e w1 yourcompu er rands. ~....... ~-..---- UPS 
- system~'
Plus there's our proprietaiy ::;.;.;;;::~--.. ··- Think about it. 

AccuSave(softWare. - ~~ Absolute reliability. More 
ccuSaver software is acti- power protection solu

vated by any data-threatening power tions than any other company offers. 
problems. While the battery backup And a money-back guarantee. All at 
capability of the Emerson UPS sup- truly affordable prices. 
plies emergency power to the sy tern, The Total LAN Plan. 
our ccuSaver software orchestrates For more information or the name 

a controlled shutdown on all of the distributor nearest you, just call 
your PC nodes. 1-800-BACK-UPS.

I Then, when 
power is restored,I you can either EMERSON UPSmanually or auto The p(JU)er to keep up.matically restore 

your workstation. 
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Take any 3 books for 

only $1°0 eac~ 

~-~·. . ~ 

INTRODUCTION TO THE X WIN· 
DOW SYSTEM. By o. Jones. 511 pp., 

J ' rf 1.11 c. l' ' ·1 

illus., softbound. Here's the new por· 
table software standard for worksta
Uons. presented in a complete, de· 
tailed tutorial. This book will help you 
harness the system, cut down on re· 
dundant workstation events. exploit 
private/shared color cells. and map 
strategies. 

585109·1 Pub. Pr. , $32.00 


INTRODUCING PC·DOS &: MS-DOS, 

Second Ed. By T Sheldon. 403 pp.. 

illus.. softbound. This Second Edition 

covers all releases through 4.0, as 

well as Microsoft Windows and DOS· 

SHELL. Features the same hands-on 

tutorial format of the First Edition, with 

expanded coverage of batch file tech

niques that can dramatically increase 

your computing speed. 

5651651 Pub. Pr., $29.95 


LOCAL AREA NETWORKS: Archi

tectures and Implementations. 

By J. Martin, with K. K. Chapman. 353 

pp., illus. An indispensable reference 

for all who buy, install , maintain, or 

manage LAN services-. Provides com

plete coverage of the concepts, archi· 

lectures, and implementations of LAN 

technology. 

584900-3 Pub. Pr., $44.00 


A PROFESSIONAL'S GUIDE TO SYS· 

TEMS ANALYSIS. By M.E. Model!. 

307 pp., illus. Detailed coverage of 

what you need to know-what ques· 

lions to ask, how to conduct a cost

benefit analysis, how to document 

and validate your findings-to design 

the best systems for your user's 

needs. 

426/325 Pub. Pr., $37.95 


DATA EXCHANGE: PC/MS-DOS. By 
S. Ross. 426 pp., illus.• softbound. 
Now you can convert files quickly and 
painlessly from word processing pro
grams to spreadsheets . .. from 
spreadsheets to databases . . . or 
from databases to word processing 
programs. Packed with simple, step
by-step instructions that will save you 
headaches and money. 
539/235 Pub. Pr., S24.95 

when you join 

BYTE Book Club® 

VALUES UP TO $142.851 

• Your one source for computer books from over 

100 different publishers 


• the latest and best information in your field 

• discounts of up to 40% off publishers' list prices 


C: Step-by-Step. By M. Waite and S. 

Prata. 629 pp.. illus., softbound. Mas

tering C has never been easier! This 

updated version of the classic C 

Primer Plus includes ANSI C. 

pointers, structures. bitwise opera

tors, and much more ... all in a format 

that makes learning it faster and eas

ier than ever. 

585146-6 Pub. Pr., $29.95 


INSIDE THE NORTON UTILITIES: 

Revised and Expanded. By R. 

Krumm. 559 pp., illus.• softbound. 

The "official guide" now covers all the 

latest upgrades and shows you how to 

get the most from the Standard and 

Advanced Editions, the Norton Com

mander, Editor. Disk Doctor. and the 

On-Line Guides. 

585444-9 Pub. Pr., $24.95 


MVS PERFORMANCE MANAGE· 

MENT. By S. l. Samson. 400 pp., 

illus. This unique work demystifies 

MVS and provides strategies for solv

ing performance problems. Extensive 

coverage of control mechanisms 

ranges from measurement and mod· 

eling to application tuning and work

load management. 

545/286 Pub. Pr., $39.95 


DESIGN OF COMPUTER DATA 
FILES, Second Ed. By 0 . Hanson. 
419 pp., illus. This comprehensive 
book contains lucid descriptions of 
the latest techniques and storage de
vices to help you design files for maxi
mum performance at minimum cost. 
Easy to read. with scores of exam
ples, tables, and illustrations. 
585143-1 Pub. Pr., $37.95 

HOW TO BE A SUCCESSFUL COM· 
PUTER CONSULTANT, Second Ed. 
By A. R. Simon. 280 pp., illus. This 
new edition of a best-seller is updated 
to steer your career toward the 
emerging opportunities of the '90s, in
cluding security, microcomputer net
working, systems integration, and 
much more. 
5751541 Pub. Pr., 529.95 

POWER GRAPHICS USING TURBO 
c . By K. Weiskamp, L. Heiny, and N. 

Shammas. 367 pp., illus .. softbound. 

This easy-to-follow manual is packed 

with practical examples of actual 

code, guidelines for programming 2D 

and 3D graphics using animation, 

customizing CAD/CAM. the capa

bilities of the Borland Graphics inter

face, and more. 

585091·5 Pub. Pr., S22.95 


ARTIFICIAL INTELLIGENCE 
USING C: The C Programmer's 
Gulde to Al Techni ques . By H. 
Schildt. 412 pp.. 37 illus., softbound. 
This hands-on guide shows you how 
to create your own Al applications and 
systems using C. After an introduc
tory overview it provides coverage of 
expert systems, logic, natural lan
guage processing, machine learning, 
pattern recognit ion. and more, with 
ready-to-run programs illustrating 
each topic. 
881255·0 Pub. Pr.. $21 .95 

PROGRAMMING USING THE C 
LANGUAGE. By R.C. Hutchison and 
S.B. Just. 519 pp.. illus. Whether you 
want to understand programs in C 
written by others, or write better C 
programs of your own, this practical, 
authoritative boo gives you the tools 
and guidance you need. Coverage 
includes program organization. sort
ing algorithms, recursion. linked lists. 
and more - with many sample pro
grams. 
3151418 Pub. Pr. , $29.95 

DATA PROCESSING IN UNIX. By A. 
S. Tare. 438 pp., illus. The only guide 
you'll ever need to harness the full 
power of UNIX for database manage
ment. It sets out system selection cri· 
terra ... examines such applications 
as INFORMIX, INGRES, and UNIFY 
. . . and explores flat file systems in 
UNIX. 
6281858 Pub. Pr., $39.95 

CIARCIA:S CIRCUIT CELLAR. Vol . 
vn. By S. Ciarcia. 256 pp.. illus, soft· 
bound. The latest volume in this best
selling series provides schematics. 
operating explanations. and step-by
step building instructions for a wide 
range of projects-from video digitiz
ing to multitasking process control. 
1091699 Pub. Pr., $19.95 
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TtJRBO PASCAL EXPRESS, Revised 

Ed. By R. Jourdain. 

584963-1 Pub. Pr .. $39.95 


COBOL II: Programming Tech 

niques ; EU!ctency Constdera 

llons ; Debugging Techniques 

(Inc ludes Release 3.1) . By H. 

Bookman. 

0651330 Pub. Pr.. 539.95 


ADVANCED MS-DOS .BATCH FILE 

PROGRAMMING. By 0. Gookin. 

585018-4 Pub. Pr., 524.95 


ARTIFICI AL INTELLIGENCE 8c 

TURBO c. By c. F. Chabris. 

585052-4 Pub. Pr.. 524.95 


POWER GRAPHICS PROGRAM 

MING. By M. Abrash. 

585443-0 Pub. Pr.. 524.95 


32-.BIT MICROPROCESSORS. Edited 

by H. J. Mitchell . 

425185X Pub. Pr .. 549.95 


ADVANCED 80386 PROGRAM 

MING TECHNIQUES. By J. L Turley. 

881342-5 Pub. Pr.. $22.95 


NETWORKlNG SOFTWARE . By 
C. B. Ungaro. 

606969·9 Pub. Pr., S44.95 


80386: A Progrcunmiilg and De

si gn Handbook. 2nd Ed. By P. 

Brumm and 0. Brumm. 

585077-X Pub. Pr.. 524.95 


PRINCIPLES OF ARTIFICIAL INTEL

LIGENCE AND EXPERT SYSTEMS 

DEVELOPMENT. By O.W. Rolston. 

5361147 Pub. Pr., $47 .95 


VM PERFORMANCE MANAGE 

MENT. By T. Eddolls. 

1891668 Pub. Pr., 539.95 


DB2/SQL : A Proless tonal PIO · 

gram.mer's Guide. ByT. Marlyn and 

T. Hartley. 

4061669 Pub. Pr., $39.95 


DATA COMMUNICATIONS : A 

User's Gu l de. 3rd Ed . By K. 

Sherman. 

585384·1 Pub. Pr.. 534.00 


OPERATING SYSTEMS . By M . 

Milenkovlc. 

419/205 Pub. Pr., $44.95 


IBM PS/2: A Relerence Guide. By 

TJ Byers. 

095/272 Pub. Pr .. $39.95 


Any 3 books for $1. 00 each ... If you join now 

and agree to purchase two more books-at 


handsome discounts-during your first 

year of membership. 


1-2-3 RELEASE 3: The Complete 

Relerence. By M. Campbell. 

88131 8-2 Pub. Pr.. 528.95 


GRAPHICS DESIGN AND ANIMA· 

TION ON THE IBM MJCROCOM.PU· 

TERS. By J. Sanchez. 

585375-2 Pub. Pr., S28.00 


MA.STERING ORACLE : Featuring 

Oracle's SQL Standard . By O. J. 

Cronin. 

585034-6 Pub. Pr., $24.95 


SECURITY IN COMPUTING. By C.P. 

Pfleeger. 

584941-0 Pub. Pr:, $44.00 


VS COBOL 11 FOR COBOL PRO · 

GRAMMERS. By P. Kavanagh. 

335n 10 Pub. Pr.. S39.95 


C: The Complete Relerence, 2nd 
Ed . By H. Schildt. 
881538-X Pub. Pr., S28.95 

INTRODUCTION TO SNA NET

WORKING : A Gui de !or Using 

VTAM/NCP. By J. Ranade and G.C. 

Sackett. 

511/446 Pub. Pr .. $39.95 


ONLINE COMMUNICATIONS 

SOFTWARE. By R. Ashley, J, Fer

nandez, and P. Ash ley. 

0241634 Pub. Pr .. S27.95 


ADVANCED GRAPHICS IN C: Pro

gramming and Techni ques. ByN. 

Johnson. 

881257· 7 Pub. Pr.• 522.95 


THE PAUL MACE GUIDE TO DATA 

RECOVERY. By P. Mace. 

584926-7 Pub. Pr., 521 .95 


STRUCTURED WALKTHROUGHS, 

4tb Ed. By E. Yourdon. 

585016-8 Pub. Pr.. 528.50 


C CHEST AND OTHER C TREA

SURES FROM DR, DOB.B'S JOUR

NAL. Edited by A. Holub. 

584807-4 Pub. Pr., $24.95 


EGA/VGA: A Programmer's Reier· 

ence Gulde. By B. 0. Kliewer. 

3501892 Pub. Pr.. $32.95 


FILE ORGANIZATION FOR DATA

BASE DESIGN. By G. Wiederhold. 

701 /334 Pub. Pr., $44.95 


STRETCHING TtJRBO C. By K. Por

ter. 

584967-4 Pub. Pr.. 524.95 
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Reply Card and retu rn it by the date specified. If you wanl the Main Selection, 
do nothing - It will be senI to you au tomalically. (A small shipping and l'landllng 
charge is added to each shipment. ) 

• Club convenience ...we do the work! You get a wide choice of books that 

simply cannot be malched by any bookslore. And all your boo s are conve
niently delivered right to your door. You also get 1 Otull days to decide whether 
you wanl lhe Main Selection. (If the Club Bulletin ever comes late and you 
receive a Main Selectfon you don'I want, relurn it tor credit at our expense.) 

• Substantial savings ... and a bonus program tool You enjoy substan
lial discounts-up to 40%!-on every book you buy. Plus, you're automatically 
eligible for our Bonus Book Plan which allows you savings up to 70% on a wide 
selection of books. 

• Easy 	membership terms .. . it's worthwhile to belong ! Your only 
obligation is to purchase 2 more books - al handsome discounts - during the 
next 12 mon1hs. after which you enjoy the benefits of membership with no 
further obligatlon.You or the Club may cancel membership anytime !hereafter. 

FW out the card and mall today! If the card ls mlsslng, write to: 


BYTE Book Club,®P.O. Box 582, Hightstown, New Jersey 08520-9959 
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Need to enter 

all this 


into your PC? 

-

TextPert™Windows* does it in 3easysteps. 


SCAN/READ EDIT 

T ransfer e enti al data from paper form to 
computer format. .. 
Data essential to the productivity of your 

office. Financial tables mailing list 
internal report and daily correspondence are 
instantly stored as text files pread heets 
database . Live editable information as 
oppo ed to dead weight. 
TextPert™Window 

increases your company's 
productivity by breaking 
the data entry bottleneck 
without breaking your 
budget. 
TextPert™ICR 
(Intelligent Character 
Recognition) . 
~ \Vindo\\-, ii: il rt-gis1c.-cd 1rademarl.. of Mkro.)of1 Corpor3tion 

Circle 90 on Reader Service Card 

SAVE TEXT 


In Unlled Kingdom: 

~ S.S. 
~ STEVENSON 

& PARTNERS LTD 
Stevenoon Houu :Wey Hiii : HeoletMre 

Surrey:OU271 BX 
TolephonN:042&-S1500 & 51671 

F u:0428-53l56 
T olex:6581 45 RMP (I 
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STATE OF THE ART 

MAGNETIC VS . OPTICAL 

DAT's 

a Solution 


Reliable multigigabyte backup storage 
with digital audiotape 

Karina Lion 

T 
ape backup has 
been around for a 
long time. In the 
early days of com

puting, mainframe shops de
veloped half-inch reel-to-reel 
tape drives. (Such drives re
main popu lar in centralized 
computing environments to
day.) 

Then, with the advent of 
personal computers, came 
quarter- inch tape drives. 
Quarter-inch cartridge tape, 
developed originally to store 
5 megabytes of data, soon be
came a popular backup solu
tion for the stand-alone PC. 

Next came the 8-mm tape 
format. This storage medium 
developed in the 1950s for the 
video industry , use the stan
dard VHS recording method, 
helical scan . The primary 
benefit to early users of 8-mm 
tape was its ability to store 
over 2 gigabytes of data on a 
VHS cassette. Like its quarter-inch and 
half-inch cousins, 8-mm tape employs 
analog recording methods ; 

To date , just one company manufac
tures 8-mm tape drives : Exabyte Corp. 
Nonetheless , 8-mm tape backup prod
ucts have proliferated into many operat
ing environments. Prior to the advent of 
4-mm digital audiotape (DAT) in the 
microcomputer arena, the Exabyte 8-mm 

ILLUSTRATION: JOE GAST © 1990 

tape was the only high-capacity tape
backup solution available. 

Now comes DAT data storage, which 
uses digital recording technology devel
oped for DAT devices in the music indus
try. In I 988, GigaTrend introduced the 
first DAT drive for computer data. Nu
merous companies have si!lce announced 
DAT products , including JVC, Hitachi , 
WangDAT, Archive, Wangtek, Hewlett-

Packard, Mitsumi, Sony, and 
Teac. 

No mystery surrounds the 
popularity of DAT. The de
mand for multigigabyte stor
age is rapidly becoming com
monplace. The backup and 
archival requirements of PC 
LAN users. for example , have 
grown exponentially in the 
last five years . Users of high
end workstations and mini
computers also need multi
gigabyte backup solutions. 

DAT shares with 8-mm 
tape the ability to store giga
bytes of data on a small tape 
cartridge. But although the 
two technologies are able to 
store comparable quantities of 
data, DAT drives are cheaper 
to manufacture. What about 
opt icaJ storage? CD-ROM/ 
WORM (write once, read 
many times) technology pro
vides quick random access to 
files . But optical disks cost 

more than 4-mm and 8-mm tapes, and 
they hold less (only 600 to 700 MB) , so 
you pay for the privilege of instant access 
to files. If that ' s what your application 
requires, go with a CD-ROM or WORM 
drive. 

DAT systems, like conventional and 8
mm tape drives , can of course locate in
dividual files , but there 's a delay. For 
most backup applications however, tape 

NOVEMBER 1990 • BYTE 323 



STATE OF THE ART 

OAT'S A SOLUTION 

buy a DAT drive with a Pertee interface 
to modernize a nine-track tape system. 

Advantages of Helical Scan 
The stationary-head technology used in 
quarter-inch tape drives puts a great deal 
of stress on a tape. In order to achieve a 
backup rate of 5 MB per minute, a half
inch or quarter-inch tape has to move at 
speeds of 90 to 120 inches per second 
past the stationary head. (See the table 
for a more complete comparison of quar
ter-inch and DAT technologies.) That 
causes significant wear and tear on the 
tape . 

As a result , 150-MB tape cartridges 
are rated for only about 200 passes; 60
MB cartridges are rated for 400 passes . 
The newer 300- to 500-MB quarter-inch 
systems yield only about 100 passes per 
cartridge. By contrast, a 4-mm DAT can 
sustain over 1000 passes. Why? With a 
DAT system 's helical-scan technique, 
tracks are laid down in an angular for
mat, 6 degrees from the physical edge of 
tape . In a single pass , a DAT system can 
record a gigabyte of data. Quarter-inch 
tape technology requires 24 passes to 
record 150 MB . 

In addition to wear and tear, the speed 
at which tape moves in conventional 
quarter-inch systems creates other prob
lems. As the tape passes rapidly over the 
Stationary heads , friction causes heat, 
which can distort the tape's metal-oxide 
coating. Such distortion can compromise 
the integrity of data. That's why every 
quarter-inch tape drive incorporates a 
tape-tensioning mechanism that the 
drive must monitor continuously to en
sure accurate performance. 

DAT systems employ a rotating drum . 
Because the heads on the rotating drum 
do most of the work, the tape doesn't 
need to travel so fast. DAT moves at a 
mere one-third of an inch per second. 
The tape heads record the data in a her
ring-bone pattern. Unlike with the linear 
recording method of quarter-inch tape, 
with a DAT drive each head can read only 
its own track. Tracks can overlap, which 
prevents gaps on the tape and cuts down 
on wear and tear. All this enables the 
tape to travel more slowly, and therefore 
to last longer . 

Both 8-mm systems and 4-mm DAT 
systems employ helical-scan technology. 
One key difference is the degree to which 
the tape wraps around the rotating drum. 
In the Exabyte 8-mm system, the angle of 
wrap is 221 degrees· with a 4-mm DAT 
system, it' s only 90 degrees (see figure 
1) . The smaller 90-degree wrap angle re
duces friction and requires fewer moving 
parts. 

remains the medium of choice. And, per 
megabyte, DAT is cheaper than 8-mm 
tape storage. 

Making the Connection 
DAT drives, like the conventional tape 
drives and hard disk drives, come in two 
flavors : internal and external. The inter
nal DAT systems are available in full
height and half-height models . On a 
LAN , you can attach a DAT system to a 

file server or to a network node. 
DAT systems support various inter

faces. SCSI has become the de facto stan
dard for DAT drives. Older tape drive 
interfaces such as QIC-02, used with 
quarter-inch and half-inch tape systems, 
cannot achieve the high throughput levels 
of SCSI. If your system already has a 
QIC-02 interface, your existing tape
backup software could be able to com
municate with a DAT drive. You can even 

DAT VS. QUARTER-INCH TAPE SYSTEMS 

A DAT system stores more,faster.for fewer dollars per megabyte. 

Quarter-Inch DAT 

Capacity in production 60-500MB 2.5 gigabytes 
Next capacity level 1 gigabyte 5 gigabytes 
Recording density 12,500 bits/inch 61 ,000 bits/inch 
Maximum data transfer rate 90K bytes/sec. 207K bytes/sec. 

Head technology Stationary Rotating drum 
Recording method Serpentine Helical scan 
Tape movement {wear/tear) 90 inches/sec. 0.32 inches/sec. 
Data storage method Analog Digital 
Media cost/100 MB (avg.) $25 $1 .20 

THE WRAP ANGLE 


Rollers 

Drum ~ DAT 

oO..oDrum 

~ 
Bmm 

Figure 1: A DAT system's smaller wrap angle reduces friction during normal 
operation and prevents stretching ofthe tape during high-speed searches. 
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One "Word About Your 

Hard Disk Controller 


One Word About the PSI 

hyperSTORE Controllers 


Intelligent Mass Storage Controllers 

Virtually all applications are disk does for disk-intensive programs hyperSTORE FEATURE HIGHLIGHTS 
boUJld. Today's PCs have over 60 what a math co-processor does · Data access in 0.28ms or less at 3-4MB/sec
times the power of their ancestors for number-crunching software. · Works in any 286. 386. or i486 system
of just ten years ago, while hard Databases, fileservers, multiuser ·Simultaneously control any drive interface: 
disk performance has only just systems, and other disk-hungry MFM, RLL ESDI. SCSI, or AT/JOE
tripled. This makes mass storage applications start screaming . .. · Controls up to 28 physical disk drives 
the PC's worst bottleneck. PSI has frustrated users stop screaming! · OKB to 20MB of SIMM-based cache memory
eliminated this bottleneck with Call (800)486-FAST now to find · Supports a ll PC-based operating systems: 
the hyperSTORE Caching Disk out more about PSI's line of DOS, Windows, UNIX/ Xenix, Networe, etc. 
Controller, a sort of mass storage intelligent controllers. All you · Data mirroring option for fault tolerance 
co-processor. The hyperSTORE ha e to gain is time. 

• 
· NO DEVICE DRIVERS REQUIRED 

"Nom1ally, it's a bit hard to pick the most impressive item at Comdex 
[Spring 1990), ... This time it was easy, . . . the hyperSTORE/ 1600." 

I 
·Jerry Po1m1elle, Byte Magaz. i11e, September 1990 

"PSI has created the power user's ultimate Lego set for disk 
controllers: the hyperSTORE/1600" 

-Alfred Poor, PC Magazine, June 12, 1990 

'The real-world result will be blazing record handling from within a Perceptive Solutions, Inc. data file as well as unstoppably fast program loads." 
-Bill O'Brien, PC Magazine, February 13, 19902700 Flora Street· Dallas, Texas 75201 


800-486-FAST · 214-954-1774 · Fax: 953-1774 
 See PSI at COMDEX
European Inquiries: 4 75-284-9505 

RapidFACTS™ 1-900-776-3344 · Doc# 8101
Ol 990 by P$1 A1'1Qhn~ ~rSTORE :andtf'l*PS!IOQ<late~olP'~~. lne.Qhtf:tnl'Clardproi:ba 

ftU'lol!SAl'e~Ofl90dlf!ftd~oll!'\4!'if1~~r.n Sptcif"~m~IOCN."9f. ~Code; SY1 090. Detitted specilicalions faxed direa!y lo you 24 hours/day· $4.95 billed 10 your phone 
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REAL-TIME 
MULTITASKING 

KERNEL 
8086/88, 80x86!88 80386 
Z80, 64180, 8080/85 6800011 0120 

• Fast , rel iab le operation 
•Compact and ROMable 
• PC peripheral support 
• DOS file access 
• C language support 
• Preempt ive schedu ler 
•Time slic ing ava ilable 
• Configuration Bu ilder 
• Complete documentation 
• Intertask messages 
• Message exchanges 
• Dynamic operations 

- task create/delete 
- task pri orities 
- memory allocation 

• Event Manager 
• Semaphore Manager 
• List Manager 
• lnSight"' Debugg ing Tool 

THE BEST 
Join over 600 developers such as 


IBM , Xerox. Hewlett Packard , 

Hayes. Hughes Aircraft and NASA. 


CHOOSE AMX 
The best low-cost. high-performance 

real-time multitasking system 
available today. 

No Roya/ties 

Source Code Included 


Demo Disk 
Manual only 

$25US 
$75 US Ca// for prices for 

AMX86 $3000 US other processors. 

(Snipping/handling extra ) 

IBM is a registered trademark of IBM Corp. 

Z80 Is a lrademark of Zilog. Inc. 

AMX. AMX 86, 1nSl9ht are trMemarks of 

K AD AK Products Ltd . 

KADAK Products Ltd. 
206-1847 West Broadway 
Vancouver. B.C., Canada 
V6J 1Y5 

:.4~ Telephone: (604) 734-2796 
~r: Fax: (604) 734-8114 
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The DAT system ' s narrower wrap 
angle confers another advantage over 4
mm tape systems : It prevents stretching 
of the tape during high-speed tape mo
tion. That means file access can occur at 
200 times the nominal read/write speed. 

To obtain high-speed reads of the 
tape 's file marks , DAT manufacturers 
now use a digi tal strobe at the beginning 
and end of each track. The technique is 
called logicalfile marking. This differs 
from the 8-mm system's file-ma rki ng 
method- an e rased length of tape fol 
lowed by a series of tracks. These physi
cal file marks use up a lot of tape. In 
some cases , file marks can consume as 
much as 2 MB, so a 2 .3-gigabyte 8-mm 
tape can end up with only about 1.8 giga
bytes of data. 

The 8-mm systems and 4-mm DAT 
systems also use different head arrange
ment (see figure 2): 8-mm drives have 
separate servo (po itioning) , read , and 
write heads . With 4-mm DAT drives , the 
servo heads are integral with the read 
and write heads. The latter scheme, 
which does not depend on mechanical 
alignment of servo and data heads , can 
better fol low distorted tracks. 

DAT Standards 
Two DAT recording methods now await 
ANSI approval. DDS (digital data stor
age) is a treaming met hod similar in op
eration to hal f-inch and qua r ter-i nch 
tape drives that support the QIC com
mand set. T he other method is called 
DATA/DAT. Its features include fast e
quential storage and high-speed file 
search with indexing . DATA/DAT also 
has a random-write mode that supports 
mult iple (up to 254) partit ions on a tape. 

DDS does random reads , but not ran 
dom write . It 's a bit faster than DATA/ 
DAT, but it isn ' t designed for updati ng 
fi les in place. DATA/DAT, which sup
port block- or sector-oriented opera
tions , does support partial updates . 

Forward Error Correction 
Recording vast amounts of data on a tape 
of such large capacity requires superior 
er ror-detection methods. With a 1.2
gigabyte tape, the convent ional error de
tection of one e rror in l 08 • the usual with 
traditiona l drives , is unacceptable . Using 
read-after-write in conjunction with cy
clic redundancy checks does not prevent 
the types of e rrors that only show up 

4-MM DAT AND 8-MM HEAD MECHANISMS 

4-mm DAT tape 

Servo/Read head position 

Drum 

Neighboring track 

/ 

B·mm 8500 tape 

Servo head position Read head position 

Servo information 

Tracks that have experienced heat expansion and contraction 

Figure 2: An 8-mm tape drive 's separate servo and data heads can have trouble 
follo wing distorted tracks. The 4-mm DATdrive 's integrated sei:vo and data heads 
crack more faithfully. 



After centuries of practice,

mankind perfects engineering


calculations: MathCAD. 

ENG\NEE~~~ 
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Announcing MathCAD 2.5: 
The Dawn ofa New Age. 

What the historians will call it 
only time will tell. 

Perhaps the Century ofSpeed or 
the Era ofEase. But whatever the 
name this is the age ofMathCAD 2.5 
the only math package that looks 
and works the way you think. 

Mnr/JCA D 2.5 i1u:/J1da 3-D pwtrin!J, HPGL skm/1 
impart, 1md PonScript output. 

MathCAD is far and awa) the 
best-selling math package in the 
world . Becau e it lets you perform 
engineering and scientific calcula
tions in a way that's faster more 
natural and less error-prone than 
the wa) you re doing them now
whether you ' re using a scratchpad 
calculator, spreadsheet or program 
that you wrote your elf. 

And nov. there's MathCAD 2.5 , 
a dramatically improved ersion 
that includes three-dimensional plot
ting, enhanced numerical analysis, 
PostScript~ printer support and 
HPGL fik import from popular 
CAD programs likeAutoCAD.® 

And like before, MathCAD's live 

analysi in pre UNIXsentation-quality . 
documents. version now 

It has over 120 available.
commonly used 
functions built 
right in for handling 
eguations and formulas, as well as 
exponentials, differentials cubic 
splines FFTs and matrices. 

o matter what kind of math you 
do, MarhCAD 2.5 has a solution 
for you. In fact, it's used b) over 
90,000 engineers and scientists, 
including electrical, industrial, and 
mechanical engineers, physicists, 

biologist and economists . 
But don't take our word 

for it· just ask the experts. 
PC Magazine recently 
described MathCAD as 
'everything) ou have ever 

dreamed ofin a mathemat
ical toolbox." 

And for Macintosh~ 

.----... 
I i i i l 
I • iii 

~ 
liillffiIDfil 
EDITCX{
CHOI E 
March 14, 
1989 issu<. 
Best of'88 
Best of'87 

users we present 1athCAD 
rewritten to take fuJJ advantage of 
the Macintosh interface. Entering 
operators and Greek letters into 
equations is pure simplicity! 

Look for MathCAD 2.5 at your 
local software dealer, or give us a 
call . For more information a free 
demo disk, or upgrade information , 
dial 1-800-MATHCAD (in MA 
617-577-1017). 

Available for IBM* compatibles 

and Macintosh computers. 

Call for UNIX platform availability. 

TM and® signify m•nufucrurcr's trademork or 
manufucturer·s registered trademark respectively. 

document interface '. lets you enter 
eguations anywhere on the screen, 
add text to support your work, and Math CA ff 
graph the results. Then print your M•thSoft, Inc. 201 Broadway, Cambridge, MA 02139 

U .K.: Adept Scientific 0462-480055; France: !SE CEGOS 1-46092768; Germany: Sofiline 07802-4036; Japan: CRC 03-665-9762; Finland: Zencx Oy 90-692 76i7 PE 
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DAT'S A SOLUTION 

when a tape is being read later, such as 
those produced by capstan flutter. For
ward error correction (FEC) , used only 
in DAT drives , reduces the error rate to 
one in 1015 bits. To put it another way, 
there is only one error per 1,000,000 
tapes . 

The drive 's electronics implement er
ror correction using information from 
two correction layers on the tape . FEC 
can correct up to 640 consecutive bytes 
in a 4K-byte block. Older tape-recording 
methods, such as quarter-inch , cannot 
ensurethislevelofaccuracy. 

Both DDS and DATA/DAT use a tech
nique that segments the data-recording 
track into two areas of the tape. Approxi 
mately 60 percent of each track i allo
cated to user data and error-correction 
coding. The remainder stores the auto
matic track-finding information used to 
keep the tape head centered on the track. 
along with save et marks and file marks . 

Interleaving 
Both DAT formats support interleaving, 
which prevents the stop/start phenome
non that occurs when a tape drive must 
stop its streaming operation because it 
must wait for the host to catch up . A DAT 
system supports interleaving by buffer
ing data and by writing only complete 
groups ofdata while the tape is in contin
uous motion. This provides an economi
cal way to use an entire tape from begin
ning to end without wasting start/stop 
time. Sophisticated DAT drives now con
rnjn " adaptive interleaving" that short
ens the tape-repositioning time even 
more. 

Although DDS and DATA/DAT have 
been introduced as separate srandards, 
they will probably comjnue to coexjsc. 
Backup applications that don't require a 
quick file-restore feature can use the 
slightly faster DDS format. Applications 
requiring quick access to file marks and 
fast restore will use DATA/DAT. 

Modes of Access 

DAT systems support three modes of ac

cess: streaming random , and update-in

place. With streaming access, you ap

pend data onto a tape. To change a file , 

you write a complete new version; all 

previous versions of the file remain on 

the tape . The partition, or tape does not 

require preformatting and no spare 

groups are provided. 


With random file acces you can lo
cate any file on a 1- or 2-gigabyte tape in 
less than 60 seconds. A DAT system. 
unjquely does this in a way that emu
lates a standard block device, such as a 
floppy or hard disk drive. A tape . or a 
subportion of a tape called a partition , 
must be preformatted . The formatted 
tape (or partition), now called a data 
group, can be overwritten, or refreshed , 
without the need to change other sections 
of the tape. Note that 4-mm DAT storage 
devices can do random reads (as opposed 
to random writes) in all three modes of 
access . 

The update-in-place mode is the most 
advanced form of the random-access 
technology. In this mode , data access is 
a combination of both the random- and 
sequentia l-access methods . Append and 
overwrite capabilities are both provided. 

but no preformatting is required. In
stead. formacting is done " on the fly" by 
allocatjng spare groups at set intervals. 
This method of dynamically formatting 
and altering fi les increases data transfer 
rates with random writes, while simulta
neously maintaining areas of the tape 
with streaming compactness, where 
needed . 

DAT s Br ight Future 
With primary disk storage growing at a 
precipitous rate, DAT technology offers 
a fast, reliable way to keep those big 
disks safely backed up. It can be useful 
in other ways. too. With a DAT system's 
random-access and update-in-place ca
pability , you might want to keep primary 
storage uncongested by off-loading cer
tain files (e.g. , images) to tape. That sce
nario would require more .sophisticated 
application software than is available for 
DAT sy terns today, but it' entirely fea
sible. 

A DAT system offers a higher level of 
reliability and data integrity than its ana
log predecessors . Already more than 
15,000 DAT drives are installed in Eu
rope and the U.S. The technology re
quires little training. If you're responsi
ble for large quantities of data , you 11 
probably soon be saving that data on a 
DAT. • 

Karina Lion is execwive director ofpub
lic relations and corporate communica
tions for GigaTrend. She holds a B. B.A. 
degree from George Washington Univer
sity. She can be reached on BJX clo 
"editors." 

ViVa 2400 baud Modems 

The ViVa 24, 24fx and 24m external FAX It - Compress It - Send It with ViVa! modems expand your world with standard 

2400 baud transmission rate built-in FAX 
capabilicy, or MNP 5 data compression. 

All ViVa internal and external modems 
are lOOo/o Hayes compatible and support the 
Hayes "AT" Command Ser. 

ViVa modems fit easily into your IBM 
PC, XT, AT, PS/ 2, 386, 486 and IBM com
patibles and each is backed by a FIVE YEAR 

WARRANTY. 1-800-854-7600 

COMPUIERPERIPHERALS,JNC'' 
667 Rancho Conejo Blvd. • Newbury Park, 
California 91320 • 805-499-5751 
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A Complete 386-33 MHz "::; 
Cache System For Under $2,000. 
Finally, you can afford to put the fastest 386 ™co mputer at yo ur 
fingertips to enjoy the performance that once only belonged to 
the ranks of File Servers, Multi-user host Computers and CAD/ 
CAM/CAE Worksta tio ns. 
Other manufactures wi th thei r imple-minded direct-mapped 
Cache atchitectures were obsessed with churing out the best 
benchmark numbers. We, however, were not convinced DOS 
and Power Mete r 1.3 is any example of a typical real life 
application (registering at 8.003 MIPS, we are not too shabby 
either) . With Two-Way Set Associative Cache capability, our 
386n4 is al so mo re attuned to run the emerging multi-tasking 
operating systems like OS/2®and U lX T~where modular code 

MIS 386r~ 33MHz STANDARD 
• lMB SONS RAM 

• 32K 25NS SRAM CACHE 
• INTEL: /WEITEf<® MA TH CO-PROCESSOR SOCKET 
• TEAC® 5.25" 1.2MB FLOPPY DRJVE 
• TEAC® 3.5" l .44MB FLOPPY DRJVE 

• 43MB 28MS AT HARD DISK DRIVE 

• 2SERIAL, 1 PARALLEL AND 1 GAME PORTS 

• MGPADAPTER 
• SAMSUNG®12" AMBER MONTTOR 

• MICROSOFT® COMPATIBLE SERIAL MOUSE 

MB®101-KEY ENHANCED KEYBOARD 


• DESKTOP CASE WITH FIVE DRIVE BAYS 

• 220W POWER SUPPLY 

· ONE YEAR PARTS AND LABOR WARRANTY 

• 30-DA Y MONEY BACK GUARANTEE 

Prices 3nd lemu tire snbjecl 10 ch:tns,e "'ithout notice. 30 days money bock does no1 include shipping. 

chnr!te. CA residents ndd nppropri:ue sales mx. No surchnit.c on credic card purch.1scs. 

Pcn.oonl and comprny checks require 2 wks clearance. All names mcnliorted are rc,¢Mered crndc.m:Jr~ 


of their respective companies. 
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sizes (of less than 32K) and frequent code-switching are norms. 
Worrying about compatibility? Both IBM* and COMPA~ 

0endor ed the same I TEL 82385 Cache Controller. Further

more, we enhanced it with page-mode and interleaved memory 

in the event of a cache miss. It is the closest to a true 0-wait-state 

implementation on the market. 

Nobody does it better, Nobody! 


386-25MHz STANDARD System w/ 32K Cache SJ ,845 
386-25MHz STANDARD System (Non-Cache) SJ,595 
386SX-16MHz STANDARD System Sl ,1 45 
286-12MHz STANDARD System S 945 
486-25MHz STANDARD System w/ 64K Ext. Cache $3,795 

VGA (640x480) Upgrade Add s 360 
P-VGA (1024x768) Upgrade Add s 500 
80MB/212MB Hard Drive Upgrade Add $250{750 
4MB RAM Upgrade Add s 300 
64K Cache Upgrade (386-25/33 MHz) Add s 120 
Vertical Case Add s 150 
Mini Vertical Case Add s 75 
CALL FOR ADDITIONAL UPGRADE OPTIONS 

.MIS Computer Systems 

P.O. Box 70897 Sunnyvale, CA 94086--0897 

Order Now (v1sA ] 

1-800-733-9188 
Office Hours: M-F 9:00 am-6:00 pm Pacific Time 



See the picture of quality for yourself. Discover 
the unsurpas ed picture crispnes , brilliance, 
and infinite range of color of the CI'X monitors. 
Compare the superlative quality ·with the rest. 
Then check the affordable prices. 
1,000 word won't do it justice. 
Available from CI'X is a full range of powerful 
14" color monitors: from the top-of-the-line 
Multiscan to a Super VGA and Deluxe and 
Standard VGAs as well as EGAs and CGAs. 

M11ltisca11 Super VGA Deluxe VGA Standard VGA 

Model 3436 5468 5432 5439 
Resoluiion J024x768 J024x7 &l0x480 &l0x480 
Horiz. Freq. 15.75-38 KHz 30-38 KHz 31.5 KHz 31.5 KHz 
CRT Dot ?itch .28mm .28mm .29mm .39mm 

Add to all these featw·es complete IBM and 
Macintosh compatibility, handy up-front controls, 
non-glare direct etch screens, detach

-Tuchno/ogical Excellence. 
-Unbeatable Performance. 
-Exceptional Pricing. 
For a real picture of quality see yow· local CTX 
dealer or contact: 
CTX INTERNATIONAL, I C. 
161 Commerce Way, Walnut, CA 917 9 
7141595-6146, FAX 71 595-6293 

CTX OUTH, INC. 
6090-F ort.hbelt Parkway, Norcl"Os GA 30071 
404/729- 909, Fax 404/729- 05 

Factory: 

CHUNTEX ELECTRONIC CO., LTD. 

6F, No. 2, Alley 6, Lane 235, Pao Chiao Rd. 

Hsin Tien, 2.31 15 Taipei Hsien, Taiwan, R.0.C. 


6-2-9175055. Fax 886-2-9172736 

Watch for CTX's new 17" and 21" Large Screen 
Displays corning soon. 

able tilt/swivel bases, and reliable 
nationwide servicing, and you will agree 
that the crx monitors are the best 
deal available on the market. 

WHERE MONITORS ARE CTXELLENT 

IBM i a registered tr.lde mark of fnternational Bu•iness Machines. Macintosh is a registered trade mark of Apple Computer, Inc. 

Circle 91 on Reader Service Card (RESELLERS: 92) 



STATE OF THE ART 

MAGNETIC VS. OPTICAL 

Getting 

Your Byte's Worth 


Hardware-based data compression is transparent and 
automatically compresses everything you store 

Steven J. Vaughan-Nichols 

S
ixty megabytes of 
files on a 40-MB 
disk! And 120 MB 
of data packed onto 

an 80-MB tape, with faster 
access time to boot. You can 
squeeze more data onto a d.isk 
or tape than you might think. 

More than ever, mass stor
age device are bursting at the 
seams. Hard disk drives rou
tinely come in sizes of over 
100 MB and some tapes can 
hold over a gigabyte of infor
mation. Even so, the number 
and size of files continue to 
outstrip storage capacities. 

Data compression is one so
lution. You may think of that 
as a software solution (see the 
text box " Software Solutions" 
on page 332) , involving the 
selective compression of indi
vidual data files. However, 
hardware solutions also exist. 
Hardware data compression is 
transparent and automatically 
compresses everything you store. Often , 
these techniques are embedded in hard 
disk and tape drive controllers . 

A Gigabyte for QIC 
The most notable successes for hardware 
data compression have come in the realm 
of quarter-inch tape drives. For several 
years the popular quarter-inch cartridge 
(QIC) format could hold no more than 

lLLUSTRAT!O : JOE GAST © 1990 

320 MB of storage. Recent advances in 
data-compression and tape-length tech
nology , however, have made it possible 
for these cartridges to hold over a giga
byte of information. 

With this boost in capacity QIC tech
nology is emerging as a serious choice 
for any backup job. Within the next year, 
gigabyte-plus QIC drives will begin ap
pearing. Then, QIC can be considered 

not just for single-user sys
tems, but also for LAN back
ups and even mainframe and 
minicomputer backups. 

In the forefront of this tech
nology is Stac Electronics. It 
product, the StacPack 9703 
data-compression chip , has 
become a market leader in 
this developing field. Indeed , 
the QIC Standards Commit
tee has declared Stac s hard
ware-compression algorithm 
a tandard : QIC-122 . 

But there are standard , 
and then there are standard . 
Many tape backup firms have 
hesitated to use the Stac chip. 
They are, understandably , 
concerned about backing the 
wrong horse in what is turn
ing into a four-way race of 
competing data-compression 
chips . 

Advanced Hardware Ar
chitectures, InfoChip Sys
tems. and Hewlett-Packard 

have also thrown their hats into the ring . 
Unfortunately , their chips are complete
ly incompatible with each other. Isn't 
that just what you need-another com
patibility question to worry about? How
ever, it ha n' t topped some companies 
from leaping into the fray . 

Colorado Memory Systems, a leading 
supplier of QIC tape drives , adopted 
Stac' data-compres5ion algorithm 

OVEMBER 1990 • BYTE 331 



STATE OF THE ART 

GETTING YOUR BYTE'S WORTH Advertisement 

Software Solutions 


T here's more than one way to com
press data . Currently , the most 

popular method is to use a shareware 
or public domain file-compression pro
gram. You have several choices if you 
decide to go this route (see "Saving 
Space" in the March BYTE) . 

ow , as then , PKzip from PKware is 
your best choice . The program, now up 
to version 1. 10, continues to stand out in 
both speed and efficiency. In addition, 
you can now view zipped files and ma
nipulate them with popular commercial 
programs, such as Lotus 's Magellan. 

The popular LHarc I . 13 excels at 
data compression, but you can feel your
self growing gray as you wait for it to 
complete a job. Ifhere have been rumors 
that a turbocharged LHarc is in the off
ing, but so far I haven1t seen any sign of 
it. The other popular programs. PAK, 
ARC , and Zoo, remain unchanged . 

Software Pluses . . . 
There are several advantages to using 
file-compression software . Foremost 
among them is that you have much more 
control over which files will be com
pressed. If you only want to slim down 
data files , like databases and spread
sheets , you can arrange to do that. You 
can leave executable files untouched . 

Another point in favor of this soft
ware is that you can use most compres
sion formats on a range of operating sys
tems. Zoo 2.01. its source code freely 
available , has been ported to every 
modern operating system. Unofficial , 
but effective , compression programs 
allow you to use LHarc's LZH , PKzip's 
Zip, and SEA's ARC files on Unix, 

before it had even made the move from 
software to silicon. In 1989, the com
pany adopted Stac's algorithm in its soft
ware for the Jumbo tape line. 

This option enables you to increase the 
backup capacity of the QICs by approxi
mately 50 percent. This increase, in 
turn , drops media costs to well under 50 
cents a megabyte for the frequently used 
DC-2000 40-MB QIC drive. In addition , 
increased production has continued to 
force the price of QIC drives down . 

Even with the additional price of the 
Turbo-Compression data-compression 
board , these reductions push system 
prices per megabyte to well under $10. 
Coupled with the increased capacity of 
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VAX/VMS , AmigaDOS, and 
tosh systems. 

Macin

Hiding behind this advantage is an
other one. Data that has been squeezed 
down by a chip must be expanded by the 
same kind of chip. This can make trans
ferring information from one system to 
another impossible . That may be exact
ly what you want for security reasons . 
On the other hand , it could be a major 
obstacle if your office uses several dif
ferent tape-backup systems. Software 
data compression avoids all this. 

There is one other factor that you 
should not overlook: money. None of 
these programs costs more than $100, 
and Zoo is free . Ifyou're willing to take 
the time to manage your burgeoning file 
collection, you can't beat the price . 

... and Minuses 
That's the good news. The bad news is 
that, compared to hardware compres
sion, these programs are as slow as 
mud. They all normally use a disk as a 
scratchpad for their temporary files . 
This performance shackle ensures that 
they will always lag behind pure hard
ware data-compression implementa
tions . 

There's more. Compression routines 
that do their work in hardware are in
visible. You may never even know that 
your files are being reduced in size. But 
you'd never make that mistake using 
data-compression software. One thing 
they all have in common is their painful 
command-line interfaces . The only way 
to make them palatable to many people 
is to use a shell program like California 
Software Design's Shez 5.6. 

mass storage devices such as WORM 
(write once, read many times) and hard 
disk drives, QIC drives have thus become 
affordable and highly desirable options 
on even single-user systems. 

Data throughput , always a sore point 
when making backups, has also im
proved. The 9703 chip can, in theory, 
slim down input data at a rate of 750K 
bytes per second . More impressively, the 
chip can expand data to full size at up to 
5 MB per second. 

In practice, mechanical and data-path 
size considerations drop the overall sys
tem performance considerably. Even so, 
there's an impressive increase in speed 
when you use a QIC-40-compatible tape 

AUTOMATING ON 
A SHOESTRING 

By Julie R. Caruso 
Automating an of

fice on a budget is a 
common challenge 
businesses face. The 
project can be partic
ularly di ffic ult when 
the company doesn 't 
have the money to 
replace a diverse 

..olllll base of equipment 
llliii.. • and software that 
has been purchased randomly throughout 
it history, and needs to incorporate 
these resources into an integrated, 
smoothly functioning network. 

A case in point is the automation of the 
Fulton County Planning and Economic 
Development Department in Atlanta , GA. 
Faced with a limited budget, an odd assort
ment of computer brands and models, a 
need to connect four individual departments 
with 30 users located in two buildings, and 
a growth plan that demanded a doubling of 
the initial network solution within a one 
year period , the County set to work finding 
the best solution . 

" Our major concern was to be able to 
link all the existing, yet different, types of 
personal computers, future add-on personal 
computers, and dumb terminals into a cost
effective system," said Dr. June Woodward , 
who, as Director of the Georgia Systems 
Development and Technical Systems Depart
ment , oversaw the project. 

Woodward turned to National A. I. lab , 
Inc ., an Atlanta-based national distributor of 
network solutions, for help . After carefully 
a se sing the County's needs , Jim William
son president of ational A. I. Lab recom
mended a "hybrid system that combined 
both shared and distributed processing using 
PC-MOS and LA link SX, both products 
from The Software Link. 

" By combining both types of technology 
using products that are compatible with the 
broad ba e of hardware and software that 
the county already had in place we gave 
them a solution that didn't cost a lot of 
money and allows the expansion they 
require ;· said Williamson. 

ln fact , the y tern co t more than 
$200.000 less than other alternatives the 
county considered. In three years the net
work has grown from supporting 30 users 
to erving more than 104 u ers through a 
combination of PC-MOS , LANLink and 
Novell's etWare. 

" In addition to sav ing us money, our net
work ha dramatically increased our pro
ductivity; said Dr. Woodward . Our word 
processing capacity has increased by more 
than 200 percent , and we're doing much 
more of our work by computer because 
the network is accessible to everyone 
who needs it." 

Julie Caruso is Managing Director and Director 
ofSales and Markeri11gfor The Sof1Ware li11k. 111c. 
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PC-MOS 

The Multi-User Solution For The 


Multi-Dimensional Company 

Odds are, you're part of a multi-faceted organization, 

one that's involved in many different projects and 
activities. Every day you juggle dozens of tasks. So 
why are your PCs still doing one thing at a time 
for one person at a time? 

Today's 286 and 386-based PCs provide the power 
to do much more. PC-MOS is the multi-user, multi
tasking software that unleashes that power, making 
your PCs as multi-dimensional as your business. 

Minicomputer Power For The Cost Of A PC! 
PC-MOS lets several users simultaneously run dif· 

ferent programs on a single, high-performance PC. 
One user can run a spreadsheet, while another uses 
the word processor and several others access a data
base - all at the same time! So instead of replicating 
expensive PCs, each user has an inexpensive monitor 
or terminal. The benefits are lower cost, more control, 
better security and consistency across applications. 
And at $595 for a 5-user version, you can afford to 
get started today! 

DOS Compatibility, NetWare Connectivity 
PC-MOS lets users run the popular DOS programs 

they use now - even Microsoft®Windows 286. Our 
gateway to NetWare lets you expand your Novell 

GSA Schedule/GSOOK 89 AGS6448 
PC-MOS Is a tradematk of The Software Unk. All other products referenced are lrademarks 
ol thtlr resptetiw companies. Price$ and policies subfed 10 change without notice. 

\ 

network inexpensively and easily. And PC-MOS 
requires no expensive wiring, and no network man· 
agement headaches. 

Proven Reliable With 100,000+ Users 
Because PC-MOS was the first DOS-compatible 

multi-user operating system, it offers broad compati· 
bility and the reliability of time-tested software. More 
than 100,000 satisfied users trust their work to PC
MOS each day. Our latest version features an easy· 
to-use install program, lets you re-boot individual 
workstations, and supports high-resolution, bit· 
mapped color graphics. 

Call us today. We'll show you how to add multiple 
dimensions to your PC. 

THESOFTWARELINK 
3577 Parkway Lane, i~orcross , GA 30092 


1·800-451-LINK, (404) 448-5465 

FAX: (404) 263-6474 TELEX: 4996147 SWLINK 
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A One-Sweep Approach 


A typical example of the marriage of 
data compression and primary 

storage technology can be seen in Hew
lett-Packard's half-inch reel-to-reel 
streaming 7980XC tape drive. When 
using the 6250 GCR tape format, this 
drive uses a real-time data-compression 
engine and a "superblocking" packing 
process to achieve data-compression 
ratios that average better than 2 to I . 

The 7980XC accomplishes this by 
allying two different components. The 
first is the integrated circuitry that con
tains the data-compression engine. This 
subsystem catches data as it goes back 
and forth from the disk interface and the 
tape-cache buffers . Having captured the 
data, it then compresses and decom
presses it on the fly . 

The algorithm that actually does the 
work appears to be based on a public
domain version of the Lempel-Ziv algo
rithm. That isn 't surprising. Most data
compression schemes owe a debt to this 
algorithm and its close relative, Lem
pel-Ziv-Welch. Hewlett-Packard's en
hancement to the basic theory was to 
modify the contents of the data dictio
nary . This makes an algorithm that 
gives good compression results, no mat
ter how many data types it tackles in a 
single session. 

Removing Redundancy 
As with all compression algorithms, the 
key to success is the removaJ of data re
dundancy. That's more easily said than 
done . The Hewlett-Packard program 
encodes patterns that are found in the 
input stream. When a unique data string 

comes along, it's placed in a dictionary. 
The string can be any kind of data, from 
ASCII to imaging data. 

The dictionary contains records with 
two elements . The first field contains a 
unique string, and the second holds a 
code word that represents the string. 
This dictionary is made up of 4096 
record positions and must be initialized 
before data compression begins. 

The first eight locations in the dictio
nary are reserved for control flags. The 
next 256 positions are assigned a value 
range from 0 to 255 . These represent the 
familiar ASCII characters . The remain
ing 3832 entries are set aside to hold 
unique strings. As the program fills 
these entries, it link-lists the other en
tries in the dictionary to them. The 
records always end with a pointer to the 
records that contain the ASCII values . 

The program searches the dictionary 
for matching strings as data is input. If 
it can't find a match, it enters the data 
string into the dictionary and assigns it a 
code word. These code words are output 
to the mass storage device, where they 
make up the building blocks of the com
pressed file. They are 9 to 12 bits long, 
depending on the record ' s position in 
the dictionary. If the record already 
exists, the program replaces the data 
string with the code word of the corre
sponding record . The program gives 
unique strings 12-bit-long code words 
after it fills all 4096 slots of the dictio
nary. 

At the beginning of the compression 
cycle, the program doesn 't compress 
data. In fact , the data stream actually 

increases in size at first, because the 
first few 8-bit words are replaced by 9
bit codes. As the dictionary fills with 
multicharacter sequences , the 9- to 12
bit-long code words begin to represent 
character strings that are at least 16 bits 
long. An example should make this pro
cess clearer. 

The word cat is input as part of a data 
stream. he program searches for the 
first byte, c, in the dictionary. It 's found 
in the ASCII character set. Since a 
match has occurred, the next byte, a, is 
added to the string. Then the program 
searches for the string ca . U it doesn't 
find ca , it makes a new entry in the dic
tionary for the unique string. The pro
gram sends out the code word for the 
longest string that was matched before 
the new dictionary entry was made. In 
this case. the 9-bit code word for c is 
output. 

Then, the program drops the first 
byte from the search string, and the 
hunt begins for the character a. It ' s also 
found among the ASCII characters. The 
program adds the next input byte and 
looks for the string at. If it finds at in 
the dictionary, it adds the next byte, and 
then the entire search procedure begins 
again. 

In the event that the new search string 
isn 't found, the program makes a new 
dictionary entry and exports the code 
word for the longest string that was pre
viously found, at , to the tape drive. In 
this case, a 9-bit code word now resides 
in the place of the 16-bit string at . Data 
compression has begun. 

The program doesn 't attempt to scan 

in a Jumbo Plus system. Backup times 
are cut almost in half as the throughput 
increases from 2.3 MB per minute to 4.5 
MB per minute. Colorado Memory Sys
tems claims even better gains when using 
the drive with higher-capacity tapes . 

These performance improvements 
haven't been lost on other vendors in the 
field . Tandberg Data A/S is planning to 
add the Stac chip to its line of tape drive 
controllers. Archive , the largest QIC 
drive vendor, has also jumped on the 
Stac bandwagon. Its product, expected 
by the end of this year, is named the Vi
per 2650 . This drive will use QIC-525 
tapes to store up to a gigabyte of data 
with an effective throughput of 500K 
bytes per second. 
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DAT: Gigabytes for Gigabucks 
It 's clear that by 1991 every important 
QIC drive will sport data-compression 
technology. That doesn't mean that QIC 
will rule the personal computer backup 
world, though . Digital-audiotape (DAT) 
drives that use hardware data compres
sion to good effect are also on their way. 

The first DAT competitor to see the 
light of day will be a 2.5-gigabyte 4-mm 
DAT drive, the TurboDAT, from Giga
Trend. Stac 's ubiquitous 9703 chip pow
ers this SCSI device as well , but it ' s more 
than just another platform. The engi
neers of GigaTape GmbH, the German 
parent company of GigaTrend , have 
added several features to the drive. 

One of the most important of these 

features is the use of logical file marks , 
which lets you store more data on a DAT 
than older file-storage schemes allowed . 
This and other enhancements have 
brought random-file-access speeds down 
to 60 seconds or less. 

Archive has joined forces with Hew
lett-Packard to work on producing a com
pression-capable DAT drive. This device 
is still in the development stage. It will be 
based on a variation of HP' s DCLZ algo
rithm . HP already successfully uses this 
algorithm in its half-inch reel-to-reel 
7980XC tape drive compression copro
cessor. (See the text box " A One-Sweep 
Approach" above .) 

Peripheral Vision, a data-storage new
comer is introducing the 4Sight series of 
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the data before building the dictionary 
to determine which strings occur more 
frequently than others. The statistics of 
data redundancy indicate that you can 
achieve good compression performance 
even with a 4K-byte dictionary. A larger 
dictionary or a sophisticated data-anal
ysis scan could increase data-compre 
sion efficiency, but it would slow down 
the operation. This one-sweep approach 
is at the heart of today's speedy hard
ware data compression. 

Clearly, what would prove a good 
compression dictionary for one kind of 
file would not serve as well for another. 
To ensure maximum performance, the 
engineer at Hewlett-Packard have pro
grammed the chip to reset the dictio
nary frequently . 

This approach bas two points in its 
favor. The mo t important is that it 
forces the dictionary to adapt to changes 
in the current data stream. The second 
i that the code-word length for the most 
recent repeating patterns will be set to 9 
bits . 

In other words the algorithm is al
ways trying to get the highest possible 
theoretical compression without wast
ing the time involved in analyzing the 
data and then operating on it . But the 
method isn't perfect. By resetting the 
dictionary every time x number of kilo
bytes have been processed , perfor
mance suffers when the nature of the 
data stream doesn 't change. 

Three Systems on a Chip 
Originally, Hewlett-Packard coded the 
algorithm and proved it successful in 
Pa cal. From there, it was ported to a 
proprietary integrated chip. The com
pany then made several changes to en
sure that the implemented algorithm 

4-mm DAT drives. These drives are sup
posed to raise the capacity of a l .3-giga
byte cartridge by almost 300 percent, to 
5 gigabytes. The company says that data 
throughput also increases by almost the 
same measure, from about 180K bytes 
per second to 700K bytes per second. 

The 4Sight 4-mm drive is not directly 
connected to the computer. Instead , the 
compression device serves as a bridge be
tween the tape system and the host. The 
compression system, which has its own 
housing, is connected 10 tbe drive and the 
computer by a SCSI. From the viewpoint 
of the host, the 4Sight DAT drive is just 
another SCSI tape drive. Several VLSI 
chips, controlled by an integral micro
processor , manipulate the data once it 

could deal with the high-speed through
put required of a tape drive controller. 

In the hardware version of the pro
gram, the dictionary is created in a 23
bit-wide static RAM bank. While it 
might seem that the dictionary could get 
by on only 4K bytes of RAM , it really 
needs 1t1ore. This extra space handles 
data collisions that occur while building 
the dictionary. Still, the Hewlett-Pack
ard algorithm requires far less space 
than many other schemes. 

A single VLSI chip contains all the 
necessary programs and work space. 
This chip does both the compression 
and decompression processes, but it can 
only do one at a time. Hewlett-Packard 
heightened the chip 's efficiency by di
viding it into three semi-autonomous 
systems: the input/output convener, the 
compression and decompre sion con
verter, and the microprocessor inter
face. Each section operates indepen
dently of the others for the most part. 
Thus , the chip can maintain a high per
formance level even with changes in the 
throughput speed . 

Compression and decompression are 
clo ely bonded in this algorithm. Un
like such algorithms as Huffman cod
ing, the data dictionary is an integral 
part of the compressed data . A such, 
the program must re-create it every time 
it needs to decompress a data set. 

While this process yields additional 
space savings, it also means that decom
pression can start at only a few specific 
point in the data. It would be almo t 
impossible , for instance, to translate a 
fragment of a compressed file into its 
original form . In practical terms. chis 
means that data can be decompressed 
only when it is presenced in proper order 
to the decompression hardware. 

arrives at the device. 
The actual data compression (or de

compression) occur in a 128K-byte stat
ic RAM buffer. The data is then passed 
on, via a second SCSI, to the dFive itself. 
If you wish, you can switch data com
pression off so that other devices can 
read its tapes. I expect this to become a 
standard option on all these systems. 
Versatility demands it. If thi option isn't 
available, you may want to think twice 
before buying such a device. 

DAT drives have several obstacles to 
overcome however, before they appear 
on every desktop. The chief ob tacle is a 
lack of consensus on DAT formats. Giga
Trend and several other major companies 
support the Data/DAT format. Others , 

including Hewlett-Packard, back the 
DDS (digital data storage) format. 

While Data/DAT is technically supe
rior-it enables both random reads and 
writes while DDS permits only random 
reads-that doesn't mean it will be the 
winner. If you consider the number of 
Beta VCRs sold last year versus the num
ber of VHS VCRs, it's obvious that tech
nical superiority is not the only criterion. 

And DAT drives are far more expen
sive than QIC devices . In fact. the pock
etbook blues may slow down DAT market 
penetration more than anything else and 
thus put the brakes on any DAT standard
ization efforts. 

Spare Room on Your Hard Disk 
Data compression on backup devices is 
all well and good but what you really 
want is something that will give you more 
room on your hard disk . Several products 
have tried to meet this demand, and, sad 
to say, without exception, they've all 
crashed and burned . 

Contrary to popular opinion data
compression and error-correction is ues 
were not the culprits. The devices that 
have come and gone have floundered on 
the rocks of system integration . Every 
operating system has its own way of ad
dressing random-access devices. Fitting 
compres ion and decompression routines 
between such structures as the DOS file 
allocation tables (FATs) and che system 
BIOS is a difficult task. For instance, a 
file compressor cou ld allow a logical 
drive to contain more than the 32 MB of 
file MS-DOS 3.x can recognize. ew 
hardware systems may finally manage to 
fly past these hurdles . 

lnfoChip Systems' Di k Expander i a 
half-length card that offers transparent 
compression and decompression under 
DOS 3.x. While it proven IC-105 com
pres ion coprocessor can work with any 
mass storage device, the Disk Expander 
board has been optimized for disk drives . 

Part of this optimization involve the 
use of what InfoChip calls " lossless" or 
"noiseless' data compression. This re
cording methodology uses proprietary 
algorithms to ensure that no errors creep 
in during the compre ion (or decom
pression) cycle. That may ound like 
wishful thinking but it's not. 

InfoChip ' error-free processing is 
based solidly on the pioneering work of 
information theorist and computer scien
tist Claude Shannon. Information loss, 
often feared in data compression, is ac
tually extremely rare due to successful 
implementations of the Reed-Solomon 
error-correction algorithm . InfoChip 
has caken a different road from that of 
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other companies . one that should lead to 
even more reliable data compression. 

A software driver bridges the gap be
tween the operating system and the hard
ware interface. It maps compressed files 
to the DOS FAT and intercepts all operat
ing-system and applications calls to the 
drive. This software bridge is necessary 
because the minimal torage unit under 
lnfoChip is the cluster . 

True random block read and write op
erations will go much more easily than 

when you try to work with a file-based 
system. This means that an unaugmented 
DOS will be unable to use a di k partition 
under the Disk Expander. However. this 
may not be a major objection. 

InfoChip's president, Dr. Kai P. Yiu, 
has stated that hi company's aim is to 
produce a bootable drive that any normal 
DOS application can run on. lfyou don ' t 
want to put all your eggs in one basket, 
Disk Expander let you have both com
pre sed and uncompressed partitions . 

QIC 'n Easy Access to all your 
Data Everytime 

AS/400 Lotus 123 
Sys 36/38 DBASE 

Apollo 
 Mail Merge 
Everex Secure Data 
Sun Duplication 
Sytos XENIX 

UNIX 
 UNIX 

The QICPAK family provides unique facil it ies to access 1/4 " (QIC) 
data cartridges created on a wide range of Micros, Minis and Mid 
Range Systems using your PC. This gives you a secure, low cost, 
fast and high capacity alternative. 

QICPAK's facilities cover all aspects of cartridge processing, including: 
• Extracting data directly from the cartridge into packages such as Lotus 

123 or DBASE or for use in Mail Merge applications. 

• 	 Data files can be extracted by QICPAK from cartridges recorded on 
many systems, including: IBM System 36/38, IBM AS/400, IBM PC-RT. 
Apollo, Everex, Maynard, Mountain, Sun, Sytos, UNIX and XEN IX 
systems etc. 

• 	 QICPAK's High Speed Cartridge Duplication gives complete in-house 
control. 

• 	 QICPAK's Backup & Restore facilit ies are UNIX tar compatible 
• 	 Custom applications, eg recorded information may be protected from 

unwanted access providing secure interchange of your confidential 
information. 

• Source in Microsoft &Turbo C, Turbo Pascal and BASIC is provided. 

We provide both QICPAK Kits for use with exist ing 1/4 " cartridge 
drives and also complete internal & external solutions. Support is 
by the developers. 

Access & Visa Accepted 


VOGON 

VOGON E N TERPRISES LIMITED 

94 Easthampstead Road, Wokingham, 
Berkshire RG 11 2JD 

Tel: (0734) 784511/890042 Fax: (0734) 890040 

You will need a separate driver for 
every operating system you use {and their 
major variants) . First to be released will 
be the MS-DOS 3.x driver. The beta ver
sion takes up about 27K bytes of conven
tional memory. It wi ll work wi th most 
conventional interfaces-ST506, ESDI , 
and SCSI-with one exception: It won't 
work on Micro Channel PCs. Other 
drivers for DOS 4.x and Micro Channel 
sy terns are under development. 

Stac Electronjcs i a lso working on a 
card to bring in-li ne data compres ion 
to hard disks. This product is intended 
to compete directly with the InfoChip 
board. Stac is taki ng its time with th is 
project, and no relea e date has been set. 

Stac also plans to u e the device driver 
approach, but the company ha bigger 
thing in mind than driver . Stac's meth
od include a restructuring of the MS
DOS FAT and other low-level data orga
nization structures . The driver will not 
cover the ground between the FAT and 
the compres ed files. but rather the terri
tory between the file organization and 
the operating ystem and applications. 

It 's a tall order, but Stac seems up to 
the challenge. To quote Gary Clow, pre 
ident of the company "We're being very 
cautious and spending a lot of time and 
effort in the quality-a surance area and 
compatibly te ting before even an nounc
ing the product. · Stac plans for its driver 
to be compatible with DOS 3.x and 4 .x 
and the Windows 3 .0 environment. 

Cutting Its Teeth 
The promi e of data-compression firm
ware and hardware i bright. Graphical 
user interfaces demand data- torage and 
transmis ion ra1es that cha llenge even 
the biggest and fastest products of con
ventional data storage. Mult imedia has 
data requirements that dwarf anything 
ever attempted on a microcomputer. 

The first generation of tra nsparent 
data-compression device ha arri ed in 
the njck of time. II may have teething 
problem but there wiJ I be inlegral data
compres ion chips, on either a board or a 
drive, working in microcomputer with
in the next year . High-end-computer us
ers won't be able to live without them. 
LA manager and Unix: administrators 
in the microcomputer world would kill 
for data-compre sion benefits now, 
Hardware data compres ion can t come a 
moment too soon. • 

Steven J. Vaughan-Nichols is a program
mer/analyst for Bendix Field Engineering 
Corp. (Seabrook, MD) supporting NA SA 
communications. He can be reached on 
BIX as "sjvn. " 
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Technology 

that stands the test of time 


For over 4 years now ankyo 
have been supplying the world wirh 
motor (currently 150 million a year in 
fact) magnetic heads, card reader 
and indu rrial robor of out randing 
technical excellence. 

It' rrue we've been around a long 
time. But in all that time we've never 
once rested on our laurels. 

Instead we've always aimed to 
push the boundaries of technology and 
design still further. 

Something that's especially true of 
our approach to the rape drive marker. 

Sankyo tape drives offer state-of-the
art de ign and unrivalled reliabiliry. 

Each drive is full · enclosed, ha a 
direct drive motor, a door for media 

protection and modem de i!m head 
mechanism. 

And a well as the Sank) o 
150 b and 525Mb tape dri\es, we 
al o ro ide ub-s1stems for PC 
application . 

Indeed, what is true of our rape 
drives is true of Sankyo. 

Technology chat rand rhe test of 
time, backed by ervice of a quality to 
march. 

To find out more, contact Roger 
Kirkland, Telephone: (44) 628 10260 
or Fax: (44) 62 19435 

~Sankyo 

smsa Tape Drive Products 

PERFECTION THAT ONLY COMES WITH T I ME 
Circle 306 on Reader Service Card 



STATE OF THE ART 

MAGNETIC VS . OPTICAL 

Masses of Storage 

For more information on the products and companies mentioned in this Seate ofthe Art section , 

contact the companies and organiz.ations listed below. 

Archive Corp. Compaq Computer IBM MCC 
1650 Sunflower Ave . Corp. Old Orchard Road 3500 West Balcones 
Costa Mesa , CA 92626 P.O. Box 692000 Armonk, NY 10504 Center Dr. 
(714) 64 1-1230 Houston , TX 77269 (914) 765-1900 Austin, TX 78759 
Inquiry U26. (800) 231-0900 Inquiry 1240. (512) 343-0978 

Inquiry 1232. Inquiry 1247. 
California Software InfoChip Systems, Inc. 
Design Energy Conversion 2840 San Tomas Expy. , Microsoft Corp. 
P.O. Box 15248 Devices, Inc. Suite 200 1 Microsoft Way 
Santa Rosa , CA 95402 1675 West Maple Rd . Santa Clara, CA 95051 Redmond , WA 98052 
(no phone listed) Troy , MI 48084 (408) 727-0514 (800) 426-9400 
Inquiry 1227. (313) 280-1900 Inquiry 1241. (206) 882-8080 

Inquiry 1233. Inquiry 1248. 
Canon U.S.A., Inc. Intel Corp. 
One Canon Plaza Exabyte Corp. 3065 Bowers Ave . Mitsui Petrochemical 
Lake Success, NY 1685 38th St. Santa Clara, CA 95051 Industries 
11042 Boulder, CO 80301 (408) 765-8080 LightStore Co. 
(516) 488-6700 (303) 442-4333 Inquiry 1242. 1825 South Grant St. , 
Inquiry 1228. Inquiry 1234. Suite 550 

JVC Information San Mateo, CA 94402 
Carlisle Memory Fujitsu America, Inc. Products Co. of America (415) 572-2333 
Products Group, Inc. 3055 Orchard Ave. 2903 Bunker Hill Lane Inquiry 1249. 
6625 Industrial San Jose , CA 95134 Santa Clara, CA 95054 
Park Blvd. (408) 432-1300 (408) 988-7506 Mitsumi Electronics 
North Richland Hills , Inquiry 1235. Inquiry 1243. Corp. 
TX 76180 35 Pinelawn Rd. 
(800) 334-8273 Gigatek, Inc. Laser Melville , NY 11747 
(817) 281 -9450 1989 Palomar Oaks Way, Magnetic Storage (516) 752-7730 
Inquiry 1229. Suite A International Co. Inquiry 1250. 

La Costa , CA 92009 4425 Arrowswest Dr. 
Cipher Data (619) 438-9010 Colorado Springs , CO Mountain Computer, 
Products, Inc. Inquiry 1236. 80907 Inc. 
10101 Old Grove Rd. (719) 593-7900 240 Hacienda Ave . 
San Diego, CA 92131 GigaTrend, Inc. Inquiry 1244. Campbell , CA 95008 
(800) 424-7437 2234 Rutherford Rd. (408 379-4300 
(619) 578-9100 Carlsbad, CA 92008 Maxoptix Corp. Inquiry 1251. 
Inquiry 1230. (619) 931 -9122 2520 Junction Ave . 

Inquiry 1237. San Jose, CA 95134 Nakamichi 
Colorado Memory (408) 954-9700 clo Mass Optical 
Systems, Inc. Hewlett-Packard Co. Inquiry 1245. Storage Technology 
800 South Taft Ave. 3000 Hanover St. (MOST), Inc . 
Loveland, CO 80537 Palo Alto , CA 94304 Maxtor Corp. 11205 Knott Ave . 
(800) 432-5858 (415) 857-1501 211 River Oaks Pkwy. Cypress , CA 90630 
(303) 669-8000 Inquiry 1238. San Jose, CA 95 )34 (714) 898-9400 
Inquiry 1231. (408) 432-1700 Inquiry 1252. 

Hitachi America, Ltd. nquiry 1246. 
50 Prospect Ave. NeXT, Inc. 
Tarrytown, NY 10591 900 Chesapeake Dr. 
(914) 332-5800 Redwood City, CA 
Inquiry 1239. 94063 

( 415) 366-0900 
Inquiry 1253. 
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NoGate Consulting 
P.O. Box 881 15 

Grand Rapids , MI 

49518 

(616) 455-6270 

Inquiry 1254. 


O.C.E.A.N. 

Microsystems 

246 East Hacienda Ave. 

Campbell , CA 95008 

(800) 1 62-3261 

(408) 374-8300 

Inquiry 1255. 


Panasonic 
Communications 
& Systems Co. 
Two Panasonic Way 
Secaucus, NJ 07094 
(800) 742-8086 

(201) 348-7000 

Inquiry 1256. 


Peripheral Vision 

7712 Paseo del Rey 

Playa del Rey , CA 90293 

(213) 574-1144 

Inquiry 1257. 


Philips-Du Pont 

Optical Co. 

1409 Foulk Rd., 

Suite 200 

Wilmington, DE 19803 

(302) 479-2500 

Inquiry 1258. 


Pinnacle Micro, Inc. 

15265 Alton Pkwy. 

Irvine, CA 92718 

(800) 553-7070 

(714) 727-3300 

Inquiry 1259. 


Pioneer 
Communications 
Sherbrooke Plaza 
600 East Crescent Ave. 
Upper Saddle River, NJ 
07458 
(201) 327-6400 

Inquiry 1260. 


PKWare, Inc. 

7545 North Port 

Washington Rd. 

Glendale , WI 53217 

(414) 352-3670 

Inquiry 1261. 


Psion, Inc. 

(subsidiary of Psion Pie.) 

118 Echo Lake Rd . 

Watertown , CT 06795 

(203) 274-7521 

Inquiry 1262. 


Quarter-Inch 

Cartridge Drive 

Standards, Inc. 

311 East Carrillo St. 

Santa Barbara, CA 

93101 

(805) 963-3853 

Members: Archive 
Corp. , Carlisle Memory 
Products, Cipher Data 
Products, Colorado 
Memory Systems , 
Gigatek , Laser Magnetic 
Storage International 
Co. , Mountain Computer, 
Sony Corp. , Tandberg 
Data A/S, 3M, Wangtek 
Inquiry 1263. 

Ricoh Corp. 
5 Dedrick Place 
West Caldwell , NJ 
07006 
(201) 882-2000 

Inquiry 1264. 


Seagate Technology 

920 Disc Dr. 

Scotts Valley , CA 95067 

(800) 468-3472 

(408) 438-6550 

Inquiry 1265. 


SEEQ Technology, 

Inc. 

1849 Fortune Dr. 

San Jose , CA 95131 

(408) 432-7400 

Inquiry 1266. 


Seiko Instruments 

U.S.A., Inc. 

PC Products Division 

1144 Ringwood Court 

San Jose , CA 95131 

(800) 888-0817 

(408) 922-5800 

Inquiry 1267. 


Sony Corporation 

of America 

9 West 57th St . 

New York , NY 10019 

(212) 371-5800 

Inquiry 1268. 


Stac Electronics 

5993 Avenida Encinas 

Carlsbad, CA 92008 

(619) 431-7474 

Inquiry 1269. 


System Enhancement 

Associates, Inc. 

925 Clifton Ave. 

Clifton, NJ 07013 

(20 I) 694-4 710 

Inquiry 1270. 


Tandberg Data A/S 

KJELSASUN 161 

N-0808 Oslo 8 

Norway 

Inquiry 1428. 


Teac America, Inc. 

Data Storage 

Products Division 

7733 Telegraph Rd. 

Montebello, CA 90640 

(213) 726-0303 

Inquiry 1421. 


3M 

3M Center 

St. Paul , MN 55144 

(612) 733-1110 

Inquiry 1422. 


Toshiba America 
Information Systems, 
Inc. 
Disk Products Division 
9740 Irvine Blvd. 
Irvine, CA 92718 

(714) 583-3108 

Inquiry 1423. 


Toshiba 
Semiconductor 
9775 Toledo Way 
Irvine , CA 92718 

(7 14) 455-2000 

Inquiry 1424. 


WangDAT 
151 Kalmus Dr., 
Suite K3 
Costa Mesa, CA 92626 

(714) 241-9613 

Inquiry 1425. 


Wangtek, Inc. 
41 Moreland Rd . 
Simi Valley, CA 93065 

(805) 583-5255 

Inquiry 1426. 


Zenith Data Systems 
1000 Milwaukee Ave. 

Glenview, IL 60025 

(3 12) 391-8860 

Inquiry 1427. 


This resource guide lists 
information sources for 
the concepts and 
products listed in this 
section. Inclusion in the 
resource guide should not 
be ta'ken as a BYTE 
endorsement or 
recommendation. 
Likewise, omissionfrom 
the guide should not be 
taken negatively. The 
information here was 
believed to be accurate at 
the time ofwriting, but 
BYTE cannot be 
responsible for 
omissions. errors , or 
changes that occur after 
compilation ofthe guide. 
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We'll Build It 

ASSEM BLE YOUR OW 

COMPUTER KIT! 


• Building your own computer provides you 
with a better understanding of components 
and their functions 

• Upgrading becomes a snap 

• In-depth assembly instructions included 

• Have your new computer assembled and 
running in three hours, using common tools 

• Software included 

• Purchase computer kits configured by 
Jameco or design your own 

Jameco 16MHz 80386SX 

Desktop Computer Kit 


Includes: 
• 80386SX Motherboard with 2MB RAM 

(expandable to 8MB) 

• 101-key enhanced keyboard 

• Multi I/ O Card 

• Toshiba 1.44MB, 3.5" DSHD floppy disk drive 

• Baby sized desktop case 

• 200 Watt power supply 

• 	DR DOS by Digital Research and 
Diagsoft's QAPlus diagnostic sotlware 

$1199.95 
JE3816 monl10....,. 

J ameco 33MHz 80386 

Vertical Computer Kit 


Includes: 
• 80386 33MHz Motherboard with 32KB cache, 

4MB RAM (expandable to 16MB) 

• 101-key enhanced keyboard 

• Multi I/0 Card 

• Toshiba 1.44MB, 3.5" DSHD floppy disk drive 

• Vertical enclosure with 7 hall-height drive bays 

• 300 Watt power supply 

• 	DR DOS by Digital Research and 
Diagsoft's QAPlus diagnostic software 

$2599.95 
JE3833 "'°""

0 
''"" 

UPGRADE YOUR COMPUTER! 

• Todays new software requires power; you may be 
able to upgrade your current system 

• Call us for information on upgrading today 

LOOK TO ]AMECO..... 
• Inexpensive entry to computing 

• Powerful office computer 

• Upgrading your current system 

Let us show you what we have to offer; 
call or w rite for tlte latest /ameco Catalog! 

(415) 592- 8097 

1355 Shoreway Rd., Belmont, CA 94002 
Terms; Prrces ilre subj~ct to change wlthout no tice , Items subject to availabi lit)' and p rio r sa le. Complete list of terms/ warran ties i availab le upon request. 


All trade names are registe red trademarks of lhe ir respective compom ies. 
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FEATURE 


CHIPS 

FOR THE NINETIES 


AND BEYOND 

Chips that speak, reason, and identify smells 

offer more than just MIPS 

Janet J. Barron 

hips aren't just plain chips anymore. And they 

C 
aren't just faster, smaller, and smarter than 
they used to be. Nowadays researchers and de
velopers are creating microprocessors that will 
do things that were only theoretically possible a 

few years ago-like speak, identify smells, train themselves , 
and form conclusions with less than hard-and-fast facts. 

Here's a look at some of the more interesting new chips. For 
the purpose of this article, I'll discuss only stand-alone micro
processors (versus chip sets or modules) . All are programma
ble, meaning that they can be "taught'' to perform a number of 
tasks within the particular class of applications they address. 

Many of these microprocessors don't fall into the category of 
"conventional" chips , and some purists won't consider them 
true microprocessors. But I have included them because they 
are noteworthy or have unique features or technologies that will 
probably affect the way you compute both in the near term and 
in the long run. 

Some of the microprocessors in this chip medley are still in 
the conceptual or architectural stages. Some are in the process 
ofbeing produced, and some are already helping businesses use 
their devices more efficiently. 

Dealing with Logic That's Fuzzy 
Currently, many of the most dynamic R&D efforts involve 
chaos, fuzzy logic, and neural networks. These techniques 
deal with ways of understanding and coming to conclusions 
about phenomena that are nonlinear in nature or aren't clear
cut enough for conventionaJ computers to handle efficiently. 

For example, the FCl 10 from Togai InfraLogic (see photo 
1) is a digital fuzzy processor capable of performing generic 
microprocessor tasks. However, in a couple of ways (i.e., its 
instruction set and its chip specifications) this processor is 
geared to handle fuzzy logicinformation. 

This chip' s FZAND and FZOR instructions were designed 
to perform fuzzy AND and fuzzy OR operations . (For more 
information on fuzzy logic , see "When Facts Get Fuzzy ," 

April 1988 BYTE) . The following is an example of a rule that 
uses two premises. It is one of several rules used to demonstrate 
the balancing of an inverted pendulum. 

Rul e 1: ;Clear the Alpha Register 
LOAD #FF,ALPHA 
;if(Theta ==PM && dTheta ZO ) 
I.HS ALPHA, #2 

Theta 
Theta.PM 
dTheta 
dTheta.ZO 

;Velocity = PM 
RHSC ALPHA, CONCL 

Vel ocity.PM 

The FCllO is one of the few chips that has an instruction that 
evaluates the entire left side (IF condition) of such a rule. A 
single LHS (left-hand-side) instruction on the Togai processor 
handles up to 255 fuzzy membership tests (versus several in
structions per test on chips not specifically developed for 
fuzzy-logic applications) . The RHSC (right-hand-side by cen
troid) instruction evaluates the right side of the rule. 

The data processing portion of the FCI 10 was also designed 
and sized to handle fuzzy-logic tasks. The processor runs at 10 
million instructions per second (MIPS) and although mainly 
an 8-bitchip, can perform 16- 24- , and 32-bit(as well as some 
other) operations especially suited for fuzzy-logic problems. 

Because of these features, Togai ' s processor is suited for ap
plications requiring real-time performance, such as robotic 
joint/trajectory control , sensory fusion (combining the input 
from a variety of sensors), pattern recognition, and analytical 
and medical-instrument reading interpretations. 

Cloning the Brain 
Researchers have high hopes for neural networks as a potential
ly valuable processing technology. These artificial systems 
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Photo I: The FCJ 10. On the bottom left ofthe dye, the 

ALUpath is set up so it will do 8-, 16-, or 32-bit 


operations. The large block at the lower right 

contains the hardware to implement the special 


instruction set that performs fu zzy-logic operations. 


simulate how it is believed the human brain works, learning by 
example rather than having to be programmed . (For more in
formation on neural networks , see the State of the Art section 
in the August 1989 BYTE.) 

As of this writing, at least a dozen organizations claim to 
have produced working neural-network chips. In the last quar
ter of 1988, using VLSI technology, scientists at Bellcore (the 
research arm of the seven regional Bell holding companies) de
veloped an analog neural-network chip . The purpose of this 
processor (developed for research purposes only) is to perform 
high-speed on-chip learning in parallel. 

Recently , Bellcore 's researchers enhanced the learning al
gorithm and produced a new version of the chip that can learn 
as well as evaluate information at the rate of about 100,000 pat
terns per second . There are 160,000 transistors and 496 bidi
rectional synapses (electrical connections between neurons) on 
the new chip (a 7- by 8-mm die) . Each of these synapses has 5 
bits of dynamic range and 32 neurons with variable gain. (A 
neuron is the nerve-cell body and all its processes.) The learn
ing synapse array covers most of the chip (see photo 2) . 

This second-generation learning chip can perform 108 con
nections per second, as well as the same number of connection 
updates per second. Bellcore calls its neural-network processor 
a "cascadable' learning chip: It can be cascaded (arranged so 
that the output of one feeds directly into the input of another) 
for larger systems with no degradation in performance. A neu
ral-network chip with this type of processing power and self
learning features can tackJe hard-to-handle applications such as 
visual pattern recognition , speech synthesis and recognition, 
and network optimization and control. 

Alternative Neural Network Approaches 
It should come as no surprise that Intel has thrown its hat into 
the neural-network ring in a big way. The company has already 
produced one neural-network chip and is in the process of let
ting another company use some of its technology to produce a 
second chip. Intel also has a neural-network workstation in the 
prototype stage. 

Intel used CMOS-III EEPROM technology and a 208-pin 
PGA (pin grid array) package to create its first neural-network 
device, dubbed an electronically trainable analog neural net
work, or ETANN (see photo 3). ETA contains 64 analog 
processing elements and 10,240 trainable weights. It is current
ly being provided to system developers as an experimental chip 
for prototyping and research. 

Because of its highly parallel architecture, the chip achieves 
a blazingly fast computation rate-roughly 2 billion multiply 
accumulates (interconnections) per second. Another feature of 
ETANN is that it u es floating gate storage (versus digital 
RAM elements or analog DRAM storage) for its weights. 

Since it was Intel's first entry into the neural-network field, 
the company took a conservative approach by not adding a 
learning capability to the chip. Thus , you need some support 
tools to train ETANN. A PC-based simulation and training 
program from California Scientific Software (developer of the 
BrainMaker neural-network simulator) provides the learning 
capability. 

ETANN 's speed and parallelism make it good at mapping 
Photo 2: This is a rendering ofthe Bellcore chip and character- and pattern-recognition. But because the chip 
that contains three major functional areas: the has a memory limitation of about lOK bytes , it is not good at 

noise generator (extreme right), the neurons (just performing recognition tasks that require a large database. 
to the left ofthe noise generator), and the synapse This past spring, Nestor was awarded a $1 .2 million contract 
array (to the left ofthe neurons). Mose ofthe chip from the Defense Advanced Research Projects Agency 

is occupied by the learning synapse array. 	 (DARPA) to develop a neural-network chip in conjunction with 
Intel. According to Nestor, the N 1000 device will be capable of 
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processing 150 billion synapse interconnects per second and 
will function as a true learning device and parallel processor. 

The inherently faul t-tolerant NlOOO will incorporate Intel's 
proprietary flash memory technology (see "Store Data in a 
Flash" on page 311). The NIOOO will use an estimated 250 000 
flash memory cells to implement a nonvolatile storage capabili
ty that is expected to provide IO-year data retention. Portions of 
the data path are parallel, and portions are multiplexed. One of 
the noteworthy features of the NIOOO is that learning can be 
performed on-chip (as opposed to in software). 

A chip as fast as the NlOOO is ideally suited for applications 
such as speech , handwritten character and pattern recognition 
machine vision, signal processing, on-board automotive diag
nosis, and industrial process control. 

Sniff Chip Coming 
If the collaboration between the University of California at 
lrvine (UCI) and Adaptive Solutions is successful , a new chip 
will be born that can identify, discriminate between, and store 
odors. 

The olfactory system was the evolutionary precursor to the 
rest of the brain 's cortex. If Adaptive Solutions is able to trans
late a simulation of the olfactory cortex onto a chip, researchers 
may begin to understand other kinds of primary perception 
such as vision, hearing, and touch . Understanding the olfactory 
system would be one of the first steps toward figuring out how 
the neocortical brain functions really work (the neocortex 
comprises 80 percent to 90 percent of the brain). 

UCI scientists Richard Granger and Gary Lynch performed 
the research that resulted in programming a computer to dupli
cate the wiring of neurons in the olfactory cortex. "Identifying 
smells is a tentative first step toward circuit designs that may 
emulate those in our heads," says Granger. As the simulation 
receives the computer equivalent of smells, it stores memories 
by c.reating a hierarchy of categories and sorting the sen ory 
information into finer classifications with each "sniff.,. 

Currently in architectural form, this neural-network proces
sor will learn with on-chip hardware. You will be able to tweak 
the chip to work with any neural-network learning model by 

MASSIVELY PARALLEL AND EXTENDABLE ARCHITECTURE 
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Photo 3: Intel 's nonvolatile ETANN chip 

provides permanent true analog weighr 


storage wirhout refresh 

or battery backup. /rs 10,000 

multipliers and 20,000 analog 

EEPROM cells rake up the bulk 


ofthe dye area. 


reconfiguring its microcode. Tasks will be distributed among 

an array of parallel processors that can process up to 300 mil

lion connection updates per second during learning. The chip 

will hold a single layer of processing nodes , which are time

shared among all the virtual connection nodes in a network (see 

figure l ). (A virtual node concept uses lime-division multi

plexing to simulate all the layers in a particular network , one at 

a time.) 


Help for Your Shrinking Desktop 

Are you getting the feeling that space on your desktop is shrink

ing in direct proportion to the number of imaging devices be

coming available? Wouldn't it be nice to be able to replace all 


processor 

- -r~ 

: PN(n) 

Physical 
processor 

• 

Figure 1: Adaptive 
Solutions ' architecture can be 
extended in two directions. 
Each chip has 64 processor 
nodes, and additional chips 
can be added to provide 
arrays ofhundreds of 
processors. Virtual 
processors, called 
connection nodes, are 
mapped to each physical 
processor, creating thousands 
ofneural-nen ork nodes . 
Loopback techniques and 
broadcasr from any 
processor allow arbitrary 
interconnection ofall 
nodes. 
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THE SHBOOM STACK-BASED CHIP 


Control Address 
8 

Return StackCPU 
16 16

Address/ 
data Data 

32 

Figure 2: ShBoom has separate 32-bit internal buses for 
address and data. Both access the CPU, its two sracks, and the 
110 processor. These buses are multiplexed into a single 32-bit 
external bus with DRAM and 110 control signals. 

the clutter with a single box that (with the addition of special 
software) would let you scan, copy, and print documents; desk
top publish ; communicate via fax , voice, and E-mail ; transmit 
data; and be networked to your entire workgroup? 

A sophisticated chip from National Semiconductor can per
form all these imaging functions. Tagged the NS32GX320, the 
chip was designed for computation-intensive, embedded-con
trol applications . Concurrent processing, digital signal pro
ce.ssing (DSP) instructions , and a two-channel DMA controller 
are features of this new member of National Semiconductor's 
family of embedded system processors . 

The 32-bit chip's internal organization allows a high degree 
of parallelism in executing instructions, on-chip BitBlt instruc
tion primitives and logic, stack instruction syntax tuned for 
Postscript execution, and a two-way set-associative data cache 
for character generation. The NS32GX320 integrates more than 
390,000 transistors that are fabricated in submicron double
metal CMOS technology and , according to National Semicon
ductor , achieves a peak performance of 15 MIPS. 

This microprocessor was designed for applications such as 
embedded control of high-performance laser printers, intelli
gent terminals , and solid-state phone answering . It can also act 
as a contro!Jer for fax machines (including Group 4 ISDN) 
scanners , or multifunctiona.1 combinations of both. 

Stack 'Em Up and Go Forth 
A stack-based processor has an architecture that is optimized 
for real-time control with specific capabilities and features that 
make that type of operation its best application area . Among the 
companies that are preparing stack-based chips for commercial 
production are Harris Semiconductor and Computer Cow
boys. 

One of lhe newest chips from Harris Semiconductor is the 
RTX 2010. This enhancement of the company ' s RTX 2000 
chip will be able to run floating-point and DSP operations. The 
2010 was not designed as a 32-bit chip but as a high-perfor
mance 16-bit microprocessor. It has a built-in 48-bit multiply
accumulator that provides its DSP capabijjties . In working sili
con now , Harris· s 2010 is due out at the end of this year. 

Why do a stack processor? According to Phil Koopman , one 
of Harris s leading experts on stack-based microprocessors , it 
fills the need for low-cost, low-performance processing. Why a 
stack-based processor for the embedded contro!Jer market? 
Again according to Koopman , "Outside the highest-vol
ume product, DRAMs, the next largest market is microcon
trollers. " 

Because they are stack machines . both the Harris and Cow

boy Computer chips run Forth well. Why Forth? A character
istic of high-level machines is that they were optimized for a 
particular language to the exclusion of being able to run other 
languages . Forth make a natural assembly language for a 
stack machine, but, ifyou wish, you can also work in C instead 
of an assembly language. Both companies offer an ANSI C. 

Although both chips are stack-based, Chuck Moore (com
puter pioneer , software innovator, and creator of Forth) went 
down a ctifferent trail with his ShBoom chip . He designed it to 
be a 32-bit chip with two processors- each with its own in
struction stream, sharing memory. An 1/0 processor directs 
time-synchronous data transfers while the CPU asynchronous
ly runs the ALU. A low-power (100 milliampere) CMOS 
microprocessor, Moore's chip was designed for an inexpen
sive , fast (1-megabyte, 200-MIPS peak speed) computer. It has 
8-bit instructions so that each 32-bit word is a 4-instruction 
cache . 

Figure 2 shows the chip' s external 32-bit address and data 
bus interfaced to its internal 32-bit address and data buses . 
These buses link the stack caches , the CPU with its registers, 
and the ALU with the 1/0 processor and its registers . At power
up, the I /0 processor writes 32-bit data into DRAM after four 
reads from 8-bit ROM . With this bootstrap, additional data can 
be loaded from ROM , disk, or serial line. 

This type of chip may be used in areas such as storage and 
transfer of data as well as communications. Stack-based micro-

his prototype 

may show that digital GaAs is ready 
for ultralarge-scale /Cs and that 

it is possible to build 
GaAs logic circuits that will operate 

over a wide temperature environment. 

processors such as these may be used as network controllers in 
high-performance LANs. They may also find applications as 
controllers for fiber-optic concentrators with multiple incom
ing fiber-optic lines handling packets of information that need 
to be switched. This type of chip responds to ex1ernal events 
(e.g .. catching a packet off a LAN) quickly. 

TRON Offspring 
Suppose you want to economically produce a microprocessor 
that provides 32-bit addressing and upward compatibility with 
future 48- and 64-bit addressing modes. To make things even 
more challenging, say you want the end result to combine the 
high-speed simplicity of RISC and the programming ease of 
CISC. How do you develop a chip in record time with these 
features plus the ability to include very high-level instructions 
useful for a compiler or operating system? 

Today 's answer: Develop a chip based on TRON specifica
tions. Anyone can adopt them; they are free of charge; and they 
give companies an all-encompassing global computing solution 
(see "The TRON Project," April 1989 BYTE). 
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Photo 4: The first 32-bit GaAs RISC 
microprocessor. Demonstrated in September 

1988, the chip had 13,000 TTL gates. 
Improvements have led to 10-timesfaster gates 

and yields to support 30,000 gates. 

TRON (for The Real-Time Operating System Nucleus) is a 
standardization effort consisting of an open architecture, a 
family of VLSI chips, and system software. Although it is a 
recently implemented concept developed by Ken Sakamura of 
the University of Tokyo, several companies have already based 
processors on its specifications. Mitsubishi is one such com
pany, with its new family of M32 embedded controller micro
processors. 

One of Mitsubishi's TRON-based chips , the M32/ 100, has 
been optimized for any control application requiring general 
performance rates between 8 and 12.5 MIPS at 25-MHz clock 
rates. Due to its instructions for bit-mapping operations , this 
chip is a suitable 32-bit CPU for applications with graphics re
quirements . The M32/100 shines in areas such as laser print
ers, X Window System terminals, and telecommunications. 

Although currently produced with 1.0-micron technology, 
by the end of this year this chip is due to be fabricated with 0.8
micron process techniques. Because of its TRON heritage , the 
M32/IOO provides a good application-specific IC core so that, 
with the addition of application-specific hardware , users can 
achieve an economical system-specific solution. 

First of the GaAs Chips 
Coming soon will be microprocessors fabricated from gallium 
arsenide (GaAs) instead of silicon, and possibly hybrid chips 
that are a combination of these and other materials . 

Texas Instruments (Tl) , one of the major innovators in the 
microprocessor industry, has in the prototype stage a DARPA
funded GaAs chip that has demonstrated some very impressive 
potential capabilities. At a DARPA symposium held last year, 
this chip was touted as being the world's fastest 32-bit CPU (see 
figure 3) . 

Tl's speedy 150-MHz pipeline RISC processor, with six 
pipeline stages, uses heterojunction-based bipolar technology , 
which is faster but more complex and expensive than conven
tional MESFET (metallic Schottky field effect transistor) tech
nology (see photo 4) . According to company officials, this 
chip 's nearest competitors are 80-MHz, 20-watt microproces

TI'S HIGH-SPEED GaAs MICROPROCESSOR 

Buffer and -- Result 3 
BufferControl Read 16- by 32-bit Bbus dataMUX register 

~ and bus flip-flop address - register file  enabling 

131 mils 452mils 135 mils 787 mils 1120 mils 925 mils 544mils 

3fast 2 fast 2 fast 3 fast 13 fast 2fast Setup time 
1 nominal 2 low-power 1 nominal 2 nominal 

1 ultrafast 

Physical gate count = 32 Total metal= 4094 mils 

Figure 3: This critical path analysis shows the trade-offs made in Tl 's chip between speed and power requirements (which are 
directly proportional in GaAs technology). Propagation delay due to metal interconnects is significant, increasing the critical 
path delay by 25 percent. Note that the design concentrates 13 fast gates at the ALU, where a 1120-mil interconnect would 
otherwise slow processing significantly. 
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Figure 4: A comparison ofswitching time and heat-generation 
between several kinds ofcircuit elements. Note the orders of 
magnitude difference between those that use Josephson 
Junction technology and those that don't. 

sors. Tl's prototype is a 13,000-gate microprocessor (equiva
lent to a CMOS chip with 50,000 transistors). 

TI has built and tested this 16 000-gate-equivaJent logic gate 
device; emitter coupled logic usually runs in the 15,000-gate to 
20,000-gate range. The processor contains a 32-gate-delay crit
ical path with 200-picosecond-per-gate delays . More typically, 
high-speed processors contain a 20-gate-delay critical path 
with 650 ps-per-gate delays. This 20-gate-delay path length in 
GaAs would have required memories in the 1.5-nanosecond 
range, which is considered too demanding for current memory 
technology. 

Some of the first applications for this high-speed processor 
will be in military guidance systems where there is space for 
only one processor and it must do the work of six less-powerful 
chips. The TI GaAs offering will also lend itself to DSP and 
other very high data rate applications. 

This prototype chip offers many advantages, such as its 
small size and light weight. It has also been shown to be highly 
reliable and to offer reproducible performance. And, for logic 
and processing tasks, GaAs is faster than silicon. 

However, since Tl's chip hasn't yet been commercialized, 
with the resultant optimization of its good features, it still has 
some disadvantages, as well. Although it will perform three 
times as fast as silicon chips, it will also cost three times as 
much. Another disadvantage is that, at this point, the processor 
does not contain much memory. GaAs is an intrinsically poor 
technology choice for microprocessor memory, compared to 
BiCMOS. 

Nevertheless, hopes are high for this high-speed, high-per
formance microprocessor. This prototype may show that digi
tal GaAs is ready for ultralarge-scale ICs and that it is possible 
to build GaAs logic circuits that will operate over a wide tem
perature environment. 

Toward Smaller and Faster Machines 
If, as some people believe, silicon- and GaAs-based devices 
will ultimately reach their size and speed scaling limits, sig
nificant opportunities will open up for microprocessors using 
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All the software, alignment diskettes, parallel/serial wrap-around 
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provided by the manufacturers. For more informatio11, 
contact the companies listed bdow. 

Operational dara on the chips discussed in this article was 

Adaptive Solutions, Inc. 
1400 Northwest Compton 
Dr. , Suite340 
Beaverton, OR 97006 
(503) 690-1236 
Inquiry 1003. 

Bellcore 
290 West Mount Pleasant 
Ave. 
Room IB-147 
Livingston. NJ 07039 
(201) 740-4324 
Inquiry 1004. 

California Scientific 
Software 
10141 Eveni.ng Star Dr.. 
Suite6 
Grass Valley, CA 95945 
(916) 477-7481 
Inquiry 1005. 

Computer Cowboys 
410 Star Hill Rd . 
Woodside CA 94062 
(415) 851-4362 
Inquiry 1006. 

Harris Semiconductor 
P.O. Box 883 
MS 62A-021 
Melbourne, FL 32902 
(800) 442-7747 
Inquiry 1007. 

Intel Corp. 
2250 Mission College 
Blvd . 
Mail Stop SC9-40 
Santa Clara, CA 95052 
(408) 765-9235 
Inquiry 1008. 

Mitsubishi Electronics 
1050 East Arques Ave. 
Sunnyvale, CA 94086 
(408) 730-5900 
lnqui.ry 1009. 

National Semiconductor 
2900 Semiconductor Dr. 
P.O. Box58090 
Santa Clara, CA 95052 
(408) 721-5000 
Inquiry 1010. 

Nestor, Inc. 
1 Richmond Sq. 
Providence, RI 02906 
(401) 331-9640 
Inquiry 1011. 

Texas Instruments 
Defense Systems and 
Electronics Group 
P.O. Box 65031 l 
MS3926 
Dallas, TX 75265 
(214) 917-7698 
Inquiry 1012. 

Togai lnfraLogic, Inc. 

30 Corporate Park, 

Suite 107 

Irvine, CA 927l4 

(714) 975-8522 
Inquiry 1013. 

University of California 
at Irvine 
600 Administration 
Irvine, CA 92717 
(714) 856-6922 
Inquiry 1014. 

alternative technologies. Processors developed using Joseph
son junction (Jj) superconducting technology stand a good 
chance ofbeing serious contenders. 

Jj technology is based on the use of tunnel junctions (a kind 
of quantum-mechanical switch) made with a th in layer of insu
lating material. This insulator is sandwiched between layers of 
a superconducting material cooled to an extremely low tem
perature. Liquid helium is the coolant that is currently used. Jjs 
can switch voltages extremely quickly while consuming only a 
small fraction of the energy that conventional devices need (see 
figure 4) . 

On the road to developing smaller and faster computers that 
feature high switching rates and very low power consumption, 
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many U.S . universltle , as well as companies like AT&T. 
TRW, Westinghouse, duPont, Conductus, and Hypres , are 
working with superconducting technology. But superconduct
ing ventures undertaken by dozens of Japanese companies and 
organizations are eclipsing U.S. endeavors in this field . These 
efforts have already resulted in prototype chip and other ele
ments based on Jj technology. 

In 1983, IBM abandoned its attempts to develop Jj products 
because it decided that commercialization of the technology 
would take too much time and cost too much money. About that 
time, as part of its fifth-generation computing effort, the Japa
nese government be.efed up its interest in, and sponsorship of, Jj 
technology. 

Several Japanese governmental agencies, such as the Minis
try of International Trade and Industry, the Japanese Research 
Development Corp., and the Electrotechnical Laboratory. 
launched serious endeavors focused on developing Jj products. 
A couple of these undertakings , including that by ETL and one 
called ERATO (for Exploratory Research for Advanced Tech
nology)-an offshoot of JRDC-have paid off in Jj chips. So 
have some of the many private efforts by companies like Fu
jitsu, NEC, and Hitachi . 

ETL has reportedly developed a 1-kilobit Josephson memory 
chip in which 90 percent of the cells can be accessed by the 
peripheral circuit. ETL has also announced completion of a 
four-chip. Jj-based RISC microcomputer that processes most 
instructions in 1 ns and consumes only about 6.2 milliwatts 
(mW) of power. 

ERATO is taking a new look at a device called the quantum 
flux parametron developed about 30 years ago that uses the 
Josephson junction. QFP researchers are exploring the possibil
ity of producing an ultrafast computer using this technology. 

Fujitsu has demonstrated a single-chip, 4-bit Jj microproces
sor with roughly 3000 gates and approximately 12 instructions 
stored in an on-chip ROM module. Its maximum clock fre
quency is said to be 1.1 gigahertz. with a minuscule energy 
consumption ofonly 6.1 mW. Hitachi has also reported having 
developed a microprocessor similar to Fujitsu's in complexity 
and performance. 

This past spring, NEC scientists announced development of 
a 4-kilobit Joseph on memory with a memory read-out time of 
580 ps (0.58 ns) . Comprising about 25,000 Josephson ele
ments, the NEC chip measures 5 mm quare, with a cell size of 
55 microns square. 

A Ticket to Tomorrow 
With the advent of new superconductive materials thar can be 
used with higher-temperature coolants (liquid nitrogen , for in
stance), a number ofexperimental Jj processors , switches, AID 
converters, and even computers are arriving on the scene . At 
the moment, niobium and niobium nitride are the most promi 
ing superconductors ofchoice, wbile aluminum oxide, niobium 
oxide, and manganese oxide are the three most commonly used 
insulators . 

Many difficult material problems (as well as a lack of prog
ress in related memory technology) remain to be solved. But 
scientists may produce the nex:t generation of cbjps and com
puters using Jj , SQUID (for superconducting quantum interfer 
ence device), and QFP superconducting techniques . Circuits 
using these technologies may run faster , use less power, occupy 
less space, and in other ways outperform their conventional 
electronic counterparts. • 

Janet J. Barron is a technical editor for BYTE. She can be 
reached on BJX as "neural. " 
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ichard Fink, President 
_,_ of RainTree Computer 

Systems, writes, " ...What 
it [Periscope] offers is 
probably the most compre

hensive debugging capability on 
the market today. And for you 
and me, that means getting to 
market sooner. Getting to market 
with a cleaner product. That's an 
objective we all know about.' 

Periscope Whether you're 
handles the developing appli
level of debug- cations written in 
ging you need. a high-level Ian
~ guage doing 
~low-level sy tern 
development, or something in be
tween, Periscope can help you 
find the bugs. Randy Brukardt, a 
developer of the Janus Ada com
piler, writes, "I couldn't imagine 
using anything else .. .lt is just as 
useful debugging my Ada code at 
the source level as it is for finding 
bugs in as embler code, even 
TSRs and device drivers." 

There's just not For example you 
much you can't can debug device 
debug with drivers and 
Periscope. TSRs, child pro
,_...__cesse~ and soft

ware mterrupts. 
You can trace DOS and debug 
foreground and background 
programs in the same session. 
Large programs are no problem. 
Periscope supports Plink and 
.RfLink overlays, and Windows 

Periscope Model II includes a break-out 
switch and the new Version 5 software. 
The new software, included with all 
models, features a menu system that 
makes Periscope easier than ever to 
learn and use. 

Start saving money 
today. Call Toll-Free: 

800-722-7006 
Overseas, call: UK - Roundhill Computer 
Sy terns, 0672 84 535; Germany - H+B EDV, 
07542 6353; ComFood, 02534 7093; Sweden -
LlnSoft, 013 124780; Denmark - Ravenholm 
Computing, 02 88 72 49; Australia - BJE Enter
prises, 02 858 5611. 
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another system. And you can 
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Cyrix FasMath math coprocessors provide 
real advantages for all 386 11.1 computer users. 

SUPERIOR PERFORMANCE IS OUR 
MAIN ADVANTAGE. 

Performance is why you buy a math 
coprocessor. And, the entire line of 
Cyrix FasMath processors were 
developed with superior performance 
in mind. Cyrix engineers have 
designed FasMath utilizing new 
technology. The result - Fas Math 
processors are the fastest , most 
accurate and consume the least 
amount of energy when compared to 
all other math coprocessors on the 
market today. 

Spreadsheet Calculation 

NoMarh 
Coprocessor 

Intel FasMath ~ 

THE ADVANTAGES OF SPEED, 
ACCURACY AND LOW POWER. 

A math coprocessor offioads the 
complicated math functions from your 
computer's main processor, providing 
actual t ime savings. Depending on 
your application, FasMath can deliver 
up to three times the application 
performance of the Intel 803 87. 
No other math coprocessor provides 
greater time-saving advantages than a 
Cyrix FasMath processor. In addition, 
FasMath computes results to 2 0 
decimal digits of accuracy in the same 
time other coprocessors compute 
7 digits . With FasMath, accuracy is 
never sacrificed for the sake of speed. 
Another FasMath advantage is that the 
FasMath processor runs cooler and 
uses less power than all other math 
coprocessors - a feature that is 
especially important to laptop users 
who can take advantage of extended 
battery life by using FasMath. 

..FosMath ,. 
provides 
fa ster 
performance on 
many popular 
software 
progroms. 

THE FASMATH ADVANTAGE WORKS 
WITH YOUR FA\.DRITE PROGRAMS. 

If you thought that only scientists, 
engineers and programmers 
performing high-level mathematical 
calculations could benefit from the 
performance advantages that FasMath 
delivers, think again. FasMath helps 
hundreds of leading software 
programs work faster. These include 
spreadsheets, databases, accounting 
packages, and of course scientific, 
engineering and graphics applications. 
FasMath is easy to install in any 
80386 or 80386SX system, is fully 
compatible with IBM®PC based 
software and socket standards, and is 
backed by a 5-year limited warranty 
and toll-free support hotline. 

An unprecedented combination 
ofperformance and txJlue. 
Cyrix FosMoth is setting the 
standards for the 90~! 

THE ADVANTAGES OF FASMATH 
ADD UP TO EXTRAORDINARY 
VAWE AND DEPENDABILITY. 

The entire line of Cyrix FasMath 
numerics processors offers the value
conscious buyer distinct advantages 
faster performance, improved accuracy 
and low power dissipation, all at 
competitive prices. What's more, there 
are tens of thousands already in use 
today, attesting to the product's 
superior dependability. 

So when it's time to choose a math 
coprocessor, get the one with 
all the advantages - FasMath by Cyrix. 
The world's most advanced numerics 
processors. 
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A close look at the Bell and CCITT standards 
for modem communications 

Steven E. Turner 

ending and receiving files over modem connec

S 
tions is a routine procedure for most personal 
computer users. It's not unusual , however, to 
find modems that can't communicate effective
ly because of compatibility problems- they 

don 't all follow the same standards. 
For users, just understanding modem standards can be a 

problem . The maze of modem standards grows constantly. 
Look at modem advertisement and you'll see a long list-Bell 
1031, Bell 212A, V.22 , V.22bis , V.32- not to mention propri
etary technology and protocols that are licensed by individual 
companies. 

These standards cover a variety of transmission speeds and 
such features as error correction and data compression. The 
modem standards in use today come primarily from three 
sources: Bell Standards CCIIT Recommendations, or EIA/ 
TIA Standards. (For definitions and an explanation of how mo
dem standards are established, see the text box " Where Modem 
Standards Come From" on page 354.) Table 1 shows the most 
common modem standards for data rates of from 300 bps to 
14,400 bps, over leased-line and dial-up telephone lines. 

Low-Speed Standards 
The most common low-speed standards in use are the Bell 1031 
standard for 300-bps transmission and the Bell 212A standard 
for 1200-bps transmission. Almost every modem sold in the 
U.S. supports these standards, either as the primary rate or as 
secondary fallback rates . Fallback rates are used when the mo
dem is unabl~ to connect at higher rates, usually because the 
telephone chann.el is too noisy to provide error-free communi
cation at that rate. For example, ifa modem attempts to connect 
at 2400 bps but determines that the line will not support that 
rate, the modem may try to connect at 1200 bps or 300 bps 
instead. 

The Bell l 031and212A standards are two-wire, full-duplex 
standards. This means that modems that support those stan
dards use ordinary telephone lines, and they transmit and re

ceive data in both directions simultaneously. Even at 1200 bp 
(212A), the data rate is low enough that the data channel for 
both directions of transmission can fit comfortably within the 
3000-Hz-wide voiceband telephone channel. 

Because the CCIIT was developing international standards 
during the 1960s (while Bell was defining U.S. standards), 
most 1200-bps modems in the rest of the world operate using a 
standard known as V.22. This is similar to the Bell 212A stan
dard, but the carrier frequencies at which the data channels are 
modulated are different. Thus, V.22 modems and 212A mo
dems are not compatible, unless special design changes are in
corporated. 

For 2400-bps transmission, most personal computer mo
dems in use today implement V .22bis. The Bell Standard for 
2400-bps data was never completely accepted , because at the 
time the telephone company's monopoly was dissolved , 2400
bps transmission wasn ' t yet perfected. As a result, there is al
most universal compatibility among 2400-bps modems based 
on V.22bis . 

Like the lower-speed standards, V.22bis is a two-wire {dial
up line). full-duplex standard. To fit two 2400-bps data cban
nels in the 3000-Hz-wide voiceband telephone channel , the 
data bits are encoded into 4-bit bytes before transmission. Each 
data signal is then transmitted at 600 baud , and the two modem 
channels can again fit comfortably within the telephone-Jjne 
channel. 

High-Speed Standards Grow 
Prior to I 984, modem transmission at speeds above 2400 bps 
was possible only by transferring the data over expensive four
wire (leased) telephone lines. Special standards, such as Bell 
208 for 4800 bps , V.29 for 9600bps, and V.33 for 14,400 bps, 
were available for use with these leased lines. However, only 
users needing to transfer very large amounts ofdata could justi
fy the cost of leasing the telephone lines and buying the more 
expensive modems. 

In J 984, the CCIIT approved V .32 for use with standard 
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Where Modem Standards Come From 

T o grasp the conglomeration of mo

dem standards, some understand
ing of where they come from and how 
they are made is important. The modem 
standards in use today come primarily 
from three sources. The modulation and 
coding standards are normally Bell 
Standards or CCITT Recommenda
tions. The interface standards are either 
CCITT Recommendations or Electron
ic Industry Association/Telecommuni
cations Industry Association (EIA/ 
TIA) Standards. 

The Bell Standards are holdovers 
from the 1960s when all domestic mo
dem standards were set exclusively by 
the telephone company. In those days, 
the telephone company had a monopoly 
on anything connected to its lines, and , 
by law, it was the only one a.llowed to 
sell modems . As a result, it set its own 
design standards. 

The 1968 Carterphone court decision 
opened the door for other manufac
turers to begin making modems, and 
the method of standards-making 

changed. Since modems used in other 
countries at that time generally fol
lowed international standards, U.S. 
manufacturers became involved in help
ing develop those standards instead of 
creating a new set of standards specifi
cally for the U.S. 

Today, most new modem standards 
are created by the CCIIT, based in Ge
neva, Switzerland, and affect modem 
users worldwide. In the U.S. , modem 
experts participate in national stan
dards development groups, such as the 
TIA, to create those standards needed 
solely for U.S. interests . They also gen
erate technical papers and proposals for 
the international CCITT organization 
and join technical experts from other 
countries in attending CClTT meetings. 

Together, these groups work out the 
fine details of new international modem 
standards . However, when it comes 
time to vote on the new standards, each 
member country is granted only one 
vote. An official of the U.S. Depart
ment of State (the formal representative 

to the CCITT) casts the U. S. vote. 
Many standards efforts never make it 

to a vote because of technical problems 
or political snags along the way. As a re
sult, those that do reach approval are 
usua lly well-tested and proven tech
niques that can be applied around the 
globe. Once a standard is adopted by the 
CCIIT, modem makers begin imple
menting it in their products. 

One interesting feature of CCITT 
"standards" is that they are called Rec
ommendations. The CCITT cannot 
force modem manufacturers to comply 
with its procedures; rather, it recom
mends an approach. However, in many 
countries where the telephone network 
is operated exclusively by the govern
ment, CCIIT Recommendations have 
the full force of telecommunications 
law. In such cases, all modems con
nected to the network must comply ex
plicitly with the appropriate CCITT 
Recommendations. ln practice, world
wide adherence to CCIIT Recommen
dations is the norm. 

dial-up telephone lines. V.32 leapfrogged from 2400 bps to 
9600 bps, representing a 4-to- l increase in throughput over 
modems using V .22bis . Using advanced technology to provide 
9600-bps transmission over ordinary telephone lines, V .32 put 
the everyday personal computer user in the high-speed data 
business for the first time by opening new doors to sharing files 
and programs rapidly over modem connections. 

V .32 Specifics 
The technology required 10 implement V.32 modems did not 
come easily. The level of technical expertise needed in devel-

Table 1: Many standards and recommendations govern 
how modems are designed. These standards allow 
modems from many different manufacturers to 
communicate with one another. An asterisk indicates 
"with echo cancellation." 

Data rate Standard Line Duplex 
(bps) 

300 Bell 103J Dial-up Full 
1200 Bell 212A Dial·up Full 

Bell 202 Dial-up Halt 
Bell 202 Leased Full 
CCIITV.22 Dial-up Full 

2400 CCITIV.22bis Dial-up Full 
CCITIV.26ter Dial-up Full· 

4800 Bell 208 Leased Full 
9600 CCITI V.29 Leased Full 

CCITI V.32 Dial-up Fun· 
14.400 CCITI V.33 Leased Full 

oping V.32 modems has been conservatively estimated to be 
100 times greater than for V .22bis modems. As a result, fully 
functional V .32 modems did not become widely available until 
late 1986-two years after V .32 was adopted. 

To send 9600-bps data, V .32 modems group the data into 4
bit bytes and transmit them at 2400 baud. Since there is room 
for only one 2400-baud data channel within the 3000-Hz-wide 
telephone channel, V. 32 calls for both modems to transmit 
over the same channel at the same time. Each modem must then 
sort out its own transmitted signal from the signal it is receiving 
from the other modem. To do this, V.32 modems use echo can
celers . Figure 1 shows a typical modem connection, with the 
echo cancelers included in the modems at each end. 

Hybrid circuits inside all modems are designed to match the 
characteristics of the modem to the telephone line. Since the 
nature of the telephone network changes constantly, this match 
is never ideal. This results in part of a modem's transmitted 
signal being reflected through the hybrid and back into the 
modem's receiver. 

In addition, echoes of the transmitted signal from the hybrid 
circuits out in the telephone network bounce back into the 
modem's receiver. To get a good strong received signal, these 
reflected echoes must be removed before the modem receiver 
processes its input. 

The echo canceler, which is driven by the known transmitted 
signal, models the echoes produced by hybrid circuits in the 
modem and the network. The output of the echo canceler is sub
tracted from the received signal before it goes into the modem 
receiver for processing, thus eliminating the effects of the ech
oes. This is not a simple task. The precision that is required in 
the echo canceler to remove the echoes is substantial. Since the 
transmit signal is constantly fluctuating with changes in the 
data, the echo canceler must continuously adapt to those 
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When your high-speedHayes error-control modem out
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Smartcom Exec.n• or Smartcom IW this remark
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speeds up to o7.6k bps. Even IVilh such advanced 
operating systems as OS!2® and WindolVs~ 

Of course, Hayes ESP also provides all the 
basicfunctions you want from aserial card, 
including two serial port connections for your 
printers.modems.or other equipment. And it 
works with all IBM®and fully compatible PCs. 

What's more, Hayes ESP is backednot only 
by one of the best customer service staffs in the 
industry, but by a two-year performance 1Varranty 
as well. 
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us at 1-800-635-1225. 
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ECHO CANCELLATION 

To To 
computer computer 
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Local (near-end) modem local loop Remote (far-end) modem 
Two-wire Two-wire 

------·----------- ' 
Tr<1nsmitter 

I 
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local loop 

Figure 1: In all modem connections, the computer output signal is sent directly to the modem for transmission over the telephone 
line. A typical dial-up telephone-line modem connection requires the modem signal to pass through two-wire local-loop channels 
to the telephone company's nearby central office. From there, it travels over a four-wire circuit to the other end ofthe 
connection. The signal then passes through the distant modem's receiver to the computer at the other end. Hybrid circuits 
connect the two-wire/four-wire links and isolate the transmit and receive signals in the modems. In high-speed modems, such as 
V. 32 modems, an echo canceler is used to further isolate the transmit and receive signals and improve signal reception. 

changes as it mimics the transmined signal's echo. 
Since at any given moment a V.32 modem is transmining 

more data than a lower-speed modem, the individual V .32 data 
signals are much weaker and harder to detect. For this reason 
V. 32 incorporates advanced coding techniques such as trellis 
encoding. Trellis encoding allows the modem 10 examine sev
eral consecutive received signals and look for known patterns 
before deciding the value of the signal. 

This memory effect can produce dramatic reductions in the 
error rate. The end result is that well-made V .32 modems pro
duce very low error rates and provide reliable, high-speed data 
transfer between modems. This allows personal computer 
users to trade programs and download files at rates unimagined 
in the early 1980s. 

In an attempt to push technology barriers even further, the 
CCJTT began, in 1989, to study the idea of extending V. 32 up 
to a 14 400-bps rate. This standard was named V.32bis, since 
it represented an outgrowth of V .32 rather than a new idea. 
V .32bis requires even better echo cancelers than does V .32 . It 
also requires an overall improvement in receiver quality. Test
ing has shown, however, that 14,400-bps transmission over 
tandard telephone lines is quite feasible with proper modem 

design . 
V .32bis is expected to be formaJly approved by the CCITT 

by mid-1991. Once adopted , V.32bis will open the door even 
wider for very fast data transfer between personal computers. 
A summary of new and evolving modem standards and their 
status is detailed in table 2. 

Data-Manipulation Standards 
With the basic modulatjon rates approaching the theoretical 
limits of telephone-line channels , modem makers and the 
CCITT have turned to new ways of improving performance and 
increasing the data rates. The two mosc important steps in this 
direction are V.42 for error correction and its companion, 
V .42bis, for data compression. 

The error-correction and data-compression functions are ap
plied to I.he data before modulation and stripped off before the 
modem receiver decodes the data at the other end. An ex
panded view of these functions inside I.he modem is depicted in 
figure 2. 

At high speeds, modems are prone 10 making more errors, 

not only because of the reduced power in high-speed modem 
signals but also because they use the edges of the bandwidth 
(which tend to be noisier) to carry data. V .42, formally ap
proved in 1988, provides error correction using the automatic 
repeat request (ARQ) principle. 

Under ARQ, data is grouped into blocks at the transmitter, 
and an advanced cyclic redundancy check is applied across 
each block. This is the same CRC concept already used to en
sure the integrity of file transfers in techniques such as XMO
DEM . The main difference is that V .42 provides error-cor
rected operation for all information exchanges, not just file 
transfers using specific computer software programs. Since I.he 
technique for checking the received data and retransmitting 
flawed blocks is contained directly in the modem itself it is 
completely transparent to the user and speeds up the transfer 
process . 

The main drawback of V .42, as with any error-correction 
technique is that when numerous errors are detected , the 
throughput rate suffers as blocks of data are retransmitted. 
However, this only comes into play when error are actually 
present and even then the slowdown in the transfer rate is a 
small price to pay for the capability to identify and correct 
those errors . 

Modems equipped wilh V .42 were originally introduced in 
late 1988 in V .22bis products. It is now widely available in 
V .32 modems as well. 

Data Compression with V .42bis 

Approved in late 1989, V.42bis provides the first '"official' 

method for compre.ssing and decompressing data in modems. 

(Several proprietary compression technjques have been avail 

able for some time the mot notable being Microcom 's MNP 

level 5 technique.) 


As with V .42, the CCITT adopted a technique similar to 
those already in use in the computer industry when it selected a 
method for V .42bis. This method is a variant of the Lempel
Ziv compression algorithm, the same type of compression used 
in the familiar .ARC and .ZIP techniques. 

However, instead of applying only to fi les compressed in ad
vance, V .42bis performs automatic , real-time compression and 
decompression on all the data flowing between the modems. 
This can bring about dramatic reductions in the amount of time 
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Table 2: The U.S. TIA and international CC/TT committees continue to develop new modem recommendations. Here is a 
list ofrecent recommendations and important ones currently under development. The V. 32bis Recommendation will likely 
be approved in mid-1991; it will provide for 14,400-bps file and data transfer over standard telephone lines. 

Standard Purpose Status 

CCITI V.32bis Fallback Procedure 

U.S.fTIA Fallback Procedure 

CCITI V.32bis Recommendation 

CCITI V.42 Recommendation 

CCITI V.42bis Recommendation 

CCITI 19.2K·bps Dial-Up 
Modem Recommendation 

Provides a standardized way of 
negotiating fall back data rates from 
14,400 bps down to 2400 bps. 

Provides as andardized way of 
nego iating fallback data rates from 
14.400 bps down to 300 bps. including 
the Bell 103J standard. 

Provides standardized dial-up modems 
at rates of up to 14.400 bps: an 
extension of V.32. 

Provides standardized error correction 
in modems via either MNP Level 4 or 
LAPM (Link Access Procedure for 
Modems) protocol. 

Provides standardized data compression 
In modems via a version of the 
Lempel-Ziv data-compression algorithm. 

Provides standardized dial-up 
modem communications at rates of 
up to 19,200 bps. 

Technically agreed upon but not yet 

formally adopted. 


Under study by the U.S. TIA TR-30.1 

Committee. 


Under study by the CCITI Study Group 

XVII Committee. 

Possible approval by mid-1991 . 


Approved, April 1988. 


Approved. September 1989 . 


Under study by the CCITI Study 

Group XVII Committee. 


ERROR CORRECTION AND 
DATA COMPRESSION 

D Tolophoj ohaoool [DJ 

1111111111111 - !Modemh ~ 111111111 1111 
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Computer/ Computer/ 
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Figure 2: Many new modems now use the CC/TT V. 42 error
correction and V.42bis data-compression Recommendations. 
In the modem, these functions are located in the overall 
control processor and are applied to the signal between the 
computer and the signal converter (modulator/demodulator). 
Modems at both ends ofthe connection must have V.42 and 
V.42bis capabilityfor these features to be used. 
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needed to send and receive data . For example, it is possible to 
achieve up to 4-to-1 compression ratios with V.42bis. That 
could mean effective rates of up to 38,400 bps with a V.32 mo
dem or rates even greater than the 56,000 bps offered by digital 
leased-line service when used with a V.32bi modem . The ad
vantages of reducing the time required to transmit files across a 
modem connection by a factor of four are obvious, especially if 
the telephone call is long distance. 

The amount of compression that V.42bi can actually pro
vide depends on the type of data being transmitted . Compres
sion algorithms work by recognizing repeated patterns in data 
and substituting shorter symbols for them . This reduces the 
number of characters needed to represent a given set of infor
mation. The more repetition a data file has. the greater the 
compression. On the other hand , purely random data contains 
no pattern at all, and it is noncompressible . 

Figure 3 provides a comparison of how well V.42bi works 
on various types of data . Assembly language and compucer 
source code contain many short , repeated commands, since the 
language has a limited command set. As a resuJt, data compres
sion ratios on these types of files are generally quite high . Con
versely , precompressed files such as .ARC or .ZIP files have 
already been processed to remove redundancy. Pas ing them 
through V.42bi usually does not provide much more improve
ment. Data files that have been encrypted through a randomiza
tion process will also show little reduction in file size and trans
mit time, because the data has been preprocessed to remove 
identifiable patterns. For the average personal computer user . 
however, V.42bis should reduce modem ignaling time and ex
pense considerably. 

V.42bi began appearing in modem products this summer. 
first in V.22bis modems and later in V.32 modems. Many of 
the fi rst V.32bis modems will have V.42bis compression capa
bility as soon as they hit the market. 

V.42bis relies on V.42 for its modem protocol and control 



JMP'" foa 
Higher level 
~!E~!;o';'ve~b;;s= 

Statistical Visualization 

Make a quantum leap in data analysis with JMP software 

for yolll' Apple Macintosh'". JMP combines traditional 

statistics with today's most innovative graphics. 


IDiscover more. 
• Fit regression and Analysis of Variance models, but 
see them in a new way with leverage plots, showing 

,how each point contributes to each hypothesis test. 
• Fit means, but see the significance of their differ
ences visually with comparison circles. • Analyze 
high-dimensional data and extract principal compo
nents, but see both the points and variables in the 
same graph with a biplot, one that spins in 3D. • Ex
amine a correlation matrix, but see more with a 
matrix of scatterplots with density ellipses. See high
dirnensional outlyingness of points with Mahalanobis I 
distance plots. • See yolll' data always displayed -.. · 
in a familiar spreadsheet grid. ~ ~ 

Interact more. --J~ 
• Point and Click to view, edit, or manipulate 
yolll' data ... to get an analysis ... to identify 
points...to custornize ...to get context-sensitive 
help...to choose colors and marker symbols for 
your points in every graph. • Point and Click on a 
calculator panel to make formulas for variables. • Point 
and Click on your data in one gt 1ph, and the corre
sponding points will be highligh ed in all the other 
graphs instantly. • Click and Drag to change the in
tervals for histograms instantly...to spin your 3D graph 
smoothly in real time ...to resize any graph. Cut and 
Paste your data within JMP or to other applications. 
• Cut and Paste reports to other applications or jolll'
nal them to a file. 

Understand more. 
• JMP is simple to use, so you can spend your time 
studying your data, not your software. • JMP pres
ents statistical results visually, so you are always 

looking at graphs as well as numbers, finding 
patterns, and noticing points that don't fit pat
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DATA-COMPRESSION COMPARISON 

Assembly language •••••••••• 3.42 
I 

Pictures/images,••······ 2.8 

Precompressed (. ARC ) •••• 1.3 
I 

Random data ••• 1.0 
I 

Program source code •••••••••• 3.28 
I 

Spreadsheet/database •••••••• 2. 76 
I 

ASCII text 3.06 
I 

0 2 3 4 

Average output compression ratio 

Figure 3: The amount ofdata compression that V. 42bis can 
provide depends on the type ofdata being sent between the 
modems. The more randbm the data, the less the compression, 
since truly randbm data follows no clear pattern. Data that 
has lots ofrepetition (such as text, source code, or pictures) 
can often be highly compressed. A compression ratio of2. 0 on 
this chart indicates that the data can be compressed by a factor 
of2 and transmitted in halfthe time needed to transmit it 
uncompressed. 

functions . Because of this, only those modems that have V.42 
will contain V .42bis . Fortunately, since V .42bis is a software
intensive technique, it doesn't require extensive modem rede
sign, and most modem makers are offering it in their products 
at a minimal increase in cost. 

Standards to Watch For 
The CCITI is continuing to develop new modem standards , 
pushing the technology envelope a little further each time . A 
new effort is under way to standardize a 19 ,200-bps modem . 
Another CCITI standard currently under development will 
provide a uniform interworking procedure to ensure that mo
dems implementing a number of different standards can com
municate. 

For example, ifa V.32 modem calls a V.22bis modem , the 
new interworking protocol provides a way for the V. 32 modem 
to identify the receiving modem's standard and fall back to 
V.22bis mode to match it. While many modems are already 
capable of this, there is no standardized format to ensure that 
all modems do it in the same way. The new interworking stan 
dard should improve compatibility by increasing conformity. 
Expect the new interworking scheme to begin appearing in 
modems by 1991. 

Another important standards issue that the CCITT expects 
to take up soon involves interworking between cellular mo
dems and regular telephone-line modems. There is currently 
no accepted way to guarantee that these modems can communi
cate, but with the explosive growth of cellular technology and 
the increased mobility of laptop computers, this will become a 
major issue in a few years. Hopefully , the CCITI will finalize 
a standard to solve this problem soon. • 

Steven E. Turner is manager oftechnical staffresearch at UDS 
Motorola (Huntsville , AL), which manufacturers modems. He 
participates in several TIA and CC/IT committees that develop 
modem standards. He can be reached on BIX c/o "editors." 
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612/631-9512 •Fax 6121631-9508 
• IBM PC. XT. AT, PS12 and PC DOS ill! trademarks ol IBM: MS DOS is a trademark ol r.tcroso!t 
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Multiple _::_, 
methodologies 

User-defined 
attributes 

System Architect is perfect for the begin
ning CASE user, yet has the power and 
flexibility to meet the needs of the most 
experienced users and 
largest applications. 
System Architect has the 

power and flexibility you 
need from a CASE prod
uct. It works with today's 
most popular methodolo
gies, including DeMarco/ 
Yourdon, Gane & Sarson, 
Ward & Mellor (real-time), 
entity relation diagrams, 
decomposition diagrams, 
object oriented design 
(optional), state transition 
diagrams, and flow charts. It supports an integrated 
data dictionary I encyclopedia, and allows multi-user 
support both with and without a network. What's 
more, System Architect's open architecture lets you 
easily import and export data to other products. 

"We're surprised with its flexibility and much 
taken with the idea of being able to link different 
kinds of diagrams, in effect moving between 
analysis and design and back again ... "Cutter Infor
mation's CASE Strategies, July '89 

Automated 
documenta- RELEASE 2.0 custom 
tion facility 

Im~rt/export
capability 

Yet System Architect is more than just powerful. It's 
easy to use. Microsoft Windows-based and graphics 
oriented, System Architect lets you get up and run
ning right away. And if you get lost, you can call on a 

SQL-like 

reporting 

$1,395 

formance leader" System Builder, Oct/Nov '89 

If you're looking for a CASE product with power, 
ease of use, and affordability, look to System Archi

~;;;~=~'i:i;~·~;me~~~ 

Popkin Softwm & Systems lnCO'J'Oraled ~ 
11 Park Place, 19th Floor, NY, NY 10007 ~ 
TO ORDER, CALL (212) 571-3434 
Fax: (212) 571-3436 

MlcRosOFr ___WJNDCMIS_

context-sensitive help facility 
as well as a novice mode. 

"We found System Architect 
to be extremely easy to use." 
ISi Systems, CASE Trends, 
Nov/Dec '89 

At $1,395, System Architect is 
quite affordable. It runs on 
almost any PC, and it won't 
run away with your budget. 

''Think productivity has to be 
pricey? Think again. This 
product is truly a price per-

Supporting IBM's AD/Cycle _....,,,....,._ 
System Architect logo is a trademark of Popkin Software &c Systems Incorporated. IBM is a ~stered trademark of IBM Corp. Microsoft is• registered trademark of Microsoft Corp. 
!'rice shown valid only for USA & Canada. All prices and specifications are subject to change without notice at the sole discretion of the company. Product delivery is subject to availability. 
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IVERSO SUPPORT WITH 
TURNKEY LANS 

Design studies, site suivey, factory 
checkout, total installation, training. 

CUSTOM SOFTWARE 

Develop menus, drivers, application 
code, and documentation. 

CUSTOM HARDWARE 

Customization of most types of PCs and 
file seivers. 

FACTORY VISITS 

Customers may visit factory and work 
with hardware/ oftware engineers. 

MAINTENANCE/TRAINING 

Company owned district offices in major 
U.S. and European Cities. 

COMPLETE R&D 

De ign, drafting, computerized heel 
metal presses. PCB depanment. 

FCC LAB 

Company owned and operated full 
seivice lab. 

TOTAL QC 

Incoming, in line, test and bum in, 
cosmetic, packaging, and hipping. 

CUSTOM PACKING 

Individual cu tom foam packing of each 
system in ures safest hipping. 

LOAD SOFTWARE 

Will load and test any software on mass 
storage device at factory. 

DETAILED SYSTEM GUIDE 

Customized guide showing card slots. 
interrupt , and cabling map. 

COMPUTER PROS 

Six Co. Officers began careers at IBM, 
average 23 years computer experience. 

DESIGNER LABEL 

Label showing individual or company 
name as system designer. 

Knowledgeable
Iverson Users 
Arthur D. Little, Inc. 
AT&T 
Australia, Government of 
Boeing 
Booz-Allen & Hamilton 
Computer Sciences Corp. 
Digital Equipment Corp. 
Dow Chemical 
Electronic Data Systems 
Equitable Life 
Ford 
General Dynamics 
Goodyear 
Grumman Aero pace Corp. 
Harris Corporation 
Hewlett-Packard Co. 
Hughes Aircraft 
IBM Corp. 
Kodak 
Litton 
Lockheed Mis ile & Space Co. 
Massachusett Institute of Technology 
McDonnell Dougla Aerospace 
Motorola 
NATO 

igeria, Government of 
orway, Government of 

Texa In trument 
TRW, Inc. 
United Technology Corp. 
plu 350 Government agencies 
in the free world. 

e're best at all the 

est, too. 

24-hour delivery on most orders. A 24

hour toll-free technical support hotline. On
si te technical support and training. All 
purcha e include a 30-day, money-back 
guarantee and a I-year limited warranty. 
Payment by Mastercard, VISA, and personal 
check. Purchase orders accepted with credit 
approval. Quantity discounts available. 

It all adds up to the best support and seiv
ice in the industry. And it 's all part of Iver-
on ·s 'Total Solution Package" of eed 

Analy is, Cu tomized Hardware and Soft 
ware, Systems Integration, Tra.ining, In talla
tion, and Maintenance. 

386SX/16MHz SYSTEM 


BEST 

BUY! 

COMPLETE 


386/SX SYSTEM 


$1997 

• lntl'I 386SX-16M Hz Microprocessor 
• 2 MB Memory 80 ns 
• 80 MB rt>movable hard drivl', 19 ms. 3.5'' rorm 


factor 

• 101 Keyboard 
• Flash-lite disk cache softwarl' 
• EliaShim virus protl'Clion software 
• DOS4.0l 
• 1.2 MB Floppy 
• 1.44 MB Floppy 
• Baby AT case 
• 200 Wall power supply 
• t6 Bit VGA adapter w/St2K 
• 14" VGA t024 x 768 monitor .28 DP 
•One year on-si te warranty 
• 24 hour ll'Chnical support line 

ORDER 1 800 444 ·peso BA~s~PM
NOW! - - - MONDAY
CALL FRIDAY 



BEST PRICE/PERFORMANCE 


•Intel 80386·25 MHz C P 
• 2 MB RAM Memor~· optional .i. 8. 12, or 16 MB 

on motherboard 
• 5.25" 1.2 MB or 3.5" 1.-1-1 MB Oopp~ dri\'e 
• Enhanced IOI keyboa rd 
• I Parallel and 2 'eria l port 
• 8 iudu try standa rd expan ion lots ( ix available) 
·Integrated hi gh perfor ma nce hard disk interface 

and di k controller (IOE) 
• 80387·25 Coproce or socket 
• Add $387 for optional 6-1 KB cache 35 n RAM 

Memon 
• Add ·60 for optional Mini-Tower case 
· Add , 120 for optional Full Tower case 

Prices: Include above CPU with same s:tilndard aplians 

Dll~lty 12' I 1r 
14" 14' 

Mono Mono VGA Color VGA Color VGA 
m Flit MD 1024 

Screu •4811 • 7H 
Halli Drive I 

40 MB $2093 $2183 I $2484 $2509 
80 MB 2310 2400 2701 2726 

100 MB 2453 2543 2844 2869 
200 MB 2890 2980 3281 3306 
330 MB 3609 3699 4000 4024 
1 GB 7334 7424 7726 7750 
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All systems shipped with the 
industry's best Search and 

• Intel · 80386-33 MHz C P 
• 2 MB RAM Memory optional 4, 8. 12. or 16 MB 

on motherboard 
• 6-1 KB cache S RAM Memory expandable to 

256 KB cache 
• 5.25" 1.2 MB or 3.5" IA4 MB nopp~· drh·e 
• Enhanced JOI keyboa rd 
• I Parallel and 2 Serial ports 
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"1ono Mono VGA Col0<VGA Color VGA 
TTL Ftal MO 1024 
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Hard DriH 

40 MB S2300 $2390 I $2691 $2716 
80 MB 2517 2607 2909 2933 

100 MB 2660 2750 3051 3076 
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point coprocessor 

• .i MB RAM Memory optional 8. 12. or 16 MB 
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( ix ""ailable) 
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FEA TU RE 


PART2 


A KNOWLEDGE 

ENGINEERING 


TOOLKIT 

Your own knowledge engineering toolkit 

for building expert systems 

Marc Eisenstadt and Mike Brayshaw 

s we discussed in last month's installment, 
there is a difference between knowledge engi
neering shells and toolkits . The shells are 
ready-made solutions and as such, are restric
tive. With this freely available toolkit, MIKE 

(which stands for Micro Interpreter for Knowledge Engineer
ing), you can build your own solutions to knowledge engineer
ing problems. 

Th is month we continue with our account of the implementa
tion and use of MIKE. For this discussion, it i important to 
keep in mind that the knowledge base is maintained in struc
tured representations , caUed frames , that are rendered more 
readable in MIKE by declaring keywords and symbols such as 
with , instance_of, and the colon ( ;) to be infix operators . 
Frames can then be stored as ordinary database facts , as in the 
following : 

fred_smith instance_ofperson with 
age: 40, 
cit izenship: UK , 
weight: 160, 
occupations: [teacher, lifeguard, parent) . 

Inheritance 
Inheritance is a recursive search along i nstance_of and sub
class_of relations . Finding answer to queries frequently re
quires no more than a simple fetch of the appropriate database 
fact. For example, if we want to know Fred Smith 's weight, 
given the representation presented earlier. we can find it out 
directly from the stored frame for Fred Smith because the slot : 
filler pair weight : 160 is stored there. We explained in last 
month 's section entitled " Frames as Database Facts" that the 
essential innards of the frame representation could be obtained 
with a query uch as?- fred_smith instance_of Xwith Y 
and that the variable Y would contain the relevant information. 
The crucial step. then, is to search along the conjunction of slot: 
filler pairs until a successful match is found . Failing that, an

other possibility is to look further up in the class hierarchy 
(e.g .. under the frame for person) to see if an appropriate 
value can be '' inherited." 

When developing the code to carry out our intentions, we 
fi rst define a "surface form ' ' for the u e.r' benefit, and an in
ternal form that actually does the work. The surface form we 
would like you to use is as follows : 

?- the weight of fred_smith is X. 

The relevant Prolog code is in Ii ting 1, as urning our operator 
had already been defined as in last month's listings. The first 
clause converts the surface form into our internal form . The 
two clauses of fetch cater to the cases in which the object is 
stored either as an instance_of something or as a subclass_ 
of something. 

The rea] work is done by the clauses of retrieve and, in 
particular, by its final argument. The first clause of retrieve 
represents the case where the slot: fi ller pair Attr: Val (a) just 
happens to be the only slot : filler pair, (b) has a filler that is not 
a list (i.e ., does not syntactically match the form C-1- J). and 
(c) is a successful match with the slot : filler pair we are earch
ing for . 

The second clau e is similar , but in th i case. the slot: filler 
pair A ttr: Val i the very first pair in the (possibly long) con
junction of many. The third and fourth clauses are analogous to 
the first and second but cater to the case when tbe filler is a 1ist 
of values . such as [teacher, _ifeguard , parent). and it is 
therefore necessary to invoke member to see whether Va is a 
member of the list of Va ls. 

The fifth clause of retrieve optimistically tries to do more 
of the same, but th is time matching against Rest (i .e. , all but 
the very first of the lot: filler pairs). This is a standard cliche in 
Prolog, used for traversing Li t or conjunctions of items . 

The final clause of retrieve is reached only when the first 
five have failed. It invokes fetch but th is time passing in 
Super as the first argument to fetch , o that the searching ac 
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tivity begins with the superordinate object in the class hier
archy (e .g., per son, in the case of fred_smi th). This provides 
for lhe cases when lhe slot:filler pair is not retrievable for a 
given object, :;o an attempt is made to retrieve the information 
further up the chain- this is essentially what " inheritance " 
means . 

There are some important details that are omitted here, espe
cially the problem of what to do when there is a conflict be
tween ' 'directly stored " slot:filler pairs and inherited slot : 
filler pair . MIKE handles this correctly (e.g . , the knowledge 
lhat "an ostrich cannot fly " overrides the knowledge that 
" birds can fly") , as illustrated in the commented MIKE source 
code. [Edjtor's note: The Open University 's MIKE source code 
and Expert Systems' Prolog interpreter are available in elec
tronic format . See page 5 for details.] 

Backward Chaining in MIKE 
MIKE' s implementation of backward chaining is straightfor
ward because it merely requires an invocation of the basic Pro
log proof procedure. There are four majn cases to deal with : 

• Conjunction of goals (e.g. , ' i t is rain i ng ' & 'it is cold' 
& ' i t is Tuesday' ). The technique is to invoke the proof pro
cedure recursively on the first conjunct, and then on the re
maining conjuncts. 
• Frame access (e.g . the age of john is 32). The technique 
is to invoke the workhorse predicate f etch. 
• Ordinary working-memory element (e.g. 'it i s ra in
ing'). Working-memory elements such as ' it i s ra in ing ' 
are stored internally using the predicate vm, so we just need to 
see whether wm(pattern) succeeds . 
• Anything else. The technique is to try to find a stored rule 
whose conclusion matches the argument passed to prove and 
then recursively prove the premises of that rule. 

These four cases map precisely onto lhe four clauses of prove , 
shown in listing 2. 

Forward Chaining 
Forward chaining searches for the first rule that has all its con
ditions already satisfied. It represents opportunistic processing 
(in contrast to goal-directed processing) . The basic processing 
technique is to find any rule, all of who e left-side patterns 
(premise ) are satisfied (i .e., in working memory), and then 
perform the associated RHS (right-hand-side) actions of that 
rule . The next thing is to do more forward chaining. 

Successful termination occurs when the symbol halt is 
placed into working memory. The three clauses hown in list 
ing 3 capture this processing concept concisely , with the final 
clause merely representing the terminating condition when no 
further suitable rules can be found. 

As demonstrated in listing 4, a top-level goal fc (forward 
chain) ensures that working memory is cleared up prior to exe
cution and places the special symbol start in working memory 
before invoking the workhorse ~orward_chain . 

During forward chaining, a rule's left-side pattern is said co 
be satisfied eilher by being present in working memory or by 
being retrievable from frame memory. Working-memory ele
ment are scored internally using the predicate wm, so in the 
most general case we just need to see whether wm (pat t ern) 
succeeds. More special cases exist for dealing with patterns such 
as the X of Y is Z. So the first four clauses of in_mem (l isting 5) 
cater for these cases while the general case is left for last. 

In a pure production system interpreter, the concept of per
forming RHS actfons is restricted to adding or removing ele
ments from working memory. In MIKE, we make this explicit 
with the operators add and r emove and allow other special ac 
tions as well , such as announce and halt. The first clause of 
listing 6 handles conjunctions of RHS elements while the sec
ond and third clauses deal with adding and removing working
memory elements , respectively. The fourth clause provides for 
cosmetic printout routines, and the final clause adds the special 
symbol halt to working memory for the benefit of the for 
war<Lchain workhorse routine. 

Other cases of RHSes are dealt within the full implementa-
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Listing 3: Forward chaining searches for the first rule, 
which has all its conditions already satisfied. 

for·•ard_chain J Delibera te 
J termination occurs if 

wm(halt) , % the symbol 'halt' ls 
% added to •Jorking 

~ Surrace form for user. %memory, 
ni, write( •successful~ Our internal form. %so inform user 

termination. ' ) , nl. % according y. 

for•erd_chein : 
%Here's its de.finition. 
~ Get stored rrame. 

(rule Rulei/am~ for.•ard lf LHS %Find a rule, 
then RHS),% Invoke real workhorse. S all of \Jhose 

:t left-side pe terns 
all_in_rnem(UiS), % are satisfied , 
not(already_did(Ruleile.me,IBS)), % a.nd which "e haven't%Alternatively, 

%stored frame might :( already performed, 
per form(RHS), %be found here ~ then perform 

~ so invoke real % associated right 
%workhorse . %hand - side ac ions. 

assert( el ready_did(Rulei/ue, UiS)) , %Make a note to avoid 
%Direct hit (single %repeating tbis 
%slot: filler) , J exec oase 1 

fol"\le rd_chain.% Assumes singleton ~ then carry on 
% value, not a l1st. ~ forward - chaining. 

foNard _chain -~ Direct hit ( rirst ~ This case only 
% slot: filler pair or :t reached when above 
S many). % clause fa! s, 

nl,%Assumes singleton % so inform user 
I'rite(' No (more ) ai>plicable rules.' ), % accordingly . 
nl. 

tion of MIKE. including those that let you perform arbitrary 
calls to Prolog code. But MIKE still needs to include a few 
bells and whistles . 

The code given so far is sufficient to provide only the barest 
bones of a toy implementation of MIKE . We have presented the 
essence of the code to give you a feel for the basic concepts in
volved. In addition to providing numerous efficiency improve
ments (including protection against mindless backtracking) , 
the full implementation has to deal with many conceptual ex
tras like true default , facets. conflict resolution , fast forward 
chaining, daemons, explanation facilities, and tracing. 

True Defaults 
Default reasoning means that we accept knowledge in the ab
sence of information to the contrary. This requires an imple· 
mentation of fetch that deals separately with instantiated and 
uni nstantiated variables . In the example presented in last 
month's listing I, you 'II notice that the defauJt r _and_d_bud
gets of high_tech_consumer_market are increasing (in the 
absence of information to the contrary) . Nevertheless , the fol
lowing query will erroneously succeed in the implementation 
just presented, even though the stored r_and_d_budgets of 
home_computer _market are actually decreasing: 

?- the r _and_d_budgets of 
home_computer_market is increasi ng. 

The query succeeds because. in the simplified implementation 
shown, it is possible to prove both cases (i .e. that r_and_d 
_budgets are decreasing and also that r_and_d_budgets are 
increasing) . In the full implementation of MlKE, the above 
query correctly fails . 

Facets 
The implementation described above provides only for a sim
plified slot: filler notation , whereas the full implementation of 
MIKE allows a richer structure for fillers using fine-grained 

Listing 1: Fetching from the database. The first clause 
converts the surface form into our internal form. The 
two clauses of fetch cater to the cases in which the 
object is stored either as an instance_of something or 
when it is stored as a subcl ass_of something. 

the Attribute of Obj ec t ls Value : 
fetch(Object, Attribute , Value). 

fetch(ObJ ect, Attribute, Value) : 
(Object instance_of SuperObject 

11ith Stuff). 
retrleve (ObJ ect., Attribute, Value, 

Super0bject 1 Stuff). 

fetch(Object, Attribute, Value) : 
(Object subc l ass_of Class 

111th Stuff), 
retrieve(Obj ect, Attribute, Value, 

Class, Stuff) . 

retrieve(Obj, At tr, Val, Super , 
(Attr:Val/) : 

not(Val x [_ _]). 

re rieve(ObJ, Attr 1 Val 1 Super, 
(Attl':Val, Rest)): 

not(Val ~ [_ 1-J). 

:; value, not s. list. 


retrteve(Obj, Attr , Val, Super, %Single slot with 
(Atn:Vals )) : - %filler, which is a 

% list , 
member (Val, Vals ). ~ so see that Val is on 

:; list of' Vals. 

retrleve(ObJ, Attr, Val, Super, :; First. pair or many I 
(Attr:Vals, Rest)) - :; filler is e list , 

member(Val , Vals). % so see thet Val is 
:: on 1151' of Vels. 

retrieve(ObJ 1 At tr 1 Vs.l, Super, %Last arg l.s nasty 
(_ :_ , Ren)) : %conjunct, 

retrieve(ObJ , At tr , Val, Super , % so traverse i't , 
Rest). %searching for direct 

%hit . 

re trieve (Ol!j , Attr, Val, %Direct hi ts must have 
Super, _) :  % failed, 

fetch(Super, Attr, Val ). %so recursively check 
%out the supers.et! 

Listing 2: Examples ofconjunction ofgoals, frame 
access, ordinary working-memory element , and 
conclusion ofa rule. 

prove(First & Rest) 
prove (First), 

prove(Rest). 

%Conjunction ~f goals, 
%so prove the first 
%one , 
% then prove the rest. 

prove(the Attribute of Object 
is Va ue) : -

f etch(ObJect, Attribute, Value ). 

%Frame access, 

%so invoke frue
~ access •Jorkhorse. 

prove(Pat ern ) : 

wm (Pattern). 

%A pattern is 
J 1satisf ied ' 
%1f it is stored 
% in ' working memory.' 

prove(Conclusion) 

(rule R bs.ck\lard if 
hen Conclus ion

prove(Premises ) . 

: 

Premises 
), 

% A conclusion can be 
%proved by retrieving 
J a rule in 1"hioh 1 
%appears 
%end then ?roving 
% that rule's pr etiises. 
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Listing 4: A top-level goal forward _chain. 

fc :- %Top-level invocation. 
abolish(lllll, 1), S' Clear out working 

S' memory. 
e.ssert("1l!( start)), % Add special 'start' 

S' symbol. 
abolish (e.lready_did, 2), 
forve.rd_chain. S' Invoke forward _chain 

%workhorse. 

Listing 5: Checking to see ifa rule 's left-side pattern is 
either in working memory or in frame memory. 

all_l.n_mem(First & Rest) - %Conjunction of 
S' left- side patterns. 

1.n_mem(FLrst) , %See if the first one 
S' is satisrl.ed. 

alLin_mem(Rest). %Recursivel.,y see if 
S' rest are satisfied. 

alLin_mem(X) :  S' Singleton pattern. 
not(X • (_ & _)), :C This ensures that l t 

S' ree.ll.,y is Just a 
S' singleton, not a 
S' conjunction. 

in_mem(X). S' See if it is stored 
S' in working memory 
S' or 1n frame meroory. 

in _mem( the Attr of Obj is Val) :  S' Patterns of tbis form 
S' require frame access, 

fetch(ObJ, Attr, Val). S' so invoke the 
% frame- retrieval 
%workhorse. 

in_mem(X instwice_of ¥) - %This ts usefUl for 
%looking up 
% lnstance._of 
S' relations, 

(X instance_of Y with _ ) . S' in which case we just 
S' ignore the deta11s 
s ronawl.ng •w1th.• 

in_mem(X subcless_of Y) - %Th1s ls usefUl far 
S' looking up 
S' subclass_of 
%relations, 

(X subclass_of Y with _) % in wh1ch case we just 
% ignore the details 
S' following ' with.' 

in_mem(deduce X) - %This ls how we invoke 
%a baclcward- chalnlng 
%rule , 

prove(X). % in which case we let 
%the workhorse 
%do the work. 

in_mem( X) :- S' This is the usual 
S' case, 1.e., looking 
%for an arbl trary 
S' pattern. 

Vlll(X ). S' Just see 1.f it is in 
S' the Prolog database 
%1n this forn. 

attribute descriptors called facets. For example, consider the 
following frame for dog: 

dog subclass_of animal with 
number_ofJegs: 4, 
consumes: (dogJood, meat). 

Here is the same frame using the richer facet notation: 

dog subclass_of animal with 
number_ofJegs: 

Listing 6: Additional RHS actions that MIKE provides 
for: conjunction ofelements, adding elements, removing 
elements, cosmetic printout, and a trap for halt. 

perform( First & Rest) :  %Conjunct1on or right 
f; hand-side patterns. 

perform( First) , %Do the first one 
S' (this will involve 
1' one of the clauses 
%beloY), 

perforn( Rest) . %and then do the rest. 

perform( add X) : - S' MIKE operate!' ' add' 
S' signifies 'add \Ill 
%pattern. • 

assert(wm(X) ). S' Invoke Prolog's 
%assert, which stores 
%pattern 1n de tabase. 

perfom( remove X) S' MIKE operator 
% •remove 1 signifies 
% 'remove \Ill pattern.• 

retract(wm(X)) . S Invoke Prolog's 
S retract, which erases 
S' pattern frolll database . 

perfom(announce X) S Cosllletic printout, 
%e.g., announce 
;r: ['hi there,• X]. 

"r1tel(X) . S' Invoke user-derined 
%Prolog utllLty to 
%perform printout. 

perform(be.lt) :  S Special trap for 
% 'halt' act1on. 

assert(wm(hnlt)). S' Just add pattern for 
S foryard_chain 
S to notice. 

[val ue: 4, 

type : integer, 

cardinality : 1, 

inheritance : supersede), 

consumes: 

[value : [dog_food, meat), 

inheritance: merge) . 


The val ue facet specifies what the actual filler is whereas the 
type facet pecifies a run-time restriction that traps anomalous 
assertions applied to subclasses or instances of the class dog, as 
the following interaction illustrates (assume we have already 
stored fido instance_of dog): 

?- note the number_ofJegs of 

fido is mumble . 

Warning : 'mumble' violates the 

1type' facet of 'dog 1 for 

slot 1number_ofJegs', 

which specifies type: 'integer'. 


The cardinality facet specifies how many values are allowed 
to fill the slot. The inheritance facet allows the user to distin
guish between values that supersede inherited values (e.g., ? 
note the number_ofJegs of fido is 3 would supersede 
dog's 4 legs) and those that merge with (i.e ., augment) inherit
ed values. 

Consequently, I.he inheritance:merge specification for 
slot consumes of class dog allows the inference that dogs con
sume not only dog_food and meat, but also whatever is in the 
consumes slot of class animal. In the full implementation of 
MIKE, both simple slot:filler and complex slot: [facet: filler] 
notations are allowed. 
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MIKE 
incorporates three conflict-resolution 

strategies and allows the user to select 


combinations from among these, 

or even to add more. 


Conflict Resolution 
The definition of forward_chain presented here so far doesn't 
specify what to do if several rules have all their left-side pat
terns satisfied; in that event, it will choose the first one. But a 
true conflict-resolution strategy requires a principled selection 
ofa winner. 

MIKE incorporates three conflict-resolution strategies and 
allows the user to select combinations from among these, or 
even to add more. The supplied strategies are: 

• 	refractoriness, which prevents identical rule instantiations 
from firing multiple times , 

• 	recency, which prefers rules that apply to the most recent
ly added working-memory elements , and 

• 	specificity, which prefers rules that have a greater number 
of conditions on their left sides . 

The simple implementation presented above simulates refrac
toriness by means of the database flag already_did (Rule
Narne, LHS). 

Fast Forward Chaining 
The definition of forward_chain embodies a very naive algo
rithm (i.e., "Find some rule and test whether all its left-side 
conditions are satisfied") and incurs huge overheads when the 
set of rules is large . Fast indexing algorithms (e.g., RETE and 
TREAT) ensure that the only rules that ever get considered are 
those whose left-side conditions involve recently modified 
working-memory patterns. Future releases of MIKE will in
corporate such an algorithm. 

Daemons 
Actions associated directly with specific slots in a frame object 
can be invoked either when slots are accessed or when slots are 
changed. In MIKE, these are specified by extra facets called 
access_rule and change_rule. They use the same syntax as 
MIKE's rule notation. For example, here is an access_rule 
daemon that calculates (at run time) the volume of any instance 
of class vessel: 

vessel subclass_of object with 
volume: 
(value : unknown, 

access_rule: 
(if 
the height of ?self is H& 
the width of ?self is W& 
the depth of ?self is D& 
prolog(Vol is H*W*D) 



Fortunately, critical patient data 

is tucked into the sofest place of all. 

ASony datacartridge. 

In fact, hundreds of detailed files 

can be accessed from one, single, 

solitory data cartridge. 

Which is how the renowned 

doctors at Mount Sinai Hospital 

in New York City store patient 

diagnostic dota. 

Nol one byte can be lost. 

Thot's why Sony produces, with 

exacting care, arange of mini ond 

ultra-high capacity data cartridges 

up to 525 megabytes. 

And if Sony data cartridges can 

do all of this, they can also back up 

another vitally important life farce 

with the utmost integrity. 

Your business operations. 

SONY 
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Listing 7: Rule graph/or a sample interpreter run . 

Rl/LE NAME CYCLE llUMBER(l-lJ) 
.. .. : ....1. .. 

1n1t1alizat1on_ rule J 1 1 I 111 j J I j II 

boilingllater_UnplugKettle I 1111 111 11 

boll!.ngllaterJillJCettle I 

boilingllate r_ PluglnKettle I 

boilingllater_SvitcbOn •++++++++ 
boilingllater_llaterBotled •+t+H-H 
makingTea _ AddTeabag +++++*++++++ 
makingTea_ AddBo111ngllater 
mak 1ngTea_ Bre111.ngTea •+ 
makingTea _ RemoveTeaBag I 

makingTea_MilkAndSugar *+t 
mak1ngTea _ M11kRequ1red +++ 
mak 1ngTea_ SugarRequ ired +++ 
makingTea_StirrlngMUkAndSugar •+ 
maklngTea _ st1rr1ngl1ill< ++ 
mak ingTea_StirringSugar ++ 
maklngTea_Stirr ingTea +++ 
maklngTea _TeaisMade • 

ITEMS DISCUSSED 

MIKE Prolog Interpreter 
Parr ofa text/video Supplied with MIKE; 

package "Knowledge a version ofProlog-2. 

Engineering " (#PD624). Expert Systems, Ltd. 

Comes with a Prolog Unit 12, 7 West Way 

interpreter for MS-DOS. Oxford OX2 ORD 

The Open University U.K. 

Learning MateriaJ 44-865-794474 

Sales Office Inquiry 1017. 

P.O. Box 188 
Milton Keynes MIO 6DD 
U.K. 
44-908-653338 
Inquiry 1016. 

then 
the vol ume of ?self is Vol)]. 

Now, suppose you have the following instance of vessel 
defined: 

t ankl ins t ance_of vessel wi th 
height : 10, 
width: 10, 
dept h : 10. 

The next interaction shows the effect of invoking the ac
cess....rule daemon: 

?- t he vol ume 0£ tankl is What. 

What = 1000. 


Explanation Facilities 

During execution it is useful to be able to pose "bow" and 

" why" queries that specify, in a comprehensible format, how 

particular conclusions are justified and wby a particular ques 

tion is being asked. This capability is included in the full imple

mentation of MIKE. 


Tracing 
Monitoring the details of rule execution is criticaJ for debug
ging purposes. MIKE provides both coarse-grained and fine
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grained views ofthe execution process to facilitate debugging. 
Tbe special command ?- show history produces a display 

of the behavior of each rule at each cycle of execution during 
forward chaining. The style of the graph is based on TRI 
(Transparent Rule Interpreter) , a powerful "click, point, and 
zoom" rule-tracing environment implemented on a Symbolics 
Al workstation by our colleague, John Domingue. 

In the example in listing 7, cycle numbers are shown along 
the top row (with a " ." for each cycle, a ":" for every fifth 
cycle, and an integer for every tenth cycle). The left side of the 
display shows the name of each rule. The symbols in the table 
indicate the fate of each rule on each cycle. A " +" symbol 
means that the rule entered the conf1ict set (i.e. , it was a poten
tial candidate), but it was not actually fired. A " *" symbol 
means that the rule not only entered the conflict set, but was 
also the one selected for firing. Listing 7 is a sample history 
trace showing a simple forward-chaining rule base designed to 
make a cup of tea . 

The Value ofl\11KE 
MIKE forms the backbone of an Open University Study Pack 
on Knowledge Engineering, which includes text and video ma
terial that is centered around case studies of knowledge-elicita
tion exercises , and a review of commercial knowledge engi
neering toolkits. 

MIKE fulfills three purposes in the context of the Open Uni
versity 's Knowledge Engineering course: 

•It provides a "paper and pencil" surface syntax that helps to 
concretize discussions about different styles of knowledge 
representation; 
• It provides a working implementation that encourages user 
experimentation via numerous hands-on exercises; and 
• It provides fully commented source code that illustrates how 
to implement a knowledge engineering environment from 
scratch. 

In the interest of portability , a con ervative subset of "Edin
burgh-syntax" Prolog was used to develop MIKE, and graphics 
were completely avoided. Even the tracing facilities are essen
tially "glass teletype." This may seem somewhat surprising, 
given our own commitment to state-of-the-art environments for 
both knowledge engineering and graphical rule tracing in Pro
log. However we thought it preferable to adopt a least-com
mon-denominator strategy to encourage tbe most widespread 
dissemination of our courseware. We are encouraging users to 
modify MIKE software and to give us suggestions and im
provements for incorporation into future iterations. 

An important motive of this whole exercise has been mass 
consciousness-raising. MIKE contributes to the dissemination 
of knowledge engineering techniques , and the design and im
plementation of knowledge engineering environments. • 
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DBMS Case Study: 


The 1990 GoodwiU Game : 
2500 ath lete in 22 event at 

IS location . drawing hundred of thou and to watch 
them perfom1. how-place for intemational good
wi 11. A potential target fortetTori t . A challenge for 
security agencies. 

With only 3.000 off-duty officers to fill 30,000 a 
ignment . there' no room forconfu ion in cheduling. 

And schedul ing mu t re pond to la t minute change . 
as event time lip, a dignirarie ai,-ive on ho1t notice. 
or a threat ari se. Hand- cheduling can ' t meet the 
challenge. But the Game ' Integrated Police Planning 
Group (IPPG) found that no automated y tern had 
ever been developed for . ecuring uch event . 

Automated Manpower 
On-line Scheduling 

(AMOS) matche per onnel to chedu ling require
ment . taking into account pecial training, language 
ski II . and other factor . A OS prepare an a ign
ment heet for each indi vidual. explaining the 
as ignment, when and where to repmt. how to get 
there - e en where to park. 

AMOS responds to changes quickly. The database 
is large and complex. yet thank to the innovative 

db VISTAIII " 
Database Management System 
Specifications High pe1forma11ce. C language portability. 

Complete C source code available. 1o royalties. 
Nei" ork daia model. Rela1ional B-1ree indexing. Rela1ional SQL query and repon \\riler. 
Single & mu lti -u er. Automatic reco,ery. Built-in referem ial imegri ty. Complele hema 

combined technology of the 
underlying db_ ISTA 
databa e engine earch, 
match. and update time are 
negligible. Data integrity i 
a ured b a oiding data 
redundai1cy. That mean 
the info1111ation i reliable. 

The Solution 
AMOS wa created by 
Rairna' service ub idiary, 
Vi ta Development Corp .. 
u ing the db_ VISTA III 
DBMS. ··we looked for 
month for a databa e that 
wa fast. flexible. and could handle a huge olume of dara 
• hi le till maintaining peed." aid Sgt. Alan Bern tein of the 
IPPG. "We al o" anted to find a company that could not only 
fumi h the product. but provide the de elopment ervice :· 
They di covered Raima and db_ VISTA UI. 

Your end user may not be fighting terrori t . but they till 
need fa t. reliable information to get their job done. If you 
develop application for MS-DOS, MS Windov . NIX, 
Q 1X, OS/2, VMS, ·acinto h. and oth r n ironment , 
db_ VISTA ill i the olution. 

Call 1-800-db-RAIMA l ·800-327-2462) 
Circle 392 on Reader SerYice Card 

~RAIM~M 

Co111111a11d ce11rer perso1111el can 
adj11sr sciledu/es 11·ir'10111 dela1•or 
co11fi1sio11. rlu111/.:s ro di> \'/STA Ill's 
abi7i11• ro /ia11dle larf.(e \Colu111es of 
dara \1•i1/i :;peed and acrnracy. 

revi ·ion capabili1y. upports: VMS. UNIX. Ql\X. unO . XEN IX. Macimo· h. MS·DOS. 
MS Window,_ OS _ compa1ible. Mo t C Compilers and LA:\'s supported. ~ CORPORATION 
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Anti-Obsolescent. 

Forval Super · -Speed 


Modems. 

Enhancements for your 
modem arejust a phone 
call away. Simply dial 

FORVAL's headquarters 
and FORVAL-Link™ 

assures speedorfeature 
upgrades automatically. 

liiur modem is 
protected against 

obsolescence. 

With FORVAL Turbo 
I11te1face,'M data ------

integrity is ensured 
even at speeds greater 

than 19.2Kbps. 

Modem can be used 

horizontally-or 


vertically when you 

need to save 


desktop space. 


ow you can get all this for the 
same amount you would spend on an 
ordinary V.32 modem. 

Introducing the SA14400 from 
Forval. The first super high- peed 
modem designed to discourage 
obsolescence. 

And don't worry about compatibil
ity. Forval modems are compatible 
with all dial-up modem standards. So 
you can talk to anyone. Anywhere. 

o matter what the line conditions. 

Your investment 
is also protected 
with a five-year 
warranty. 
And free 
high-speed for intcmal PC use. 

communications software is included 
in the package. 

So if you want a super high-speed 
modem that has it all, think of u . 

Forval. 
To learn more about our complete 

Forval's super high-speed 
dial-up modems are 
currently thefastest full 
duplex modems on the 
market- up to six times 
faster than ordinaiy 
V.32 modems. 

Completely compatible 
with CC/IT dial-up 
standards. 

Controls and displays 
ensurecomplete 
visibility a11d 
management over 
modem operatio11. 

line of modems, call us today at 
1-800-FORVAL-l. 

FORVAL AMERICA, INC., 
Modem Division, 6985 Union Park 
Center, Suite 425, Midvale, 

tah 84047, Tel: (801) 561-8080, 
Fax: (801) 561-8777. 

The Modem With AFuture.'" 

~Copyright 1990. FOR\"..\L A.\IERICA. 1:-IC. fO RVAL·Lin ·and fORVAL Turbo Interface are trademarks of FOR\"AL ..\~! ERICA . INC. 
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Dynamic Data Exchange lets Windows 
and OS/2 applications share data easily 

Michael Vose 

indows 3.0 and OS/2 Presentation Manager 
(PM) endow application programs with a com
mon look and feel. Programs running simulta
neously almost seem to blend together. When 
they employ a ervice ca lled Dynamic Data Ex

change, 1hey functionally do . With DDE, a program can use 
another program's data as though it were its own. This intimate 
haring of information promises to integrate tomorrow's pro

grams as never before . 
While graphical user interfaces (GUis) abound these days , 

DOE sets Windows and PM apart from the rest. I'll look at how 
DOE works and describe how you can use it to realize a new 
level of interprogram harmony. 

The Information Melting Pot 
Both Windows and PM can mu1titask different applications, as 
well as instances of the same application (sharing code across 
instances). PM applications can also rnulcitask internally- a 
progr"am might dedicate one thread to menu handling and an
other to screen updating . Furthermore, with the multiple-docu
ment interface, a Windows or PM application can maintain ev
eral active documents . All this concurrent activity, along with 
a common look and feel across programs, encourages users to 
view the system a a whole and to expect the parts-including 
data- to work together. 

Getting information from one program to another bas always 
been a thorny problem. In the character-based world of DOS, 
nearly every application specifies its own unique format for 
storing and displaying information. To exchange information , 
you have to negotiate some sort of format conversion. 

GUis and some character-based windowing systems try to 
overcome this problem with cutting and pasting. Although welt 
under cood and useful cutting and pasting suffers from several 
limitations. It involve several steps: You have to select the in 
formation , cut or copy it, indicate a destination, and then paste 
the information . Cutting and pasting can limit you to text- or 
character-only information exchanges. Additional information 

(in 1he case of text, fonts and emphasis) often doesn ' t survive 
the transfer. Most important , information exchanged by cutting 
and pasting is static; if the original information changes, you 
have to redo the data exchange. 

DDE addresses these information-exchange inadequacies. 
As it name implies , DDE enable program to share informa
tion even as the information changes. In addition , DOE oper
ates automatically once a user connects one or more applica
tions. 

The programming team that wrote Micro oft Excel invented 
DDE to show how to use Windows· me sage-based imerpro
cess-communications facilities. Windows incorporated DDE in 
version 2.0 ; PM had it from the start. (A special dynamic link 
library to implement DDE under Windows 1.0 appeared just 
before Windows 2.0 was released.) DDE extends the me age
based architecture of Windows and PM . Developers can incor
porate DDE which is a documented protocol for interprocess 
communication. into any Windows or PM program. Such pro
gram can then exchange information whenever in tructed to 
do so. 

DDE's Many U e 

Although DDE has been around for some ti me, not many pro

grams use it yet. The programs that do upport DDE illu trate a 

variety of i nformation-excbange scenario : 


• Srock reports with hot links ro real-time data. With a telecom
munications hookup to a stock-reporting service like Lotu 
Signal (which uses an FM radio ideband to transmit stock 
data), a DOE-capable spread heet receive data from a stock
tracking program, records every change in the price of one or 
more stocks, and recalculates the value of a portfolio. 
•On-line airline reservations. A network of PCs Links a reser
vation database to a graphics program showi ng an up-to-date 
diagram of the available seats on any scheduled flight. This ap
plication u es a background '' redirector" that intercepts DDE 
traffic, converts it to the appropriate network protocol and 
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Insert Eield Type: JustructiQns; 01( 

Comments .....• .....• ,_Create date ( Cancel ).....Data ..... 
Date lldd
DOE 
Ill] ' ""' -Edit time ++ 

Field ~ode: DDEAUTO app-name file-name [place-reference) 

lddeauto excel test.xls r3c5I =i 
Type program name, file na~e; optional place 

Screen 1: This is rhe Word edir box for crearing afield in a 
document. This example creates a DDEfield that links a cell 
in an Excel spreadsheet to a Word document. 

I!•' 

Oonm1rnll 

,. 1 S•c l 111 11t 1.,.. L.n z 'u "1 

Screen 2: In this Word document, the DDEfield displays 
the DDE application topic and item names. Alternatively, it 
could show the value ofthe referenced spreadsheet cell. 

sends it across the network to another station where a similar 
redirector converts it back to DDE. 
• Compound documents. These are ODE-Jinked word process
ing elements that each manipulate a eparate document but 
share some common text with each other and are thereby always 
up-to-date-even if the individual documents are on different 
machines on a network. 
• Dara queries across applications. A spreadsheet queries a 
database for information that updates itself whenever the data
base changes . The PM version of AutoCAD uses this kind of 
DDE link co let an Excel spreadsheefs materials worksheet 
control an AutoCAD drawing. 
• Links ro remote mainframes. DOE-capable communication 
programs link mainframe databases to PC-ba ed spreadsheets 
or word proce sing programs. 
• Remote data gathering. Using data acquisition hardware, a 
DDE-based software module collects data and simultaneously 
saves it to disk, links it to a chart program that diagrams the in
coming data, and also links it to a spreadsheet that computes 
averages. 
• Downloads from E-mail or communications services. Instead 
of reading information on-line, a DDE-based telecommunica
tions program saves messages to disk or places them into a word 
processor document for later perusal. 

In each case, automatic transfer of data between applications 
frees u ers from mundane and repetitive cutting and pasting 
and weld individual programs together to create metapro
grams that are more than the sum of their parts. 

On the Links 
DDE supports both temporary and permanent information ex
changes. Temporary exchanges are simple transactions . A pro
gram requests information and receives it or sends information 
and receive an acknowledgment. Permanent exchanges come 
in two varieties: hot and warm. When sender and receiver com
municate by way of a DDE "hot link," information flows only 
when the sender has new data to transmit. In the case of a 
"warm link," the sender tells the receiver that there's new 
data, but doesn ' t send it until the receiver asks for it. 

A program' s user establishes temporary or permanent links 
between applications. In a DDE spreadsheet like Excel. for ex
ample , you do that by placing a formula into a worksheet eel I. 
This formula describes the target application and the nature 
of the link. For example, to link an Excel spreadsheet to the 
Quotes stock market reporting program , you place a formula 
into a cell as follows : 

= QUOTE' I .NYSE' !IBM 

Thi formula contains the three essential pieces of DOE syntax : 
application, topic, and item names . 

In Microsoft Word DDE links are fields. Along with time 
date, and comment fields Word also supports a DDE field. To 
link a Word document to an Excel spreadsheet you pecify the 
DDE names. The edit box in screen 1 gives an example. Fol
lowing the field code DDEAUTO there is the target applica
tion s name (excel), the topic name test.xls, a data file), 
and the item name (rJc5, the cell that has the information) . 

Once established this link will place whatever value resides 
in that worksheet cell into the Word document and will change 
it automatically if the worksheet value changes. The Word 
document can either display the value or. as screen 2 illus
trates, show the field specification that governs the value. As 
you can see, it takes just a few steps to link programs together. 
You can terminate a Link just as easily. 

Links between programs can refer to fields within files , or to 
entire files . File-level links ensure that changes to a master file 
propagate to any files linked to that master. These secondary 
files need to be open to stay in sync with the original. 

Users of programs that support DDE don't generally need to 
worry about whether they· re running under Windows or PM. 
Most programs that support the two environments forge DDE 
link the same way. Internally. as you II see , Windows and PM 
handle DDE a bit differently. 

How DDE Works 

The underlying mechanisms that make ODE possible depend 

on the message-based architecture of Windows and PM . Under 

these environments, when anything happen -a mouse-click, 

key press window-dragging operation , or menu selection-the 

operating system broadcasts a mes age. These messages accu

mulate in either a system message queue or an application mes

sage queue. Within every Windows or PM application , a mes

sage loop continually examines these messages, selects those 

that it needs to handle and ignores the rest. 


Windows ' cooperative style of multitasking relies on the 
messaging system. Whenever any application retrieves a mes
sage from the system message queue and acts on it, Windows 
gives that application control of the CPU. Before it can check 
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A GRAPHICAL VIEW 
OF A DOE CONVERSATION 

DDESTRUCTClient appl1cat1on 

--~ 
Server appl1cat1on 

INITIATE 

INITIATEACK 

REQUEST 

Data 

In a typical DDE conversation, the client initiates the 
conversation, and the server acknowledges. The client then 
requests data , which the server puts in shared memory. 

the message queue again, all other running programs get a 
crack at the queue and a chance to gain control. Although PM 
structures the retrieval and processing of messages in a similar 
way , OS/2 handles multitasking differently. A scheduler in 
the operating-system kernel parcels out CPU time to program 
threads . 

The stream of messages flowing within Windows and PM 
enables DDE. It is simply a message protocol: the definition of 
a series of messages that Windows a.ad PM programs can re
spond to and act on. 

The Client-Server Model and Conversations 
The client-server model and the conversation are the two key 
conceptual ingredients of DDE. With the client-server model, a 
DDE server provides data, and a DDE client consumes it. This 
apparently simple model can get compljcated, however be
cause a client can have multiple servers, and a single program 
can function as both a client and a server. These complex sce
narios are particularly likely under multitasking systems. For 
example, one application can receive data from a second as a 
client and then act as a server to pass information along to a 
third. Applications can simultaneously play the role of both cli
ent and server (in two separate conversations) to simulate a two
way peer-to-peer interaction. 

The interactions between a DDE client and server are called 
conversations. Conversations between programs work like tele
phone conversations between people. One program initiates a 
conversation, the other acknowl.edges that a conversation has 
begun (like soneone answering a phone), information flows , 
and, finally , one program terminates the conversation. 

Conversations from a client program not only target a server 
application but also specify a topic and an item. A topic is typi
cally a filename, and an item is any specific data object- usu
ally specified by a field , cell, or range-within that file . Each 
data object requires a separate request. 

The behind-the-scenes logic of a DDE conversation goes like 
this (see the figure): The client starts a conversation by sending 

Subscription 


Problems? 


We want 

to help! 


If you have a problem with 

your BYTE subscription, write 

us with the details. We11 do 

our best to set it right. But 


we must have the name, 

address, and zip of the 


subscription (new and old 


address, if it's a change of 

address). If the problem 


involves a payment, be sure 

to include copies of the 

credit card statement, or 


front and back of cancelled 

checks. Include a "business 


hours" phone 

number if possible. 


11\JTE 

Subscriber Service 


P.O. Box 555 

Hightstown, NI 08520 
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Listing 1: AP! calls co initiate a DDE conversation 
under Windows and PM. 

Windows 

SendMessage( 
(HWND) -1, 
l.IM_DDE_INITIATE, 

hMyWnd, 

MAKELONG(aApp, aTopic) 

); 


Presentation Manager 

WinDdelnitiate(hwnd, "AppName", "TopicName"); 

Listing 2: Presentation Manager DDEIN/T and 
DDESTRUCT data structures. The DDEINIT structure 
holds the application and topic names (Windows stores 
these in atoms). DDESTRUCT holds the name ofthe 
item, its format , and the item's data. 

typedef struct_DDESTRUCT { 
ULONG cbdata; 
USHORT fsStatus; 
USllORT usFormat; 
USHORT offszitemName; 
USHORT offabData; 
DDESTRUCT; 

t ypedef struct_DDEINIT { 
USHORT cb; 
PSZ pszAppName; 
PSZ pszTopic; 
DDEINIT; 

I ODE MESSAGES I 
The DDE message sets for Windows and Presentation 
Manager. The two sets share nine messages. PM adds a 
tenth: WM DDE_JN/TIATEACK._ 

ODE MessagePurpose 

WM_ODE._INITIATE Request the start of a DOE 
conversation. 

WM_DDEJNITIATEACK Acknowledge the start of a ODE 
conversation (PM only). 

WM_OOE_TERMINATE Halt a conversation. 
WM_DDE_ACK Acknowledge a DOE message. 
WM_DDE_REQU EST Ask server to provide data. 
WM_DDE_DATA Notify client that data is available. 
WM_DDE_ADVISE Ask server to update data whenever 

it changes. 
WM_DDE_UNADVISE Tell server that a data item should 

no longer be updated. 
WM_OOE_POKE Ask server to accept unsolicited 

data 
WM_DDE_EXECUTE Sends a command string to server. 

out a DOE-initiation message. The target server application (or 
any interested application if the client names no specific target) 
responds with an initiation-acknowledged message. The client 
program next sends a message containing a topic and an item 
name, and it requests either a permanent or temporary infor
mation exchange. The server then responds by sending the re
quested information. A client application can also send unre
quested information to a server and can instruct the server 
application to execute one of its internal commands. For exam
ple, under Windows 3.0, a program's installation moduJe can 
tell the Program Manager to create a group and add an item to 
it. Either the client or the server can terminate the conversation. 

DDE Nuts and Bolts 
DDE relies on a series ofnine messages (10 under PM-see the 
table) and several important data structures. These data struc
tures provide a memory format for the information that nows 
during a conversation. The DDEINlT and DDESTRUCT PM 
data structures appear in listing 2. Windows uses global data 
structures that programs create with calls to the GlobalAlloc 
function. Parameters accompanying each DDE message point 
to these structures. Windows and PM store the DDE informa
tion itself(e.g., spreadsheet values and text) in memory that the 
client and erver share. The client application program must 
allocate memory for all DDE data structures when it initiates a 
DDE conversation. 

A DDE conversation begins when a client broadcasts a 
WM_DDEJNITIATE message. Under Windows, you use the 
generic application programming interface function Send
Message; under PM, there's a special WinDdelnitiate call 
(see listing l). Similarly, Windows uses SendMessage and 
PostMessage API calls for sending subsequent DDE messages, 
while PM uses a special call, WinDdePostMsg. 

Once a DDE conversation has begun , a client application 
conducts an exchange by performing the following actions: 

•Allocate memory for the DDE memory object. This action 
creates the shared memory area that both applications will use. 
• Create a format for the information to be exchanged. Win 
dows and PM provide a predefined format (clipboard format) 
for exchanging string data . A program must create its own for
mat for exchanging other data, like graphics. 
• Select an information-exchange type. The client program 
specifies whether an exchange will be one-time-onJy, a hot 
link, or a warm link. 
• Send a DDE message. 
• Deallocate DDE shared memory. This step cleans up memory 
after the completion of a DDE. 

Each DDE conversation requires a separate window on both 

ends. It might be a main application window, a window associ

ated with a specific document, or a hidden window that never 

appears on the screen. 


Differences Between Windows and PM DDE 

Although their DDE message sets are nearly identical, Win

dows and PM use slightly different schemes for passing infor

mation among applications . This difference results from a key 

distinction between the memory-addressing design of their re

spective underlying operating systems. 


Windows DDE uses 16-bit handles to global memory objects 
to locate exchangeable data . PM limits access to global memory 
and instead uses a 32-bit memory selector to pass data between 
OS/2 processes. 

There are two parameters available as arguments for any 
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given DOE message. The first designates the handle of the tar
get window. A second 32-bit parameter contains all other 
conversation particulars, including memory selectors. The de
signers of PM foresaw that this parameter could not forever ac
commodate the ever-increasing size of processor address 
spaces and LAN communications needs, along with strings to 
identify DOE objects. So, under PM, the second parameter of 
DOE messages became a pointer to one of two DOE data struc
tures. These structures contain all the necessary ODE conver
sation parameters, as welJ as the actuaJ data being exchanged . 
This scheme ensures that PM can accommodate future system 
software changes and new hardware architectures without al
tering the DDE message format. 

Windows uses atoms (i.e., integers that identify character 
strings) to refer to the information being passed between a cli
ent and a server, and global memory handles to refer to the data 
structures that actually contain the data. These atoms and han
dles form the contents of the second parameter sent with every 
ODE message (the first being the target window handles). PM 
uses a separate DOE data structure (pointed to by the second 
DDE message parameter) in which to package conversation pa
rameters and data. This makes using atoms unnecessary. 

Because of the restrictions that OS/2 places on a process 
when it attempts to access another process, PM uses a special 
set of DOE API calls that grant th is access automatically. These 
special calls include WinDdelni tiat e , WinDdeRespond, and 
WinDdePostMsg. 

DDE and the Integrated Desktop 
Multitasking and ODE will increasingly display a symbiosis 
within the next generation of PC applications . Multitasking 
provides for the functional integration of applications , and 
DOE furnishes the concordance of information. Once they dis
cover that they can connect disparate applications seamlessly. 
users will stop thinking about tools (applications) and start fo
cusing on specific documents or tasks . Windows 3.0 and PM 
both provide a way to group tasks according to the needs of any 
user. The ability to group aU the documents needed to produce 
a firm's annual report, for example, helps the person working 
on the report focus on the pieces of the project rather than on 
the tools used to complete it. 

Grouped tasks lead to the organization of computer desktops 
into workspaces- a workspace for the annual report, a work
space for the new building proposal, and so on. Within each 
workspace, many applications and documents will be open; 
some of these will share information via ODE links. 

ODE extends an application by enabling it to use information 
from another program that it otherwise could not generate it
self. For example, when you use DOE to embed a chart from a 
program like Microsoft PowerPoint into a word processing 
document, you add to the word processing program a capability 
that it otherwise would not have. 

Because DOE preserves the format of exchanged informa
tion, it eliminates such problems as having to alter the font or 
point size of data linked from an Excel spreadsheet to a Word 
document: DOE can send font and size information with the 
data . This preservation of format further enforces the idea that 
pieces of information are objects that users can mix and match. 

With all these benefits and possibilities , you can bet that 
DOE is a term you will be hearing about much more frequently 
in the not-too-distant future. • 

Michael Vose is the author ofthe book Windows 3.0: A Defini
tive Guide for DOS Users (Addison-Wesley, 1990). He can be 
reached on BlX clo "editors. " 

WRITE US... 

SO THEY WON'T 


CALL YOU 


Many people enjoy receiving 
information about products or 
services in their homes by 
telephotie. 

Bue if you want fewe r phone 
calls from nat ional advertisers, 
we can help. 

Telephone Preference Service 
can effectively reduce phone 
calls from national advertisers. 
And, ic 's absolutely FREE. 
Just send us your name, full 
address, area code and phone 
number. We'll tell participat
ing national advertisers co 
remove your name from their 
calli ng liscs. 

Afte r all , they only wane co 
ta lk to people who wane w 
lis ten. 

Telepho ne Preference Service 
Direa Markecing Association 
l J Wesr 42 Street 
P.O. Box 3861 
New York Ci ty, NY 10163-3861 

No.me 

Srreer Apr. 

Cicy 

Srace ZIP 

Area Code Telephone Number 
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• New Topic: Graphics 

You may already be participating in 

discussions on graphics within our 

telecomm . pgms / objective . cc topic. 

Here the discussion has expanded 

from typical character-mode tele

comm interface to graphical interface. 

The subject has become so hot that 

we 've opened up a new graphics topic. 

Join us while we discuss data com

pression and extending the existing 

BBS-independent macro command con

cept to incorporate graphics, among 

other things of course. (join tele

comm.pgms/ graphics} 

• Hae Exchange Update 

This month we'll continue our group 

project on making a Mac-like front 

end program for BIXing. Both users 

and coders are contributing some 

excellent ideas. You ' ll definitely want 

to get in on the action. (join mac. 

hack/ general) 

With the holiday season drawing 

nearer , the Mac.hack /products topic 

is where it's at . We'll have vital infor

mation on Mac products for all you 

holiday shoppers, including the latest 

on high-capacity hard drives for your 

Mac. (join mac.hack/products) 

As usual, Wednesday nights (8:30 to 

I 0:00 EST) feature the ever-popular 

get-togethers in CBix. Join us for the 

tech expertise and camaraderie you 

won't find anywhere else as we 

explore how the Mac interfaces with 

society. (join mac.sandbox /pol itical) 

• Hobbies for the Holidays 

As the holiday season approaches, 

what do we all start thinking about 

but ourselves! And our hobbies. Now 

you can gab on BIX about whatever 

interests you the most. We'll cover 

BIX 


COMMUNITY CALENDAR 
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everything from woodworking to 

model trains, sheep-raising to knitting, 

cold-weather bicycling to tropical fish 

collecting. And it could get weirder. 

A great source of ideas for the holi

days. (join hobby) 

• CNN. FNN. Who needs 'em? 

You can get all the up-to-the-minute 

money news you'll ever want or need 

right here. We give you hard facts 

as well as compelling commentary, 

always with an emphasis on the finan

cial implications. (join financial / global) 

• New AeroSpace Conference 

Another exciting BIX innovation . The 

Tech Transfer conference brings to

gether developers and potent.ial end

users of National AeroSpace Plane 

technology. It's an experiment now, 

but ultimately the conference could 

reduce the time lag between govern

ment technology development and 

domestic industrial use from 12-16 

years down to 2-4 years. It's not too 

late to get in on the ground floor and 

put the power of BIX to the test. You 

might even improve American indus

try's competitiveness in the emerg

ing world market. (join tech.transfer) 

• Special Session on Desqview-X 

and QEHH 

Get the inside scoop on the release 

Circle 450 on Reader Service Card 

of Desqview-X and QEJ1M with 

Quarterdeck's Bob Perry. It happens 

Tuesday, November 6 at 7:00 pm 

PST (join desqview/cbix) 

Some favorite exchanges you'll 

want to try... 

• Amiga Exchange 

amiga.user Exchange ideas, solve 
problems. compare 
notes 

amiga.sw Amiga programming 
and developer issues 

amiga.hw Amiga hardware 
design, use, and 
hookup 

amiga.arts Artistry using the 
Amiga 

amiga.int Developing for the 
international Amiga 

amiga.special Special guests and 
events 

amiga.dev Commodore's confer
ence for developers 

• IBM Exchange 

ibm .pc The venerable PC 
ibm.at The AT series and 

workalikes 
ibm.ps The PS/ 2 series 
ibm.os2 OS/2 operating system 
ibm.dos PC/DOS & MS/DOS 
ibm.os.386 Alternative 386 

operating systems 
ibm.utils Utility software 
ibm.repair- Garage and Tune-up 
shop Shop 
ibm.newprods New products for 

IBM computers 
ibm.exchange IBM Exchange 

clearinghouse 
ibm.liscings Index to IBM files 
ibm.other Applications. printers, 

modems, etc. 
microsoft Products from 

Microsoft 

• Writers' Exchange 

desktop.pub 	 Using microcomputers 
for publishing 

journalism Reporting and writing 
journalism.pro Interaction for 

working press only 
marketing High Tech PR 
new.writers Getting started In the 

writing business 
poetry.pros Writing both types 

of English 
sf 	 For Science Fiction, 

Star Trek, and 
fantasy fans 

sfwa The Science Fiction 
Writers of America 

tech.news Discuss news 



• Imagine a setting in which com

munal wisdom is on tap. A place that 

has the fit and feel of asmall, friendly 

town, yet the sophistication and 

resources of a global community . 

O ne which you can visit electroni

cally-to increase your knowledge 

of computers and their applications. 

hone your skills , share insights with 

thousands of other computer pros, 

and have fun. Such a community 

would be called BIX. 

Subscribe to BIX, the flat-fee, 

on-line information service. 

BIX is your access to industry news. 

And to many special interest Ex

changes-such as our Amiga, IBM, 

Mac, Writers '. and Interactive Games 

Exchanges- which include thousands 

o f free, downloadable programs. All 

for just $39 per quarter. · 

Subscribe via your computer ... 

Set your program for full duplex. 7 

bits. even parity. I stop bit. Call BIX 

on our registration-only number: 800

225-4129. In MA: call 617-861-9767. 

International: call NU 131069015 7800 . 

Then hit the return key. and respond : 

Prompt: You Enter: 
login bix 
Name? bix .ville 

You may buy off-peak access via 

Tymnet at $20 per month or $3 per 

hour, or you may buy peak access at 

$6 per hour: • 

·Based on a SI 56 annual lee, billed quarterly. 
Telecommunications charges are exlra . 

You may cancel at any time without future 
charges. 

··Available only in contiguous 48 states . 
Tymnet rates subject to change . 

800-227-2983 • In NH 603-924-7681 
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"YourSource For Software" 
PLEASE CAU US FOR PRODUCTS NOT LISTED, 

WE SH/PTO APO & FPO ADDRESSES CAU US FOR A CATALOG 
We're ready to talk turkey ••• 

Gobble up these savings!!FREE! 
"Dog And Pony" 

MOUSEPAO' 

In, Full Color 

w1dt purchase ol 

HARVARD GRAPHICS 

P/1 Sp1clfy Disk Slz• Wh•n Ord.ring 

F~nglll 149.00 
Fornr.vocx wi1h Fill Fite 2.S 85.00 
lnte<aetive e..y11ow 6.1 109.00 
Org Plus Al!vaoc<d 5.0 69.00 
P....,_Z.I l!eM 

GRAPHICS 
Avto:le>k .Allimato< 24500 
o.., Bra im Page Gardon 62.00 
Deluxe Paint I Enhanced 8900 
OtO'NpeffectU 279.00 
Frttlance Plus 3.0t 339.00 
Grapher 140 00 

G1.11t<s2J 00 
Hijaat 85.00 
Ho1 Shot G111~ics 159.00 
'"'" Plus (w/H..i.all 109.00 
PC Pa intbrusll IV Plus 119.00 
Pr.nm Plus 2.0 6500 
PrintAPlot2.0 199.00 
Show Partnet FX JS 229.00 
Slifer 35900 

HARDWARE& PERIPHERALS 
ATI\lllAWorder512Wf Mse 349QO 
Copy II Opliorl Soa<d Oeluxa 115.00 
Loguech Bus Mouse CS 8500 
Log11ech Serial Mouse 7500 
Lag11edl Scan M<on Plus 185.00 
Logilr!di Tradsnan Senal/Bus 8900 
Mi>>tert>iece Plus 10500 
Mcnh Mou,. w/l'firdows 3.0 159.00 
Microspeed l'C Trac Ser ial 7500 
MS MO<Jse w/l'a .nt Serial/Bus 109.00 
Pacifoe Cali 1·2-4 Brdw/llMB 135.00 
Paciloe0ali 1·2-4Brdw/1MB 18200 
Pacific Dali 1·2-4 Brd wnMB 255 00 
Pacilie Cali ~ Memory w/llMB 82 00 
Pacdoe 0a1i4 Memo<yw/ IMB 139.00 
Pacifc Dali 4 Memory wnMB 199 00 
Pacihc Oal.21 25-ur1 28900 
Pacifoe Dali ZS..n· 1'°" Ill 355.00 
Pacific OutlineI 20900 
Pai;;roe Dali PacifocPave llP/111 319 00 
Pacifc Dali 25-<n-one 28900 
Pacifc Dali Pac1fd'age 48900 
PatJfic Oa1a Pac:ifdage !or UP 359 00 
Plotter In AC.nridge 259.00 
Pacifc Oulline I 20900 
PacilcPrm1 24500 
PoslSCript Catuidge by Adobe 25500 
Prac: Periph 2400 E.x1 w/MNP 209.00 
Prac Penph 2<00 ln1 w/MNP 115.00 
Sola 28& Aa:elerat0< :K>SOO 
Sota 386i Aa:ele<at0< 40900 
Super C.111.tge 1·ID EIVJ ng 27500 

Super Canndge 2 -10 Enging "49 00 
Worldl'O<l 2•00 Modem wM P345.00 
Wor1dpo<t 2496 fax Modem 485.00 
INFORMATION MANAGEMENT 
Agenda 27500 
asl:Sam 175.00 
Ses1Cholce 59.00 
lnfoselectl.I 55.00 
lnslintA«.all 79.00 
Who WMt When 2.0 179.00 

MSW01b2.0 95.00 
PfS F11'1 Chooee 92.00 
0 & A3.0 INetworl:ablel 229.00 
Symjlhony 2 2 519.00 
LANGUAGE & PROGRAMMING 
Briel 159.00 
Bfrteve 17900 
CToo~ Plus 9500 
Clear • 10< C(or d8asel 13500 
Macro AssembiOI 9900 
Mau~ la\'D<ll 20 13500 
MS Base 7 1 Devel S~ 32900 
MSC60 32900 
MSForvan 29900 
MS Quick Basic 67.00 
MSO..tek C2.5 67.00 
MSa.ic Cw/ 0ud:Assm2.5 13500 
Otli«t Profoss10NJ 109.00 
Ouickpac Proles>JOMI 14900 
Smalllilk V286 12900 
Sourterw/!!io. 15900 
TurboC +. Prof. 199.00 
TurboCTools 9500 
TurtioPascal55Prof. 179.00 
p......,, Toob Plus 11500 
Turbo Professional 7900 
Windows Oevelopm1 Too "t 32900 
Zonedl Ctt to 149.00 

NElWORKING 
lMWLC 2MBPS Adaptet 18900 
lantut1C 2MBPS Staner Kit 40900 
lantasLC Ell>efnol Adapler 2>900 
Lan<a•tic Ellmet SuKi!IOMSPS SSS 00 
NE\000 17500 

E2000 20500 
tremote 40 41900 

Western lllgllil E1he<card Plus 179.00 
OPERATING ENVIRONMENT 

0""1'Jew2J n.oo 
Oesqv1ew 386 2 3 12500 
IBM OOS33 10900 
IBMOOS•.01 12900 
MS Wondows J 0 9900 

0$12 
osn Sland.l'll Edition 1.2 29500 
E>cel for osn 329.00 
Mu!1iscopo1.1 325.00 
MS OSn Pm Mngr Too it m.oo 
Smalllilk/V l'M 329.00 
Wordperfecl for 05n 31900 

PROJECT MANAGEMEHT 
Hamrd Project 30 43900 
Soto< Project Scheduler IV 429.00 
Supe<1<oj«t EApen "49 00 
Timel.., 4.0 46900 

SCIENTIAC I STAT 
er•...,.,., 14900 
Dem" 125.00 
Mathcad2.5 32>.00 
Malhem3uca 386 w(Jal Suprt 84S 00 
SPSS/PC PM 54900 
Slitgtaphocs 579.00 
Systal w( Graplucs 679.00 

SPREADSHEET 
Al ys (lolus 1·2·J01Symphyl11SOO 
lotus 1·2·3Ver 2.2 34900 
lotus 1·2·3 v., 3o 41900 
PO OuN! 59.00 
Ouatuo Pro 31900 
<Natuo Pro llpglade 9900 
Sideways3 2 4200 
SuperttlcV 31500 
The Baler 3S900 
VP Pli111net Plus 30 15500 

UTILITIES 
1Dir Plus 30 4900 
386 To The Max 5 0 7900 
AboveO~k 65.00 
Au1omenu 3900 
8roo1Jyn Bndge 3 0 8900 
C/Jecl:h 8500 
Ccvt nPC S.O 2700 
Copywhlo/Zffodisl: w/!!e1Ctlt 5500 
Direct Ac,.,,5 0 5500 
ll•sl: T ecmoan Adv.>nced 9500 
faslbacl<Plus 11900 
lleailroom 69.00 
lfrperpad2.0 esoo 
lap Link Release Ill 92.00 
Mac. Ubklin 1990 9500 
Mageftan 20 10900 
Nonon Commandet 3 0 9900 
No<loo Ublt101 Advanced 5 O 11900 
Patlvmnct.. Plln 79.00 
PC Tools Oelu<e 6.0 8000 
Pr int Coche (lasenonil 9900 
Q.Oos II 3900 

Print monochrome and/or 
color text and graphics files 
to your non-Postscript 
printer! FREEDOM OF 
PRESS software can print 
to over 50 different output 
devices including Laser, Ink 
Jet 24-wire dot matrix, 
Color Thermal Printers and 
Film Recorders. ALSO, 
FREEDOM OF PRESS soft
ware comes standard with 
35 fonts, equivalent to those 
found on the Apple Laser
writer Plus. FREEDOM OF 
PRESS is available in both 

CAD 
Au oo e1Ch30 
O.~gn Cod 30 3.0 
De"gn Cod 4.0 
Genenc JD Ora~1ng 
Generoe Codd level 3 

COMMUNICATIONS 
Carbon Copy Plus 5 2 
C1o!e Up Suwcrt 3.0 
C.outa M&1k 4 
l'CAny.illtfelV 
Procomm Plvs 
Smartenn 240 3.1 

DATABASE 
ClarNWI Profe>sronal Devel 2. I 
Chpper !S""mer '871 
cs... iv 1.1 
Fo>base Plus 
Fll>P•lM 
fo>PO S•ngle Us01 
Parildo1V3.0 
l'C file SO 
R&RRela1'°""IReport W111er 

DESKTOP PU BUSHING 

145.00 
20500 
155.00 
195.00 
2t9.00 

115.00 
165.00 
13900 
9900 
5900 

195.00 

475.00 
429.00 
49900 
19900 
679.00 
419.00 
46900 
7500 

105 00 

Bi1sueam Foots (each! 
Ft..4...... ,,.... 
Go Sa1pt Plus Ver. 3 
Go SaiptVer. 3 
PfS 1SI Pulil'5hll! 3.0 
Tile New Ptin1 Shop 
Uuawip1l'C P1us?1 
v...... Publ1slle< Gold 
W01dscan Plus 

EDUCATION& 
ENTERTAINMENT 

fl~ht S1mula00< 40 
le11UreSur1tarrvn1 
M<rO!Oll Lear,.ng DOS 
PC Globe JO 
Pil!ylOOffl 
Sunc1ty 
Tetns 
T11"'11 Tuoo1 IV Plus 
\\'here . Is Carmoo San Diego 

FORM DESIGN & 
FLOWCHARTING 

9500 
Z51Ultl 
195.00 
99.00 
95.00 
39.00 

249.00 
55900 
689.00 

42 00 
39.00 
3500 
3900 
32 00 
3300 
2200 
3500 
3000 

PC and/or Macintosh 
L S249 

OEMMS.I 5900 

SoftwMe Bridge 4.1 1900 

Softwa.e CarO<Jsel 55.00 

Sp..iiell 67.00 

PC-Kw' Poweipa 7900 

Swilth II 8900 

V.eJ<P.C 8200 

XTreePtoGold 8200 


WINDOWS 

Adobe lllustralO< Windows 285.00 

Adobe Sueamlino 23~00 


Pagem.iker 3.01 49900 
Por.f.,.p,. 29.1111 
l'C Pa1111brush Plus for WIOdows 99.00 
Powerpoint 32900 
Ptomp11.0 7900 
P\rbtech file Ckganilet 119.00 
Solt Type (Z Soft) 119.00 
Superbo!e 4 IOI W.ndow$ 429.00 
Tempo 15.00 
Toolbook by Asymeui• m.oo 
Wlllgl 33500 

Pef ORM PRO 


PerFORM PRO • Windows 3.0 Compatible! PerFDRM 
PRO is a sophisticated forms processor for high end 
form processing on IBM PC's or compatibles. Features 
include: •A full set of drawing tools for creating forms. 
•A complete array of graphic file support to import 
logos pre-printed forms or other documents. 
•Electronic signatures and password security. 
•Standard and advanced math such as logic, date, 
financial and other functions. •Data linking from one 
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ALTERNATIVE OPERATING SYSTEMS 


PICK: 

OSoRDBMS? 


An ancient breeze still blows 
through the database world 

Ben Smith 

Pick: lt 's an operating system; it ' s a data
base system . It's both. Although Pick is 

F0Ur 
most often found as a s!a~d-alone operating 
system , you may see 1t implemented as a 
database engine working under other multi
user operating systems, such as Unix. Data

bases have their own special needs for optimal data storage and 
retrieval. Pick meets those needs and provides the data organi
zation that makes for efficienc database operations. 

Prehistoric Synergism 
Many computers are used for the single purpose of database 
operations. In this case. Pick is all you need. It includes all the 
layers and activities of an operating system: everything from 
virtual memory management. terminal control, and print 
spooling and control up through multiuser ta k , account, and 
fiJe management , as well as a command interpreter and script
ing language. Pick also includes all the tools for database oper
ations: programs to tructure the data, a language for data en
try and data manipulation and a report formatter . 

Pick is more than a collection of utilities and libraries; it is a 
completely integrated operating system/database engine
greater than the sum of its parts. There is nothing new about 
th is idea, but that may be because Pick is far from new. Richard 
A. Pick and his colleagues at TRW started development on the 
IBM System/360 in 1965 . That makes Pick older than CP/M 
(1977) and even Unix (1970) . 

Pick ' s organization of data helped it survive all those years 
and through all the changes in the computer industry. The en
tire system is consistently built using the same data structure: a 
tree of data dictionaries and data files, usually pafred together. 
Even the Pick commands are held in this structure. As a result , 
nearly everything in Pick is a database and can be manipulated 
any way you like. 

From the average user's point of view, the operating system 
and database operations (e .g ., input , search , and report) are 
simple and fast. But the developer must come to Pick with as 

few preconceptions as possible. Developing Pick applications 1s 
unlike working in any modern development environment. 

At first glance. Pick appears to be hopelessly atavistic. The 
environment consists of a primitive , uppercase-only command 
interpreter, a special-purpose line editor, and a steroid-mutat
ed BASIC. If you are used to fancy window- and menu-based 
data management tools, Pick will seem rough and unfriendly. 
But under this crude surface, there are many fine ideas, imple
mented in a refined (though Spartan) manner. 

Operating-System Sorts of Things 

Pick' s multitasking (and multiuser) capabilities are bare bones. 

The operating system maintains separate user log-in accounts, 

each with its own master dictionary, a file that holds pointers to 

all of the account ' s files and commands . 


Accounts are lfoked more closely with the data they hold than 
with the people who use them. Everyone u ing an inventory
control database. for example , would likely share an account. 
The system has commands for managing these accounts , han
dling system backups and re tores , and monitoring system use. 
There are utilities for transferring files to and from MS-DOS 
partitions that might coexist with the Pick partitions on a PC. 

InstaLlatioo of external terminals and printers is ea y on a 
Pick system. There is one file describing terminal capabilities, 
another to configure serial ports. and another that describes the 
parallel printer ports . 

A user can have more than one ta k running at a time (in 

ITEMS DISCUSSED 
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A frame is the basic Pick 
unit ofmemory; different 
implementations ofPick use 
different frame sizes. On the 
PC, frames for executables 
and workspace are 2048 
byres , while frames for files 
(shown here) are 512 bytes. 
Frames are linked Together 
through a pair ofpointers at 
the front ofeach block. 
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TYPICAL 512-BYTE FRAME IN A MULTIFRAME FILE 


Unused 
byte 

! 
Unused 

byte 

! 
500 bytes of data 

f 
Count 

of 
frames 
after 

Forward link Backward link Count 
of 

frames 
before 

--------  12-byte frame header ______ __,_ 

addition to print spooling). Such tasks are called phantom pro
cesses. They handle administrative duties while users are busy 
with applications. But there isn ' t any path to client/server con
nections on a single machine; there are no interprocess commu
nications links other than semaphores . However, different Pick 
machines can communicate with each other; even MS-DOS can 
communicate with Pick. 

Virtual Memory 
The Pick operating system addresses both memory and disk as a 
single mass. This mass is divided into a file area at the high 
addresses , and executable and work areas at the low addresses. 

Aframe is the basic Pick unit of memory. Each frame is ref
erenced by a unique frame identifier. Different implementa
tions of Pick use different frame sizes. 

On the PC , there are two sizes of frames. Frames for the 
executables and workspace are 2048 bytes in size and are not 
linked . Frames for files take 512 bytes and often form doubly 
linked lists using 12 bytes (of the 512) of data to create the con
nections (see the figure). Alternatively , file space can be allo
cated in blocks of contiguous frames , in which case the block 
does not require the 12 bytes per frame for memory manage
ment ; all 512 bytes is available in each contiguous frame. 

The virtual memory manager, which tracks the location of 
data, works directly with the hard disk and RAM . This invisi

ble layer ofdevice control is responsible for Pick 's efficiency on 
otherwise inefficient or obsolete computers. 

The Database 
The data files and associated dictionaries allow you to build a 
complex interrelationship between data files , since a data item 
in one file can be a pointer to data in another file. This kind of 
structure is more akin to a hierarchical data structure than the 
relational structure that is common on microcomputer data
bases. Most relational database systems have fixed-length data 
fields, but Pick data fields are held in a variable-length format. 
As you will see, this is a very important feature . 

Both of the data pair (dictionary and data) files have the same 
structure. The dictionary contains the definitions of fields (at
tributes , in Pick terminology) in the data file, and pointers to 
the fields that use the defined structure. Not only can each attri
bute within a record (or item) contain a value , but each value 
can be composed of subvalues. Each item within a file must 
have a unique (to the file) item-ID with which Pick manages its 
data operations. The item-ID may actually be data itself- for 
example a part number. 

With this structure , an attribute value (or subvalue) may be 
the item-ID of another file or even of the same file. This last 
capability solves the vexing database problem of how to orga
nize data so that items can be assemblies of peer items . For 
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on your keyboard. Solve your training and productivity problems with Hooleon 's 
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custom imprinted adhesive keytop labels, keyboard templates and more! Kits 
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Wyse"', Key Tronic"', and much more. Call for your FREE 1990-91 Catalog 
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example, a parts-numbering scheme usually has unique num
bers for both assemblies and the items included in the assem
blies. Some of the assemblies may also contain subassemblies . 
Since the items can vary in length, each item can have a differ
ent substructure. Some items may list other items or subas
sembl ies , and some items may just be elements in themselves . 

Other Strengths and Weaknesses 
Since Pick is a ,multiuser database/operating system, it neces
sarily includes a form of record locking to prevent collisions of 
data operations on the same sets of data. There is also a very 
limited form of process locking. As more than one user can run 
the same program at the same time, the PROC scripting lan
guage contains a semaphore for control between concurrent 
users . But the semaphores are locaJ to each PROC script and so 
do not offer any way for different programs to communicate. 

The way data is written and read is a weakness. Pick search 
es data using the unique item-IDs of a file, but the search is 
sequential since there is no index. On the plus side, the over
head and restrictions imposed by maintaining an index don ' t 
exist. You can create any kind of index with a data file; the 
recursive structure of a data tree is al ready there. 

A strength comes from the variable-length data items in a 
file : A file can actually be a single piece of text, a script, or a 
Pick BASIC program. Like dictionary files, these file forms 
don't have a structure defined elsewhere. 

New Era 

Pick has been around a long time. Respect, as well as many 

applications, has accrued over the years. Word processors, 

spreadsheets, and other typical business fare are available. 

Most important, there are thousands of proven vertical applica

tions that run on hundreds of different species of computers. 


Recent months have marked the beginning of a new era for 
Pick with the introduction of Advanced Pick and Pick running 
under Unix . Advanced Pick is backward-compatible with the 
original , but this crispy version includes many features that 
will attract modern applications developers: a screen editor, 
secondary indexing and B-trees, transaction logging (neces
sary for good computer-based accounting systems), and new 
utilities for developing screens and tuning an organization of 
data without resorting to Pick BASIC. 

Pick under Unix fulfills needs in both computing realms: 
Unix gains an efficient database engine; Pick gains the connec
tivity and utility of Unix. Because the Unix file system was not 
designed with database operations in mind, you need a separate 
database file system for Pick. Turbo Informix, another popular 
Unix database manager, uses a similar method to improve its 
performance. But the integration of Pick and Unix goes beyond 
coexistence; Pick can call Unix functions, and Unix can call 
Pick functions. Data flows freely between the two . 

Pick's strength is not as an operating system (it is outdated 
technology), but in its flexibility and efficiency in handling 
data. Forth is reason, Pick not only will survive, but will flour
ish as a database engine implemented under other, more capa
ble operating systems. • 
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MODULA-3 

Apractical and predictable OOP language 

for team projects 

Sam Harbison 

f you are a Pascal or Modula-2 programmer, 
you may have found yourself choking in the 
dust behind the stampede to C ++ . Choke no 
longer. Modula-3 has arrived. 

Modula-3 is not an extension to Modula-2 , 
but a new language in the spirit ofPascal and Modula-2 . It com
bines the best features of a modular, strongly typed language 
with support for object-oriented programming (OOP), excep
tions, and concurrency. As a result , Modula-3 is an effective 
tool for builcting large , maintainable, robust systems. 

Roots 
Modula-3 was developed by researchers at Digital Equipment 's 
Systems Research Center and the Olivetti Research Center. It 
borrows from two evolutionary lines of programming lan
guages: an academic line, represented by Niklaus Wirth 's Pas
cal, Modula-2 and Oberon languages; and an industrial re
search line, represented by the Mesa, Cedar, and Euclid 
languages from Xerox's Palo Alto Research Center (PARC). 
Its immediate precursor is an extended version of Modula-2 
called Modula-2 +, which was developed at SRC in the early 
1980s and used there for the development of all its research 
systems. 

In 1986, an effort to clean up Modula-2 + became a design 
for a new language, christened Modula-3 with Niklaus Wirtb 's 
blessing. The language and two working implementations by 
SRC and Olivetti were completed in 1989 (see figure 1) . The 
SRC implementation is available; I'll tell you how to get it later. 

Modula-3 is a systems programming language based on two 
general principles: simplicity and safety. Programming can be 
a difficult, complicated, and risky activity , made even worse 
by programming languages that are themselves ctifficult, com
plicated, and risky. 

Rather than spending their time inventing clever solutions for 
textbook programming problems, Modula-3 's designers se
lected features proven through experience in other languages, 
especially features that support good program structure (mod

ules, objects, threads) and those that support robustness tgar
bagecollection, isolation of unsafe code, and exceptions). They 
simplified and unified the underlying language concepts, di 
carding features that did not pull their own weight. 

Basics 
To get a feel for Modula-3 , start with Modula-2, Ada, or one of 
the modern Pascal dialects (Turbo Pascal or Apple's Object 
Pascal) . The general syntax of statements , expressions, and 
declarations is similar to that found in the other languages. The 
customary basic data types are integer . Booleans, reals, char
acters , sets , enumerations, arrays , records, and pointers. 

There are also all the arithmetic, logical, and set operations 
and the usual set of basic statements: conditional (IF and CASE), 
loops (WHILE, FOR, REPEAT), blocks , and so on . Modula-3 in
cludes type, constant, procedure , variable and exception dec
larations . Like Modula-2 and C, Modula-3 provides procedure 
types , and its variable names are case-sensitive. 

Although it resembles the otber languages, Modula-3 has a 
number of features tbat you can use to make programs more 
readable and maintainable. 

Readability 
Listing 1 and figure 2 sbow a simple insertion sort procedure in 
Modula-3 . Line 1 has the declaration of an open array param
eter, V; within the procedure, the bounds of the array will be 
from Oto LAST(V). (The expression FIRST(V) used in lines 3 
and 8 will always be 0, but its use makes the program a bit more 
readable.) The index variable i in line 3 is automatically de
clared local to the loop body; it cannot be modified except by 
the FOR loop control ; and it takes its type from the initial and 
final values . 

Lines 4-13 introduce a nested block with two new variables, 
Temp and j. Both. variables are initialized where they are de
clared, and their types are taken from the initialization expres
sions (INTEGER, in both cases) . 

Lines 8- 11 are a WHILE loop containing two statements. 
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Listing 1: A simple example: InsertSort in Modula-3 
sorts V [ OJ. .V[LAST(V)] into ascending order. (Line 
numbers are not part ofthe code but are included here 
for reference. ) 

l PROCEDURE InsertSort(VAR V: ARRAY Of INTEGER) • 
2 BEGIN 
3 FOR 1 : • i'IRST(V)+l TO LAST(V) DO 
4 VAR 
5 emp := V[i]; 
6 J :=i-1; 
7 BEGIN 
8 \/HILE J » fIRST(V) AND V[J) > Temp DO 
9 V[J+l] := V(J]; 

10 DEC(J); 
11 END; 
12 V[J+l] : = Temp; 
13 END 
14 END; 
15 END InsertSort; 

Listing 2: InsertSort demonstrates more features 
ofdata-type declarations. 

TYPE 
A_ ype • ARRAY (1..10) Of INTEGER; 

VAR 
A : = A_type{l,9,J,5,4,..}; 

BEGIN 
JnsertSort( V : = A ) ; 

£ND 

Modula-3 permits multiple statements wherever a single state
ment is allowed, so there is no need to clutter your program 
with extra BEGIN-END brackets. The DEC (decrement) statement 
in line 10 is equivalent to j : =j -1. Modula-3 also has an INC 
statement. Both can take an optional second argument to spec
ify how much to increment or decrement the first argument. 

More features can be seen in the code of listing 2, which calls 
InsertSort . The declaration of the fixed array Auses an array 
constructor to create an initialized array. The " .. " indicates 
that the last value in the list (4) is used to fill out the remain ing 
elements of the array. The call on InsertSort demonstrates 
the use of the optional parameter names at the site of the call. 

Modules 
The backbone of Modula-3 programming is the module. Mod
ules come in two pieces: the interface part, which contains the 
public types , objects , and procedures provided by the module ; 
and the implementation part , which contains private declara
tions and the bodies of the public procedures. To use the public 
facilities of a module in another module , you must import the 
compiled interface of the referenced module. You don 't actu
ally need the implementation part to compile your module , but 
you will need something (at least some "stub" code) in the im
plementation to have a program that runs . 

The module concept is a very powerful tool supporting in
formation hiding, abstraction, and top-down programming. 
Listing 3 shows a complete example of module Unique that pro
vides a Next procedure, which returns successive integers in 
the sequence 1, 2, 3. A Reset procedure is provided to restart 
the sequence at a specified point. 

The interface (lines 1-5 of listing 3) and implementation 

MODULA-3 HISTORY 

Niklaus Wirth Xerox PARC 

Object Pascal 

~ ~1970 Pascal 1977Mesa
1984 

I I 
t t 

Modula-2 DEC SAC 1982Cedar1979 
........ 
 v v 

I 

t ~ 
1980 Oberon1987 Modula-2+ v!'--. 1984 c::=J

I 

' Modula-3 
1988, 1989 

Figure 1: Modula-3 is a descendant ofthe work ofNiklaus Wirth (the designer ofPascal and Modula-2) and ofCedar 
from Xerox PARC. 
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(lines 6-28) of the. module would normally be contained in sep
arate files . The interface declares the two public procedures 
and a constant integer; this is the only information a user of the 
module needs to know. 

The implementation part of Uni que imports two standard li
brary interfaces, Wr and Stdio, which implement simple text 
streams. There are actually two ways to import an interface. 
For one , if you specify only the interface name (as on line 7) , 
all names from that module must be qualified by the interface 
name (e.g ., Wr.PutText on line 15) . However, if you list indi
vidual names (as on line 8) , you can use them without quali fi
cation (e.g., the s t derr on line 15) . In either case, the origins 
of the imported names are explicit in the program, making it 
easy for any reader to locate the proper interface. It is possible 
to import interfaces into other interfaces , but that wasn 't neces
sary in this example; the I/O is performed only in the private 
part of the module. 

In line 9, a static integer variable, Next _Value, is declared at 
the top level of the module and is initialized in the module' s 
body (lines 26 - 28). (Stylistically, it is better to initialize Next _ 
Value where it is declared , but I wanted to show the module 
body.) The Modula-3 compilation system ensures that each 
module ' s initialization code is executed in the proper order, 
that is , before the module ' s facilities are used by any other 
module. One module must be designated as the main module; 
that module's initialization code becomes the program entry 
point, executed after all other modules have been initialized. 

Line 22 shows the procedure declaration for Reset with a 
defau lt parameter value. As a result of this kind of declaration , 
if Reset is called without parameters, the Next parameter 
takes on the value First_Value, or 1. 

Listing 3: Interface and implementation parts to a 
module . 

l INTERFACE Unique ; 
2 CONST First_Value = l; 
J PROCEDURE !lext() : INTEGER; 
4 PROCEDURE Reset( Next := First_Value); 
5 END Unique. 
6 MODULE Unique; 
7 IMPORT \Ir; 
8 FROM Stdio IMPORT stderr ; 
9 VAR Next_Value : INTEGER; 

10 PROCEDURE tlext() : INTEGER • 
11 VAR 
12 This_Value : = Next_Value; 
lJ BEGIN 
14 IF Next_Value • LAS'f(INTEGER) TI!EN 
15 llr.PutText(stderr, "Next() is wrapping aroundO); 
16 Next_Value :• FIRST(INTEGER); (• e .g., -2uJl 1) 
17 ELSE 
18 INC(Next_Value); 
19 END; 
20 RETURN This_Value; 
21 END Next ; 
22 PROCEDURE Reset( Next : • first_Value ) ~ 
2) BEGIN 
24 Next_Value :  Next; 
25 END Reset; 
26 BEGIN 
27 Next_Value : • 1; 
28 END Unique. 

Exceptions 
An exception is an event that suspends normal program execu
tion and causes control to be transferred to a handler for that 
exception . After the exception is handled , execution resumes at 
some well-defined location in the program, but not necessarily 

ALTERNATE TREATMENT OF SAMPLE PROGRAMS WITH COMMENTARY 

Parameter passed 
by reference 

Loop variables p r ocedure InsertSort 
automatically ~ 
declared __:o r \.:.) : = FIRST (V) 1 to 

Open array parameter 

Local block 
with variable 
declarations 

var Last index in V 
Temp v [ i l ; -------- Expressions provide
j i - 1 ; initial values and types 


b e gin 

while j >= FIRST (V) a nd V [ j ] > Temp do 


V[j+l] : = V[j] ;]i---- Multiple statements 

~ allowed in loops and 
e n d ; Same as j: = j-1 conditional statements 

V[j+l] · = Temp ; 

e nd 
end 

end InsertSort ; 

Figure 2: Although Modula -3 looks very much like Pascal and Modula-2 , declarations can incorporate initial values , 
and data typing can be implicit . 

NOVEMBER 1990 • BY TE 387 



FEATURE 


MODULA'S CHILDREN, PART l 


where the exceprion was first raised. 
Exception-handling mechanjsms are important for robust 

programs. Without them, you must manually check status 
values returned by all procedure caUs or depend on awkward 
library facilities. Modula-3 ' exception mechanism is similar 
to the one used in Ada; it has low overhead and is easy to use. 
Listing 4 shows an interface, Copy_Stuff, that uses excep
tions. A portion of the implementation of Copy_Stuff is also 
shown, along with a main module that uses it. 

The exception declarations appear in lines 2 and 3; the Error 
exception takes a parameter of type TEXT (a Modula-3 dynamic 
string). Notice that GetText and PutText explicitly list the ex
ceptions they may raise (lines 4 and 5) ; this optional declaration 
improves readability and maintainability. (The compiler will 
check that no unlisted exceptions are propagated out of the pro
cedures at run time.) 

The central code in Main is simply an infinite loop (lines 
13-16) , which is terminated when an exception is propagated 
out of either GetText or PutText. The surrounding TRY
EXCEPT statement (lines 12-20) holds the two exception han
dlers (lines 18 and 19) , which terminate the program with or 
without an error . The excerpt from the implementation of Get
Text (line 24-32) shows bow the exceptions might be raised. 

Objects 

OOP is becoming an increasingly popular tool for the program

mer. Its advantages include increased maintainability and ex

tensibility of code. There are three critical elements needed in 

languages that support OOP: 


• 	The ability to define classes (types) of objects that include 
their own data and methods (procedures) . 

• 	The ability for a class to inherit data and methods from 
another class (its ancestor) , and to change or extend them , 

• 	The ability to create objects (instances of classes) and 
access data and methods through those objects. 

Modula-3 provides all these elements of OOP. In fact, by 
providing both modules and objects, Modula-3 gives the pro
grammer much more flexibility than languages that provide 
only one (e.g. , Modula-2 and Ada) or the other (e.g ., C + ). 

Listing 5 is an example of a module that provides the abstrac
tion of a geometric point, that is a location in a two-dimension
al plane. In the example particular attention is paid to hiding a 
much information as possible from the u er of the cla s. 

Following a common Modula-3 convention , I have named 
the interface Point and the enclosed class simply T. Users of 
the class will use the interface name as a qualifier and caU the 
class Point. T. Line 3 identifies T as an opaque type: the decla 
ration T<: Public_T means that Tis an unspecified descendant 
(subtype) of class (type) Public_T, which is declared in line 4 
as an object type with two methods, PosX and PosY. 

The interface also declares a New procedure to create in
stances of the class. New is a normal procedure, not a method . 
Its declaration reflects a ModuJa-3 philosophy that not all pro 
cedures should be forced into methods if they more naturally 
stand alone. The text <*INLINE*> is a Modula-3 ' pragma " re
questing that the Modula-3 compiler expand all calls to New in
line . 

The implementation of Point is shown in lines 11-27. The 
first declaration reveals the concrete definition of the type T, 
introducing its two data fields, X and Y, and establishing the 
actual method procedUies for the class , PosXProc and PosY
Proc . 

Notice that the first parameter to these procedures is p: T. 
This "self" parameter was implicit in the method declarations 
on lines 6 and 7. 

The keyword BRANDED on line 13 ensure.s that the type is 
unique. It is required by the Modula-3 type system for reasons I 
won 't go into here. 

The Point.New procedure on lines 19-22 is worthy of dis
cussion. It calls the built-in Modula-3 function NEW to dynami
cally allocate an object , and it can set the values of any data 
field or method; that is, Modula-3 objects from the same class 

Listing 4: An example ofModula-3 exceptions. 

l :NTERFACE Cooy_Stuff; 

2 EXCEPTION Error (TEXT ) ; 

J EXCEPTION EOF; 

4 PROCEDURE GetText () : TEXT RAISES ! Error,EOF); 

5 PROCEDURE PutText(T: TEXT ) RAISES Error}; 

6 END Copy_Stuff . 

7 MODUU: Ma1n; 

8 FROM Copy_Stuff IMPORT GetTe"t,PutText,Error,EOF; 
9 FROM OSIO IMPORT Exit, Success, Fai ure; 

10 VAR Buffer : !EXT; 
l l 3EGIN 
12 TRY 
lJ LOO? 
14 Buffer : ~ GetTen(); 
15 PutText(Buffer) ; 
16 EIID ; 
17 EXCEPT 
18 EOF ~> ExJ.t(Suocess}; 
19 Error •> Exit( Failure ) ; 
20 E/ID ; 
21 END Main. 
22 MODULE Copy_ Stufr'; 
2J IllPORT OSIO i 

24 PROCEDURE GetTex• () : TEX RAISES {E,,ror,EOF) • 

25 BEGlN 


26 Sta us : , OSIO.LoadSuffer( ); 

27 If Status = OSIO.Error TlrLJl 

28 RAISE Er=or( "OS error reading flle ") ; 

29 E!.5iF Status • OSIO.EOF THEN 

JO P.AISE EOF 

Jl END; 

J2 END GetTe><t;


'J END Copy_Stuff. 

Listing 5: Objects and opaque types in Modula-3. 

i !NTERFACE Point; 

2 TYPE 

J T <: Public_T; 

4 Public_T = OBJECT 

5 KETHODS 

6 PosX( ) : REAL; ( 1< X position i.) 

7 Pos'i( ) : REAL; (• Y position ) 

8 END; 
9 <•UILDIEV PROCEDURE Ne11 (x, y: REAL) : T; 

10 END Point. 
11 MODULE Po1nt; 
12 !k."VEAL 

13 ! = Publl.<LT BRANDED OB.fECT 

14 X, Y : REAL; 

15 METHODS 

16 PosX := PosX?roc; 

17 PosY : • Pos'IProc; 

18 EllD ; 

19 PROCEDURE Ne11 (ic, y: REAL ) : T = 

20 ilEGW 

21 RETURN NE'W(T, X:=X, Y:•y)1 

22 END ~ew; 


2J PROCEDURE PosXProc ( p : T) : REAL = 

21. BEGW !k.-URN p.X; END ?osXProc; 
25 PROCEDURE PosY?roc ( p: T) : REA L = 
26 BEGill RETURN p.Y; END ?osYProc; 
27 BEGIN 
28 E!ID Poin't. 
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can have different methods installed when they are created . 
This is a powerful feature not found in many object-oriented 
languages. In this example , only the data fields are set by NEW; 
the default methods provided on lines 16 and 17 are retained . 

As implied in the example all Modula-3 objects are dynami
cally allocated. In Modula-3, there are no constructors or de
structors to create and destroy objects automatically. Program
mers must write explicit initialization routines or allow the user 
to invoke NEW directly . Destruct ors in other languages are most 
often used to deallocate dynamic storage . But since Modula-3 
has automatic garbage collection, destructors are not usuall y 
needed . 

Threads and Programming for Concurrency 
Concurrent programming-the management of mu ltiple, si
multaneous control flows-is the third major structuring facil
ity in Modula-3 (after modules and objects) . Concurrency is 
useful in many programming situations : when you want to take 
advantage of multiprocessing; when you want to provide back
ground processing during slow u er interactions; and when you 
are handling naturally asynchronous or independent casks , Iike 
handling separate windows in a graphical user interface. 

Few other languages provide direct support for concurrency: 
Modula-2 provides a weak coroutine-based facility and Ada a 
complex rendezvous mechanism. In contrast , Modula-3 adopts 
the thread model in which concurrent threads of control are 
managed within the same program and address space, each 
with its own local call tack but with shared access to all global 
data. This is the model increasingly supported by new operat
ing systems. Threads are typically much more efficient than 
processes , which are identified with a separate address space . 

A detailed example of programming with threads is outside 
the scope of th is article. Suffice it to say that Modula-3 has a 
standard library interface that provides facilities to fork and 
join threads, to use mutual-exclusion semaphores and condition 
variables, and to alert (interrupt) running threads . 

Safety 
Safety is a principal goal ofModula-3. Mo t of the language is 
safe in the sense that the compiler guarantees that run-time in
variants (e .g. , variable ranges, array jndexes. and the validity 
of pointers) are not violated. In contrast to this , Appendix F in 
the ANSI C standard lists 97 different circumstances in which 
the behavior of a C program is undefined at either compile time 
or run time. Modula-3 guarantees safety through a combina
tion of compile-time analysis and run-time checking. This can 
vastly reduce the time it takes to debug a large application . 

Systems programming can be unsafe by its very nature. Stor
age allocators and garbage collectors typically must have ac
cess to the unsafe features of a language. In Modula-3 the e 
features include the ability to perform arbitrary type coercions 
to perform arithmetic on pointers, and to call the DISPOSE pro
cedure to explicitly free dynamic memory allocated wirh NEW. 

To use the unsafe language features , you must i.n ert the 
modifier UNSAFE in your interface or module . Otherwise, the 
compiler will restrict you to the safe language subset. A good 
way to include unsafe elements into Modula-3 programs is to 
create a module with a safe interface for others to use, and then 
to implement that interface with an unsafe module. You must be 
the guarantor that using the interface is safe; Modula-3 cannot 
completely check it. 

Garbage Collection 
Some of the most insidious run-time errors are caused by mis
using pointers, especially by u ing pointers after the storage 

390 BYTE • OVEMBER 1990 Cirr:le 221 on Reader Service Card 



DADiSP. The Big Picture in 

Data Analysis 


DADiSP - interactive graphics and data analysis soft
ware for scientists and engineers. DADiSP 2.0 delivers 
unprecedented power, through easy-to-use menus. Choose 
from hundreds of analysis functions and graphic views 
from tables to 3-D. Simultaneously display 
multiple windows, each with different data or 
analyses, for unlimited perspective on your 
toughest data analysis problems. 
Build your own analysis worksheets 
build and display an entire data analysis work
sheet, without programming. And DADiSP's 
powerful graphic spreadsheet automati
cally recalculates and updates the entire 
worksheet if you change your data or an 
analysis step. 
Do serious signal processing...the way 
you always pictured it! FFTs, digital filter 
design, convolutions, waterfall plots, and more 
- all at the press of a key. 
Let your instruments do the talking - use DADiSP
488 to bring data from your instruments directly into a 
DADiSP window for immediate viewing and analysis. 

Flexible, expandable, customizable - annotate your 
graphs and send them to printers, plotters, or publishing 
packages. Create your own macros, automate routine 
tasks, and run any program written in any language from 

within DADiSP. DADiSP even lets you build 
your own menus. 
A proven standard - already used by 
thousands of engineers and scientists world
wide, in a whole range of applications like 
medical research, signal processing, chemis

try, vibration analysis, communications, 
manufacturing quality control, test & 
measurement, and more. DADiSP 
supports the IBM PC and PS/2, SUN, 
DEC VAX, HP 9000 and Concurrent 
families of personal computers and 
workstations. 

GET THE PICTURE! 00-424-3131 
lN MA 617-577-1133 

Ask for our Evaluation Disk. For more information, write 
to DSP Development Corporation, One Kendall Square, 
Cambridge, MA 02139, or FAX: 617-577-8211. 

DSP 

Development 

Corporation 


Australia-Interworld Electronics, 03 521-2952; England-Adept Scientific, (0462) 480055; Bio oft (0223) 68622; 
France-SM2I, (1) 34810178; Sacasa, 69077802; West Germany-Datalog, (02166) 46082; temmer Electronik, 0 9· 09 02-0; Israel-Racom Electronics, 
03-491·922; Italy-BPS Computers, (02) 61290221; Japan·Astrodesign, 044·751-1011· etherlands-Computer Engineering Roosendaal, 01650-57417; 
ew Zealand-G'IS Engineering, (09) 392 464; Sweden-Systek, 013 110140; Switzerland-Urech & Harr AG, 61 611325; 'Thiwan-Advantech, 2-351-2117 

Circle 120 on Reader Service Card 



A MESSAGE 


To OuR 

SUBSCRIBERS 


F ROM TIME TD TIME WE 
make the BYTE subscriber list 

available to other companies who wish 
to send our subscribers material about 
their products. We take great care to 

screen these companies, choosing on
ly those who are reputable, and whose 
products, services, or information we 
feel would be of interest to you. Direct 
mail is an efficient medium for present
ing the lat.est personal computer goods 
and services to our subscribers. 

Many BYTE subscribers appreciate 
this controlled use of our mailing list, 
and look forward to finding informa
tion of interest to them in the mail. 
Used are our subscribers' names and 
addresses only (no other information 
we may have is ever given). 

While we believe the distribution of 
this information is of benefit to our 
subscribers, we firmly respect the 
wishes of any subscriber who does not 
want to receive such promotional litera
ture. Should you wish to restrict the 
use of your name, simply send your re
quest to the following address. 

E\ITE MAGAZINE 
ATT : SUBSCRIBER SERVICE 

P.O. Box 555 
HIGHTSTOWN , NJ 08520 

FEATURE 

MODULA'S CHILDREN, PART 

they point to has been deallocated. Modula-3 removes this 
problem once and for all by providing automatic garbage col
lection in the run-time environment. Since the programmer 
using the safe language cannot write a DISPOSE operation , the 
compiler can guarantee that no storage wi!J be freed if there are 
outstanding references to it. Dangling references are a thing of 
the past, and programming becomes much simpler when you do 
not have to worry about storage management. 

There is a side benefit to garbage collection. Since type in
formation must be kept for pointer types, using the REFANY type 
(a pointer to anything) is safe, and the TYPECASE statement can 
be used to determine the type ofa pointer at run time. 

Points of Contention 

There are a few design choices in Modula-3 that some program

mers will question. In all cases , the choices were made deliber

ately, and usually because either the alternative had little 

(proven) utility , it was too complex in all its ramifications , or it 

was unsafe. 


Modula-3 is biased toward dynamic allocation. Introducing 
garbage collection was a calculated technological bet. Do the 
value ofprogram safety and the efficiency of modem collection 
algorithms together make garbage collection acceptable in a 
systems programming language? I think so. but for the doubt
ers, Modula-3 doesn't completely depend on garbage collec
tion: The modifier UNTRACED can be applied to any pointer or 
object type to keep it from the collector (even in the safe lan
guage subset) . 

Even though Modula-3 ' s OOP model is flexible and is sim
pler than that of many other languages, Modula-3 does not sup
port multiple inheritance, constructors, or destructors , and all 
methods are virtual (to use C++ and Eiffel terminology) . 
This means that you must pay for a level of indirection in all 
method calls , but nonvirtual methods can be written as ordi
nary procedures if efficiency is important. Multiple inheri 
tance doesn ' t seem to be essential, and, besides, it introduces 
additional complexity and problems whose solutions require 
additional features . 
. On the other hand, Modula-3 's data-type system uses a 

structural-equivalence model. Ia other words , two types are al
ways treated as the same if their structure is the same. This 
model is simpler to understand than the more common name
equivalence model, and it more naturally addresses problems 
in distributed systems, where separate programs may share 
typed data . 

Modula-3 makes a serious attempt to bring together the long
term maintainability of Ada, the simplicity of Modula-2 , and 
the modern OOP facilities of C+ +. The result is a clean Ian· 
guage that provides programmers who want safety and main 
tainability with a language to carry them through the 1990s. 

If you would like more information on the Modula-3 lan
guage , you can write for Research Reports 52 and 53 from Dig
ital Equipment Corp., Systems Research Center 130 Lytton 
Ave. , Palo Alto, CA 94301. The SRC implementation of Mod
ula-3 is also available on Internet and via UUCP (Unix-to-Unix 
copy) . The system consists of a Modula-3-to-C translator with 
many tools and libraries. ltjs distributed in source form and has 
been ported to a variety of Unix workstations. It is available on 
BIX as modula .3; see page 5 for more information and down
loading details . • 

Sam Harbison (Pittsburgh, PA) is the author ofC: A Reference 
Manual andpresident ofPine Creek Software, a consulting firm 
specializing in programming languages and environments. He 
can be reached on B!X as "samharbison. " 
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THE MOUSE 
THAT ROARED 

The history, anatomy, 
and physiology of the 
desktop rodent 

M

ice! Suddenly they're every

where- about a quarter of 
aJI PCs u ers have them. PC 
mice have grown steadily in 

popularity since their 1982 introduction. 
The increased availability of programs 
that support mice will continue to accel
erate this trend. In particular, the phe
nomenal success of graphical user inter
faces (GUis) for the PC-most notably 
Microsoft Windows 3.0-is having a dra
matic effect on the demand for PC mice. 
Before long most PCs, like all Macin
toshes, will have one currying around 
next to their keyboard. 

The Way it Was 
Douglas Engelhart invented the mouse in 
1963 , at the Stanford Research Institute. 
At that time Engelhart was exploring var
ious computer input device pos ibilities . 
Hi first prototype mouse was made of 
wood, with metal disks for rollers that 
detected the mouse movement. After 
using the mouse, Engelhart concluded 
that it was superior to the other alterna
tives and that it wouJd remain the best 
pointing device for computer users until 
something better came along. 

Xerox further developed the mouse 
concept in the early 1970s at its Palo Alto 
Research Center (PARC), under the di
rection of Jack S. Hawley. Unlike Engel
bart's mouse. which used variable resis 
tors and an A/D conver ion circuit , 
Hawley 's was the first digital mou e. 
Much of Hawley 's basic design has been 
carried into the modern PC mouse. 

In 1982. Mouse Systems introduced 
the first mouse for the IBM PC. With no 
real software available with mouse sup
port, initial sales of the three button 

mouse were primarily to computer users 
who were curious about the creatures. 
and those attracted to the novelty. 

Around that time. Microsoft also 
started seeing the mouse as a device with 
a lot of potential in the PC marketplace 
and, being a software company, the com
pany had the wherewithal to encourage 
mouse use by writing mouse support into 
its software. 

Microsoft introduced its own two-but
ton PC mouse in mid-1983 . With the sub
sequent introduction of such programs as 
Microsoft Word, and later Windows and 
Excel, Microsoft showed PC u er that a 
mouse can make working on computers 
easier and more efficient (and more fun). 

When the Macintosh appeared in 
1984, porting a mouse and a user
friendly GUI , users everywhere became 
even more aware of the benefits of the 
mouse . Meanwhile. mouse-supporting 
applications continued to trickle into the 
PC marketplace. 

Mouse vendors further encouraged 
mouse use by supplying pop-up menus 
that allowed their mice to work with 
standard nonmouse applications . Mouse
based PC paint programs also began to 
appear , and it was common to buy a 
mouse that included a bundled paint 
program. 

The use of mice on PCs continued to 
grow. Jn mid-1988 Microsoft recorded 
its one-millionth mouse sale and ended 
the 1990 fiscal year in June with nearly 
two million mouse sales-about haJf of 
all PC mice soJd that year. Other major 
mouse suppliers have also benefited from 
the increased popularity of mice, includ
ing Logitech. Mouse Systems, and IBM . 
According to International Data Corp. 
(Framingham, MA), 1989 mouse sales 
in the U.S. totaled around 3:2 million 
units, with worldwide sales for that year 
of around 5.5 million units. 

As Engelhart predicted. the mouse has 
indeed withstood the test of time. There 
are far more mice on PCs than any of the 
alternative pointing devices (i.e. , track

balls, graphics tablets , light pens. and 
touch- creens) . 

Mouse Anatomy 

Mice come in two species: mechanical 

and optical. Mechanical mice. in turn. 

belong to two subspecies: electromech

anical and optomechanical . 


Figure I illustrate the operation of an 
electromechanical mouse . A rubber
coated metal ball protrudes from the bot
tom of the mouse ; as you move the 
mouse. it turns. Two rollers touching the 
ball record its movements along the x and 
y axes . As the rollers rotate, encoders 
make and break electrical contacts that 
send electrical pulses the computer can 
use to track the mouse . 

Alternatively, some mechanical mice, 
like the Manager Mouse from Numonics , 
don ' t use a roller ball. Instead, two 
rollers protrude from the bottom of the 
mouse to sense the x and y directional 
movements. 

The optomechanical mouse illustrated 
in figure 2 works differently. LEDs 
shine through hole in the encoders onto 
photodetectors. As the rollers rotate. the 
encoders alternately make and break 
light beams between the LEDs and the 
photodetectors. Corresponding electri
cal signals sent to the computer describe 
the motions of the mou e. 

Note that the optomechanical mouse 
needs two LED/photodecector pair in 
order to determine the direction of rota
tion . A single LED/photodetector pair 
can only determipe rotational speed. 

Figure 3 shows how an optical mouse 
works . It requires a special reflective 
mouse pad with a grid of black and blue 
lines. The mouse has two LEDs that 
shine onto the mouse pad one red and 
one infrared . The reflected light beams 
reenter the mouse through lenses, and 
then reflect onto photodetectors . The 
blue lines absorb the red light, and the 
black lines absorb the infrared light. As 
the mouse moves , the pad alternately ab
sorbs and reflects light. The photodetec-
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ELECTOMECHANICAL MOUSE 

Mechanical 
Encoder 

x,y Direction 
pick-up rollers 

OPTOMECHANICAL MOUSE 

Photodector LED 

Figure 1: In an 
electromechanical 
mouse, a rubber 
ball drives the 
encoders , which 
make and break 
electrical 
contacts. 

Figure 2: As with 
an electromechanical 
mouse, a rubber 
ball inside an 
optomechanical 
mouse drives the 
encoders. In this 
case, however, 
LEDs shine 
through holes in 
the encoders. The 
optical encoding 
scheme eliminates 
wear on the 
encoders. 

OPTICAL MOUSE 
Photodetector 

Mirror 

Lens 

Red LED 
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Figure 3: Red and 
infrared LEDs 
shine from an 
optical mouse onto 
a special pad. 
Reflected beams 
pass through 
lenses, then 
reflect onto 
photodetectors. 

tors detect the " makes" and "breaks ," 
which the mouse converts to signals that 
it sends to the PC. As with all species of 
mice , additional signals tell the com
puter about push-button events. 

Most PC mice have either two or three 
push buttons (in contrast to the Mac's 
single button). Mouse-based PC pro
grams generally require just two but
tons , but can often assign a function to a 
third button . Mouse push buttons can 
also work in combinations (e.g. , two but
tons simultaneously) to specify other 
functions . Some programs support the 
double-click-two button presses in rapid 
succession-to specify more functions. 

What are the relative merits of optical 
versus mechanical mice? Optical mouse 
proponents claim greater reliabi lity for 
their favorite , thanks to its solid-state , 
no-moving-parts design. The "opti
cians" also point out that the optical 
mouse is maintenance-free , unlike me
chanical mice, which require periodic 
cleaning of the roller ball to eliminate the 
inevitable build-up of foreign substances . 
They also claim the optical mouse is 
more accurate. If an optical mouse moves 
from one point to another on its mouse 
pad, then back, the cursor on your screen 
should be back exactly where it started . 
In contrast , the mechanical nature of me
chanical mice makes them more suscep
tible to slight variations including minor 
ball skipping and alterations in the regis
tration of the roller ball to the encoder 
shafts . Move a mechanical mouse from 
one point to another and back, and you ' ll 
typically find the cu rsor slightly off its 
starting point. 

The mechanical -mouse proponents ar
gue that modern mechanical mice have 
shown no reliability penalty, and that the 
roller ba ll rarely needs cleaning-espe
cially when used on a rubber mouse pad . 
Furthermore, the mec hanica l mouse 
doesn't need a pad, as an optical mouse 
does. Some users don ' t want to give up 
the desk space, or restrict the mouse to a 
limited field. 

Finally , the mechanical design more 
readily accommodates higher mouse res
olutions. You can cram only so many 
black and blue lines onto an optica l 
mouse pad before you begin to lose the 
ability to resolve them. 

What about the two species of me
chanical mice? Electromechanical mice 
suffer from a couple of problems that 
their optomechanical cousins solve . 
With an electromechanical mouse, the 
electrical contacts on the encoders can 
"bounce" a bit. This affects accuracy 
and requires a compensating circuit de
sign. Electromechanical mice also tend 
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to wear out their encoders, since there 
are always points of physical contact. 
The optomechanical design eliminates 
bounce, and there 's no encoder wear (ex
cept at rotational joints). The optoelec
tronic design of the encoders also sup
ports higher resolution . Most high
resolution mice are optomechanical 
(although the 350-point-per-inch PC 
Mouse III optical mouse from Mouse 
Systems is the exception to this rule) . 

The Resolution Revolution 
The resolution of a mouse refers to the 
number of points it can detect for every 
inch of movement. The distance between 
two adjacent points (the shortest distance 
the mouse can resolve) is measured in a 
half-dozen different units . Programmers 
who work with mice have whimsically 
coined the unit mickey, but the industry 
is using more common ones , including 
dots per inch (dpi) , counts per inch (cpi) , 
pulses per inch (ppi) , and points per inch 
(another ppi , and the one used for this 
article). 

Early mice, like the original Microsoft 
mouse, had a resolution of 100 ppi . Most 
of today 's mice have a 200-ppi resolu
tion , as did Microsoft ' s second- and 
third-generation mice. Some newer high~ 
resolution mice register between 320 and 
400 ppi , including Microsoft ' s latest 
400-ppi entry. There has been some de
bate over the necessity of resolutions as 
high as 400 ppi, but some users claim 
smoother mouse operation on high-reso
lution screens when using a high-resolu
tion mouse. 

Mouse Interfaces 
In what form do the signals enter your 
PC , and how does the PC process them? 
That depends . Three primary types of 
mouse interfaces are common in the PC 
world: bus, serial , and special port. 

The earliest mice were bus mice. They 
came with a half-size interface board 
that plugged into one of the PC' s expan
sion bus slots; the board drew its power 
from the expansion bus . The board pro
cessed signals from the mouse , and peri
odically generated interrupts to pass 
mouse movement and button-press infor
mation to the mouse driver. 

Microsoft made a substantial contri
bution to the PC mouse market when it 
introduced a serial version of its mouse in 
1984. The serial mouse could plug into a 
standard COMl or COM2 RS-232C 
serial port. It didn ' t need a bus interface 
board or any other external circuitry. 
The mouse included a small controller 
that sent packets of information to the PC 
via the serial port. The controller re-

Circle 257 on Reader Service Card 

quired so little power that it could operate around +12V on the RTS handshake 
without an external power source, sim line. When laptops are operating on bat
ply by drawing its power from the RS- tery power, however, a lower voltage is 
232C request-to-send (RTS) handshake often used to generate the serial-port sig
line. This became a trend in the mouse nals . This prevents many serial mice 
industry , and now most mice are of the from work ing properly with the system. 
serial variety . If you use the laptop 's AC adapter, of 

I should mention one caution concern course, there won 't be a problem. 
ing the use of serial mice with laptop · If you don't count Microsoft 's brief 
computers . Since these mice draw their flirtation with its Mach 10 PC turbo 
power from the serial port itself, they ex board (using the company 's proprietary 
pect to see the typical PC voltage of InPort mouse interface) , IBM was the 

Ttie full-blown slmufator 1s an on of 
the DEMO. You can load up to 64K of 
code and use 64K of XDATA space. You 
can program an "external environment" 
to interact with your code to simulate your 
target system. The emulator is the hard
ware extension of the simulator! 

The 24MHz real-time emulator has been 
the industry standard for years. With its 
complex breakpoint logic and advanced 
trace, nobody can beat it for performance. 
Plug-in or RS-232 configuration. All 8051 
derivat ives are supported! 
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''Compiler Ads 
Afe Confusing~' 

hey all claim that their products are the fastest and most powerful. 
Buzz words like optimized, integrated, and modular are everywhere -never 
meantng quite the same thing. 

We'd like to be more direct. We'll tell you what you can do with 

our compiler-then you make the comparisons. 


mf.l~~llPl 

Stony Brook Professional Modula·2 (both the Quick and 
optimizing compilers for DOS and 0512 ) for $295 . Stony Brook QuickMod 
{for DOS or OS/2) for $95. 

Stony Brook-we eliminate the confusion. 

• The fine print version of this infonnation 

with all the details. including our benchmark 

perfonnances. will be mailed to you within 

24 hours if you call our 800 number. 


Your Partner800/624-7487 805/496-5837 ~3f.::'e~uo""l in Sofl1mre Det'elopment 
187 East Wilbur Road. Sui re 9 805/496-7429 Fax Thousand Oaks. CA 91360 

Most applications, however, don't need 
to worry about them; the mouse driver 
hides the packet formats. 

The two-button Microsoft packet for
mat is the most popular format in use . 
The packet comprises 3 bytes· only the 7 
low-order bits of each byte are signifi
cant. The first byte includes the 2 high
order bits of both the x- and y-position 
values , and the status of the two push but
tons. The second byte contains the re
maining 6 low-order x-position bits , 
while the third byte contains the remain 
ing 6 low-order y-position bits . 

The 8-bit binary position values are in 
two's-complement format (ranging from 
- 128to +127), with a negative value in
dicating movement left or up, and a posi 
tive value indicating movement right or 
down. The mouse sends the packet only 
when there ' s a change of state , such as a 
movement of the mouse or a press or re ~ 
lease of a button. The x- and y-position 
values sent in the packet indicate the 
number of points the mouse has moved in 
each direction since the last packet. 

Transmitting only an 8-bit value for 
each direction isn ' t a limitation-even 
for high-resolution mice-because the 
values incticate only the change in mouse 
position since the last packet was sent. 

For ex.ample, a typical serial mouse 
operates at 1200 bps. That means each 
byte needs about 7. S mil Li seconds to pass 
from the mouse to the PC (7 data bits, I 
start bit and 1 stop bit), and each 3-byte 
packet takes about 22 .S ms. Each packet 
can specify a maximum position change 
value of 127 (in each positive direction) , 
so the mouse can specify a position 
change ofup to 5644 (127/0.0225) points 
per second. Even with a 400-ppi mouse , 
this scheme allows for movement of over 
14 inches per second. 

Of course, the baud rate can always be 
increased if this becomes a limitation . At 
9600 bps, a serial mouse using the 3-byte 
Microsoft packet format can support a 
velocity of up to 112 inches per second. 

The three-button Mou se Systems 
packet format comprises S bytes . The 
first byte reflects the current state of the 
three buttons. The second byte specifies 
the " first " x-position value and the third 
byte specifies the "first" y-position 
value. The fourth and fifth bytes are 
similar to the second and third , but spec
ifying the "second" x- and y-position 
values instead of the first ; that is , the 
change in the x- and y-positions since the 
readings sent in the second and third 
bytes. This can, for example, be helpful 
in determining mouse velocity. 

As with the Microsoft packet format. 
the x- and y-position values are in two·s 

first company to include a mouse port 
(aka , " pointing device " port) on its sys
tems. The mouse port on IBM 's PS/2 
systems (Models SO and up) is essentially 
a bus-mouse interface built into the sys
tem motherboard. 

Some of the newer bus mice have taken 
a different approach to implementing the 
PC/mouse interface. Rather than offer 
two different mice-one serial and one 
bus-some manufacturers combine the 
two into a single serial mouse. The "bus 
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interface" in this situation is functional
ly little more than a standard serial port 
that maps to an I/O address other than 
COMl orCOM2. 

How Serial Mice Communicate 
Serial mice send multiple-byte packets of 
information to the PC to indicate the di
rectional movement of the mouse and the 
status of the mouse push buttons. A cou
ple of packet formats have emerged as the 
predominant standard in the industry . 



A Higher Standard 

of Standard Features 


DATAStation 386/2sn' $3,995 

• 	 80386-25 CPU 
• 	 4MB RAM 
• 	 128K Cache RAM 
• 	 1.2MB 5 1A" and 1.44MB 3.5 '' Drive 
• 	 200MB, ISMS SCSI Drives 
• 	 16 Bit VGA with 512K 
• 	 14 " 1024 x 768 VGA Color Monitor 

TECH'" 

• 	 External SCSI Port 
• 	 1 Parallel & 2 Serial Ports 
• 	 101 Key Keyboard 
• MS DOS 3. 3 or 4 .01 
Options: 
• 	 40MB. 80MB. !OOMB, 320MB 

Hard Drives 

386SX .. . ...$1,895 
• 80386SX.J6 CPU 
• 	 IMB RAM expandable to MB on 

motherboard 
• 	 l.2MB 5 1~ • or 1.44MB 3.5 • dri'e 
• 40MB JOE hard drive 
• 16·bit VGA with 512K 
I 14 ' 1024 , 76 VGA color moni tor 
I I par.illel. l serial & I game ports 
I 101 kc~ keyboard 
I MS DOS 3.3 or .i.01 

Call For System Options 

PONI Microsystems 
386SX-LT . . · $2~95 
• 	 i OC3 6SX·l6 CPU 
• IMB RAM expandable to 6MB 
I VGA with 256K 
• l.44 MB 3.5 • diskcuc dri-. 
I 40MB hard dri•• 
• 	 5 kc) keyboard 
I 	 Emmal pons for noppy dri\C. 

keyboard and VGA monitor 
• 	 Parallel and serial pons 
• 	 UL. CSA. FCC·B approved 

TECH'" 
286 . . . . . • ...$1,495 
• 80286-12 CP 
• 	 IMB RAM e.xpandable to MB on 

motherboard 
• 	 l.2MB 51A- or l.+IMB 35 - drhe 
• 40MB JOE hard drive 
• 	 16-bit VGA with 512K 
• 	 14 ' 1024 x 768 VGA color monitor 
• 	 I parallel. 2 seria l & I game poru 
• 	 101 key kc)board 
• 	 MS DOS 3.3 or Ml 

PONI Microsystems 
286-LT .... ·$2,495 
• 	 02 6·12 CP 
• 	 IMB RAM expandabl< to 6MB 
• 	 VGA with 256K 
• l.4•MB 3.5 • diskette dri>e 
I 40MB hord dri,·c 
• 	 5 ke\' kevboard 
I 	 fatemal iions for floppy dri,·e. 

kevboard and VG.A monitor 
• 	 Pa.ra11el and serial pons 
• 	 UL. CSA . FCC·B app""·ed 

PRE-CONFIGURED MULTI-USER SYSTEMS 

6-User Computer Systems Ready To Plug In And Install Your 
Application Software 

..$9 ,995 
JSOMB tape drive 
2400 Baud modem 
Communic:itions 

software 
I Xenix operating 

system installed 
6 cables with labels for 

terminals 

~~ 
M'"°"'"' Novell. 
6 386SX workstations 

IM B RAM 
Monochrome mon11ors 

I I50~1B L:lpc drive 
I 2400 Baud modem 

Communications software 
I main computer 

3 6-25M Hz·l28KB Cache 
MB RAM 

.$14,995 
2 serial pons 
I parallel port 
3.5 • 1..U floppy drive 
200MB hard drive 

I Novell ELSll . etware 
operating system . 
Ethernet cards 

All 	cablos and 

connec1ions 


200MB, 3.5" High Performance 
Hard Drive Kits 
MAXTOR LXT200A. JOE ......... , •.... 

CONNER CP3204. IDE . . . . ........... . 

IMPRI MIS 94351. JOE ............•.... 

MAXTOR. LXT200S. SCSI ............. .. 
CONNER CP3200. SCSI 
IM PRIMIS 9•351. SCSI 

u.::i ~~ ... '&l\., ... ta..~ r~cm..od"crrSOl •.1a;irm ... e~ ,H., ~:1.1&-?r. 
l!.~Kz~ "*Nlinl ' 1.orl!Mriu>'11 • bl.X "11ul .-.l. t..~ · .~ ·..-.m~ 

High Performance 5.25 " Hard Drives 
"'":"'lf: CT\: JUJ~J '\IODEL' C \PACln Dl~Wf O:'\Ll D'RIY[ tii.n 
MICROPO LI S MC 1654 160MB S 995 S1.195 

MCl66J 330MB 1.49~ 1.695 
MCl56 660MB 1.!95 2.495 
MCl59 l.2GB J.795 J.995 

MAXTOR T83 OE >70MB 1.595 I. 795 
XT 760E 6 OMB 2.395 2.595 
TAHITI IGB 5.695 5.995 

NEC D5655 150MB 995 1. 195 

High Performance 3.5 " Hard Drives 
\l.\'l.:fACTt..RElllMOVt:t.• C'-'PAtrn LUU\£ O'i U ' lnll\f. ti.IT 

CONNER CP3044 40M B S 365 S 395 
CP31 4 OMB 565 595 
CP310J IOOM B 665 695 
CPJ_Q.I 200MB 1,065 1.095 

40MB 365 395 
STl 57 A J4M B 335 365 
MK23JFC IOOMB 655 685 

IOSM B 655 695 

Enhancement Products 
NEC 2A VGA MONITOR 14 " ..... , ..•. 

NEC 3D GA MONITOR 14 " . . 

SCEPTRE GA MONO MONITOR 1-l' . , , ..... . 

LOOP VGA COLOR MONITOR IJ . . •. 

SCEPTRE TTL MONO MONITOR IJ " .. , ... . 

VGA CARD \V/256K. 16-BIT . . ............. . 

VGA CARD IV/512K. 16-BIT ............... . 

MONO GRAPHJC CARD WIP.P ..•....... • . .. . . 

256K SIM.\1 ONS . . 

IMB SIMM SONS .... , .. 

_4005 MODEM INT . 


• 	 30-day Money-Back 
Guarantee 

• 	 1 Year Warranty 

AulhOriUd Xenix 
6 WYSE term inals 
I 	main computer 

386·25M Hz-128KB cache 
8M B RAM 
8 <erial ports 
I parallel port 
3.5 " 1.44 floppy drive 
200 MB hard dri ve 

Options: Primers • Word Processing • Spreadsheets • Accounting • Larger Hard Drives • Custom Configurations 
• Main1en:mcc Contr3CIS 

• 	 No additional 800-828-3110 charges forTECH 6 A.M. TO 6 P.M . PST Credit Card 
(714) 385-1219, FAX (714) 937-5414 • 	 No Credit Card CITY TECHNICAL SUPPORT (714) 956-9593 charge until 

1300 E. Katella Ave. , Anaheim, CA 92805 shipment 
Circle 336 on Reader Service Card (RESEUERS: 337) 
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complement format. A positive value in
dicates movement right or up· a negative 
value indicates movement left or down. 

The Software Perspective 
It is probably obvious that Microsoft has 
set the standard for PC mice. You'd be 
hard-pressed to find one that doesn ' t tout 
" Microsoft Mouse compatibility. " 

DOS applications generally access the 
mouse movement and button information 
by making calls to a mouse driver . Vir

tually every PC mouse includes a mouse 
driver that emulates the Microsoft Mouse 
driver to make the mouse look like a 
Microsoft Mouse to the application. 
Many mice also come with a driver to 
emulate a Mouse Systems PC Mouse. 

Interestingly, the mouse driver inter
acts dfrectly with the video adapter to 
control mouse cursor movement. The 
driver must therefore include support for 
the video adapter you use to ensure prop
er operation on your system. Naturally, 

Make your own ribbons! MacBond II spl ices and bonds in 
seconas ri bbons of any s ize and inked in any ink and color. 
First real a lternative to ribbon bonding mach ines costing
tho usands of $$$ . We have a complete range of bull< 
ribbons , color and multicolor, heat transfer etc. for you r 
appl ication . 

;, ~ ~Modems 
4800 b throughput, ful l duplex . 9600, 4800, 
2400, 1200 bps . CC IT V.22bis , V.22, Bell 
212A & 103J modes • Auto speed selection 
• MN P cl. 5 error cor-rection • Synch & 

..._.5$,. Universal Cartridge (includesoneadapter) ••••• .•••. 75.00 
Multicolor Adapter (specify printer) ......... .40.00 
Epson only Maclnker mod. 271 EP ............. . .... .45.00 
lmagewriter only Maclnker™ mod. 2341M ••••••••45.00 
Universal Spool Maclnker .......................... 75.00 
Heat Transfer Adapter ............. ................... 25.00 
Extra Ink Bottle, black ..... 3.00 pint .. .............. .. .....18.50 
Colored Ink Bottle .......•... .4.00 extra reservoir ....... 6.00 
AU modi~ cel,vered comple1e w11h bonie of In~ ink mete1 reservoir. reservoJr COV6f, 

Urw_.ers.al canndga uni1 $ S OQ Go color ! ! Single & mu1\loo10r. S1andard a.nd heal 1ranste1 canrciges ava1taote. red , 
shown wllh E?$on ca:rtrjdge 7 • green. blue. b.rowri, purple, ye!Jow. Ofange, wl'l1te• .si1Ve1 alld goto. lnOelib!e and OCR ink 

i:;.anndges ava~ab!e. 

Over 24 000 pr inters supported . Better than new print quality. Extended 
printhead life thanks to lubricated ink. Average cartridge can be re-inked 60-100 
times at Scents/re- ink ing . Mu lticolor adaf?te rs re-ink multiband cartridges . 
Documented customer savings of up to $30,000/year. Detailed free catalog . 

asynchronous modes • Cable and software 24oab MNP cl 5 $159.00 !! 
included ( PC or MAC) · 2 year warranty 
9600 baud mnp cl 5 v.32 ..... ...599.00 UghtSpeed 2400LE(MNP c1 SJ •••• 159.00 
Li!:lhtFax 9624 taxmodem ...... 399.00 Ring-On Remote Power Center .... ..199.00 
Lign tSpeed 9624E is a V.32. mnp 5, 9600 b modem. UglitFax 9624 is a full featured group Il l. 9600 b 

fax & 2400 b modem combined. sh ipped with software & cable for PC or MAC (specify). Aing·On is a 

power center which senses an incoming call to turn on computer & modem. 


New 

Have al l the adva nta ges of a hancty 

scanne r in a FULL PAGE SCANNER, $599 QOI!

fo r half the price of a desktop scanner. • • 

Includes 1O s heet document reader for sheet fed use . Scanner detaches for 

hand held use on photos , books etc. Compatible with most OCR software , a 

very high qua lity (100 to 400 dpi) input for OCR. Complete with sheet feeder, 

interface card and LightPaint sottware .1 yr warranty. Order part #400 P. 


Increase 3.5" disk capacity to 1 .44 Megs with . Diskette Doubier · this ingenious and simple device. Only $15.00 !! 
• -- - - - - • ·-~ __::_ ..:..__j 

Sauslac11on or 30 da)'Computer Friends, Inc. Order Toll Free 1-800-547-3303 relund • 1mmecM1e 
shipment - Maior credit 14250 NW Science Park Dr. In Oregon (503)626-2291 
cards - PO's from Portland OR 97229 fax (503)643-5379 telex 4949559 CF aucrial Acx:otJnts 

400 B Y T E • OVEMBER I990 Circle 76 on &ader Service Card 

all current mouse drivers support the 
standard video adapters , including 
MDA, CGA, EGA and VGA, but if you 
are using something a little newer (like 
an 8514/ A adapter) or something out of 
the ordinary , the mouse driver may not 
support it. Check if you are unsure. 

Microsoft ' s mouse driver supports 35 
function calls (see the table). The driver 
offers a lot of flexibility to the mouse 
programmer. While it is not possible to 
describe al I the functions in detail here , I 
will briefly describe some of them. 

The Mouse Reset and Status function 
(0) sets several mouse parameters to de
fault values (e.g., the mickeys-per-pi xel 
ratio), and returns the current status of 
the mouse; that is , whether or not the 
mouse has been found and which mouse 
buttons , if any , are currently pressed . 
This function also hides the mouse cur
sor on the screen ifit i displayed. 

The Show Cursor and Hide Cursor 
functions (1 and 2) control whether or 
not the mouse displays its cursor on the 
screen. A counter value determines when 
to display the cursor . When the counter 
is 0 the cursor appears, otherwise it does 
not. The counter decrements with each 
Hide Cursor cal 1 and increments with 
each Show Cursor (although it cannot be 
incremented past 0). Thus , it takes three 
Show Cursor calls to undo three Hide 
Cursor calls. 

The Get Button Status and Mouse Po
sition function (3) returns the current 
status of the mouse buttons and the cur
rent cursor position on the sc reen . Be
ware , however that the mouse driver 
uses a ''vi rtual screen" matrix for deter
mining the position of its cursor and that 
virtual screen isn' t always the same as 
the physical pixel array on the screen. 

ln the case of a medium-resolution 
graphics screen with a 320- by 200-pixel 
matrix, the mouse's virtual screen would 
be 640 by 200 pixels . The virtual screen 
concept is intended to simpli fy mouse 
programming. You can address the vir
tual screen (which is always a minimum 
of 640 by 200 pixels) and allow the 
mouse driver to translate the addressed 
position to the correct location on thedjs
play, based on the current video mode. 
For some high-resolution EGA and VGA 
modes, the virtual screen expands to 640 
by 350 or 640 by 480 pixels but for all 
other modes, the virtual screen remains 
at 640 by 200 pixels. 

Function 15 Set Mickey/Pixel Ratio 
allows you to adju t the mouse sensitivity 
by selecting the number of mickeys, or 
points, required to move the mouse cur
sor eight pixels on the screen . You can set 
the value to anything between I and 
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32, 767, inclusive. Another way to adjust 
the mouse sensitivity is to use Function 
26, Set Mouse Sensitivity. 

Function 36. Get Driver Version , 
Mouse Type, and rRQ (interrupt request) 
Number, return the mouse driver ver
sion , the mouse type (e.g., bus, serial , 
InPort , or PS/2), and the IRQ number . 
This information can help determine if 
the current mouse and driver is compat
ible with the application. 

An application can access a mouse 
driver in a couple of ways. One option is 
to link a .LIB file containing the driver 
with the application program . That way, 
the application supports the mouse di
rectly . More commonly , however, users 
install the driver by way of the CON
FIG .SYS file (DEVICE=MOUSE.SYS) 
or the AUTOEXEC.BAT file (MOUSE
.COM). and the application accesses the 
driver functions by making calls to soft
ware interrupt 33 hexadecimal. 

The Microsoft Mouse Programmer's 
Reference (Microsoft Press , 1989) fully 
describes the operation of the Microsoft 
Mouse driver. 

MOUSE . SYS and MOUSE . COM 
work well enough in the DOS world (al
though J have seen incompatibilities), but 
the whole picture changes when you 
switch to a protected-mode operating 
system . OS/2 and Unix can't use a stan
dard MOUSE .SYS driver to allow a 
mouse to emulate a Microsoft mou e, be
cause such drivers won't work in pro
tected mode . If these operating systems 
don ·r include support for your mouse, 
you' II need a special driver. Generally. 
you ' ll have more options with a serial 
mouse- particularly one that supports 
the Microsoft Mouse packet format. 

ICBM: Infinitely Configurable 
Ballistic Mice 
An increasing number of mice support a 
feature known as ballistic tracking (or 
variable acceleration) . At times , you may 
need to use your mouse for some detailed 
cursor movement at one part of your 
screen and then move clear across the 
screen for some further detailed work. 
Operating at high resolution, the trek 
across the screen can take a long time, 
and requfre severaJ repeated movements 
of your mouse. 

With ballistic tracking, the mouse can 
detect when you move it faster. As its ve
locity increases. it automatically changes 
the number of points per inch to allow 
fa ter travel across long distances . As it 
slows down it reduces the number of 
points per inch to again allow more de
tailed cursor movement . 

Ballistic tracking can be implemented 

Microsoft's mouse driver supports 35 functions , which provide a great deal 
offlexibility to the mouse programmer. 

Function 
number Description 

0 Mouse Reset and Status 

1 Show Cursor 

2 Hide Cursor 

3 Get Button Status and Mouse Position 

4 Set Mouse Cursor Position 

5 Get Button Press Information 

6 Get Button Release Information 

7 Set Minimum and Maximum Horizontal Cursor 


Position 
8 Set Minimum and Maximum Vertical Cursor Position 
9 Set Graphics Cursor Block 

10 Set Text Cursor 
11 Read Mouse Motion Counters 
12 Set Interrupt Subroutine Call Mask and Address 
13 Light Pen Emulation Mode On 
14 Light Pen Emulation Mode Off 
15 Set Mickey/Pixel Ratio 
16 Conditional Off 

19 Set double·speed threshold 
20 Swap interrupt subroutines 
21 Get mouse driver state s orage requirements 
22 Save mouse driver state 
23 Restore mouse driver sta e 
24 Set alternate subroutine call mask and address 
25 Get user al ernate Interrupt address 
26 Set mouse sensitivity
27 Get mouse sensitivity
28 Set mouse Interrupt rate 
29 Set CRT page number 
30 Get CRT page number 
31 Disable mouse driver 
32 Enable mouse driver 
33 Software reset 
34 Set languages for messages 
35 Get language number 
36 Get driver version. mouse type, and IAQ number 

with an on-board cont roller or in the 
mouse driver software. Although most 
who have tried it like ballistic tracking (it 
beats repeatedly pounding your desk 
with your mouse to get the cursor across 
the screen) some find it irritating. If 
you're unsure, make sure your mouse 
bas the option to disable the feature . 

A Faithful Companion 
The mouse has come a Jong way in the 
past five years, but in terms of technol
ogy, little has changed. The basic mouse 
design remains essentially the same, 
with increments in resolution being the 
only real thing to show for the longevity 
of the mouse. 

Experience bas shown that mice in 
general are quite reliable, most operate 
basically as well as others. and resolution 
is often not a big concern. Some users 
prefer optical mice because there are no 
moving parts and nothing to clean; the 
mouse pad , however, takes up a chunk of 
your valuable desk space. Other users 
prefer the mechanical mouse to avoid the 

optical mouse pad ; but the roller baJl gets 
dirty and must be cleaned periodically. 

A serial mouse or a bus mouse? All 
other things being equal , it depends on 
whether you can more easily spare a 
serial port or an expansion bus slot. The 
final decision usually comes down to 
whether you li.ke the ize , the style , the 
color, the length of the tail. the number 
of push button , and the price . 

PC mice will continue to grow in pop
ularity. Continuing evolution of the PC 
mouse wiJ I be in the area of ergonomics; 
I doubt resolution will push much beyond 
400 ppi. Other pointing devices , espe
cially trackballs. wil l gain some ground 
but the mouse is not likely to give away 
very much of its cheese. • 

Roger Alford is a computer design e11gi
neer a11d a freela11ce writer. He can be 
reached on BIX c/o "editors. " 

Your questions and comments are wel
come. Write to : Ediror , BYTE. One 
Phoenix Mill Lane, Peterborough , NH 
03458. 
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You have specific bar coding requirements. 
That's why we give you a choice! 

The TimeWand II is a ruggedized bar code 
reader ready for heavy-duty use. Its 
programmability allows your custom applications 
to be pre-set with prompts and cross-reference 
files. The large internal memory sizes of 32, 64, 
and 128K easily hold a day's worth of 
transactions along with the date and time of 
each entry. 

If your data collection needs are 
simpler, the original TimeWand 
offers a cost effective 
alternative. The TimeWand 
date and time stamps each 
bar code scan, like the 
TimeWand II , but is 
contained in a smaller and 
lighter package. Even though it 
is compact, the TimeWand can still 
gather an impressive 2000 scans. 
Videx and TimeWand are registered trademarl<s of Videx , Inc. 

Both TimeWands transfer their data through the 
host computer's serial port where the data is 
stored in an ASCII text file. This allows the data 
to be easily combined with a wide variety of 
software packages. 

Choosing either the original TimeWand or 
TimeWand II provides you with a quality bar code 
reader at an affordable price . Call Videx at 503
758-0521 and ask for your free information kit. 

TimeWand (8K} ................... $248.00 

TimeWand II (32K} .............. $698.00 


1105 NE Circle Blvd. 

Corvallis, OR 97330-4285 


503-758-0521 * FAX 503-752-5285 


See us at COMDEX, November 12-16, Las Vegas, 

BOOTHS #2998 and #N457 l 
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HANDS ON 

SOME ASSEMBLY REQUIRED • Rick Grehan 

PART2 

• 

A look at how OS/2 
and Unix handle 
interprocess 
communications 

T
is month, I will continue my 
tour of interprocess communi
cations. So far, I have looked 
at the IPC facilities provided by 

Quarterdeck's Desqview and Micro
soft's Windows. I'll now focus on OS/2 
and Unix. 

The fact that OS/2 and Unix appear in 
the same column is more or less an acci
dent-but it's a happy one. As it turns 
out, remarkable similarities exist be
tween the IPC facilities of both operating 
systems. The similarities appear at a 
high level-the implementations are 
quite different- but this lets me present 
the material in an overlapped fashion. 

Pipes 
In the wide array of IPC structures, the 
pipe is perhaps the simplest. It ' s a uni
directional communication path usually 
leading from a parent process to one of its 
offspring processes , or vice versa . Data 
passes through a pipe in a purely un
structured form : a ' 'stream" of bytes 
whose members come out the receiving 
end in the same order they were poured 
in at the sending end. Thus, the name 
pipe (see figure 1) . 

Since pipes are one-way streets, you 
usually acquire them in pairs . 

OS/2 and Pipes 
You create OS/2 pipes using the Dos
MakePipe () routine which returns two 
handles: one for the read pipe , and the 
other for the write pipe. This looks strik
ingly similar to the Unix System V 
pipe() system call that I discuss later. 

You 'II notice rsaid that pipes are "usu
ally" connected between a parent pro-

TALKING TASKS 


cess and a child process . This is not so 
for named pipes, which can connect un
related processes (see figure 2). 

As their title suggests, you can attach 
identifying names to named pipes , and 
these names are accessible to other pro
cesses. The name you pick actually con
forms to OS/2 filenaming conventions 
and has the form \ pipe \ mypipe, which 
specifies a pipe called "mypipe. " 

OS/2 named pipes operate in a client
server fashion: A server task creates the 
named pipe and awaits the connection of 
a client. An example is shown in the code 
fragments of listing 1, where the server 
builds a named pipe called " mypipe." 
The server task will wait at the DosCon
nectNmPipe () call until the client exe
cutes a DosOpen () on the named pipe. At 
that time , the connection is established, 
and the two tasks can communicate. 
(Once you create pipes , you can read and 
write to them as though they were files .) 

Jn the example I ve given, the server 
has created an inbound pipe , meaning 
that the client can only write to the pipe 
and the server can only read from it. 

Named pipes can be inbound, outbound , 
or duplex (i.e., bidirectional) . 

OS/2 's named pipes enjoy another 
feature: They can be byte-wide or mes
sage-wide. A byte-wide pipe is a pipe in 
the strict sense; data is sent through the 
pipe as a byte-at-a-time stream. How
ever, a message-wide pipe looks much 
like a message queue. You can send data 
in chunks of arbitrary size. (Interest
ingly , OS/2 's DosTransactNmPipe () 
function lets you read and write data 
through a pipe at a single call. Of course, 
this works only if you open the pipe in 
duplex mode.) 

The Pipes of Unix 

You create a Unix System V pipe with a 

pipe(descripts) call , where de

script s is a two-element integer array. 

The first member of the array is the file 

descriptor for reading the pipe; the sec

ond member is the file descriptor for 

writing the pipe. 


Typically , you create a pipe between a 
parent process and a child process . The 
example most often gjven in Unix texts is 

A SIMPLE PIPE 
---------.
I I 

I 
IChild process 
I 
I 
I 
I 
I 

t.._ _ __ _____ _ I 

Figure 1: A pipe provides a single read or write connection between a parent 
process and a child process. Ifyou create a pipe for writing f ram the parent process, 
you must open it for reading from the child, and vice versa. Two-way communication 
requires two pipes. 
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redirecting standard input through the 
pipe and execut ing a program. It looks 
something like what's shown in listing 2. 

In listing 2, you simply point the char
acter pointer variable cmd to some string 
holding the name of a command you want 
to execute, grep perhaps. The program 
issues a fork () system call , and the 
child process does the dirty work of redi
recting the plumbing so that the parent 
task can write down the pipe, and the 
program launched by the execl ( ) sys
tem call will see that data coming in 
through standard input. 

Unix implements the equivalent of 
named pipes by using a special file type , 
FIFO, the acronym for first-in/first-out. 
Although FIFOs are not commonly used , 
they are the mechanism used by the Unix 
print spooler. Since a FIFO file is an en
tity of the Unix file system, it has owner, 
group , and world permissions and own
ership as any other file . You need to pay 
special attention to ownership and per
missions when you create a FIFO. 

The function call looks like mknod 
(pathname, mode, 0), where pathname 
is the name of the FIFO, and mode is the 

Listing 1: Creating an OS/2 named pipe. The pipe is an inbound pipe, 
and it 's byte-wide. I've reserved 512 bytes for the input buffer, and l 'll specify 
a default wait of500 milliseconds for the DosWai t NmPipe () -other tasks 
will use that function when trying to open this pipe. 

DosMel!eNmP1pe ( "pipe \ \ mypire" ' &myphend' p!PE_ACCESS_INBOUllD ' 
PlPLREA!lMODLSYTE PIPLTYPE_SYTE I P PE_llAI~, 
0, 512, 500L) ; 

t• 
n "lea for a connec lon to this pipe .
•/
DosConnectNmP1pe( &myphand ) ; 
!• ** Read from the pipe . 

n Re ed 50 bytes 1n o buff ( ~hich should be cher •) . 

• / 
Dosread(myphand, buff ,50, &bytesred ) ; ,. 
• • Close he pipe do•in. 
• / 
Dos D1sConnectNmP1pe(myphand ) ; 
DosCl ose ( rnyphend ) ; 

A NAMED PIPE OR UNIX FIFO 
.---, 
J I 
),_ Client I 

/ "- I/ / -
/ /

/ 

.--- - , 

J l ___ 
I "'~ L,Named pipe Read or write _ I Client Ior FIFO L 

J 

(' " 
" ) - 1 
\./ I 
I Client I 
,___ J 

Figure 2: Named pipes do not require a parent-child relationship between the 
communicating processes. The client processes can come and go independently 
from the server. 

permissions ORed with the SJFIFO flag 
(defined in sys / s t a t .h) to indicate that 
a FIFO is being created. (The mknod 
function is used for creating all the di
rectories and file types in the file sys
tem.) Once you have a FIFO, you can 
open it for reading or writing with the 
same functions that are available for 
standard fi les. 

Generally , FIFOs are opened only for 
reading by a daemon (background pro
cess), which uses whatever is poured in 
as its input. Then, as other processes 
need the facilities of the daemon, they 
send their data to it. The System V print 
spooler uses a FIFO to communicate be
tween the user 's lp processes and the 
system' s printer daemon , lpsched . The 
FIFO also handles communications be
tween other processes and the daemon. If 
each message is less than the capacity of 
the FIFO (i.e ., 4096 bytes) , it is guaran 
teed to be atomic ; messages cannot mix. 
FIFOs provide a simple many-to-one 
IPC that does not require the processe to 
be related. 

Semaphores 
Semaphores stand apart from the other 
IPC structures I've discussed. Unlike 
pipes, mailboxes , and such , it is not their 
job to pass data from one task to another. 
Rather , a semaphore exists to control ac
cess to a shared resource . It might be eas
ier to think of a semaphore as a form of 
interprocess coordination , rather than 
interprocess communication . 

In essence a semaphore is a variable . 
What makes it special is that your pro
gram performs indivisible operations on 
the variable. That is , while your program 
is accessing the emaphore variable, it is 
doing so exclusively (see figure 3). 

For example, suppose that you have a 
printer server that-for reasons of mem
ory constraint-manages a request queue 
that can hold no more than JO filenames. 
If you build a semaphore to manage ac
cess to the queue , you would initialize 
the semaphore variable to a va lue of 10. 
Thereafter , whenever a client program 
wishes to send a request down the queue , 
the client first examines the value of the 
semaphore . 

If the value is greater than zero , there 
is room in the queue and the client task 
proceeds to insert the request. The client 
then decrements the semaphore variable 
to indicate that the request has consumed 
a queue slot. If the client program sees 
that the semaphore is zero (indicating 
that the queue is full) , the program either 
indicates the queue-full condition to an 
operator or waits for the semaphore to as
sume a nonzero value. 
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Listing 2: Creating a Unix pipe that writes to a child process. 

int pipedesc [2] ; 
char, icrnd;. 

•• Make a pipe . Return NULL if failure. 

"I 

if (pipe (pipedesc ) <>ERROR) re t urn (NULL ) ; 

/ * 

** Fork a ne\o' process to execute program.

• / 
if( (pld•fork()) =-0 ) 
{ I• Child process here • / 

/ • Close 1:rhing side of pipe • / 

c ose(pipedesc [ l ]) ; 

/ • Close standard input. • / 

close(O) ; 

/ • Dup r ead side-becomes standard input • / 

dup (pipedesc[O) ) ; 

! • Close o d r ead slde of pipe • / 

close (pipedesc[O]) ; 

{ • Execute the a program • / 

ex ee l( 0 / bin / sh'' , '1sh11 

, '
1-- c 11 

, cmd,0) ; 

exit ( l ) ; 
,}. 

lH Parent process her e. 
• • Handle fork failure . 
• / 
if (pid•r-1) return (NU:L ) ; 
I* 
•• Close reading side of the pipe . 
•/ 
close(pipedesc [O J) ; 
I • '* No" , anything I " r ite to pipedesc( l ] wil 
• • be passed to the program specified in cmd. 
*I 

As requests are taken off the queue, cess has control of the semaphore at 
the server increments the semaphore to time . This is critical in a multitasking 
indicate that queue slots have become system: Whi le one process is examining 
available. All these increments , decre the value of the semaphore variable, you 
ments, and comparisons on the sema can be sure that another process is not in 
phore variable occur so that only one pro- the midst of modifying that variable . 

A SEMAPHORE 

0 0 0 0 0 
lndep ndent process 

4 
J 

Independent Independent 
process process 

3 5 

Figure 3: A semaphore is a variable that is shared among processes. Only one 
process can act on the variable at a time. Thus , a semaphore is ideal for control 
ofother forms ofinterprocess communications. 

OS/2 Semaphores 
OS/2 provides several kinds of sema
phores and a variety of supporting func
tions. System semaphores are named ob
jects , as were the named pipes that I 
described earlier. Consequently , you 
create a system semaphore by specifying 
a name that conforms to the OS/2 file
naming convention , and the operating 
system returns a handle by which your 
program can reference that semaphore. 
For example, the following routine: 

DosCreat eSem(CSEM_PUBLI C, 

&semhand, ' ' \ \ sem \ \ mysem' ' ) · 


creates a public semaphore called "my
sem.' 

The first argument to the function is a 
system-defined constant that specifies 
that this particular semaphore ' s value 
can be modified by other tasks. (Ifl had 
created the semaphore with a first argu
ment of CSEM_PRI VATE, the other tasks 
could only read the semaphore' s con
tents.) OS/2 places the handle to this 
semaphore in the doubleword variable 
semhand. Another task in the system can 
gain access to this semaphore with the 
following call: 

a DosOpenSem( &semhand, 
' ' \ \ sem\\ mysem' '); 

Unlike a system semaphore , a RAM 
semaphore is not maintained by the OS/2 
kernel. Rather, it is simply an unsigned 
long variable that you create as a global 
variable in the owning process . This pre
sumes some discipline on your part: If 
you create a variable that is to become a 
RAM semaphore , you must manipu late 
that variable only through OS/2 sema
phore functions . To do otherwise could 
violate the indivisibility of semaphore ac 
cess and would surely result in flaky 
code. 

Since a RAM semaphore is simply a 
global variable, processes don ' t need to 
call DosCreateSem() to construct them , 
or DosOpenSem to gain access to them. In 
fact , only threads local to the process can 
access the RAM semaphore so a call to 
Dos OpenSem makes no real sense in the 
context of a RAM semaphore. 

OS/2 semaphores are binary sema
phores: They are either set or cleared. 
You can create the effect of a multivalued 
semaphore (also known as a general 
semaphore)- as in the print-queue exam
ple I gave earlier- by constructing a 
semaphore that permits access to a vari
able in a shared-memory segment. (1"11 
discuss shared memory later.) The OS/2 
routines for managing semaphores can 
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Listing 3: Creating an OS/2 semaphore. 

/* ** Instance of semaphore. 
• / 
struct sembuf unlock % {0 , l ,SEM_UllOO);
!• 
Wt Create a semaphore ~1th one member.
•/
if( (mysern•sernget(SEMKEY,1,IPC_CREATI PCJ:XCLIW.ODE) )==ERROR 
{ 

print.f('''*Cannot create semaphore \ n") ; 
exi (0); 

Unlock the resource control ed by the ser.iaphore. 
• I 
1f ( semop(mysem, &unlock, l ) ::ERROR) 
( 

printf( "**Semaphor e error \n") ; 

exit(O); 
,). 


•• Release the semaphore. 

• / 
semctl(mysem,O, IPc_RMID); 

operate on RAM semaphores as well as 
system semaphores. 

To set a emaphore, you call DosSem
Set ( mysem) where mysem is either a 
handle to a system semaphore or the ad
dress of a RAM semaphore. You clear a 
semaphore with the call DosSemCl ear 
(mysem) . Finally, your program can 
wait for a specified semaphore to be 
cleared by calling DosSemWait (mysem). 

However, to securely manage a re
source the operations of waiting on the 
semaphore to clear and immediately set
ting it must occur without interruption 
(a I described above). You can accom
plish this with the call DosSernRequest 
(mysem, lt ime ) where mys em refer
ences a semaphore as before, and ltime 
is a doubleword specifying a millisecond 
time-out value. 

DosSemRequest ( ) will wait for the in
dicated semaphore to clear or until the 
time given in lt ime has elapsed. If the 

semaphore clears, DosSemRequest() 
immediately sets the semaphore and re
turns to the caller. If DosSernRequest() 
times out, it returns a val ue that is an 
error code indicating the time-out con
dition . 

Finally , if you've got a number of 
semaphores riding herd on various events 
and you want to monitor them as a group, 
you can use DosMuxSemWai t (). This 
routine accepts an array of semaphore 
handles and waits for a11y member of the 
set to clear. 

Unix Semaphores 

Under Unix System V, you can create 

groups of semaphores-referred to as a 

semaphore set-with one call. Also , 

Unix semaphores can be multivalued, 

and the operating system provides a com

plex array of semaphore operations (i.e ., 

the operations go beyond simply setting 

or clearing the semaphore). 


Whereas OS/2 system semaphores are 
identified by name, Unix System V 
semaphores are identifie.d by a unique 
number referred to as a facility key. This 
key is of type key_t , and on most Unix 
systems it is simply a 32-bit number. The 
key acts as the semaphore's system-wide 
identifier- any process that knows the 
identifier can access the semaphore . 
(You 'II see the facility key cropping up 
several times before this article is done. 
It is roughly the Unix equivalent of 
OS/2's named objects .) 

Unix System V prov ides three system 
calls for manipulating semaphores. They 
are: 

• semget( ), which lets you create 
semaphores; 

• semop ( ) , which lets you operate on 
semaphores; and 

• 	semctl(), which provides a 
number of service functions for 
examining and modifying a 
semaphore's status. 

You can also use semctl () to delete the 
semaphore. 

I've provided some code fragments 
highlighting usage of semaphores in list
ing 3. The call to semget() creates a 
semaphore with an identifying key set by 
the constant SEMKEY and containing one 
member (the number of semaphores in 
the set is determined by the second argu
ment). The third argument to semget() 
is a flags word that (in the example given) 
tells the system to create the semaphore if 
it doesn't already exist ; if it does, return 
an error condition. 

The semop( ) cal l also takes three ar
guments . The first i the semaphore's 
identifying key , the second is the pointer 
to an array of semaphore operation struc
tures, and the third is the number of en
tries in that array. Since Unix System V 
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lets you create sets of semaphores with 
one call (and identified by a single key) , 
having the ability to pass in multiple op
erations per the semop () call is a real 
time and space saver. 

In listing 3, the array consists of only 
one member, and you can see its defini
tion near the beginning of the listing as 
structure unlock. The first element of 

the semaphore operation structure array 
member (whew!) specifies the member 
of the semaphore set with which this par
ticular operation is concerned- zero in 
the example , since there ' s only one 
member of the semaphore set. The sec
ond element specifies the operation it
self: In listing 3, this operation value is 
l , which tells the system to increment the 

Listing 4: OS/2 shared memory. 

I* 'Selector for shared sego:ent • / 
SEL, myselec10;. 
** See if shared segment exists. 
u Create it if 1t doesn't.
•/
11h1le( l ) 
if(DosGetShrSeg(" \ \ sharemem \ \ myshrseg" , &myselect ) 
"° ERROR_rILE_NOT_FOUliD) 

( 
1f(DosAllocShrSeg(1000, "share em/ / r.i.yshrseg ", &myselect).•O) 

break; 
} 
else 

break ; 
}
/ • 
** free the shared segment. 
•/ 
Dosf'reeSeg(myse ect) ; 

Independent process 
1 

SHARED MEMORY 

Independent process 
3- - -, 

Independent process 
2 

Figure 4: A region ofmemory that is shared among participating processes. 
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semaphore by l. The third element car
ries a number of flags . 

The example in listing 3 tells the sys
tem to increment a system variable by the 
amount that the operating system asso
ciates with the semaphore and the pro
cess. In this way, if the process dies un
expectedly , Unix knows by what amount 
to readjust the semaphore so that other 
processes waiting on the semaphore will 
not be stranded forever. 

Finally , the program calls semctl() 
to release the semaphore . I should point 
out that you can use semctl() to do 
much more than I've shown in listing 3. 
For example, you can determine the pro
cess ID of the last process to perform an 
operation on the semaphore set , you can 
determine how many processes are cur
rently waiting for the value of a particu
lar semaphore to become greater than its 
present value, and more. 

Shared Memory 
In structure, shared memory is perhaps 
the simplest of IPCs. Shared memory is 
just that-a region of memory shared 
among the participating processes. 

This makes shared memory the fastest 
form of IPC; data doesn't really move 
from one place to another. Data written 
into the shared memory by one process is 
' instantly" available to all the processes 

enjoying access to that memory (see fig
ure 4) . 

OS/2 Shared Memory 
OS/2 serves up shared memory in two 
flavors : global and local. (Because of the 
nature of the host processor, OS/2 docu
mentation typically refers to shared 
memory as shared segments. So that I 
won 't have to bog you down with shared
memory segments, I'll simply use shared 
segments for the rest of this section.) 
When you create a global shared seg
ment , you attach a name to it (as in 
named pipes and sempahores) . There
after, any process that knows the name of 
the segment can also access it. 

Listing 4 shows a fragment of code in 
which a process first looks for a global 
shared segment and then-if the segment 
is not found-creates the segment . 

The code in listing 4 appears convo
luted, thanks to the nature of manipulat
ing shared objects in a multitasking envi
ronment. If the call to DosGetShrSeg() 
fails because the segment does not exist 
(ERROR_FILE_ NOT _FOUND) , the 
if statement falls through to execute 
DosAllocShrSeg( ), which actually 
creates the shared segment. 

However, between the return of Dos
GetShrSeg () and the execution of Dos-
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Listing 5: Unix shared memory. 

lr.t st.mid; f Shared memory identifier • / 

char *shmloc; / 1t Address ;.•here shared me)llory ,is mapped • / 

r• 
~• C!'eat e a l K- 'byte shared memory segmeD":. 
I 

shmid·s~.rnget(SHMKEY 1 1021., I PLCREAT I IPLEXCL I \/MODE ) l 
!• 

i At. ach it to our memory space . 
u A second argument of 0 means 1.1e' 11 l e t Unix decide where ~o

'* map the bl ock.
'* \le can access the memory ~hrough pointer var i able shmloc . ., 
shm oc=shmat ( shmid, (ohar )O,O); 
I 
H Detach the •hared memory block and release it. 
~ 1 
shmd ( s~.rnloc ) ; 
shmctl (s hmid, f?C.-R¥. ) J 

memory block as it would any other 
memory region. 

At its completion. your program " de
taches ' the shared-memory block using 
a caJJ to shmd't(). This call doesn't actu
ally destroy the hared-memory block; it 
simply removes the caller's ability to ac
cess the memory. You have to ca ll the 
shmctl() routine to free the memory. 

. Typically , the task that built the shared
memory block in the first place. will be 
the one to remove it. 

1've given an example of creating and 
using a shared-memory block in listing 
5 . The listing is very brief. Usually , you 
will want lo associate a semaphore with a 
shared-memory block and use the sema

AllocShrSeg ( ) , there is a small chance 
that another process might be switched in 
by OS/2 and create the shared segment. 
Uthat happens , when the program oflist
ing 4 resumes. the DosAllocShrSeg () 
will fail with an ERROR_ ALREADY_ 
EXISTS return code. Hence, the while 
loop, which reattempts the DosGetShr
Seg () call and solves the problem. 

OS/2' s local shared egments are de
signed to be more secure than global 
shared segments. You don ' t reference the 
segment by name; you reference it by a 
segment selector. Since no globally ac
cessible name is available for the seg- . 
ment, the process creating the shared 
segment can control which other pro
cesses have access to the segment. 

For example , I can create a local 
shared segment of 1000 bytes with a call 
to the following : 

DosAll ocSeg ( lOOO,&mysel, 
SEG _GIVEABLE); 

where mysel will hold the selector to the 
created segment. Of course, the segment 
doesn't become shared until I give it 
away. 

To do this, I have to build a selector 
that the other process can use to access 
the segment. I do this with the following: 

DosGiveSeg (mysel,h isid, 
&hissel) 

where hisid is the ID of the process to 
which I want to allow access to the seg
ment. Upon return , the variable hissel 
holds the selector that I can now pass to 
the process identified by hisid. (Ironi
cally , I would have to construct some 
other form of IPC [e.g. , a named mes 
sage queue or global shared segmentJ to 
pass the selector to the other process.) 

The above example isn't the only way 
to manage local shared segments. I chose 
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to allocate the segment with attribute 
SEG_GIVEABLE, which means it's my job 
to create the selectors that get passed to 
other tasks. 

I could have created the segment with 
attribute SEG_GETTABLE, in which case I 
would pass other processes a copy of my 
selector, and it would be their job to con
vert that selector to one they could use 
(via a call to DosGetSeg ()). 

local shared segments 
are more secure than 

global shared segments. 

Unix Shared Memory 

Unix System V makes no distinction be

tween loca l and global shared memory 

(as in OS/2). 


If I were to use OS/2 terminology. 
shared memory in Unix is always global. 
When you create a shared-memory 
block , you as ociate a facility key that 
has the same form as I de cribed in the 
section on Unix semaphores. Any other 
process that knows the key can attach it· 
self to the shared-memory block. 

You use the s hmget ( )° call to create a 
shared-memory block. If s hmget ( ) com
pletes successfully , it returns an integer 
handle to the shared memory. 

Your program then passes this handle 
to the shmat() function , which " at
taches" the memory block to your pro
gram and returns a pointer to the starting 
address of the shared-memory block . 
Your program can read and write into the 

phore to coordinate acces s to the 
memory. 

As with the semaphores , Unix asso
ciates a structure with every shared
memory block that the tasks create. Th is 
structure carries information regarding 
the shared-memory segment (e.g. the 
ID of the process that created the shared
memory block and the current number of 
attached processes). Although in the ex
ample in listing 5 rve used shmctl() 
only to release the shared-memory truc
ture you can use that function to manip
ulate information in the structure that 
Unix associates with the shared-memory 
block. 

Message Queues 
Actually , I have already given a cursory 
de scription of message queues. They 
first appeared last month when r talked 
about Desqview's mailboxes. Also , in 
OS/2, named pipes can do much of the 
work of message queues . 

The message queue derives its name 
from its FIFO characteristics . Usually. 
however operating systems provide ways 
to let important messages "cut in" the 
queue ahead of current members. 

OS/2 Queues 
OS/2 queues are not re tricted to FIFO 
ordering of elements. When you create a 
queue, you can select the orderi ng to be 
one of the following: 

• 	FIFO-which is a typical queue 
(see figure 5a) 

• last-i n/ first-out (LIFO)-which 
cau es the queue to behave like a 
stack (see figure 5b) 

• element priority-The sending 
process can attach a priority to 
each message item. When the 
receiving process requests OS/2 to 
pull the next item off the queue , the 
operating system will select the 
item with the highest priority first . 
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As with other named items, when you 
create a message queue , you must give 
OS/2 a unique file-type name to asso
ciate with the queue . The name must be
gin with the string \ \ queues \\ , so a call 
to create a FIFO queue named "my
queue " looks like the following: 

DosCreateQueue(&qhand, 
QUE_FIFO,' ' \\queues 

\ \ myqueue' '); 

where qhand is a variable that will hold 
the queue handle when the cal I returns. 

The creator of the queue is the only 
process allowed to remove elements from 
the queue . Other processes can write ele
ments into the queue, but before they do , 
they must open the queue with the fol
lowing call: 

DosOpenQueue(&qowner,&qhand, 
1 ' \\ queues \\ myqueue'') 

where qhand is the handle (as above), 
and qowner is a variable that receives the 
process ID of the queue's creator. Your 
program can then issue a write request to 
the queue with something like the follow
ing: 

DosWriteQueue(qhand,rqid,8, 
' 'A Message' ' , priority); 

The first argument is the handle. The 

second is a program-supplied request/ 
identification field that your programs 
can use to support any sort ofprivate pro
tocol you dream up . The third argument 
is, obviously, the length of the message
a pointer to which follows as the fourth 
argument. The fifth and final argument 
is the priority , which can range from 0 to· 
15 (highest priority) and sets the mes
sage's element priority. As you might 
guess, the system recognizes the final 
argument only if the queue is an element
priority type. Otherwise , you read items 
off the queue in FIFO or LIFO order. 

You read a queue with the following 
call : 

DosReadQueue(qhand,&reqinf, 
&size,&qelement,O,DCWW_WAIT, 
&priority,NULL); 

which has a boatload of arguments . The 
first is the queue handle · that 's easy. 
Next comes a structure that carries re
sults of the read request (information like 
the process ID of the source of the mes
sage). The size variable holds the num
ber ofbytes of the queue element the pro
gram has just read. Next is a pointer to 
the buffer that will hold the queue ele
ment. The next argument indicates which 
member of the queue you want re
trieved-for the standard FIFO queue , 
the argument is ignored , so I've set it to 
zero. I used DCWW_WAIT to tell OS/2 that r 

FIFO AND LIFO QUEUES 

b)a/ 

Last-in/first-out 

First-in/first-out 

Figure S: (a) As with a pipe, the first data written to a first-in/first-out message 
queue is the first data read out by another process. (b) The last-in/first-out message 
queue is like a stack; the last data written to a LIFO message queue is the first data 
to be read. 
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Smasher-860. It del ivers super-computer 
throughput, running in an ISA bus, for about the 
price of a 486 system. With Number Smasher
860 and N DP C or Fortran-860, you can recom
pile all of your C or FORTRAN programs and 
run them in any 286, 386, or 486 AT system. 

MicroWay's compilers come with the features 
you need to simpl ify porting to the 32-bit mode 
of the 386, 486, or i860, including a 99% VAXJ 
VMS compatible FORTRAN and a dual dialect 
C which is UNIX System V and ANSI compatible. 
Each NOP compiler is designed to take maxi

386, 486 & 1860 Compliers 

Our NOP family of compilers generate globally 
optimized. mainframe quality code that runs on 
the 386, 486 or i860 in protected mode under 
UNIX, XENIX, or extended DOS. The com
pilers address 4 gigabytes of memory while 
supporting the 80287, 80387, Weitek, and 
Cyrix coprocessors . Applications can mix code 
from all three compilers and assembly lan
guage.To simplify your ports , we have just 
released a full -featured, windowing symbolic 
debugger, CtearView-31486, that works with 
DOS versions of NOP 386 and 486 compilers. 

NOP Fortran,... is a full F77 with F66 and DOD 
extensions that is 99% VMS compatible. 
NDPC™ runs in two modes- K&R with Sys V 
and MSC extensions or 100% ANSI as 
validated by Plum Hall. 
NOP Pascal,... is a full ANSI/IEEE Pascal, with 
extensions trom C and BSD 4,2 PascaL 
NOP C++™is a fully AT&T 11.2.0 compatible 
C++ compiler (not a preprocessor) that con
tains a full ANSI C compiler as a C++ subset. 

NDP-860 compilers ......... each $1995 
DOS 386SX versions.NOP Tools included $595 
DOS 386 versions-NOP Tools included .$895 
DOS 486 vers ions-NOP Tools Included $11 g5 
UNIX/XEN IX versions ............ CALL 
NOP VMEM Virtual Memory Manager $295 
Eclipse or Phar lap Tools ..... .... . $495 
NOP link - Incremental Linker .... .. . $295 

ClearVlew-31486 Debugger™.......... $395 
NOP Win dews™ library: $125, C Source: $250 
NOP Plot™ . ......... . ...... ..... .. $325 
NDP/FFT™NDP or BOx87 version . .. ea. $250 
NOP to HALO '88 Graphics Interface $100 
Media Cybernetics' Halo '88 ..... . .... $395 

N DP NAG™ Workstation library is a subset of 
the NAG mainframe libraries . It contains 172 
routines designed to solve differential equa
tions and eigenvalue problems, perform matrix 
operations. fit curves, do statistics and regres
sion analysis, etc ..... _.. . .. ... ....... $895 

RAMpak™ Your Compaq! 

RAMpak™ - one or four meg 32-bit memory 
expansion module for Compaq Deskpro 386 
20/25 One meg .. $150, Four meg . . $400 

mum advantage of 32-bit protected mode 
operation, including the 4 gigabyte address 
space of the processor, plus access to 
coprocessors from Intel , Weitek and Cyrix. 
Each compiler includes a library of 135 charac
ter and pixel oriented graphics routines that 
automatically detect and support the lull range 
of PC display adapters. In addition, we carry a 
full line of third party libraries and utilities that 
were ported with our languages. 

The new releases of our languages include a 
linker that uses incremental links to speed up 
building very large programs. a new inlining 
facility that makes It possible to inline functions 
in any of our languages (this is an especially 
important C optimization) and a true C++ com

NumberSmasher-860™ 

The Number Smasher-860 is the highest perfor
mance coprocessor card ever to run in an ISA 
or EISA bus or as part of a transputer system. 
Delivers up to 80 million floating point operations 
per second at 40 MHz and produces over 10 
double precision Unpack megaflops. The board 
comes standard with an ISA interface. two 
transputer link adapters. your choice of NOP 
Fortran, C++, C or Pascal for the i860 running 
under MS-DOS or UNIX. plus 8 megabytes of 
high speed memory . .. .. •.. 33 MHz $6995 
40 MHz $9200 32 MB version: add $5000 

Parallel Processing 

MicroWay's IBM compatible Monoputer, Ouad
puter, Videoputer, and linkputer boards work 
together using lnmos transputers to provide 
expandable, plug-in mainframe performance 
for your desktop PC. 

Monoputer™ - Includes one T800 and up to 
16 meg of RAM for parallel code development. 
The 4 MWhetstones T800 makes it the ideal 
FORTRAN engine for cost-effective execution 
of yourmainlrame programs ....... from $1145 

Ouadpuler™ - This board for the AT or 386 
can be purchased with 1 to 4 transputers and 
1 or 4 meg ol memory per transputer. Two or 
more Ouadputers can be linked together to 
build networks of up to 100 or more transputers 
providing mainframe power .. .... . from $1845 

linkputer™-Links up to 8 boards to provide 
dynamic transputer topologies . . . . . , . . . $1500 

Transputer Compilers and Utilities 
These parallel languages are designed lor use 
with the Monoputer, Ouadputer and Videoputer. 
Logical Systems Parallel C . , ...... _$595 
3l Parallel C, FORTRAN, or Pascal ...$895 
TBUG - debugger for 3l compilers . . ,$330 
Parsec Parallel Cldynamic .........$1500 
ParaSoh EXPRESS - Includes transputer 
communications libraries, parallel code 
development library , C source level debugger. 
and system performance monitor .. . ..... $1500 
Helios PC/s .... . ....... . ........$1250 
Nexis Windows File Server........ . $495 
T800/NAG™ - Port of the complete NAG 
mainframe library. Contains 268 functions: $2750 

piler that is AT & T version 2.0 compatible . NOP 
C++ contains a lull ANSI C compileras a subset 
NOP C is your r.hoice if you have to compile a 
mixture of ANSI , UNIX V, or K&i=I Capplications. 
Finally, ClearView, our new symbolic debugger, 
uses windowing and a C-like interpreter with 
FORTRAN extensions that make it easy to 
debug C or FORTRAN programs without 
resorting to an assembly language debugger. 

MicroWay is still your best source for numeric 
coprocessors and accelerators. Cati for your 
free copy of "The State of PC Numerics in 
1990" by Stephen Fried . 

For more Information, please call our Tech
nical Support Dept. at (508) 746-7341. 

NumberSmasher-486™ 

Personal Workstation magazine, June 1990. 
said. "The Number Smasher-486 lives up to its 
name. Its numeric performance exceeds that of 
all 25-MHz systems we've tesred to date. fl gives 
you top 486 performance for the best price. · 
NumberSmasher-486TM is a 25 MHz replace
ment motherboard for ATs and 80386s. This 
motherboard supports an optional Weitek 4167 
numeric coprocessor and up to 16 megabytes 
of memory. Running with a 4167. our design 
delivers up to 10 megaflops . The Number 
Smasher-486 is priced from $3195. 

Math Coprocessors 

WEITEK, INTEL, CYRIX 
4167·25 . ' ........... ' . . ... . . ... $995 
4167·33 .. . . ' . . .. . . . ... ' . . . . . - . . .$1295 
3167-201-25/-33 .. ' .. - ' - . . $495/$795/$995 
mW1167 Micro Channel-16120 .. from $495 
mW3167 Micro Channel-25133 .. from $1295 
mW3167/80387 Board .. _...... ... . $200 
8087 .......$80 8087·2 ....... $115 
80287-8 .... $185 80387-16SX .. $280 
80387·16 ... $295 80387·20SX .. $300 
80387-20 .. . $345 80387·25 ..... $439 
80287XL . . $210 80387·33 .... $540 
287Turbo·20™ . , .. , . . . . .... • . ... $345 
Cyrix CX83087FasMath™ SX16MHz $275 
20 MHz: $375 25 MHz: $460 33 MHz: $570 

386 Your AT! 

FASTCache-SX™ - The most cost effective 
accelerator we have ever manufactured. Plugs 
into the 286 socket. speeding Up all applica
tions by a factor of 2 to 4. Runs all 386 applica
tions. OS/2 and Windows 3.0. Features a 16 or 
20 MHz 80386-SX. a 4-way 32Kcache (expan
dable to 64K) and a math coprocessor socket 
16MHz: $495 20 MHz: $595 

NUMBER SMASHER-386™- This lull-sized 
card replaces the 80286 microprocessor on your 
IBM AT or compatible motherboard with an 
80386 that runs at 20 or 25 MHz. It runs numeri
cally 1ntensi\le applications up to a factor ol 60 
ti!'1es laster. while maintaining full hardware and 
software compatibility when running all 386 ap
plications. Options include 64K of high speed 
cache memory, up to 8 megabytes of 32-bit 
memory, and an Intel 80387, Weitek, or Cyrix 
numeric coprocessor .. , .. . .. . .. .... from $895 

World Leader in PC Numerics Micro 
Corporate Headquarters P 0 Box 79. Kingston. MA 02364 USA 15081 746-734 tVVay 32 High St .. K1ngston - Upo11- Thames. UK 81- :>41·5466 USA FAX 15081 746-4678 

Germany 069- 75 · 2023 llalv 02 74 90 749 , lo/land 40 836455 Japan 3 222 0544 
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HANDS ON 

SOME ASSEMBLY REQUIRED 

want to wait for an item to appear on the 
queue (if it 's empty). 

The priority variable carries the ele
ment's priority that was set by the sender 
in DosWriteQueue( ) . The last argument 
usually carries a system semaphore han
dle that can control access to the queue. 
However, it's ignored because I chose 
DCWW_WAIT. 

As a final tidbit , there often comes a 
time when you want to see what ' s on the 
queue without actually taking anything 
off it. You can use DosPeedQueue() for 
the job . 

Unix Queues 
In Unix, the creation and manipulation 
of message queues looks a lot like what 
I've already described in the sections on 
semaphores and shared memory. Mes
sage queue are identified by a facility 
key that is available systemwide. 

By now, you've probably become fa
miliar enough with the Unix conventions 
for working with IPCs that I won't have 
to go into much detail. You create a mes
sage queue with a call to msgget(); you 
release the queue by calling msgctl (). 
As with semctl() and shmctl( ) , 
msgc t l( ) provides access to system
maintained status information associated 
with the queue. You can use msgctl() to 
determine such information as who 
created the queue, how many messages 
are on the queue, who last wrote to it, and 
who last read from it. (OS/2 has a coun
terpart to this routine in its DosQuery
Queue () system call.) 

Items ent through the queue are two
member structures. The first member is 

V aucanuse 
the message type field 

to impose ordering 
on the items in a queue. 

a long variable that identifies the mes
sage type. Ordinarily , Unix doesn ' t pay 
attention to this field, so your program 
can make whatever use of it you deem 
appropriate. 

However, a process reading items 
from a queue can request the operating 
system to return the first item whose 
message type field is set to a particular 
value . So you can u e the message type 
field to impose ordering on the items in a 
queue . 

An example would be to designate a 
particular message type as being an "im
mediate attention" message. In that way, 
any process reading from the queue 
could check for such messages and han
dle their requests first. 

The second member is simply an arbi
trarily long array of characters. Your 
program can impose any structure on a 
message element it wishes . 

The operating system doesn ' t care-it 
just treats them as a string of bytes. You 
send a message using the msgsnd() rou
tine and receive a message using the 
msgrcv () routine. 

On the Menu 
The source code for this month is a good 
illustration of Unix semaphores and mes
sage queues. (The source code is avail
able through the usual sources; see page 
5 for details .) It is the database simula
tion portion of BYTE's Unix benchmark 
programs and is composed of two source 
code files. One is a server program that 
builds a pair of message queues and a 
controlling semaphore. The program 
then launches a number of client pro
cesses (using the Unix fork( ) routine) . 
The client processes begin making ran
dom database requests (i .e., read a rec
ord write a record, or update a record) to 
the server. 

One message queue acts as the client
request channel; the other is the server
response channel. When a client sends a 
request message, the program places its 
process ID in the message type field (de
scribed above) . The process ID stays 
with the request, so the server's respond
ing message also carries the process ID 
in the message type field. Consequently , 
even though several clients are reading 
from the same queue, each can extract 
the appropriate response. • 

Rick Grehan is the director of the BYTE 
lab. He has a B. S. in physics and applied 
mathematics and an M. S. in computer 
science/mathematics from Memphis 
S1ate University. He can be reached on 
BIX as "rick_g." 

Your questions and comments are wel
come. Write to: Editor , BYTE, One 
Phoenix Mill Lane, Peterborough, NH 
03458. 

Screen Manager Professional, lhe advanced interface 
design library for Cprogrammers, gives your applications: 

iWindows i Keyboard Support
Menus Context Sensitive Help 
Mouse Support Low RAM Overhead I High Speed 

To order SMP call: : Magee Enterprises, Inc. 1-800-662-4330 
Demo Available: 404-446-0271 

BBS: 404-446-6650 
See us at (f)COMDSK!Fal '90 November 12-16, 1990 I Las Vegas, Nevada 
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SYSTEM V RELEASE 4.0 

Other companies currently may be offering UNIX System V for 386'"/486"' computers. U you're running XENIX® or BSD, 

Release 4.0 to "qualified" software and hardware developers, Release 4.0 offers complete application compatibility. 
but ask them about a commercial release and it's quite a UHC UNIX System V is available as a complete package or 
different tory. ''.A.round the end of the year;' they say. Or, in four modules, including an X Window System'" module that 
maybe, "early next year." features both the OPE LOOK'"' and OSF/Motif"' graphical user 

But right now, 

c: 

~ 
I 

I 
I 

--

interfaces. 
UHC UNIX System You don't have 
V Release 4.0 is to wait to make the 
available! To move up to the 
anybody! And, latest and greatest! 
with complete Call UHC today to 
printed docu order the only U X 
mentation, too. System V Release 

UHC UNIX 4.0 package now 
System V Release commercially 

available. 
release of the UNIX 
operating system 

3600 South Gessner 
Houston, Texas 77063 

4.0 is a major new 

(713) 782-2700 
FAX (713) 782-3377 

FOUNDATION SET NOW $895 
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Intelligent 
multiport, 

supports RS-422 

SmartLynx AT™ intelligent 
4-port serial adapter for PC-AT 
and compatibles supports 
RS-422 and most multi-user 
operating systems. On-board 
processor takes burden off CPU. 

For order info, call: 
1-800-553-1170 

"GUATECH 
662 Wolf Ledses Parkway 

Akron. OH 44311 

PC·AT is a trademark of IBM Corporation. 

Orth 240 on IWJlkr Service Card 

Synchronous 

Communication 

Boards for AT 


Quatech synchronous/ 
asynchronous serial boards for 
PC-AT and compatibles support 
RS-232 , RS-422 , and RS-485 
communication. 

Call for our free 

PC Interface Handbook: 


1-800-553-1170 


"GUATECH 
662 Wolf Ledge> Parkway 

Ak ron. OH 44311 

PC-AT and PC a.re registered 
trademarks of IBM Corp. 
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Joystick 
Adapter 
for PS/2 

GPA-1000 works with 
IBM Micro Channel for PS/2 
Models 50,60, 70, and 80. Connect 
two joysticks or four paddles. Also 
compatible with IBM Game 
Control Adapter for PC-XT and AT. 

Call our toll free order line: 
1-800-553-1170 

"GUATECH 
662 Wolf Ledses Parkway 

Akron . OH 44311 

IBM. Micro Channel. PS/2, PC-XT. AT. 

and Game Control Adapter are trademarks 


or registered trademarks of IBM Corp. 
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Eight Serial 

Ports 


One Board 

Quatech's ES-100 provides eight 
RS/232 serial ports in a single AT 
slot. RJ-11 modular connectors. 
16450 UARTS are standard. Optional 
buffered 16550 UARTS. PC-AT, ISA, 
or EISA compatible. Priced below 
$500! Quantity Pricing Available! 
Call for our PC Interface Handbook: 

1-800-553-1170 

"GUATECH 
662 Wolf Ledges Parkway 

Akron . OH 44311 

PC·AT is a trademark or 
registered trademark of IBM Corp. 

Cln:k 241 011 IWJlkr Serviee Card 

Communications 

Data 


Acquisition 


"PC.AT (ISA) Interfaces" 

"PS/2 Micro Channel Interfaces" 
C)GUATECH 

Phone: (216) 434-3154 •FAX:(216) 434-1409 

TELEX: 510·101·2726 


PC-AT. PS/2 and Micro Channel are 
registered trademarks of IBM Corporat ion. 

Orth 244 on IWJlkr &rviee Card 

2 parallel, 

2 serial, I board 


Quatech DSDP-402 for PC-AT 
has two parallel ports, and two 
serial ports for any combina
tion of RS-232, 422, and 485 
communication. DSDP-100, 
two parallel and two RS-232 
ports, available at lower cost. 

For order info, call: 
1-800-553-1170 

QGUATECH 
662 Woll Ledges Parkway 

Akron, OH 44311 
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RS-422/RS-485 
Boards for AT, 
Micro Channel 

RS-422/ RS-485 asynchronous 
serial communication boards from 
Quatech available in I to 4 ports 
for PC-AT and compatibles and 1 
to 4 ports for PS/2 Micro Channel. 

Call for our free 

PC Interface Handbook: 


1-800-553-1170 


"GUATECH 
662 Wolf Ledses Parkway 

Akron. OH 44311 

PC·AT. Micro Channel . and PS/2 are trade
marks or registered trademarks ol IBM Corp. 
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Digital 

I/OBoard 


Single-slot Quatech PXB-721 for 
PC-AT has 72 digital 1/0 lines. 
Connect three choices of data 
acquisition modules. Supports 
Labtech Notebook':" 

Call for our free 

PC Interface Handbook: 


1-800-553-1170 


QGUATECH 
662 Woll Ledges Parkway 

Akron, OH 44311 

LabTech otebook is a trademark of 

Laboratories Technologies Corp. 
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The WSB-100 Wave Form Synthe
sizer Board from Quatech has the 
best set of numbers in the market. 
With speed to 20MHz and a 32K 
memory at $1290, it 's making 
waves in more ways than one.The 
WSB-100 is also a star performer 
as a digital pulse/word generator 
with the optional digital module. 

Call for our free 

PC Interface Handbook 


1-800-553-1170 

~GUATECH 
662 Wolf l...tdges Patk'-'·ay 

A ron. OH 4 ~311 
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Catalog Showcase 

Jameco Electronics 


Hello Direct 


• Jim.Lo 
~~~-:P....a:~~~

~ pnr.id< lho°"""""*"' "Xlls 
tDdo butDis l»tmrlf!° 

•hm)Qlsrt.. .. 

30-day Money-back Guarantee ... 
Large Selection, Competitive Price.s.. . 
High Quality Technical Assistance ... 

Our staff of 30 technicians is on hand eighl 
hours a day to answer your technical 
questions before and after your purchase. 

99.99% of all Products are in stock ... 
Jameco stocks over 4,000 different prod
ucts. 99.99% of these products are avail
able for off-the-shelf shipment at any time. 

Fast Shipment ... 
Most orders sh ipped within 24 hours. 
Guaranteed shipment within 48 hours for all 
in-stock items. 

1-415-592-8097 
Circle 342 on Reader Service Card 

Business Telephone Accessories Catalog 

ew 40-page catalog from Hello Direct 
features the latest products for today's 
business telephone user. Included are 
headsets for executives, managers, and 
telemarketers; fax machines and accessories; 
cellular phones, service and accessories. Also 
included are call amplifiers, cost control 
devices and home office products. Ql 144 

Call for free subscription, toll-free: 

1-800-444-3556 

Grefe 159 on Reader Service Card 

Programmers Connection 

"An Indispensable reference• 

TH E CO ECTIO is your Ultimate Buyer's 
Guide to the highest quality software 
available for your IBM PC. You'll find its 
easy-to-use cross references wi ll guide you 
to a description of EVERY product including 
its system requirements, cross product 
compatibility, version numbers and more. 
THE CO ECTIO is the Only software 
reference guide you'll ever need. 

Call for your FREE copy! 

USA 800-336-1166 

CA ADA 800-225-1166 


FAX 216-494-5260 
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Virgin Mastertronic 

Computer games publisher offers exciting 
new visions and bestselling classics. Play 
popular board games such as Monopoly, Risk, 
Deluxe Scrabble and Clue Master Detective 
on your home computer. Experience the most 
addictive strategy game since Tetris with 
SPOT The Computer Game. Play the 
incredible new windowed adventure 
Wonderland, hailed by the press as one of the 
most innovative games this Christmas ! And 
live Spirit of Excalibur, the epic Arthurian FRP 
game. It's computer entertainment at its best. 
Just in time for Christmas! 

714-833-8710 
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Annabooks 

Send for Annabooks' free catalog of PC
compatible engineering products. ~ ......._ 


The newest publ i cation, "AT Bus 
Design,'' has the official timing information ~ ii! AT BUS i for the AT bus and the 8- and 16-bit parts of 

~ II DESIG:\ the EISA bus. Over 200 pages and 100 
~ diagrams. Author is member of IEEE P996.•... . . 

Available now for $69.95. VISA, M/C, ~- 11•- .,.11 Amex, COD, P.0 .s OK. 
Annabooks, 12145 Alta Carmel Ct. ~ ..

#250, San Diego CA 92128 ~ m.m- 1-800-462· 1042 FAX 619-592-0061 
.~ -.
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Migraph 
Color & Monochrome Hand-held 
Scanners 

ow you can scan images quickly. 
Accurately. In exquisite detail-and 4096 
colors, grayscale, or B&W, with one of 
~igraph's cost -effect i ve hand-held 

scanners. Our literature provides the 
deta i ls you need to make an i nformed 
choice. Available for the IBM PC, Amiga, 
and Atari ST. Dealer and OEM inquiries 
welcome. 

Call 9 AM-5 PM P.S.T. 
206-838-4677 1--800-223-3729 
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EXIDE ELECTRONICS 
Over half of all computer problems reported 
today are caused by power surges, sags or 
brownouts. These Ructuations in power can 
cost a business thousands or even millions of 
dollars in lost systems availability. 

Enter Exide Electronics. We're the world 
leader in the development and production of 
power protection products and services. 

Our Powerware* Systems continually 
fi lter and condition commercial power to 
keep your computer operating smoothl y and 
without interruption. And in an emergency 
Powerwa re Systems allow a controlled 
shutdown. 

Call 1-800-554-3448 for a free brochure. 

Circle 129 on Reader Serrice Card 

Boffin Limited 
THE LAPTOP SOURCE 

COMPETITIVE PRICI G 


QUALITY SERVICE & SUPPORT 

• We Carry: Chaplet, Commax, Epson, 

Fora, Hyundai, Mitsubish i, EC, 
Packard Bell, Panasonic, Samsung, 
Texas Instruments, Toshiba, Zenith 

• A complete line of Boffin Laptops also 
available 

• Authorized Service Center: Epson, 
Hyundai, Toshiba and Zenith 

For free product catalog, call or write 
Boffin limited, Attn : Kari Wujek, 2500 W. 
County Road 42, #5, Burnsville M 
55337. 

612-894-0595 
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Intel Development Tools 

Choosing the right atchitecture and devel
opment support are two of the most impor
tant decisions you face today. For success
ful microcomputer development, Intel offers 
you the total solution with the most up-Io
date and powerful tools available. 

And we also offer you the easiest way to 
buy. Our Development Tools Catalog lists 
all our tools products in one guide. Call us at 
1-800-874-6835, or FAX us at 503-696-4633 
to get your free copy today. 

Intel Corporation, Development Tools 
Operation, 5200 NE Elam Young Parkway, 
JFl-15, Hil lsboro, OR 97124 

1-800-874·6835 FAX 503·696·4633 
Circle 181 on Reader Service Card 

Businessland Direct 

The most convenient, quick and inexpensive 
source for your complete business computer, 
supply and accessory needs. The Businessland 
Direct catalog features more than 1,000 
products from 750 top manufacturers, with 
factual and comparative product information 
organized to help you make educated buying 
decisions for your company. 

Call and ask for the free Businessland 
Direct catalog, and start getting computer 
product pricing and selections designed 
especially for business. 

1001 Ridder Park, San Jose CA 95131 

1 ·800·551 ·2468 
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DATAWARE 

MaxiMarke~ SuperLabels"' are the world 's 
first premium re-usable labels. Original and 
creative, SuperLabels are unique because 
they are permanent, yet infinitely changeable. 

Informat ion may be written on the 
durable laminated stock, but then it can be 
easily changed without affecting the 
appearance or surface of the label. 

MaxiMarker SuperLabels are available 
for all types of magnetic media for office 
and home. Send for informat ion on 
DATAWARE's full line of products 

1 ·800·426-4844 FAX 713-432-1 385 
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The Card Shop 

The Memory Board Experts at The Card Shop 
would like to introduce ourselves through 
some of our better-known associates, for 
example: PARITY PLUS by MEMREL, I TEL, 
AST, DFI and the exciting new offering 
everyone's talking about, WI DEX. 

We invite you to call and talk to our 
knowledgeable, courteous staff about any of 
your memory board needs. 

You'll also appreciate our Ten-Day, 
Money-Back Free Trial, Generous Warranties 
and Commitment to Excellence in all of the 
product lines that we carry. 

1 ·800-346·0055 FAX 602·948·8458 
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Lyben Computer Systems 

Computer Supplies and Accessories 

al Discount Prices 

Over 3500 Items 

93 % of Orders Shipped Same Day 


Many Hard·to·Find Items 

30-Day Return Policy 


A unique catalog company with a 
personal touch . Circle reader service to 
rece ive a free 100-page Introductory 
Catalog with special offers. 

1-313·649-4500 FAX 313·649·2500 
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with Macintosh SE and II computers. 

1 ·800-344-4723 
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National Instruments 


Dispensamatic Label 


GTCO 


~~~88 and VXJbua ~ontrol 51 
• ... AcqulalUon •nd An.tlys r~ 

Affix All Types of Pressure Sensitive Labels 
Fast and Efficiently 

A complete selection of semi -automatic 
and manual dispensers offer reliable 
troub le-free affixing of all types of 
computer printout or printed roll labels 
without the need for technically trained 
mechanics or ski lled operators. 

For iull information: Dispensa-matic 
Label Dispensers, 725 orth 23rd Street, 
St. Louis, MO 63103. 

1·800·325·7303 or FAX 314·621-1602 

Circle l/5 on Reader Service Card 

GTCO manufactures the following 
digitizer lines: SketchMasterrn, a high
resolution, low-cost digitizer available in 
both 12" x 12" and 12" x 18' sizes; DIGI· 
PAD~ Super L SERIES'", lightweight, high
resolution digitizer ranging in size from 
17" x 24" to 42" x 60"; and Macintizer 
ADBTM, a 1 2" x 12' digitizer compatible 

Free 488-page full -color catalog describing 
instrumentation hardware and software 
produc1s for personal computers and 
workstations. Application software for data 
analysis and presentation and for 
collecting data using instruments and plug
in boards. Features GPIB interfaces, data 
acquisition and DSP boards, driver level 
software, signal conditioning and VXI 
controllers. 

1·512-794-0100 

Circle 250 on Reader Sen•ice Card 
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FOR 386, 286 & PC 
Mo0em2~Pllm. SlitlfuMoc!<m~Slms9 
64t'l(PCMemolyC"11 129 2!.llJ,llemoryc.id 199 
MGI' Gnolwc ~+P/p0<1> S 25 16 Bits 800<600 IQ c.id S 72 
J(T HM)() JO COtdtoller s 32 IJ H(l'fl) C"1I l.'J!,!/Rll 189'1!9 
J(T LO (FISil'.tA:I S 29 IJ 1.0 (SIP.GL IS/2S 119"!5 
l(!.t(1286.t2Ml8olf0 S6$'\30 386SX·tiMl8oartl $360 
Jif>25MKZ M/Solld S69919S JaS.33 &<K c.c.ie M/Solld S890 

fC>!l fofComplolll'llcoUst ll f l 

KOPEC INTERNATIONAL CO. 
838 N. Glenville Dr., Richardson. TX 75081 

Order: -- Teel : 214-901-1951 fu; 214-907-19'3 

Inquiry 706. Inquiry 711 . 

BAR CODE 

LABELING SOFTWARE 
On EPSON . IBM, OKI d01 matrix or L.aserJOI. Flexible 
design on one easy screen . A.rry formaVsize. Up to 120 
fields/label. 18 text sizes lo 3<readable at 100' • .AtAG, 
MIL·STO, 2 of 5, 126, UPC/EAN, Code 39. Fiie Input & 
Scanned logo$/Symbols (PC -$279. 01her rograms 
lrom $49. 30-<lay SS back. 

Worthington Data Solutions 
4t7-A I s SI S."8 Ctu~ CA 95060 

(408) 458·9938 (800) 345-4220 

--

I 

A Directo'iy. of Products and Services 

.. 
THE BUYER'S MART is amonthly advertising section which enables readers 

....... 
to easi ly locate suppliers by product category. As a unique feature, each 
BUYER'S MART ad includes a Reader Service number to assist interested 
readers in req uesting information from participating advertisers. 
Effective January 1, 1990. 
RATES: 1x-$590 3x-$550 6x-$525 12x-$475 24x-$450 
Prepayment must accompany each insertion. VISA/MC Accepted. 
AD FORMAT: Each ad will be designed and typeset by BYTE.Advertisers must 

furnish typewritten copy. Ads can include headline (23 characters maximum), 

descriptive text (250 characters is recommended, but up to 350 characters can 

be accommodated), plus company name, address and telephone number. Do 

not send logos or camera-ready artwork. 

DEADLINE: Ad copy is due approximately 2months prior to issue date. For ex

ample: November issue closes ori September 8. Send your copy and payment 

to THE BUYER'S MART, BYTE Magazine, 1 Phoe~ Mill Lane, Peterborough, 

NH 03458. For more information call Brian Higgins at 603-924-3754. 


ACADEMIC COMPUTING 

'166 MHz PC 
Proprietary tecllnologies aJ!oN us to delM!r oor PC oom
patlble wori<slatlon y&a1s al1ead ol lhe Industry. Take ac!
vantege o1 lnexpensM> PC software (vs. UNIX), a.nd the 
performance oor plallorm olle1$. to exec:ute applica!lons 
previously run on minis and supers. We're offering the 
flrsl 5000 ol our 1993 produello<i units a1 wtlolesale pric
in g. EduealionaJ and quantity discounts. 

Eclectech, Inc. 
()op(. •t42, PQ 60>< t2!87 , Resuroh Tr!ongl• Pini, NC 2n09 

Inquiry 701. 

ACCESSORIES 

RADIOACTIVE? 
Plot It oo ~r PC with The RM~ RAOWlON l.!ONIJOR 

~ or printer pon_0..e<U~AlPHA . BETA . GAA!M.\ . X.JU,Y 


MlavR . 1000 ti.,.. tht mo!llllOI\ ot st"""'11 ielver counters. 

Eal)<nl JO< lfllCldng RAOOll GAS. fond sources. 


Pio!: • Baciqlround • ~mlc Rll)S • Cloolcts • _foods 

caJllWrite f()( pc MAGAZINE miew. • !SR • GM T1111e 

l'!SAIMASTER Phone ordefs, Not satisliecl7 full rotund 


Tel: (302) 655-3800 

Aware Electronics Corp. 


P.O. 8ox 4299, Wilmington. OE 19807 $149.50 

Inquiry 702. .. 

CUT RIBBON COSTS! 

A&-ink your printer ribbons quickly a(ld easily. Do all 
canndge ribbons with just one inker! For crisp, black 
professional print since 1982. You can choose from 3 
models : Manual E·Zee Inker - $39.50 

Ele<tric E-Zee Inker - $94.50 
Ink Master (Ele<tric) - $189.00 

1000s of satisfied us8rs. Mon8y.back guarantee. 
BORG INDUSTRIES 

525 MAIN sr.. JANESV ILLE . IA 50647 
1-800-553·2404 In IA: 319-987-2976 

Inquiry 703. 

COMPANION AND EXTENDER 
Place a keyt>oard ano mo111tor up to soo ·"""1 )<>Ur CPU 

with EXTENOER and COMPANION products. Ksep a 

second Keyboard/Monllor at the CPU wi1h COM· 

PAN ION. Supports MOA, CGA, EGA, VGA, PS2. Uses 

slngle '-'" cable. 

PriC<>s start al $149.00 lor EXTENDER and $219.00 tor 

COMPANION 25 h. un~ oomplete. 


CYBEX CORPORATION 

2600.H Bob Wallace, Huntsville. AL 35805 


205·534--0011 fntematlonal Fu #205·534-0010 


Inquiry 704. 

FREE CATALOG 
A complete soutca for al l your computat supplies - media, 


papa~ ca.btes, lurnl1unt, software, ribbotls_, lase,, 

cl&&nlng, FAX supp[les, accessories & morel! 


Orel er Sulk Disks. i00% Warranty 25._Minimum 

5.25" OS/D D 25° 3.5" OS/DO 45° 
5.25 " OS/HD 45° 3.5" OS/HO 99° 
GAAN COMPUTER SUPPLIES 

t86 B Eu Sunl'ly0alc$ lwe. , Carnpoen. CA 95008 

Call (800) 523·1238 


SAM - SPM, Mon·Frl. California time 


Inquiry 705. 

11 

r 

ACCESSORIES 

HEWLETT PACKARD 
Buy - Se/I - 1>11d• 


La.Mr Jet Jl/UD Colo( Pro (7'40)
g:::is: HP 2 Meg.M. Meg ~7$::OXUEXl 

RUQ91<1 Wflt.r 01"11\mL*r VII 
Elocuosa1ic Plot!e<s Cll500 !D sa.)lc 1601 (E Size 

Selonce -· Cet!>o<>ben Scoilc oiij.,_JS" • <a" 1mo1 eo" • 7'2" (3 75) 

T. E. Deaher & AuoclatH 
41 17 Second lwe. S. , Blrmh>gham, AL 35222 

Phone: (205) 591-4747 Fax: (205) 591·1108 
(800) 638-4833 

Inquiry 707. 

ARTIFICIAL INTELLIGENCE 

NeuralWorks Explorer
NeurelWorks Explorer Is a neural ne1 tutorial 
that prOYides Iha nOYice user with a me1hod ol 
learning neural net theory as well as an environ· 
menl in which 10 build practical real time applica· 
lions such as targeted marl<eting, stock predictio~.,. 
process control and more. PC and MAC. Price $199. 
Visa/MC accepted. 

NeuralWare, Inc. 
412·787-8222 

Inquiry 708. 

Software Engineer 

Do Your Own Windows! 


Al last a USP programming emironmen:t whl"eh takes &dvan
tage of a GUI aJ)d protected mode on the PC. Software 

~=~~,:~~~§~~e:=~=~~ 
easy and lnteradive Windows developme~. SoftWare 
E1"9lnaer suppons ODE, GOI. the cllpbO&rd. dialog boxes 
8.l)O men~Sottware Engineer 15 priced at $249.95. 

Raindrop Software Corporation 
845 E. Arapaho. Si.rite 105, Richardson, Texas 75081 

(214) 234-2611 Fax (214) 234-2674 
SH out ad on pag& 222 

Inquiry 709. 

muLISP® 87 for MS·DOS 
Fast, compact, efficient LISP programming environ
ment. muLISP programs run 2 10 3 times faster & 
take ' to VJ the space of other LISPs. 450 Com
mon LIS functions, muJti;Yindo.v ed iti~g & debug
ging, flavors, graphics primitives. lessons & help, 
demo programs, comprehensive manual. 

Soft Warehouse, Inc. 
3615 Harding Ave. , Sul 1e 505. HonoJulu, HI 96816 

(808) 734-5801 

Inquiry 710. 

ARTIFICIAL INTELLIGENCE 

The SoundBytes Toolklt® 
Md unlimited HUMAN SPEECH to your PC pro
gram in QulckBaslc, C or any language. Fun & 
exc~lng-Your program will talk thru standard PC 
Speaker! Includes 24 more sound goodies with 
Source Code. and free 76-page Al Catalog. Specify 
disk size yreferred. $59.95 check or m.o. only. 
Overseas add S10 Postage, please. Guaranteed. 

Thinking Software, Inc. 
4Q.t6 65t~lace , ~i~!i Now Yori< 11:m 

BAR CODE READERS 
For PC, XT. AT, & PS/2, Macintosh and any RS.232 
terminal. Acts like 2nd keyboard~ bar codes read 
as keyed data. With steel wand- $399. Top raled 
in independent reviews. Works with DOS, Xenix, 
N0\1811, Alloy, -ALL software. Lasers, niagstrlpe. & 
slot badge readers. 30-day SS back. 

Worthington Data Solutions 
4'7"' 1ngai1s St Santa C z CA 95060 

(408) 458-9938 (800) 345-4220 

PORTABLE READER 
Ba!tery-<>p8raled, handhold reader with 64K static RAM, 
2"16 LCD display, 32·key keyboard, ReaHlme.Clock. 
Wand or laser scanner. Program pro[!1pts and data. 
checking through tts own keyboard. Easy data transfer 
b'f AS.232 port or PC, PS/2 keyboard. Doubles as 0 · 
Line Reader. 30-day SS back. 

Worthington Data Solutions 
4 7"Jrigalis St Salta Cruz. CA 95060 

(408) 458-9938 (800) 345-4220 

.. 

PRINT BAR CODES/BIG TEXT 


FROM YOUR PROGRAM 

Jldd bar codes and big graphics characters to ~ur pro-
gram. Print from ANY MS-DOS language. Bar codes : 
UPC, EANJ 2 Of 5, MSI , Code 39. Epsoo, Oki, IBM d01 
matrix text up to 1h". LaserJet up to 2". font cartridges 
not required. $179-$239. 30-day SS back. 

Worthington Data Solutions 
-'11'·A \nga;.;s St . Sa..u C , CA 95000 

(408) 458·9938 (800) 345·4220 
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BAR CODE 

BAR CODE READERS 
Keyboard emulation for PCIXT/AT & PSl2's. an 
dones and any RS-232 Terminal. Transparent to 
your operating system. Available with Steel 
wands. Lasers, SIOI & Magstripe Readers. Same 
day shipping , 30·day money-back guarantee 
One-year warranty. Reseller discounts available. 

AMERICAN MICROSYSTEMS 
:1190 A Rogal F'arl<way, Eubess, TX 76040 

(800) 648-4452 (817) 571·9015 FAX (817) 685-6232 

BAR CODE PRINTING SOFTWARE 
• MS/PC DOS SYSTEMS 
• 9 & 24 PIN DOT MATRIX 
• H-P LASER JET/PLUS/SERIES II 
• MENU-DRIVEN or MEMORY RESIDENT 
• CODE 39, I 215. UPC A/E, EAN 8113 
• BIG TEXT & BAR CODE SOFTFONTS 

AMERICAN MICROSYSTEMS 
2190 A. Rogal F'a rkway, Eubess. TX 7li040 

(800) 64a-«52 (817) 571-9015 FAX (817) 68~232 

BAR CODE PRINTING 
Print bar cooes lrom ~r custom program. ANSI C routJnes 
- 11t1<1 print c-39. 125, Codabat, UPC /VE, EAN 8.'13 
1111<1 supplemento. SuPPo<IS ~r.Jel, OKI. and EPSON and 
Cullom printers. - with UNIX/XENIX, MSOOS and 
c<hers. All SOURCE C00E Included. No royalties. Single pat
1em $85. AJI patterns $250. 

Infinity Computer Services, Inc. 
~O. Box 269, Coopersburg, PA 18036 

Voice: 215-965-7699 BBS: 215-965-8028 

Inquiry 712. 

PC-Wand Bar Code Solutions 
Bar codes are easy wi1h a FULL line of readers & 
printers. They plug & play with your existing system•. 
most all malcas of CPU/prlntarltenninal/sollware In }'OUr 
office, store. truck, fadory or warehouse. Our bar code 
DOS programs print on matrix or laser printers. 30 day 
refund, 1 year warranty. 

International Technologies & Systems Corp. 
655-K No~ti Berty St., Brea, CA 92621 

m : (71 4) 99G-1830 FAX: {714) 99G-2S03 

Inquiry 713. 

Introducing ASP BAR CODE READERS 
• ~ ""'RSZl2 ..... ..,,.,.,_ 11("""""'....,,. - Sl95 
· -reai-..,iJO<lr.--S799 
• v.>ro.li>' code-ng<Allll'tcablen...-dl.older- • 

pnc:e.
• fleadS••- l>llCOdeS 
• Workswllll!l.lcomoaii>lo..ioon-..-i:cs.,,,_ 
• 5l<"'-""" bar code -

1
1.Dealer ln quiries welcome. 

PACIFIC MICROSYSTEMS 
2560 'Ith Str..t, Sutt. 214M • hrk•l9y, CA 94710 

(800) 242-5271 {415) 849-4147 

Inquiry 714. 

5-YR. WARRANTY AT PERCON 
PERCON decoders are now covered by a five
year lim#ed wacranty. That means yOtl wonl 
spend one cent replacing yoi.Jr PERCON bar 
code decoder lor five full years. That's reliability 
you can count on• 

PERCON 
2190 W. 11tll Ave. . Eugene.. OR 97402 


Phone: (800) 873-7266 FAX: (503) 344-1399 

SH our •d on page 433. 


Inquiry 715. 

-----THE BUY.ER'S MART~..................;;....._--=~:. 

Cable TV Converters 
Attention Cable Viewers 

Jerrold, Zenith, Oak. Hamlin, 
Scientific Atlantic, Tocom, 

and many others. 

BEST PRICES!! • 1·800-826-7623 
Visa. American Express, MasterCard 

B&B INC., 40308e&u·O-Rue Or,. Eag.,, , MN 55122 

Inquiry 721 . 

Electro-CAD $99 
Oosigned speci1;cally lor sd>errllOics and-.ided l>c>arO 
la)oots, Elactll>CAD p!Oduces h;gh qualrty l>c>arO images on 
siandard dot·mat printa~ up to 11 by 15 Jnches. Virtually 
~ l!Ct8M rep1ots, rubl>er-bancfong, user deli..
imagn, end many ocher features 11\a.ke 'ElecUo·CAD the best 
1ool lo< Ille job"' your oney beck. 

CaU us fOf m<Ke fnformatlon and fast delivery. 

AEROUX Engineering 
32 'Nest Anapamu Sutte 228. Santa Barbara\ CA 93101 

(805) 962-9695 

Inquiry 722. 

CAD-DRAWING VIEWSTATION 
Allows noo-CAD 1,1sers io vtew OfWWJ{'lgs on PCs. ptint. ptot, 
&nach pononaJ ncxes. and hyper'link bll-.i fU.S. Cha1!ge 
views and layer>, .OCCUrat• en1<y -ion.Easy 10 use. 
• Slrtln VIEWIDWO lo< AuloCAO OWG fil..cS295 
• Slrtln VIEW/PLUS IOr DWG. DXF. l'IPGL 1111<1 dBase; S395 
O-topers· ask aboui linkable Slrtln VIEW/LIB. Dealers 
welcome. 

Slrlln Computer Corporation 
225 Lowell Road, Hudson, NH 03051 

(603) 595-0420 

Inquiry 723. 

CAD/CAM 

CAD/CAM Developer's Kit 
Save months writing AutoCAD ADS or 

standalone CAD/CAM appllcatlonsl 

(617) 628-5217 
Bulldlng Block Software 
PO Box 1373 Somervtlle, MA 02144 

Inquiry 724. 

CD-ROM 

CD ROM PLAYERS 
FOR AS LOW AS $499.00 

Aide offers Chinon player, cable,, card, 
and DOS extensions undled with a disc at 
lowes1 prices. Aide carries a complete line of 
CDROM titles. Write, call or fax for complete 
product information. 

ALDE PUBL.ISHING INC. 
Boa 1190, Glen I.Alm. MN 55345 

aoom7-972• (Voe) 5121934-2824 (Fax} 

Inquiry 725. 

I • 

Largest Selection and Best Price 
Microsoft Programmers Library & Drive $949. 
Computar Ubmry $695 • Public Domain S/W $49. 
NEC PC a< Mac Dmre Kit $749 • Bookshel1-Sesl Price! 

MC/V=~cij&,~~':~~~u~tee. 
Call or write for free 120-page catalog. 

Bureau of Electronic Publishing 
141 New Road, Parslppany, NJ 07054 


BOG-828-4766 

THE SOURCE FOR CD-ROM 


Inquiry 726. 
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BAR CODE 

EN V 
Prints bar coded ~opes for fa.SI i:Wliwry 

t .t.>Sf 10 ust N ·°""""1 lO!ed l:'f W'S. V -.Jue 
lNY D¥co0ec:J erNtiOPeSateQUickrYsorted and~ brj'IN US Poss 
Office--~""""'-200 ...,__,.Use.,.,..,
\\bnjPloce""'or""'M""- · EIN8'1cl1. Po900..-.l M1il M..;e 
~ ori ® • Pml mi..-n idOr?SS. 5'ediJ ~ind~ • tir 
tf'W..M•""'Ef'SOl<LClS<rie5-Ha"'"""""""""""" Gou! 

~·~~&':::S" "'""'·""'" .,,.,.i- °""' 
Pike Creek Computer Company

2 Galaxy Dr., N....O< OE 19711-2920 

10 Onle<: (302) 239-5113 Deale<$ call [800) SELL lJYoN 


Inquiry 716. 

PC BAR CODE SPECIALISTS 
Bar code readers designed for fast, reliable, cost
effectiw data enlry. They emulate your keyboard, 
so scanned data looks Just like h was typed lnl 
Choose from stainless steel wand , laser gun, card 
slot reader, and magnetic stripe scanner. Also, 
pcM'erful Bar Code and Text printing soflwam. Great 
warranty. Generous dealer discounts. 

Seagull Scientific Systems 
15127 N .E . 24th, Suite 333, Redmond, WA 98052 

206-451-8966 

BAR CODE READERS 
Among llie best and most wide!y used bar code 
decoders. Reads all major codes (39, I 215, S 215, 
UPCIEANIJAN, CODABAR, MSlf. Connects between 
keyboard and system. IBM, PS/2, MAC, DEC>IT com
patible. OS & software Independent. Same day ship 
2 Year Warrarity (pen incld). 

Large R"581/Br Discounts 

Solutions Engineering 
4705 L.angdrum Lane, 8e11>eld1 , MD 20815 
(800) 635-65-33 (301) 652-2738 

Inquiry 717. 

DATA INPUT DEVICES 
BM Code, MagnOlrc Stripe Reado!$ & Sm 11t1Cerd Encoder/ 
Reader kw mkrocomputers & tennlna:Js. Including IBM PS12 
& ot"81S. DEC. Macintosh. AT&T. CT. WyM. Wang. All readers 
conl"led on lhe keyboard cable & are transparen1 to a1J soft. 
ware. UPC & 39 prir.t programs, magine1rc eneoders, & por
t&* readers are also available. 

TPS Electronics 
404 7 Transport. Palo Alto, CA 94303 

415-856·6833 Telex 371-9097 TPS PLA 
1·800-526-5920 FAX: 415-856-3843 

Inquiry 718. 

VARIANT MICROSYSTEMS 
BAR CODE READERS DELIVER 

WANOll..ASERIMAGNETIC CARD CONNECTIVITY 
• 	l<Byt>OarO ~ (ln!emallExl8mall br IBM PCIXTlM. PS/2

ancf portables. 
• RS232 wedges fol WYSE, Link. Kimtron termlneb: 
• BM code and label priQllng sortwaro 
• Full rwo..y&ar warranty 
• 30-0ay Money-Back Guanmtoe 
• Extensl"9 VAR/Dealer Discounts 
31~ Do LI Quz 11.'.d., Sd 200/Sani;i Clall. CA 95D54t{406l !m-t811l 
8~68-4BAR FAX: (415) 623-1372 

Inquiry 719. 


BASIC CLIP MUSIC 


300 Songs &Sounds + 180 Pg. Book 
Bes.,._ bting a tun jukel>ox, The Emv.GIMr - cos. 
MSIC. MT flll!! & diSpla)' tric:lis.. Many 8XC1tin9 mmk::al prqecrs! lt'.s 
gurer1 lot boginnet>. yo1 ..-l"O" how "' run music belUnd 
OB 0tC apps. So.nee OOCIO, no royallios. ~ guatat<ee. 
3S'0t ""'5.2S• dli>o.Neor1<B<S1C2Jl0t- 1~~Sl50$411. 
(Europo. c""""" & Meiico <111°$7, ott.er<·fll . 1Sl o1aS.S ali) For 
fast VlSAIMC omets - call: 

(800) 727-4140 P~ S0011 going up to S45! 
Pa M<$ Sdtwal?, 1511 481h St.. Bo.& CO 803ro [303) ~1~ 

Inquiry 720. 

http:v.>ro.li


CD-ROM 

CD ROM, Inc. 
CO-ROM. \l.IJRM. MAGllrn>(JPllCAl DRIVES, CO.ROMOISCS 

FOR IBM AHOMAC. OPTICAL CONSULTING SERVICfS 
• P\JllUSHING • OISTRI~ • 'El"M)RKJNG 

OUAlll'Y PROOOOS AHO SERVIC1:S 1(1 COMPrnTIVE Pflla:S 
FAE ECATALOG 

TEL. 303-231-9373 
Hi67 OOLE BLVD., SUITE400. GOLDEN, 00 8GCD1 

FAX : 303·231-9581 , CIS : no07,S44 
YlSA/MCIAMEX>Wn PO> 

Inquiry 727. 

CROSS ASSEMBLERS 

CROSS ASSEMBLERS/SIMULATORS 
New unique full-functron simulators for the 8096 and 
80C196 controller,;, featuring ALL MODES of interrupts, 
plus the HSI, HSO. and AID functions. 
We also suppon the 8048149. 8080l8S. 8051152. and Z80 
controllers with excellent, reasonabty priced Cross 
Assembler,; and Simulator,;. 

Lear Com Company 
2440 Kipling St , SU!. 206. ukewood. CO 80215 
(303) 232-2226 FAX: (303) 232-8721 I] 

~-

DATA CONVERSION 

MEDIA CONVERSION/DATA TRANSLATION 
More man (USI a st1Bi9/JI dump 0t ASCII transfer/ 

Word Procenlng, DBMS. 1nd SprHd.sheel data on 0 1.!ks 
or: Tapes 1ranS:erre<1 directly Imo applications running on 
Ma lnframe1. Mlnl"' Mlcros, Oe<l leated Word Procenor1, 
T'fpesettitra, and Electtonrc Publlth lng ~ems. 

IBM P$12 g Macimosl'! SUPPofted 
•1 inthe tran.sJation industry! 

CompuData Translators, Inc. 
3345 Wilshire Btvd.• Suite 401. Los Angeles, CA 90010 

(213) 387-4477 1-800-825-8251 

Inquiry 739. 

COMMUNICATIONS 


AEG MICTRON RS·232/RS-422 Adapter 
• Extends serial communications to 4000 h. 
• Bl-directional- lull duplex operation 
• Selectable DCE or DTE operation 
• 3 LED communicat ion acti'Vlty Indicators 
• 	Tri-state of AS-422 Output controlled by AS·232C 

ATS or OTA signal 
• Optical Isolation Available Soon 

Call 1·800·MICTRON Ext. 5587 
Inquiry 728. 

PC SDLC SUPPORT 
Use Sangoma hardware and software to provide 

a cost eHeC1ive, robust and easy to use SDLC link 
lrom MS.DOS, XENIX, AIX, PICK, PC-MOS, etc. 

All real time communice1ion funC1ions perfomied 
by intelligent co-processor card. 

X.25 support also available. 
Sangoma Technologies Inc. 

(416) 474-1990 
7110 Ylanlen ,..,,.,. 12. M•rldlam. Omaoo, c.n.da Llll 8~ 

Inquiry 729. 


COMPUTER INSURANCE 


INSURES YOUR COMPUTER 
SAFEWAAE provides full replacement of hardware, 
media and purchased software. As little as $49 a 
year provides comprehensive coverage. Blanket 
coverage; no list of equipmenl needed . One call 
does it all. Call 8 am-10 pm ET. (Sat. 9 10 5) 

TOLL FREE 1·800·848·3469 
(Local 614-262-0559) 

SAFEWARE, The Insurance Agency Inc. 

Inquiry 730. 


COMPUTER UPGRADE 


THE COMPLETE XT UPGRADE 
The K-311 UP9nld<I Kit ccnvar1S )Otlr XT to f.AI 3:!·b<1 , ~ti? 
80386 CPU and high speed dis!< perl<>mianco. The K-31 \ Kit 
lnciudos ZOMHz 80386 .,..,Mb RAM, t!>bil Adlp(tc 1:1 con
ltoller, 63Mb 28Ms Mitsubls/11dill< drMI, choic• oi 1.2 oi 
1.4Mb diskette driw, Key Tronlc IOI Plus keyooard . 200 W 
PS, new drive cables. Matches or exceeds the performance 
d I new sysltm but attar less.cost. Top quality, easy lnstana
lion, 1 ..,ear wairanty. $1 ~795 

SG Corporation 
4131 Splcev.ood Springs Road M , Austin TX 78759 

800-333-4131 512·345-9843 Fu 512·345-9575 

Inquiry 731 . 

CROSS ASSEMBLERS 

CROSS ASSEMBLERS 

Universal Linker, Librarian 


Targets for 36 Microprocessors 

Hosts: PC/MS-DOS, micro VAX., VAX. 8000 


ENERTEC, INC. 
BOX 1312, 811 W. Fihh St. 


Lansdale, PA 19446 

Tel : 215-362-0966 Fax: 215·362-2404 


Inquiry 732. 
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Inquiry 733. 
'1 

CROSS ASSEMBLERS 
Relocatable 

Macros 
 GUARANTEED, 

PC Compatible SUPPORTED 


DEBUG SIMULATORS • DISASSEMBLERS 

EPROM PROGRAMMERS 


MICRO COMPUTER TOOLS CO. 

Phone Toll Free (800) 443-0779 


In CA (415) 825-4200 

912 Hasun9• Or.. Concord. CA 94518 


Inquiry 734. 

Cross-Assemblers 

Simulators 


Disassemblers 

PseudoCorp 

See our ad on page 451. 

lnqui 735. 

CROSS COMPILERS 

Focus on Performance 
Fast, 6,000 lines pe mlnu111_ C8805 Code Oevetopmem 
Syslem. fifS1 C c:cml'i4e< targe<od 10 6806)at!)ily. Bullt~n maGtO 
cross assentier. optimizing C compiler, 'ntegrated echtor and 
dewlopment shell , MS.COS with S1 or HEX outp 

Free oext busi ness day s~lppi'1ifln N Amer'~ 

Call nowt (519) 888-6911 


Byte Craft Limited 

421 King St. N.. Waterloo, Ontario N2J 4E4 CAN 

Inquiry 736. 

CROSS DISASSEMBLERS 

PROFESSIONAL PC SOFTWARE 
• CROSS.DISASSEMBLERS 

~ - uoei Geron<>o 
• CROSS.ASSEMBLERS-..........._u l- - wnn 
• C CROSS COMPILERS 
• SOURCE TRANSLATION UTILITIES 

Supparc f()( ffllel. MotOfola, Zilog, TI, RCA 


Order Today: (408) 773-8465 


LOGISOFT ~8r~i~CA94~ 
Inquiry ?':fl. 


DATA CONVERSION 


CONVERTING YOUR DISKETTES? 

ENTRUST THEM TO US! 


2500 WotCI ~sor a COmpvt6f tormats. 3Y: <:,_ sv. '. a· 

Dis~ M11g Tapes.. M.19 Ca.m. Cl.nridges & CuHctu. Custem 


Con-4tllons.. Prograrnrning & Applia110nS o.wlopmem 


DISK DUPLICATION 

OCR SCANNING SERVICES 


HIGH VOLUME LASER PRINTING 


Call "' tor,. Oua.lity, Best P:lees and Ou.le~ TutnatOUt'd Ti~ 

COMPANY COMPENDIA, INC., ss e. Washmg10n so. 
fZS1, Ct'ieago.Cl60602 ~L:312-'1U77 1 FAX: 312..a19-1390 

Inquiry 738. 

DBMS/COPY 
CONVERTS YOUR DATA INTO INFORMATION 

Now your fa\orlle sw packag• ean ac:eess 11'1)1 Gatabase. 
O~&COPY e&n di~ COl)Yt!'I lfr/ ~ OI sprudsMtc tile 
(ORACtE, ~OOX, oBASE, LOTUS etc.' Jrito a.ny stit pack.aig• 
fill {SAS, SPSS, SYSIAT, ..e.) lfld V.C. llftS&. Thol PWS 'o9f1.iOn 
~ 5IX1S. se:MK210ns, andJeca.lcUlations. S.195. ~gua.ta.l'l'lee. 
VJWMC'AMeXfPOJCOO. Call lor ,,.. ltrnlted vttslM. 

CONCEPTUAL SOFTWARE INC. 
P.O. Box 56627, Houston, nc mss 

(713) 667-4222 FAX: (713) 667·3FAX 
1-800-STATWOW 

Inquiry 740. 

WE'LL DO IT BETTER ••• 
FOR LESS! 

Conversion, Duplication , Any Format 

FREE TEST • SATISFACTION GUARANTEED 


Pf~. the personal' K>uch : k.~ Ot.:esiions a"ld 
~ expla>o ~ to )OU "m~• Eog>sn• 

DATACOPY SERVICE 
PO Box 820214, Dal... 75382 


1-800-969-DATA 214-272-7751 


Inquiry 741 . 

* America's Leaders In Dallt Conversion & 

DISK • DISK • TAPE • DISK 

OPr/CAL SCANNING 


WE CONVERT MORE FORMATS THAN ANYONE ELSElll 

IBM. DEC. IAX/Vl.I APPLE, ""4NG, XEROX, NB/, LANIER, 

CPf, UNIX1 ~perfO<t • 


QUICK-RELIABLE-HIGHEST QUALITY 


NATIONAL DATA CONVERSION INSTITUTE 
5 EUI 161~ Su , N . NY l 0003 (212) 463-7511 

Inquiry 742. 


DATA RECOVERY ( 


CRASHED? 
Your valuable data can be recovered! 

• 95~ suoct:ss rat! • fast turnaround 
11 	 • S&Mclng Ncwell, DOS, Macln1osh, Unix, X&nbt , 

0512, S.rJ\00111 ll"ICJ morel 

ONTRACK DATA RECOVERY, INC. 
l<Hl'in9 )Oil m bUs.;'16'S.S is our business. 

1-800 -872- 2599 

Inquiry 743. 


DATA/DISK CONVERSION 


DISK CONVERSIONS 
Media transfer 10 or from: IBM, Xerox . DEC, Wang, 
Lanier, CPT, M icom, NBI, CT, Exxon, WADPLEX r 
also WP, WS, MS/WAD, DW4, MM , Samna, DEC 
DX. MAS 11. Xerox.Writer, ASCII . 

FREE TEST CONVERSION 

CONVERSION SPECIALISTS 

531 Main St., Ste. 835, El Segundo, CA 90245 

(213) 545-6551 (213) 322-6319 

Inquiry 744. 

11 
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• DATA/DISK CONVERSION DAT ABASE MGMT SYSTEMS DOCUMENT CONVERSIONS 

"'· 	. 

THE #1 CHOICE 
In disk & tape conversion 

for many reading corporatio s, government agencies. 
law firms, and companies In <MJry industry-Y.0!1d-wide. 

Free test • Satisfaction guaranteed 

Graphics Unlimited Inc. 
3000 Second St. North, Ml 0neapolis, MN 51>' 11 

(612) 588-7571 or (612) 520-2345 
FAX: (612) 588-8783 

Inquiry 745. 

QUALITY CONVERSIONS 
IO Clll' from '11f1Ul:ly 

ANY TAPE OR DISK FORMAT! 
H0tan Oat a Servioe s conYerts over 2000 fonnats lnct 

11-lrack 1-. 34.!0 Clrtrld9• end 8'. 5¥• • 0< 3V,• disk· 
enes . All densiries & mos1 opera1tng system.s suppotted. 

fOl'mats Include EBCDIC, ASCH, databases, sp11a6
sneets. and dedicated °' PC word ptoce$$0fs. 

Call 1-800-677-8885 
Hwrs 8:00 AM to 5:30 PM E~ern Thne 


Bt 1 Main Streat, Third Floor, Ciriclnnali OH 45202 


Inquiry 746. 

IBM PC •TO• HP FILE COPY 
FASTER EASIER TO USE 
Upda1e version uses windows: Call for free demo! IBM 
PC <tO> HP File Copy allows IBM PCs. PS/2, 
compatfbles to lnlercnange files with Hewlett· 
Packard Series 70, 80, 200, 300. 1000, 9000s. 

Oswego Software 
Box 310 7081554-3567 
Oswego, IL 60543 FAX 7081554-3573 

Inquiry 747. 

CONVERSION SERVICES 
Convert any 9·track magne!Jc tape to or from over 
2000 lor ats 111Cluding 3112~ 51/• ". 8" disk formals & 
1..ord processo Disk·to-d1sk convetS10ns also 
available. Call lor more mfo. Introducmg OCR Scan· 
mng Services 
Plvar Computing Services, Inc. 


165 Arlington Hgts. Rd., Dept. 119 

Buffalo Grove, IL 60089 800 Convert 


DATABASE 

INFO-TRAK 
INfO.TAAK ii a new mtnu-driwn data.basM:a1aloguer pro
gr.m lor 1111 professional and lho beglnne<. Ideal lor busi!'8SS, 
homo rM>n!Or)', <ollec<i<>!ls lboo!<s. Sllmps. coins.~ 
eo:.), lnYt5',_,ts etc. Featuros lnchldo SEARCH, -• 
1\nes. edil data. cn>ate t"""'11 lormm, PRIHT an<l !1l0n!. (ISM 
XT. llT and compaiibles. OOS 2.0 & up) 

On~ $59, $3 sNP?og/llotldllng lclled< or onl!t only) 

JA-DAL TECHNOLOGIES 
F'O. Box 611, Yaphank, NY 11980 

(NY IH. add 7.5% W) 

Inquiry 748. 


DATABASE MGMT SYSTEMS 


DBASE COMPATIBLE HYPERMEDIA 
CoNET: AN INOUSTRIAL STRENGTH HYPERMEDIA 
SYSTEM . Provi<les dolaba.., reeoros, quenes, ilyp<lneX1 
editor, graph~s, procodu~11ch Ob}ect with buttons ana 
labelled linJ<s 10 any object ol any 1ype. 100,000 objects • 
2 million finks per:. knowSedg& t>asa In a dBASE compat1bl& 
dinaba.$&-an open ~em. Usable mt~ Of' program
mable for~- S350,. 

CoN ET Systems 
5833 Humblebetl Aoad. Columbia. Maryland, 21045 

(301) 997-4330 

Inquiry 749. 

SAVE TIME & MONEY! 
OCELOT2-TIIE SQU s a stand-alone dalabase 
engine w~h a complele 082 compa!lble SOL Interface 
fo< developers who use BA.SIC, C, PASCAL. or COSOL. 
• packs the fuJI pow&r of SOL Into a 6401<8 ?C: 
• ,.quires only 3lOKB RAM fOf program deveiopmom; 
• 	oul~dof,rns the rest! 

For IBM arid clones: S19S & up. Free Info. 

OCELOT COMPUTER SERVICES INC. 
#1502f 10025 • 106 Street, Edmonton, AB. Canada, tSJ 1G7 

(403) •21-4187 

Inquiry 750. 

dBASE file access from C 
Code Base 4 is a library of C routines which 
gives complete dBASE or Clipper func
tional ity and file compatibility. Use DOS, 
Unix, OS/2 o r MS Windows. 
$295 with Source! FREE DEMO 

Sequlter Software Inc. 
Call (403) 448-0313 Fax (403) 448-0315 

See our ad on j)llg• 2"4. 

Inquiry 751 . 

DISASSEMBLERS 

80x86 .EXEi.COM to .ASM 
• Aoc:urmty t9COftSlNCt. audy & mochty (6'K"' programs with 

• minimum ti ;.,... or ed;i;,.g ti OU1M 
• ,,_mbly la/)9Ulg0 OU1plJI Js MASM S..~ 
• E<ilauStM! llow<t>ce disUngv;sJle< COde - dota. 
• Be5' - lo! NCI> C<>.,..,...OCI BIOS eds/DOS fun<. 

lions. SEGMEN17PROC.Un•r ..W pse._. 
PC-DISnDATa (5'14" disk & manual) $165 

PRO/AM SOFTWARE 
220 C•rdlgan Road. Cen1erv;11e. OH 45459 
(513) •3>4480 (9 A,M.-5 i:.M. fiST M-F) 

Inquiry 752. 

NO Source? . . . NO Problem 
for DISIDOC PROFESSIONAL 
~ °""'"""1l>losEXE. COM. BIN, SVS, PG!ol_
lnd ROM oc. RAM memory Wilh lnteractlw ability to cttange 
COClie.. Galt or comrnenu Ol'\ljnt., Disassembles 8086 to 80486 
Wilt\ no file SiZe restrietion$. Suitt In U1111 program EXE Un

~~:e;:bl~.;'eio~:!~~~=.,".'d JO'• Admission 1"' 

TO oroer co• (IOO) 3J6.1H1 "' ;nio ()!03) 953-02~ 

0r write: RJSWANTEK INC. 
178 Brookside Rd.. Newing1on, CT 06111 

• Only $249.95 MCNISA accepted 

Inquiry 753. 


DISK DRIVES 


BEST BUY!!! 
HO Kits for AT: Drive, Controller. Rails & Cables 

40MB - MFM - $ 339 
65MB ..t RLL - 459 
BOMB - MFM - 689 Ill 

150MB - ESDJ - 1099 f' 

NEW, ONE YEAR WARRANTY 

jb TECHNOLOGIES, INC. 
5105 Maureen , Moorpark, CA 90021 

(805) 529·0908 Fax (805) 529-n12 

Inquiry 754. 

PS/2 DRIVES FOR PCs ATs 
CompatlKit/PC .. $279 
CompatiKit/AT .. . . , $219 

Built· in floppy controlleis-no problem . 
Suppons multiple drives and formats. Lets your 
computer use IBM PS/2 1.4M diskettes plus morel 
Cal l for funher informallon or to place an order. 

VTSNMCICOOICHECK 

Micro Solutions Computer Products 
132 W "'"°""Hwy ,OeKal •L 601 >5 sisns&-3411 

See our ad oo page 31lf. 

Inquiry 755. 

1 


• 


I
I 

Doc-to-Doc 
Quicldy and cleanly con- your documents IO and from 
WordPerfect , MICROSOFT WOAD, WordStar, 
MulllMate, ASCII , Tandy. DeskMate Tex1, Lotus 1·2-3, 
Enable, Wang and DlsplayWrite. Retain special al· 
lribul"s and formatting. Doc~o-Doc gives you proles. 
sional quality conversions al a consumer p~ce-599. 

The MCS Group 
2465 W. Chicago St., Rapid City. SO 57702 

(605) 341-2166 

Inquiry 756. 

DOS SHELL 

Multitasking for DOS 
MultiDos Pius-Ille fastest mullitasklng OOS shell. 

• Fully DOS compatible 
• Tailored for real..fime operation 
• 4 	years ol proven reliebil1ty with thousands 


installed 


•~:Ti ~~n~~·~~ Pr~!'~~:: !~~,'=k~~~ lee) 
Complete sohware package only S99 + S2 S&H 

Nanosoft Inc. 
13 W.5'fleld Road. Natlci<. MA 01160 

800 678-2141 508 651-0091 FAX: 508 655-8860 

Inquiry 757. 

EDUCATION 

B.S. & M .S. In COMPUTER SCIENCE 
The Am&rican 1n11rtuc& fOt Computet Sc!en0!$ Olf&rs an 1n
depth corre.sporu:kt.nce program 10 earn .,our Bachel0t of 
Sc:lonce ""° Mastet ti - deg""'5 In Compul8f ScJence 
a:t Mime. BS .suotects cowted are: MSIOOS. BASIC. 
PASCAL,. C. Oalil Fi}e Processi~,,_ Data Stn.tetures & 
Operar.lng systems. M,S. program includes subiec'Ls in Soh· 
ware Ertglneertng aod Artiflc i~ rncemg&nn. 

AMERICAN INST. for COMPUTER SCIENCES 
2101·BY M•gnolll ...... Sotrth, S!L 200. Bimlingnam. AL 35205 

800-767·2427 205·323·6191 

Inquiry 758. 

ENTERTAl NM ENT 

WHERE ADULTS COME TO PLAY/ 
ACCESS LAI BBS 

• DH!gned fol Aduh modem usero • l.D# coso loceJ acce.. 
numtle!'S CX1.'lring 850 cities! • Uw onnne chili wtUi Olher 
usersl • Urge soft'ware fire flbtaryl • ' 'Bullttln DOatel '"' -Sl)lle 
FoNmsl• ltrte.ractMI ootine gamesl • Mllchmaker datlnog 
databo..,I • And mucn. much more. 24 l>oUro a day 
We also can proAde )OUt company with rmJon,aJ 98S ser
.;ces. Call (818) 356-0936 lor detailsl 

lntonnallon 1nd Slgnup Sy Modem 

(818) 358-6968 13'12124 Baud, 8/N/1 , !dU5' be°""' •81 
IOlce lnlomtl1lon (818) 357·9570 

Inquiry 759. 

.3 8 6 SPYS 
.386 SPYS, the ene~, excitem&nt and supe~oi graphics 

:'~~nc"a.~~~~~"'=~;,,"'.tt,~: 
EGA graphics, t meg of m~ a harU disk. You will 

=I~~::~=lors-9':'1:~~"'°s&~ 
GENKI SOFTWARE CORPORATION 

"Imagination powered by !he .386" 
(800) 673-9038 Ml.Sle<card or Visa (301) 99Nl333 

P.O. ~ 2563. Columbl&. MO 21045 

Inquiry 760. 

NEMESIS"' Go Master® 
:;:f o!:Jo~:.:.:~t~::;·;:sr$.~=~ :;;:~~-~ 
to be the secril of the Japanese businessman's siJCeess. 
''WPlil<te11<!$$/$agam.ootw.v.Golsa-olmM<stshattl" 
(P,Hident of Nikko Hocelsl. 

Chaos Ma.nor 1990 UHr's Cholee Awud 
8YTE ""°' p.62 

Toyogo, Inc. The I.Bader in Computer Go. 
PO Box F, Oepi. Y. Kaneone. HI 96744 

{808) 254-1166 or 1·800-TOYOG0-9 

Inquiry 761. 
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FLOW CHARTS HANDWRITING RECOGNIZER HARDWARE 

WINDOWS FLOWCHARTER $129 
RFFlow 2.0 is a professional drawing tool for 
flowcharts & org charts. Requims Microsoft Win
dows 3.0. 100 shapes auto adjust In size. Diagonal 
lines and curves. Auto line routing and re-routing. 
Cl ick on a shape to bring up a sub-chan. Move 
charts to other apps. via the Clipboard. Call for free 
trial disk. 

RFF ELECTRONICS 
1053 Banya,i Co..n, UM!lalld CO 80536 

Phone: (303) 663-5767 FAX: (303) 669-4889 

Inquiry 762. 

FRAME GRABBER 

FRAME GRABBERS 
Publishers' VGA 256 Grey scales $655.00 


Publishers' Color 256 colors $630.00 

VGA-to-Video Adapter 


VGA-TV GEIO Genlock overlay $630.00 

(Overlay text and graphics on live video 


and record it on a VCR) 

Manufactured in the U.S.A. 


3 Year Manufacturers Warranty 


THE KRUEGER COMPANY 
(800) 245-2235 (602) 820-5330 

Inquiry 763. 

GRAPHICS 

PCXSLIDE 
is an indeJ)efl(le,. .PCX Jormal $1"" show Software ~ 
neecb. From CGA-EGA ID SYGA In 2 lhfoooh 256 coloB 0t Q"'>' 
""""' UsOf hao up ID 800x600x256 mumnn resolution wiUI II>' 
proprialo gf1Pl>le l>Oa!d and monilo< a.., gr1jlfllc p<......,i<wl lot 

:S'"="~=·~==· =Advise ~ 5,25• or 35• and sand mooey orderk>enifMld c:lle<:k. Fo< 
IBM PCJPS or 111H1 oompa!Jblos. EGAMlf._ 

DATALISION Inc. 
9 East 45th Street, New York, NY 10017 

(212) 309-6888 FAX (201) 992-0302 

Inquiry 764. 

EGAD Screen Print 
Prints contents of VGA, EGA, CGA displays on variety 
oLdot-matrix and laser printers. Prints in gray tones 
or color, Crop box lets you print any region of the 
screen. Enlarge graphics 1 to 4 times (reduction too). 
Setup program for picking printer colors. etc. S35.00 
Postpaid. Call or write for free catalog . 

LINDLEY SYSTEMS 

4257 Berwick Place~Woodbridge, VA 22192·5119 


(703) 590-8890 


Inquiry 765. 

IMAGE CAPTURE BOARD 
Clptute Images llOm any ~R or C8mcc<der ResolU!ioo up 
to 512 • 480 pl1e1S ; 65;.536 COIOfS or 2M Shade< of grey. Im· 
oges - Jn GtF, PCX, TIFF lormat< and mo<e. R>r XTlt'J/ 
P'S2. lnctudes user frlendty sofrware and u~r· s guide_Ona 
year warranty. VGA required_ Can capture from IM!I video 
(ef;m.,.,es need IOt ecpensi\oe digilal Yidoo~ Ideal IOt Desk1op 
9ubU..sP'ling, CAD, AnimBtlon, an~ Piaofial Databases.. 

$749 VISA/MC/AMEXIC.0 .D. 

PEGA Mlcrographlcs 
P.O. Box 713, westerville, 011 43081, (514) 885-1007 

1·800·477-PEGA 
Inquiry 766. 

Affordable Stereo•coplc 30 
Finally, an attordable stereoscopic 3D system f0t 
EGA/VGA equippad PC 's or compatibles. 
pcSrEREOSCOPE's inter1ace board and glasses,only 
$350. Software Dev&loement System, with high speed 
graphics hJOG'lions, Mimation and menufng, $250. OEM 
applicahoos include medical tmaging and statistical data 
presen1ation. Hobbyist inquiries welcome. 

Vision Research Graphics, Inc. 
99 Madbury Road, Durham, NH 03824 

(603) 8....2270 FAX (603) 868-1352 

Inquiry 701. 
426 BYT E • OVEMBER 

a Handwriting Recognizer 
,IMJld u5ini;)QK!w,'Ooald b!"he.avy~. bin. aame raMOn.,,au.prehtr 
emoiJM10ei.not~~"'°""tw lhOtthencl,~OI 
p.son**I. AIJ'f nun'bef" OI usa Catt cute !Mir own~ 5lltl, ar..,,,,. .,,,.....~-- e...f-""f..,..... "'llnl-1_ ..... -.-----lorCAD, .....
migrwturw can become a~- Requi"O$ DOS. J dlgilimg ~ 
--·•O)\IS.Ouqlut_ ....... For._
PC (Nar..,.,,,.._ S1ts.A"""°""--'"' 
--Soontor....C.Dooll<"""'"5

Nybble Englne!'rlng 
14 AHpt Hanoar •t. 1 67450 Tel Aviv, l•ra•t 

Tel. 972·3·2112·881 

Inquiry 768. 


HARD DRIVE REPAIR 


Beat the cost of replacementl 

= REPAIR = 
HARD DISC and FLOPPY DRIVES 

FULL WARRANTY PROTECTION 
Fast Turnaround • Data Recovery 

jb TECHNOLOGIES, INC. 
5)05 Maureen Lane, Moorp&rtt, CA 93021 

(805) 529-0908 Fax (805) 529-7712 

Inquiry 769. 

HARD DISC DRIVES 
Sales • EXCHANGE • Repair 


~In I<'<" de!ICIM> d"'9 lot NEw, with FUU 'MRRANT'(! 


TREMENDOUS SAVINGS! 


TECHNICAL SUPPORT OF COURSE! 


large lnwntory Hard and ppy Orfvos 

jb TECHNOLOGIES, INC. 
5105 Maureen Lane. Moorpark, CA 90021 

(805) 529·0908 Fax (805) 529-7712 

Inquiry 770. 

DATA RECOVERY 
SALES of new, remMufactured and 

mmovable dlsl< dri-

FU LL TECHNICAL SUPPORT 

ROTATING MEMORY SERVICE 
1506 Dell Avenue, Campball, CA 95008 

(408) 370·3113 

Inquiry 771 . 


HARD DRIVE ASSISTANCE 


HAVING HARD DRIVE PROBLEMS? 


NEED TECHNICAL ASSISTANCE? 


CALL THE EXPERTS AT H&W micro labs 


1-800-235-0221 ext 911 
HAVE YOUR MC, VISA OR AMEX REAOY 

Inquiry 772. 

HARDWARE 

INDUSTRJAL STR.ENGTH SINGLE BOARD COMPUTER 
Has optimum fea!ures for mcnilor + COl1llOI appficatlons; 
16 Chan AID • 4 RS232/422 Potts • 48 Prog t!O Une.s 
• 8 Oplo INS • 8 HiDrille Ol!Ts • 4 Timers • Walchdog 
• 104K Memory • S.25 x8D Optlons; Resident FOOTH 
OS w111> Targel CompUe<, Editor, Assemble<, + hNJ 
Load/Start: SMHz 8085 • 4 Chan DIA • Battery Backed 
Clod<IRAM • N-ng • PC SUppol:t. 
E1'AC 1000+ $249.00 E.f'AC 2000+ $449.00 

EMAC INC. 
P.0 Box 2042. ~ IL 62902 (618) 529-4525 

Inquiry 773. 

FREE INTERFACE CATALOG 
lnlerfaces for IBM compatibles. Digital 110 
(8255) and Analog input 8 bit resolution 
((}-255). Control relays, motors, lights, measure 
tempjjrature, voltage. Sample interconnect 
circuits, BASIC programs, and 1/0 map are 
included. 

John Bell Engineering, Inc. 
400 O><ford Way, B<>lmonl, q. 94002 

(415) 5924411 9.am to 4pm Paci fic Time 

Inquiry 774. 

LATEST AWARD BIOS 
User definable hard drives. 1011102 keyboard 
and 3.5" 1.44Mb floppy support are now 
available in Award BIOS Ver. 3.1 for the IBM AT, 
286 and 386 compatibles. 

KOMPUTERWERK, INC. 
851 Parkview Blvd ., Pittsburgh, PA 15215 


Orders: 800·423-3400 

Tech: (412) 782·0384 


Inquiry 775. 

I 
APPLE~ II & MACINTOSH~ 

• Systems • Peripherals • Parts 
lJxJI< lor U$ ~ Coll for I CATALOG Save

COMDEX USA & Canada; up to 
LAS VEGAS 800-274-5343 50%flll• Sanos 

lntemational: 617-391-6851 on Mac-c..i 
Booth I N2591 Fax: 617-891·3556 CPUs. 

Pre-Owned Electronics, Inc. 
30 Clematis Avenue • wattham, MA 02154 

Inquiry 776. 

ROM BIOS UPGRADES 
For l'oln IBM ., Comlllllble • A New BIOS Upg..Oe Wiii: 

I u • 5<Jll!IOl1Wfrcloosl0 • Sopf'oll.36CI( 720K, t2 MB & 141 MB FlcWf 

~=t::u~i; :i::::~r~1:'~~' 1 
18Mwr.palJtlli! •~-·Ll!0$1- ·~"1 

~.................... ,....... .... W...l1e..l)llt, 


800-800·BIOS Fax 508·683·1630 
800-800-2o\67 --

Unlcore Software 
599 can.at Street, Lawrence. MA 01840 

~l){.IMl~O!l)I' 'al 

Inquiry 777. 

HARDWARE/COMPUTERS 

What do you look tor In board computers?rd _________ dual_ 
Small oilo? Low - >tlgh '-' Languoge? Tt>S9092 has LCD 

por13, RAM , EEPROM . l'C bus. lflO 35 LO l1MS.. OptiOr\al p(aci
liorl M> and~dttd BAM. Adm. ~can run 12l'l'IOl'lM 
on 1 small oanery, Fottn. en. ianguage d eP'liOleti tor trnbldcNcl 
~ mlitOSwM a:t.ffmbier-used~ tot macniM eon
1101. Ga:!a togiglng. roDclk:s and e\lt0fll.a1iorl 
Call ~ fax lof tulll daiWts... 30-day Sale or Return~ Only $219 (2Sqty) 

Sael ig Company 
1193 M~ Rd.. V.ctor, NY 1.._ 

Phono (716) 425-3753 Fu (716) 425-3835 

Inquiry 778. 

EMBEDDED SYSTEMS COMPUTERS 
SCIFOJC'"PCS (Pa<>llol Copto<o.- S-) ond PCS32 lie 
PCIXTW" plug-in boards, 15and3::2 bit. 1.S MIPS :iM111'115)8. 50MIPS 
bUrst. PCS uses thie HlllN RTX 2CICM::Pt&-bh reaM"lmo CPU wl'il'I ........-... ....-~3-. 3-chame< 

UO b\l.s. PCS32 uses the nl(M' SC3' 32'-bh Fotth Cl?'U. 

SC/FOX SBC (Sinp ao.rd Computerl i1i ;an 18 MIPS iW8fagfi , 

60 Mt?S burst, Eurocatd-sim Fn"X 2000 stand-aJonui cornput91. 


SCIFOX SCSI IJO Pkl- •o•ir•Jof PCS"' sec """ SCSI, tlop

py. 551<-baud a.&ri;al, 16-bit par;tllal pons, and sof'twar& d~. 
FOlth.,. lndVOed. c alto ~ Idell IOI' lmbtddtcl rtaMlml 
oonlrol, dala acqutsilion . robotics, alld al;nal processing, 

SILICON COMPOSERS INC. (4151 322-8763 
:zos california Avenue, Pelo ,Afro. CA 94306 

Inquiry 779. 



HARDWARE/COPROCESSOR 

DIGITAL SIGNAL PROCESSOR 
DSP products for the IBM PCIXT/AT. Our TMS320C25 
based Model 250, wbh extensive soltware, features 250 
Khz multktiannel NO and DIA, up 10 192 Kwords RAM, 
very high lhroughpu1 IO PC RAM and disk. and Is priced 
competitiwly with tisdillonal Analog 10 boa!ds. 
Call us about your applications. 

DALANCO SPRY 
89 Westland Ave.. Rochester, NY 14618 

(716) 473-3610 

Inquiry 780. 

DSP32C PC/AT COPROCESSOR BOARD 
25 MFLOP 32 bh Floating point DSP: 

• High speed NU ~ERICS and GRAPHICS 
• 640K DUAL PORTED on board me"10f'I 
• 32 bit parallel and serial 10 Maders 
• 15 ms 1024 point FFT from high 181181 C 
• Assembler, monitor, and math libraries 

Ba.se board and ALL software $950, 640K S300 

SYMMETRIC RESEARCH 
15 Ctn!ral Wry "1l, Kir!cland, WA 98033 

(206) 828-6560 

LAPTOP COMPUTERS 

New Laptop Products for: 
Palmtopa: Alarl Pcrttolio, Pequot 
Notebooks: Compaq LTE, NEC·UL. Tandy 100/102, 
Tandy 1100, Tl·M12, Toshiba SE/XE, Zenith-MS 
PC-Llptopa : AU major brands and models 
Acc•uorlH: Auto Ad.plans. Blinerln, Cvry Cues, Kliypad• 
P9r1phet1l1: Porta.bl• Prtnt1rs. Hardi Olab. 360Kfl.2M Orhtet, 
Keyboard CCM~ Modems, Blrc:oct. Wlndl, l.at:JIOP Softwlr&, etc. 

For 1 ffM ntwtlttter I: cttalogu., p ..... call °' wrtte: 

ULTRASOFT INNOVATIONS INC. 
1 T,.n.-r Ome. PO 80< 247. Ch&JJ'plaln. NY 12919 

TOI : (Si.) 487·9293 Fax: (51 • ) 487·9295 11-8 EST 
C.nadl•n Ordtrs & Dtoltr lnaulries ore Welcome 

Inquiry 786. 

LAPTOP PERIPHERALS 

LAPTOP BACKLIGHTS 

Inquiry 787. 

NEURAL NETWORKS 

BrainMaker: 
"The most fascinating computer soft· 
ware I've ever seen .. . learn about this 
stuff."John Dvorak, PC Mag. Predicts stocks, 
bonds, sales, inventories. Comprehensive 
documentation. Menus. Only $195! 
Certified by Intel and Micro Devices 

Free Brochure: 916/477-7481 
California Scientific Software 

Inquiry 792. 

OPTICAL DISK 

ODIN & VOICE 

Inquiry 781 . 


INVENTORY MANAGEMENT 


STOCK-MASTER 4.0 
Commtrclal g,.de lnwntory men1gement 

IOftwlN 1t micro prtcea. 
• Suppons all 12 • Stock Status A1ponlng 

transaction types • Act 'ty Hcstary An1Jysli 
• Trend Analysis • 8 111 of Ma!erlals 
• 01.Jalll )I Controf • Purchase Order Writing 
• "4urtls:i1e L..ocatkJ!" • Order Entry 
• Pu,chase Ordtr Traekl g • Material Requirements 
• Opert Order Aeportlng • On Une Inquiry 
• Seriet/Lol ' Tracking 

App lied Micro Bualneaa Systema, Inc. 

171·F _AN-1,.ioe -.. , ~ 8eeeh. CA 92663 714-75MSl2 


Inquiry 782. 

dFELLER Inventory 
Busness A 1!r«ll'f progra'nS .nin mod'fiable dBASE 
source coda 

dFELLER 1,,....ntory $150.00 
Requ,res d8ASE I O< Ill. POOOSICf'M 

dFELLER Plus $200.00 
W<th HlstOty a Purchase Orders 

Re<iu,<es dB'ISE 111°' dBo\SE Ill Pl s (FOi StocJ<rooms) 

Feller Associates 
550 CR PPA, cute 3, lsbpem,ng, I 49849 

(906) 486-6024 

Inquiry 783. 

LANS 

The $25 Network 
'Try the lot truly lov«oot LAN 

• Connect 2 or 3 PCs, XTs, Alt 


;~:! =~~J°::c' ~~ cabte 

• Runs In baC:kgroundJ IOtllty transparen1 
• Shatt any device. any fil e. any time 
• Needs ooly 1•1,< of RAM 


Skeptlcal? We make belleversl 

I nformation Modes 

P.O. Drawer F, Donlon, TX 76202 
817-387-3339 Orders 800-628· 7992 

Inquiry 784. 

LAPTOP COMPUTERS 

Laptop Savings 
Laptops: Toshiba • Zenith • NEC • Sharp 

• Epson • Mitsubishi • Compaq 

Also Laptop Accessories: Modems, Fax Modems, 

Exlernal Drives, ?enable Printers. Memory. Key 

Pads, Hard Drives, Baneries, and Auto Adapters, 


Computer Options Unllmlted 
12 MIX!en Lane, Bound e,_, NJ 00805 


Phone: 201·469-7678 (Fax: 201-469-7544) 

Hours: 9aml10pm 7 days Worldwide sales 


Inquiry 785. 

Factory lnstalle<l • 90-0ry Warranty 


Toshiba, Amstrad , Sanyo, DG , 

Kaypro, IBM, HP, etc. $295 


The Portable Peripherals People 

Axonlx Corporation 
(801) 466-9797 

TOSHIBA LAPTOP ENHANCEMENTS 
FAX/MODEMS: 9600l?•OO bps. -.... aoou•lc pot! 
MODEMS, INTERNAL: 2•00 1>P1, ICO<lstlc O< serial port 
MODEM, DEDICATED: 2400 bps (TI200. TI600. T3200SX) 
SERJ.t.L ID CARDS: RS232. R$422, SCSI. HPIL. Barcode 
BAnERV PACKS: 12\1 extetn•I bane')' + YGhicle 1d1pt1t 

Contact us for more Information: 

PRODUCT R&D Corporation (Calif}. 
8051546-9713. Fax: 8051546-9716 

Inquiry 788. 

MEMORY BOARDS 

S.S.T. MEMORY UPGRADES 
IBM PS/2 
2MB module-Model 50, 70 S230 
2-llMB expan bds.-Model 55. 70 S520 
COMPAQ 
4MB module-DESKPRO 3861'20E , 25, S $460 
4MB expan. rcf~DESKPRO 3861'20E, 25, S $540 
8MB single slot module-SYSTEMPRO $1600 
HP LASER J ET 
2MBllpgrades $229 

1·800·688·8993 5 YR. WARRANTY 

Inquiry 789. 


MEMORY CHIPS 


PRICE MEETING & BEATING! 
ORA.MS SIWMSISIPPS 
g:;&Kt.,2, 10 25&K )I: 9-10. ao. 70... 60 
$'1< w '"80 1MEG x &-10. ao, 70 
2561( • ·1$i 12. 10, 80. 10, 60 1MEG >C 9-10. ~ 7Q, 80 
258K. x 4-80 c.MEG • MK> 
1MEG x \.1°'90...7Q...M 4.MEG x ~ 
IHTEUC'l'fUXlllT MATH CO'S PS/2 TYPE SIMMS 
80287-4.10 ~ 30 2M 
80381-SX, 18. 20. 25, 33 - 50, ... 80, ~IO 

CALL ORAMCOMPANY /800) 488-DRAM 
P.O. 80< 590127 • S.F., CA 94159 415) 393-2987 

Inquiry 790. 


MULTILINGUAL APPLICATIONS 


DTP/WP/Forms and Sign Making 
Apple WC & tBM PC. Mllal>le languagn: Russian. E. &J.,. 
pean, Turkish, Greek & lndlan. n·s•DA.on MAC.~ wuh 

nually any ap!'flcallon progrwn. tt'• • TSFI on PC. lo< GEM 
based graphical WP. l'9 ri'ORM & \OtnlU(a in WYSrNYG 
~rem~ utility. -ript. dot matrtx1 cle$l(jel & 
laserjet loots. Vinyl «ttllng - "" sign rnaklng "" any of 
tile tanguages. Price.s 5ta..r1 at S250. demo 525. MCM:sa 

Solustan, Inc. 
378 Hlllsklo Na•• NHdhtm MA 02194 


Ph: 517-<1"9·7555 Fax: S17~4t-n59 


Inquiry 791 . 

IMAGING SYSTEMS 
ARCHIVING & RETRIEVAL SYSTEMS 

Ulllizlng WORM opcical disk Slontge. ODIN runs on Unix 
wor1<s1allons. VOICE runs on MS.DOS personal com· 
puters. Will scan documents up to 11E" size. Proven 
system. Available nowl 


Telephone: 1·800-843-93n 


Indus MIS, Inc. 
3"0 S Oal< St.• Wost Salem. WI 54669 

Inquiry 793. 

PROGRAMMERS ' TOOLS 

HYPERINTERFACE™ II 
Menu Crelllor• - An lnteractrw wYSIWYG edttor 10 
generaie a menU<lrM!n userJntertace lor your software. 
Screen Crelllor" - An Interactive wYSIWYG editor for 
quick an<i easy screen design and a screen database 
manager for your software. Advanced Library - Ex· 
tended capability for data entry for your programs FOR· 
TRAN Pascal, C, BASIC supported . 

Avanpro Corp. 
P.O. Box 969. Pacific Pali11<11s. CA 90272 

(213) 454-3866 

Inquiry 794. 

TLIB"' 5.0 Version Control 
"Tl.18' Is a great system" - PC Tech Joum•I 3/88. 
Ful~leatured confrguratlon mgm1 lor software profes· 
Slonals. wrslons of your code lnstanlly available. Vary 
compact, only changes are st0r8d. Check·iM>ul locks, 
revision merge. branching, more, Mainframe deltas for 
Pansophlc, AOR, IBM, Unisys. DOS $139 (051'2 $195). 
5-statlon LAN $419 051'2 $595) 

BURTON SYST EMS SOFTWARE 
F'O Box 4156 Cary NC 27519 (919) 233·8128 

Inquiry 795. 

The EE·1 00 EPROM Emulator~ 
-u, \Otrsotllt. end Comptct Prog Too! Closed loop 

- capabd'1y from IOUtC9 .- - !Noughin-citcu debuggirlg. 
STAN[l.t,RD EOUIP"'iEN"( 

l·EE-100 Command Unit • 2'-24 ~V'le.32 Otuieticit 
t{Ndef Clbi. • 2·21 pin 2164-2$6 ~ H..o.er Ceble 

• 1·28 pin. 275\2 ~~Cable • 1-0esk.fop 
~r $.uDQly 11W IC to 5V 0C • 1-User.'s Guide Man.ul.I 

For more intonnation call: 

CompuLynk 1-800-969·9889 
tl0-8 'T!lnQl);t Ao WHC:IOfO.. W.A 01!.11 
till ~509) 19&3731 .. &ii r50I) IM-2S&a 

Inquiry 796. 

2366 

Bsupport for Btrleve 
The " Nonoo Ut1ftt1es" lot Btrfew users. 

Bed; , DISPLAY, UPDATE. COPY, and DELETE. 

EXPORT SDF .,dBl\.SE & LDTUS. f!ECOVER damaged tile$. 

Edlt/'lnse[t uSing Data Dictionary. 

Elbug- lS/I Blri4MI debugger. Di$pleys Wllo In pop.up ,.;ndow. 

Brun: 8UT1L re~acemtnt with Run-rtme and C source. 

Bedil/Soug; 5120. Brun: 5150. VISA/MC/COOIPO 


800/359-2721 FAX; 517/887·
 
Information Architects, Inc. 


P.O 80< 4184. EaSt Lansing. Ml 4882&4184 

Inquiry 797. 
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INC. 

PROGRAMMERS ' TOOLS 

Dazzle Your Users . •. 
. . by inclu ding a full-featured pop-up 

calculator with memory, a 100-line scrollable 
tape and more in your application. Takes 
minutes and costs as little as $395 with no 
royalties. Demo disk and manual $5.00. Specify 
language. 

Liaison Systems, Inc. 
P.O. Box 82720, Kenmore, WA 98028 

12081 4$&-4996 - 30-dav moneY back aua111ntee, 

PUBLIC DOMAIN 

325 MEGABYTES Virus Free Share Ware 

Inquiry 798. 

GW BASIC PROGRAMMERS 
Create professional quality programs with all the bells 
and whistles! You get 46 source code flies which in· 
elude Subroutines & Programs such as: 
• kt M•nut • SctMn M1nag•r • DreW Fotmt 
• Shtl! Soft • Key Handltn • Find File 
• ANSISYS • •WaJ1t;.. Dir Tree • Foot Oemo 

Order: (800) 34S.·3808-S29.00-MCNisa Welcome 

MIPS, l nC.•Box 3072 • Hammond, LA 70404 
IOt NIBMPCI Ml04.Com~ 

Inquiry 799. 

SPEED FORTRAN DEVELOPMENT 
AND CUT MAINTENANCE COSTS 

FORWAJVl-fftls oonwnon progninning """" suc!1 as mismau:lled 
p.m1meter ists ~ commoi:i blocks, and "*1i1iamd vuiibles.. Prinl5 
det2i1e<l cross merences illO cal-U<e di'Wo!ms. 1329 
FOflTIWj DEV!IJlPMl'HT 100~ PT.uy (i'oler<s. l!nJITC>e\'
- GOIOs 10 l"™!IHLSES. etc) 3"' 6 "'°" tools. $12'. 
for 18/ol P~ Also lor UNIX- >51< f0< ; !bils. 

Qul b u s Enterpri ses, Inc. 
3340 Marble Terrace. ColorAdo Sprjn9s. CO 80906 

(719) 527-1 384 

Inquiry 800. 

• MUL.T/TASK Rt1t1/ Tlmt1 
• SERIAL COMMUNICATION by Interrup t 
MTA$K8' Protessfonal was designed for lhe specific re· 
qulrements cl Scientific Laboratories and Robotics 
Departments. Grails: demonstrallon dlskene. 
Available for lhe present, for Turbo Pascal. Turbo C. 
Quick Pascal, Turt>o Basie. Evaluation software 10< only 
$95. Price $495 + Shipping $20. Taxes not Included. 

RAMSI ® lnternatlonal 
53 rue Bernard ISke. f'.92350 Plessis Rot>lnson . FflANCE 

ln<ematlonal FAX: 33 (1 ) 48.32.48.37 

Inquiry 801. 

PUBLIC DOMAIN 

SHAREWARE 
FOR IBM'" AND COMPATIBLES 

FREE 112 PAGE CATALOG 
OVER 3000 PROGRAMS 

CALL 1·800-245-BYTE (2983) 

BEST B I TS & BYTES 
P.O. Box 8225-B. Van Nuys, CA 91409 

FOREIGN COUITTRIES SEND S4 .00 FOR SHIPPING 

Inquiry 802. 

IBM SHAREWARE/PUBLIC DOMAIN 
LOW AS S1 .25JDISK 

1-800-321-4270 
CRANSTON SOFTWARE 

PO Box 2679, Minneapolis, MN 55402-0679 

Inquiry 803. 

428 BY TE • NOVEMBER 1990 

~uea-.lntW'C IBM Sharewalo UO<aty lo< )CUt 
CUSllOmetl. user group Of Studeres.. OisUibuted In 25 Megabrf!e ~ 
....,_ooH0'-211.. _S39001o< .... 2S~
add S40.00 for each 25 Megabyte iiner&rntnt. 

AOd~~:"~~dOI~· 
Orders Only: 1-800-876-8496 

Info/Tech: 1-'0S-524-5233 

SHARE-NET 
POB 12364, Ott. City, OK 73157 
HQ~ lrot:VoMI~ 

We9\df ~PO'• trgm ~~~ 

Inquiry 804. 

FREE SOFTWARE FOR IBM® PC's 

TRY US! Gel our SOLID GOLD HITS-Winter 1991 

edttion 1515.25" or 613.5" disks full of our best

selling software-FREE! Great graphics, program

mers utilities, desktop publishing, linance. games, 

education. and catalog. 


Pay only $5.00 for shipping - VISAIMCIAMEX 


SMC SOFTWARE PUBLISHERS 


CALL TODAY 619·942·9995 


Inquiry 805. 

...: 

SOFTSHOPPE, INC. 
Selected Programs, Latest Versions, fts Low 
as $1.50, Same Day Shipping, and No 
Minimum Order. For FREE CATALOG for 
IBM PDIShareware, CALL 800-829-BEST 
(2378) or FAX 313-761-7639. 

SOFTSHOPPE, 
P.O. SOX 3678, An.n AtbOt~ Ml 481()&.3878 

Inquiry 806. 

SDKSS <• bHJ and SDK86 111 bh) 

NOW AVAILABLE ONLY FROM URDA, INC. wh;ch has an 
exctuSiwi, ~.. manuW:tudog and..marQcing I.cerise 
from Intel, Inc_The URDA SDKM and SDK83 OC1ocational 
trainers afJod IT!icropfocessor developmen1 systems a{e now 
fumisM<l fully assem1>10<1 and boxoe1 with maiiuals. Call 
URDA. Inc. lor new law P<ic03 and cjojiwry sclledules. Otho< 
8, 16 an<! 32 bl1 "Y'!•ms are available, 

Phone URDA, Inc. 
1-800-338-0517 or 41 2-683-8732 

Inquiry 8C17. 

SECURITY 

FIGHT PIRACY! 
Slnc:e 19'!a, COf'IP'ltYOI -1Clwldt ...... bNn C!IOOOlng Az•Toch 
'*"rilYP'OdOCUO.lt)CU- ... ~-...
wh'j not choose one of these "pro-reri leaders"· 

• EVERl.OCI< Ccf1I ~ 
• EVERTRAK Sof'twar9 Security 
• EVERKEY HAl'dWa!e 'Key'' ~ Security 

Fot lllM1nd~30cteymonoybad<9U11tnM.RM lnb 
and demo d isk available. 

Az-Tech Software, Inc. 
305 East Franklin, R ichmond, MO 64085 

(800) 227-0644 Fax: i:~:l ~~~~ 
Inquiry 808. 

THE ULTIMATE COPY PROTECTION 
• Complet9'y Me.nu Orivvn 
• Defeats a.II Hardwa.relSoftwate Copiers Oult• 
• No source Code Changes Simply 
• MUldpt• Layering Th• ... 
• No Damaged Media '*P To 
• Full Hard Oisk Support PtotKf 
• Unlimiled MeterirlQ Your V.luablt 
• FREE Demo Disk So'ffwsre Jnve,i,ment 

STOPVIEW' STOPCOPY PLUS" 

BBi COMPUTER SYSTEMS" (30t) 871-109• 
J•10S keritage LL, SM- S~. MD 20905 FAX: (lO'f) '14-75'5 

Inquiry 809. 

SECURITY 

COP's Copylock II 
• Protects on Sl&l)Cla.rd diskettes 
• Cannoc: be copi9d by any device incl. Option Boatd 
• Fully hard disk Installable 
• Normat bacil:· up ol protected programs 
• LAN·support 
• Creates sate demo versJon of ,.our software 

Standard Version S975, Automatic V6rsion $1950 

.n DANCOTEC Computer 
In US. "283$ Sltm Ro.. 5#\ Jou. CA 9$132 ~ OI' l'40»U-2S&S 
lm't 2!80~~ ~~ Fat.: -.uuom 

Inquiry 810. 

BIT-LOCK® SECURITY 
Piracy SURVIVAL 5 YEARS prows effectiveness ol 
pcwerlul mullilayered security. Rapid decryption 
algortthms. Reliable/small port·transparen1 security
device. PARALLEL or SERIAL port. Complemented by 
economical KEY·LOK'" and mul1ifeatured COMPU· 
LOCK"" including countdown. limeout, data encryption, 
and mulllproduct prot&ctlon. (Dos/Unix/Mac) 

MICROCOMPUTER APPLICATIONS 

3167 E. Otero Circle, Littleton, CO 80122 


(303) 770·1 91 7 


Inquiry 811 . 

COPY PROTECTION 

T~ ;::;~a~~ =~m=~~ct:r~~,d~;~ 
OlSKETTE fntroduces )Oll to SUperl..ociC"'- f~sible eor>I pm
tection for IBM-PC {and compaiibles) and Macincosh. 

• Hard d isk suppon • No source code changes 
• Customized ~rsioos • LAN support 

• ew upgracles ava.lfable 

(408) 773-9680 
SOFTGUARD SY STEMS, IN C. 

710 U:ka'W'lty, Suh6 200, SunnyvBle. C... 94086 
FAX '4061 rn-1405 

Inquiry 812. 

HANDS OFF THE BOARD® 
112 SIZE SECURITY BOARD 

Srop flowt bCCI - Require pasSWO<d 10 bCCI PC 
AeaMlma disk encrype - prevent bool sector virus 
Pf 0'801 DOS FORMATIFO!SK an<l low-llMll lorrnats 
Sel hatd disk READ ONLY or tum ON/Off 
Tum floppies. printers and COM pons ON/OFF 
IBM XT. AT Bu• - DOS V3D+ - 5149.95 + SS.OD SfH 

SYSTEMS CONSULTING INC. 
PO BOX 111209, Ptttsbu'l!h . PA 15239 

(412) 781-5280 

Inquiry 813. 

SERVICES 

900-258-SAVE 
Call REFUNDED If not fully sat isfied 

Find out who s.ells 1he product you·re IC>OJ<ing for a1 tt.e best 
price BEFORE )00 " ""' f11all or<le WIDE pr;co variallon• 
exist for ~n klw<OSt ptOOuC'l& Out system allows ~ to 
ea.sit)' fln.d sottware and t\ard'Wate and hear 11t1nd0rs sorttd 
by price. IS -5Cllm n.) 

The Consumer Connection"', Inc. 
PO Bax 399. Princeton, MA 01517 

508-464-5041 

Inquiry 814. 

SOFTWARE/ACCOUNTING 

PC TIME CLOCK 
AutoTime is an Employee Management Symem that 
allows you 10 turn any PC into an Electronic Time 
Clock. AuloTime pravides Time & Attendance, Job 
Costing, Payroll Interface, and Labor Distribution 
repo<ting. Netv.ork compatible. Prices start at $495. 
Otlier Business Products: NelWCrk FAX. Absence 
Call·ln, db-EDI. 

Chase Technologl es 

1617 ingman Ave.. San Jose. CA 95128 


(408) 998-2917 

Inquiry 815. 
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SOFTWARE/ACCOUNTING 

dBASE BUSINESS TOOLS 
• GENERAL LEDGER • PURCH OAO/INVITTORY 
• ORDER ENTRY • ACCOUl'llS AECVABLE 
• JOB COSTING • JOB ESllMATING 
• BILL OF MATLS • SAi.ES ANALYSIS 
• PAYROLL • ICCOUl'llS PAYABLE 

$99 ea. + S&H 

dATAMAR SYSTEMS Cred. Card-Check-COD 
487&-B Santa Monica Ave. 
San Diego, CA 92107 (619) 223-3344 

Inquiry 816. 

SOFTWARE/BUSINESS 

DATA ENTRY SOFTWARE 
Full featured, heads.(jown data entry 


with two-pass verification , edit language, 

operator stats, much morel Designed for 

the P~ , PC, XT, AT or compatibles. 


PC's from $395 LAN version available 

FREE 30 day tr/al 

Computer Keyes Tel: 206/77616443 
21929 Makah Rd., Fax: 206/776-7210 
Woodway, WA 98020 USA: 800/356-0203 

LOCATE HARD-TO-FIND BUSINESS 

AND STATISTICAL SOFTWARE 


Ecora1••""" • Blonariao • CO.-A- • ""'"'"""' AM!y>iS 

• M1rkl!fn g ~ • Eq)erlmental ~ • AN().A • Regn11s
1~ • Ltn1atProgrvnrnitlg • Pf"Oit'a Pltl'IMt • Fotteesi:lng& T.m• 
~ • $Illes & M.adBl ~. Oudy Cortml IBl Industrial 
E...peflrnents • Pafamecot end Tollir&nee Cosign • And Many MQfo! 

SEND FOR FREE' PRODCJcr ourDEJ 

Llonheart Press, Inc. 
P.O. Box 37ll. Alburg, VT 05440 

(514) 93:H918 FAX: (514) 939-3087 

Inquiry 817. 

St,affMlnder.. 
Staff Admlnlstrallo nSottwale - Amust for 11/ managenl 
lbmed torb ""°"" •liilly to'"""''"..,. on !OU' .an;; SlillVmr• 

"""""'""'~ 
· -~ 
·-~""~ ·~ .......rdl<nJSncil!O 

' """""~"""""'*'' •Comolner
l ""I~ prcMdM l"IUl1\ lfOUI · ~·,,_,tnfom\at,.... l'epon:L ffM serialSWIM

!f!OU M lncluffd wht'l INCh order, Simple polnt &!'<I d ick 1ncet1ae• 
&llOwl fol easy lrnp&tmtntll lon. Sovre. eod• ...,.1i.b.._. 

L/St /lfJc- $395, ....Jor ,,..... "" """'fl' >P«lll prlclopl 
NEXT GENERATION SOFTWARE 

Sui1e 1445, 3340 Peac.htrff Ao&d, AUanta . GA 30326 

CALL (800) 966-0707 


Inquiry 818. 

SOFTWARE/ENGINEERING 

Affordable Engineering Software 

FREE APPLICATION GUIDE &.CATALOG 

Circu~ Analysis • AOOI Locus • Thermal Anafysls • Pieri· 

ter Drivers • Engineering Grap1J1cs • S1g(lal Processing 
• AcltVeJPassive Fitter D9S!Qn • Traf!Sfei Funaion/FFT 
Analysis • Logic Sil1ulat!O(t• Mo::tOSl/lp De9gi • PCIMS
OOS • MacintOSh • VISA/MC 
BV Engineering Professional Software 
2023 Chicago Ave., Sulte B·1 3, Rivers.de. CA 92507 

(714) 781-0252 

Inqui ry 819. 

SOFTWARE/ENGINEERING 

Maas2-MASS & VOWME CALCULATOR 
with MATERIALS DATABASE 

Easily calculate the "Olume & weigt\t ot hundreds of 
shapes. Never ""'d to look up malerial densities again! 
Differential and proportional comparisons made 
automa1ically. Menu d""9n with on-line context sensitive 
help. Flexible inP<rt 5YSl""1 acoepcs Decimal, Fractional. 
and Exponential notation. For IBM PCs and Com· 
patibles with 384K tree. 
DEMPSEY'S FORGE, Software Division 

Rt 2 Box 407, Gladys, VA 24554 

Inquiry 821. 

PC BASED DATA ACQUISITION 
Snap.Series Software ls the beSl solution tor ln1egrate<l 
Dalli Acquisitioo, Anslysis. and Display without program
ming. Works with 1/0 hardWare by 12 manufacturers, 
and alla.vs extensive time and frequency domain 
analysis. Ideal for monito~ng. wavelonn genetation, and 
DSP. 

HEM Data Corporation 
17336 12 Mile Road. Soolhfield, Ml 48076 

Voice: (313) 559-5607 Fax: (313) 559-8008 

Inquiry 822. 

Analog Circuit Simulation 
• Ma<:i.nlOSh &nd PC CAE lnluoofl l\as a compl8!e PC
• Schematic Entry based - Inell.ding ""'"Y"

thing from sehemallc eray 
• SPICE Simulat0t llvoogh SPICE s<n.- "*9 

extended memory to com• Model Ubraries 

• Moo'e Carto AnaJ~s ~S::~~~ 
• P'totting/Graphtes Output lsSPtee. lhe oomplele $)'liOrn 

-IOr~!790.
lntusoft 

ThB 1BadfN in low cost, fult P,Q Bax um.San Pld~ CA 9073A 
featu'8d ~ so11ware (213) 833-4710 FAX (213)833-9658 

Inquiry 823. 

MICROSTRESS CORP. 

New lllCROSAFE 20/30 Roi. 3. 


Finite EJ&ment Analysts program fot IBM ?Cs. MAC II Fam.• 

and compaliblos. Numbef of nodes. -15 and conditions 

r.miled t>y dlol< space and model l>andWidth ( tOOO d.o.I.) ColO< 

graQIUcs "'l'!'°" on ~ display canls (EGA. ~ VEGA 

and He<cules) $250. SAFECAD (bklireooooal AUTOCAD 
ln1arfaa1) S9S. GRAFPLUS SSS. Plus S/H 

Accept VISA.!MasterCard. Send for brochure. 
P.O. Box 3194, Bellevue. WA 98009 


Tel./Fax (206) 643-9941 


Inquiry 824. 

SIMULATION WITH GPSS/PC'" 
GPSS/PC" 1s an MS.DOS compatible version o1 the 
popular mainframe simulation language GPSS. 
Graphics, animation and an extremely intera~fva en~ 
vlronme nt allow a totally new view of your models. If 
)'OU are contemptating the creation or modification of 
a complex system you need GPSS/PC to help you 
predict Its behavior. Call now. 

MINUTEMAN Software 
P.O. Box 1711Y, Stow. Massachuse!t& U.S.A. 

(508) 897-5662 ext. S•O (SOO) 223-1•30 ext. s•o 

Inquiry 825. 

SOFTWARE/ENGINEERING 

Worstcase Gets Even Better! 
Analog Circuit Simulation 

ECA-2 Elearonlc Circuit Analysis ol1or> l!lo best Mor>te Carlo 
and Wofst.Ca.se analyses ~hall this and MORE inc:tuQed: 
• AC.. OC. Transien1 • lnteractlva/b.alch modH 

Fourier, Temperalure • Futt noolinear slmulai:or 
• Sine. Pulse. PWL, SFFM. • Qr\ LJne. AeaJ Time 


and Exponential Gr>pltlcs 

generators • Multiple pk:its 


Tatum Labs, Inc. 
3917 Research Park Or., B-1, Ann ArbOr, Ml 48108 

(313) 863-8810 

Inquiry 827. 

SOFTWARE/GEOLOGICAL 

GEOLOGY & GROUNDWATER PROGRAMS 
Borehole logs, E·Logs, Cross Sections, Stratigraphy, 
Well Drawings Fence, Contours, lsopachs. 3~0 
Diagrams, Pumping Tests, GroundWa1er ChemlSlry, 
Piper. Stiff, Ourov olc. Used by EPA and Stale "<Jon· 
cies tor RCRA & CERCLA Our software is used by oon· 
sullants, universities, and oil & coal companies in 26 
counlries. Free brochure and demo disks. 

Earthware of California 
30100 town cen1er dr. 11~ Laguna Niguel, CA 92&n 

Phone (714) 495-5727 FrlX (714) 495-4820 

Inquiry 828. 

GEOLOGICAL CATALOG 
Geological soltware for log plotting, gridding/con· 
touring, hydrology, digitizing, 3-D solid modelling, 
synthetic seismogram, fracture analysis, image pro
cessing, scout ticket manage< over 50 programs 
in catalog. Macinlosh tool Please call, or write, for 
Free Catalog! 

RockWare, Inc. 
4251 KipUng St., Sullo S95, Wheat Ridge, CO 80033 USA 

(303) 423-5645 Fa.x (303) 423·6171 

SOFTWARE/GRAPHICS 

SEGS 2.1 
Scientific Engineering Graphics System 

• Logarithmic. Time/Date & Linear Axes. 
• Easy Curve F itting and Data Smoothing. 
• 1-2-3 Interlace & Numeric Spreadsheet . 
• Supports all V ideo & Device Standards. 
• 10 Curves with up to 16,000 points each . 

Advanced Micro Solutlons 

3817 Windover Dr. 405-340-0697 

Edmond, OK 13013 800-284-3381 


CHAOS: The Software"' 
Explore Chaos in na1ure kv yoursell. rn a hands-on, i.riluat 
Wlrf. >utOdeYc worked with James Glelcic to transform some 
a lhe moot famous equations from lhe ,_ ocience of Chooo 
lnro 1 series of six interactive programs lhat let ~u crea.ie 

stunning v)suaJ panems In hlgti resolution COIOt and sound. 

$59.95 

Fot IBM Pcu;T//J, PS/2 0t compaotlles with 64-0KB RAM, 


MS-COS/PC.DOS. EGA/VGA 

Autodesk, Inc. 
2320 Matinship Way. SausaJtto, CA 114965 

(800) 223-2521 

Inquiry 829. 

Circuit Analysis - SPICEMATFOR 
UNMATCHED VALUE FOR NUMERICAL COMPUTING QulckGeometry LibraryNon-linear DC & Transient: Linear />C. 

AA lntefJ)feter with over 375 functlons lor Matri ic Compute· *Version 361 with BSIM. GaAs, JFET. All the C geometry and OXF routinestiotis, Cak:ulus, Dtffer&ntia!/Nontinear Equatlon.s, Optimiza MOSFET. BJT. diode, etc. models, screen 
tion , tinear/DynamM: ?rogrammin$J. Graprilcs, Advanced you expect .. . and more! graphics, improved speed and convergence. ,S1a11:stics , Signal Processlng, Anatys~slOesign o' Control 

•PC Version 2G6 available at $95. Sysiems. and mote. Extendible and Self-con1aln8d. $150 (617) 628·5217 I.IBM!compatlbl'&:s. Ed tlons using e:(tended emory on Call. write, or check inquiry Jf tor more info. 
2861386 also avalla.bl•. Building Block SoftwareNorthern Valley SoftwareComputatlon1I Englnetrtng Aslocl1tu 

28327 Rothrock Or., Rancho Palos 'Atfdes. CA 90274 PO Box 1373, Somervllle, MA 021443525 Del Mar HelgrytsRd., Suite 183. Sim o;ego, CA 92130 

619 259-8883 
 {213) 541-3677 

Inquiry 820. Inquiry 826. Inquiry 830. 
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SOFTWARE/GRAPHICS 

The Ultimate CAD/CAM Engine 
TurboG.ometr)' Libra ry 3.0. The moS1 CQmplete tool bOx ~ 
20 & .JO 1outines availab le tOday! Ove1 300 toutlnes. SUr· 
Ja.clng, Sol ld~ Hidden line, Volumes. Areas~ Transiorms. 
Perspettives. Oeeomp. Cl ipping, Tangents &-mote. 30 day 
guar., $199.95 wlsource S&H rnct. Foreign $225.00. MSJPC 
DOS 2-Cl +. Turbo Pascal , Turbo C. MSC, MIX C. ZQf:tec C+ +. 
VISAIMC, PO. Chk. USA lunds only. 

Disk Software, Inc. 
21 16 E. Arapaho Rd. , ~487. R1ctu1(dson , TX 75081 

(214) 42a-na8, caooi 635·776C, FAX (214) 423-na8 

Inquiry 831. 

-~ 

RAINDROPTM 
FAST, compact PrtSorn Utility for end users AND 
developers. Hatdoopy as lasl as 10 secs. Average binary 
size • 6 kbyte. 14 video graphlo stand&Ids. Scale, rOlllle, 
colorfze and more. 'CALL' from user-written programs. 
Complele 9- & 24-pin dot·matrix. ln~jet . and laserjet 
library S44.95+S3 s/h. 

ECLECTIC SYSTEMS 
8l06 S!. David Ct 1Springf.ield 1 VA 22150 

(703) 440·0064 

Inqu iry 832. 

PEN PLOTTER EMULATOR 
FPLOT turns your dot matrix or laser printer into 
an HP pen plotter. Fast hi-res output. No jagged 
lines. Vary line widl!l , color. WorkS witll Autocad, 
Dralix, etc. Supports NEC P~6. IBM Proprinter, 
Epson LO/ FX, Toshiba, HP LaserJet, Okidata 
29x/39x, HerculesiCGAJEGANGA. $64 check/m.o.I 
VISA/MC 

Fplot Corporation 
24-16 Steinway St .. Suite 605, Astoria, NY 11103 

718·545-3505 

Inquiry 833. 

GRAPHICS PRINTER SUPPORT 
!if LASn Use the PnSc key to malol quality scaJed B&W 
or color reproductions of ~r display on ant dot matrix, 
iokfel , or laser priNer ~not. Postscnpt) In up to 64 sllades 
of gray or 256 colors. GRAFPLUS suppons aJLwrsions 
of DOS wilh IBM (incl. EGA. VGA. Super VGA), Her· 
cutes, or compa\ible graphics boards. Linlolble/OEM 
""rsions available. $59.95 

Jewell Technologlas, Inc. 
• 740 - 441h Aw. SW, seanle, WA 98116 

(800) 359-9000 x527 (206) 937-1081 

Inquiry 834. 

GRAPHICS LIBRARIES tor 
C, FORTRAN, PASCAL & QulckBASIC 

• Supl>(><1s VIDEO. PAl~AS & PLOTTERS. 
• Li!'lea.r. log, po/ar. smiU'I, bar & pie C:·harts. 

:~u~~~e~::~n: ::.~· me.rkers. l I 
• Ov&r 100 '01Jtlnes with full source code 
• 240 page 1fn&[lual. No royaltlH . I 

$295.00 (713) 491-2088 
Sutrasoft 

10506 Permian Dr. • Sugar Land, TX 77478 

Inquiry 835. 

SOFTWARE/LANGUAGES 

DRUMA FORTH·83 

=::.~1~ :.:.,b:~,;'P~:::~t.::;::c~~ .,.n.~. 
: ~~rrbsa~erl~~~ :'~:n~m~~~~ment 
• OrHLne documentation, ASClltbrocJc files 
• Othe, products: wjndows, rnodute _profiler 
• IBM PCIXT,AT inciuding 386 compa1ibles 


FREE team/utUlty d J1k.t with purchase 


DRUMA INC. 
Sd48 Hwy. 290 Eas1 E100, AuS!i n, Tl< 71:1723 

Orders: 512·323·5411 Fax: 512·323-0403 

Inquiry 836. 
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SOFTWARE/LANGUAGES 

FINAL LIQUIDATION!! 
IBM • Compliers, SAVE UP 10 80%1 

Title Retail SaJe 
COBOL \12.0 (3Y:' & 5y,-) $900 S100 
Prol FORTRAN V1.3 (3'h' & 51" ~ $7!15 S 90 
C Con]pllor {3)(>" or 5 ¥• ' ) $3!15 S SO 
BASIC C-Omp<lor \12.0 13Y:") S495 S SO 
Macro Assemble V2 O ( 3 1/t~ or 511, I") S195 $ 40 

vrSJ\. MC. Chee ecce~ed, S and H le-a sio r orde1 

THE COMPUTER PLACE, INC. 
1Z105 Oam•Sl""'1 Rd. "9A Toi: (301) 330·6Cl6 
Gahhers burg, MD 20878 Fax: (301) 926-3415 

Inquiry 837. 

SOFTWARE/MARKETING 

~~~~~6~1~~c~,~:1~:;"~~~\~1:!::~;;,/!i: 
succe~Ully. Wrlnen by Davld H. Bowen . pubtlsh&r °'Sort· 
~& Sue.c:ess~ t~e moothly newsletter on successlully run
nin9 a softwa.rlB' business, lhe Rer11imce Book 1s a 268-p;ege 
gutde, o.rganiied tl./1op1e. CovetS Lead Generation, Promo
lion , Prfclng, mstrtbutlon. Support..etc. On'ly $25. Che-ck or 
C1edlt Card (VisalMCiJIEX). 

tmb Money Back Guarantee 

Software Success 
PO Box 9006, San Jo.... CA 95 157 

(408) 446·2504 FAX (408) 255·1098 

Inquiry 838. 

SOFTWARE/MATHEMATICS 

Fast WYSIWYG Editor 
Leo - the best math ediCor available. See 
equatlo~s as you type. Menu and control key 
operat ion. Reads and writes TeX files. 

Leo for PCs - $199 

ABK Software 
4495 Onawa Pl., Boulder co aom 

(303) 494.4en 

Inquiry 839. 

MATH EDITING FOR THE PCiI 
• ........ I .,. ( \l ( I ( Fd•)x, = "".-:.o x~ ~, + l!a ±Bx 

• Marri~t:11l C011str1Jcts- maih eqt.iaFions- to N Inserted Into 
Hb<d"'1rfm, ~. liOl<l'Srar. •rd ""'"" 

• WYSlwYG lnrerla~-flo codu need ro be learned. 
• MaJh~Dtl-$199 

30 1'JM:I First ~IA, S~• 100K-TALK Colu1'1".0uSj~"320f 
(614) 294-3535 

Inquiry 840. 

MATHEMATICIANS-ENGINEERS 
Have you ever ~ functions of a complex 
variable? Would you like to really understand 
ditterential operators like div, grad and cu~? 
How about a peek fnto the founh dimension? 
Call or write for in(ormati~ on our la1est PC 
and Macin1os nsoftware. 

Lascaux Graphics 
3220 S1euben Ave., Bronx, NV 10467 

(212) 654·7429 

Inquiry 841. 

ORDINARY/PARTIAL 
DIFFERENTIAL EQN 

I SOLVER 
FQl'l THE IBM PC & COMPATIBLES 

MICROCOMPATIBLES, INC. 
JOI Prelude Or.. Sll"'r Si>fing, MO 20901 

(301) 593-0683 
Inquiry 842. 

SOFTWARE/MEDICAL 

Medical Systems with ECS 
PPM otters a eompi«6 lint O{ mtcHeal .sottware ra.ngµ)Q from simple 
ln:l!IUrBr.tCB etaljn.S proc:enfng to eoniprohonsr..,. AIR m•ne.geimenl. 
PC CLAl lMI Pl Us-c:t1' ms proetst•pg wiO'I ECS to O'o'tr tOO ma,'o4' 
insurance carriers-30-d.ay morysy-back guarantee 
THRESHOLD-complt:te A/Fi , palfeJ'!t b.fll1ng , compll!lhttn!Jl '-"' prac: · 
ltc. tnafl&!W't!Nntstl!lsties 
CUJM NET-Nll1ionwide ~M: claims. cieannghcus.e l ransl'MS 
d 1lms co QY9r 100 lftl1.1111nce ear(l•rs 
So('tware prices. 51ar1 at S.C!59.00. Ottaler IDQujrfM welcome 

Physicians Practice Management 
350 E. New York, Indianapolis. IN 46204 

800-428·3515 317-634·8080 

Inquiry 843. 

SOFTWARE/SCAN NEAS 

Optlcal Character Recognition 
PC·OC .. sottware w111 convert typed or printed pages 
n10 ed1ta e 1ex1 ~res for )1)0' WOid processor Wo1kS "'11:. 
HP'ScanJel, Cano.n. Panasooic & most 0\ er scanners 
S~pPl1eC1 wllh a.er 20 poputa1 tonis Use<1ra,nable. you 
ca(l leac PC·OCA• to read "'nually •")' pestyle. incl 
fO\l!jgo fOflls ProponoonaL 18x1. mainx onr'ler OU1pUL Xe<O• 
OOf>eS OK Fr 599. CliecWIS/llMCl/\rr>E>J> COD 

Essex Software Publlshlng, Inc. 
P.O. Box 391 , Cedar Grove, NJ 07009 

(201) 783-6940 

Inquiry 8¥. 

INCREDIBLE OCR 
A1otal solu,lon 10 111 ygur oc.q needs. R.tJoCOQnlZM me:ny common 
ltJI! l)'?efaces. 11'\d e1n Qulc:kr.'J' Jt1m l'1'0l'l C11P'lf;rs. Su~ 111 tl'le 
rTlaJOI ""°fi:I processOfS.- Faiu1r 1111\d fllOfO accurate 1Mn t)Stems 
costlng "'°"'°' "' mUch.Ama:zirlgly I\~ with ... 1nuiaDy l(l'oVfV bllnO 
d Pl.Ind-held sean:n11. most 1u11~;. seeMers, 1n<r all PClt a:t 
board Mor• tnlllf'l 15,000 u.1fsfi~ UHl"S. 

AJI ~ .,,1y Sttu i(fdudfl!g 5"ipplno' 
·1n.r.,-rt•z101W JN:Jude szs ror airtN/1 JhJPfJirtQ 

Crittck. monli")' ordef. VISA. MC. and COO a~ett;t I I 
PAI OCR 

1 

611 Tucker S1teet. Aalefgh. NC 27603 
800·762·5542 FAX: 919·828·5196 

Inquiry 845. 

SOFTWARE/SCIENTIFIC 

C Scientific Library 
C fN11 W Sloml:ztd sef1 mr li.c IN! 1r19lnfftlng tools W11h ll'I JJ eon:t
pr1tienslwt rttrrarr d 500 tunctiont1 !\Clucf'flg lil)flltr l}Qoebra. •'9lJ'I· 
~ms, matrix compllWlons, time aeries., smoc:cl'\U)g and tiJteMg. 
1t111sdt:s. ft'grlJH lon, lintl( ~ l1j1tgtr progummlng, l'llOl'lllnea.t 
systems, oftjmit1.1;on. dlffe ttrit f1r eciua:itoN, c:u""9fin1ng and 
grsphQ.. SuPtrio( dQeu""'nf&llon. UsabM!r. encapsulated,}nOdWar, 
telrab lt , malu~ al'IG alfOtdaDle Sei.oer1J lic&l\ll r.g and systtr(!top
liont vo "'""llable stJtll:ng B! $295. ~ttq-unl ~ company lttterhud 
.,. ..,..ss11<1u-on po(thuo)b 50-oogo CSL 8-'i o-. 
Elgenware Technologies 

13090 La \Jrsia Drive, Saratoga , CA 95070 
(408) 867-118• Fax: (408) 867·6575 

Inquiry 846. 

FREE CATALOG 

LJS00-942-MATH 


MicroMath Scientific Software 


Sall Lake City, UT 84121·0550 


Inquiry 847. 

Scientific/Engineering/Graphics Libraries 
Turbo Pascal, Turbo+MS c, MS Fortran, Basic 
Send for FREE catalogue Q( soltwale 1oots for Scientists and 
Eng~nee1s lr1Clude.s: Sc:lenimc subrou1fne libtarres. di:wiee 
i,,dependenl graphtcs libraries ~nch.sdirig EGA, HP p\ottef 
and Lasef)et support.), saent!fre chatting ltbrarles, 3-0 plot· 
t ll'lg rlbra-ry, de.la acqulsilion librBI1es, menu-drivef'J proc:es.s 
cont~ s.oftwar&. Ve~ions avaflabte fO( a va,iety al populat 
languages.. 

Quinn-Curtis 
1191 C~e5'nul St•• Unll 2·5. Newion, MA 02164 

(617) 965-5660 

Inquiry 848. 

http:S.C!59.00
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SOFTWARE/SORT 

OPT·TECH SORT/MERGE 
Extremely fast Sor\ft,,fergelSelec! hly. Run as an MS
DOS co-nmand or CAL'l as a sub<outina Suppons most 
languages and lire types 'nduding BtJ>eve and dSASE 
Unf,mrted fe Slzes. IT)ulllple keys and tich more• MS· 
DOS $149. OS/2, XENIX, UNIX $249. 

(702) 588-3737 
Opt-Tech Data Processing 
P.O. Box 678 - Zephyr Cave, NV 89448 

Inquiry 849. 

SOFTWARE/TOOLS 

Inquiry 850. 

SOFTWARE/UTILITIES 

Duplicate Disks Fast! 
Dl•l<Dupe duplicates, fonmats and comp8fes dlslcs 
amazingly fast-up to 200 disks an houri Its Unique 
RELAY feature lets you qui ckly duplicate lots of master 
disks effortlessly. And you can prated your masters by 
storing disk Images on your hard disk. Also suppons 
higlKlen•\IY lormats-1>lus a whole toe more! S79+S/H 
Money Back Guarantee. 
Micro System Designs, Inc. 

4962 El CamlQo. Suite 204. Los Altos, CA 94022 
(415) 984-2844 Fax: (415) 984-4529 

Inquiry 851 . 

SOFTWARE/VOICE 

STATISTICS 

JUST RELEASED STATISTIX 3.1 

PC Magazine Editor 's Choice! 


~ Qf1 rely on SWlSJO: co Oft lOJI' M:ll't oont EASILY 1"4 Ol.llCKLY 
M....- '"""1IJl)Ot- SIJl1ST Ol'eB_ind_ 
"""11cs witn.,1~ )ulat~ 

' 'T.c/lniQJ •uppotT ...., flJtt»ltMt 
PC Magazine. 

~ tJ1eo.f11t:y~ W¥'ll JI' llrice ~ Q rtil'lora us 6MBeUOJU$199,-
Tel: 812·631·2852 Fax: 612-636-3070 
Analytical Software, PO s.. t30204. St"""· M. 55113 

Inquiry 852. 

Cover all the bases of design . . . 
with Mttthodologtst1s TOOlcheSI~ a comptehenSlve paelal.118 
of fjw prog1a.ms 10 aid in research design and anatysfs 
Specifk-.al'ly, lhase programs offef assistance in sampling. 
tl!.la COiiection procaduresi Slatfsrlcal 1.na)yses1 experimen
tal design, and meas&1remet"lt: and scaring. $499.95-+sf?l . VISA.. 
M,C. AMEX. PO, Chocks accepted, 

The Idea Works, Inc. 
100 W... Btl..-.ood. Columbia, MO 65203 

1·800.537-4866 FAX 314-445-4589 
OOllfde USA 31•~ 

Inquiry 853. 

STATISTICS 

NCSS 5.x Serles - $125 
~se menus & spread shoet Multiple regression. 
T~ests. ANDVA (up to 10 {aciors, rep. measures, 
CXM1rlance). Forecasting. Factor. clusw. & discriminant 
analysis. Non?Srametrics. Cross Tabulation. Graphics: 
histograms, boX, scaner, etc. Reads ASCllll.otus. Many 
new add-on modules. 

NCSS 
329 NO<th 1000 Eel. Ka)'9\'i lre, UT 84037 


Phone: 801-546-0445 Fax: 801-546-3907 


Inquiry 854. 

SCA STATISTICAL SYSTEM 
The only statistical software encompassing 


Foreeastlng & Time Serles Analysis 

Quality and Productivity Improvement 


General Statlstlcal Analysis 

Available Of'1 DOS. OSl2 a11d Mac operatlng systems. 


CaJt 1oday for more lnfotrn11ton 


Scientific Computing Associates 
4513 Llneoln - .. Su o 106, U sie, IL 60532, USA 

Phone: (708) 960-1698 FAX: (708) 960-1815 

Inquiry 855. 

Experience the POWER! 
StatPac Gold is the award-winning suuist(cs and 
forecasting package lliat delivers! ti's fast , fiexible, 
easy to use and dependable. Tim&-tested and load· 
ed with features. Basic and adv.meed stalistlcs with 
graphics. Over 14,000 satis(ied customers. You be 
lhe judge! Call for you r free brochure. 

StatPac Inc. 
6500 NICOiiet - · S., Minneapolis, MN 55423 

(612) 866· 9022 

TERMINAL EMULATION 

TEK 4207/4105/4014 Emulation 
PC-PLOT.\/ Is a complete ccmmunlcatlons program 
whfeh includes file transfer, scrfpt files, VT·100/200 
emulallon plus Tektronix graphics lermlnal emulalion. 
Supports COM1-4 plus support fof DECnet, NETBIOS. 
U·B Ne11 . Graph cs weenprln\. S225, Free Calalog . 

MicroPlot Systems Co. 
1891' Red Fetn Ot., Columbus, Ol"lio 43229 

614-1182-4786 614·882·3399 (BBS/FAX) 

Inquiry 856. 

TRANSLATORS 

100% PASCAL - C 
F>2C lf'lntll'IM Turt>O PuclJ 3C4.1S IMO C COO. (fuf'bO. MICl'OIOlt 
foo59eed, A.NS!) and IU~ &If'TP real:urff' a.Ms, l'\ea.d h.lno. 
t.ons, wrth, vana.nt rec:orcs, 1111~s.. f.les, tA19ft iu. oonss: «llP'""-...-.,..,,,<l)'nomk:..__._,mom& oon 
atra)'. a.bSCILM vanable&: 111"1 ~P'lirig «ceept ml.int and 
otjocoorle--C......-MTP......,""'1y

~l:~==:-:;fCd~.~;!~ 
ctudU complf<e ~tee eode '°4' tmullUori hbts.ty 

_,., Ed. $395 ?-.ionaJ Ed. $595 (WC, l/ISA, AMEX) 

LAUER & WAUWITZ GmbH, Ertl:oen 9, 
[).6200 WIESBo\OEN . Wes! Garmany, Phone +49 (stt) 42nt 

Inquiry 857. 

UNINTERRUPTIBLE POWER 

PROTECT YOUR COMPUTER! 
BATTERY BACK UPS 

lllJCRO~..- ...,..,,.....__. .... Witig<~ 
p!lUCtion! Wh<n ifre<l- occur. UPS kicl<s ll<Jlllfeliiltly 
Che na:essory - <nsuring <Of'linU005 opmtion 

200 Watt ~29033 '149.00 
400 Watt 829034 1199.00 

FREE CATALOG •5.005/'H 
With yoor orcHl f. Call 1.aoo.n6-3700 or send order 10: 

AMERICAN DESIGN COMPONENTS 
O.ot 21t-tt0 815 Fairvlo« ""-· P.O. Box Z20. FaiMeN, NJ 07022 

Inquiry 858. 

UNINTERRUPTIBLE POWER 

HOW TO PROTECT YOUR COMPUTER 
And Make It Last Longer 

FREE ~ng l~elllure !ells )IXI r... to protea'°"'' com
p\Jler aJld rnal<o k WI longer wlth an u nterruptible po.o< '"Pl'~· 
SOOVA thr0<J9h 18KVA rnodt<s from the~·· iarvm rnanufec
tur.r a ~MQ~se UPS. 

Best Power Technology, Inc. 
00 Box 280. Necedah. WI 54646 

Tol l-Free 18001 356-5794. Ext. 3860 L 

T-IOC>ll ....,_,l... .... 
SH our,ld onpag.-450 

Inquiry 859. 

DATASAVER AC POWER BACKU~ 
Provides relltlllle. allOtdable power p<otectlon IOI, LA 
Systems. FiltSGMrS. CAO/CAM Sysltms. and all Ouktop 
Microcomputers. LDw profile. eonvectlon COOed and .auco 
shutdOwn capabildles are some of ll\8 many user benefits. 
Highest quality, Made fn rile U S. A. (Qealer, VAR, OEM 
Inquiries we1come) 

For f ree lnl0<mat{OI'\ Carl or Wtlte: 

CUESTA SYSTEM CORPORATION 
3440 RO!lertO Court San L>S ObspQ CA 93401 

(800) 332-3440 (805) 541-4160 

Inquiry 860. 

UTILITIES 

DEAL • STEAL • DEAL 
Cardllle I Autodialer 

• D&Htll.+compabb"* • Nf'f MOUSl!I Of~ 
• MMe 1n1n 1.000.000 ~ • NOii Memory Reslclem 
• Na. CoQj" Sll'Cttctfd • Catds eari o. ~ 
• OintCl search and cotY!fn'I • My Phorit .ail'l<fMOCU.m 


soa-eh 

Tl'lll 1- • MUST HAl/E lltll}fy. tt't rat. euy, and )QI can llft04'0 n:. 

$19.11 

Engineering Concepts 
314 N. Newell Pl., FullertOll. CA 92632 

(714) 525·3519 
'--~~~~~~-'-~~~~~~~~-' , 

Inquiry 861. 

EZ-"DISK" COPY PLUS™ 
fUIWLfSS OISllETTES FAST' m"" l'C")OU ~ rwr1 THIS ISSllfJWARE 

LYl~OOStoril<eutmosl'Jl'fd Gieztorl>\llllishefs.~. 
MJS dnctors. r.c. 2X• 11st1r ~ oos R<Jo a.l>I!• ~- w , qoocklf 
' ""'~rmoss~es25·· g35··dlsksoolOU' """f'OXTm1«0 
i'<rmn O)!lf:I. .m:s, otm111y SEIWJZES &~ Lll!El£ • t <mXJttl
""""'°" SM'11'9'$10l!O.more lltolaceod<dicat"' - 
S11XXls Only $139 ·S&H (lor 1 ,..Cflloel"' $495 (NCI' tor up 
to tO machines. ) ·~ 

EZX, 917 Oakgron Ot#10H1090, Houston, TX 77058 
On1m (VIJ.!CIAX/C) & tmlogs Toil Free 1-800 • 359 • 9$39 
INfO. 71YIS().9900. FAX 71l'28Q.0525 SSS. 71J/280.8t80 

Inquiry 862. 

COPY AT TO PC-BRIDGE·IT 3.5 
"CP'Gll2PC' REUA!ll\' .,... 3!11118 l!opc>os on 12 llB ......._ ""'9 a 
SIOI tor a _.., hanl ddl< 0t ""' - ..... O<'r $1900 • SM 
"BRl!XlHT 35' d. oeva OlllVER supponr<J 3\o ' 720K&l ...~8 
,._ tor PCIXTllJ ...i.out UWldin9 OOS.1l!OS- o.iy S39L'O • SM 
BIUDGW 35 BUNOl.£D Win< \NT£RNAL '"""° DRIVE JJ 
112900 + SM v~ UPS eni! 

MICROBRIDGE COMPUTERS 
655 Sky Way Suite 220. San Carlos, CA 94070 

1-415-59J.3777(CA) 1..lS-593-7675 (FAX) 
1"16-855-1993 (CANADA) 1-800-523-3777 
0908-280.188 (UK) •71 1 4020 (FAG) 

Inquiry 863. 

DELTA. the lleller text file comparison 1001. Scrollablewi- preoentations of file °' dll8Clory compatiSoos.
W1th a DtJuHn editor wrndoW. Ideal f0< programmers! R&
quires DOS 2.0 or higher with at l east 384K RAM . A 
nard disk is recommended. Order now. $79. 

DEM O a v ai la b le o n o ur BBS 

OPENetwork 
POWER TOOLS FOR POWER USERS 

215 Berkely Pl. (B-1), Brooldyn, NY 11217 
718-638-2240 BBS: 718-638-2239 

Inquiry 864. 
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Attention U.S. BYTE Subscribers 
Watch for the next BYTE DECK mailing that ~ <.______ ---
will be arriving in your mailbox soon! ___)
Use this as a fast , convenient tool to purchase 
computer products and services." It's loaded with 
essential hardware and software products that you 
should be aware of when making your buying 
decisions ... and it's absolutely FREE! 

If you have a computer product or service, and 
would like to reach 275,000 influential BYTE 
magazine subscribers, please give Ed Ware a call 
today at (603) 924-2596. 

E\ITE 


1/ 


UTILITIES 

Recover deleted files fast! 
Disk Explo<et """ mcfudes automal!c fi\e reco11ery You 
type in l~e d~ed file's name. Disk l:xplorer finds and 
rest0<es ~ Disk E •pioler also shows wtial's reallyon disk: 
W.W. change or create fOfmats. change a le~ Slatos, 
c:l:lange oata in any sector MS-DOS S75 US Cbeci</ 
Credit oard V.1'1COfl)e. 

QUAID SOFTWARE LIMITED , I r 

45 Charles St. E. 3rd Fl. ~ 11 

Toronto, Ontario, Canada M4Y 152 
(416} 961·8243 

COPVWRITE 
CopyWrite 
RemOYOS 
Copy Protection 

~~n~~r: i;skettes US $75 
codewheets. 
tOOO's ot products copied. 

QUAID SOFTWARE LIMITED 
45 Charles St. E. 3rd Fl , Dept B. 
Toronto, Ontario, Canada M4Y 1s2 
(416) 96Ml243 Fu (416) 961·6448 

REMOVE HARDWARE LOCKS 
~:!t~~~:::r::.-::f9~~ 0on.,Ml1 

Gu.at91l1Hd to world The follaW'11"19 pac~ llf9' ..,.!!able: 
PCAC $1i9.00 CAOKE'l S W.00 
MICROSTATION SW.00 PERSONAC OESIGNER '1..00 
~IUUlrCAM S250.00 Smat1CA.M S2SO.OO 
TANGO •ca I 119.00 CAOIANCE SW.00 

PWS SklPPiNG ANO HANDLING 
PHONE (204) 14-39 Fil 1204) •0&-UH 


VISA arn:fMAST~CARD Welcome 


SafeSoft Systems Inc. 
191 1<11lys<0<1<1 ~. Winnlpeg, Mil, Canada, R2G 3ll6 

Inquiry 865. 

UTILITIES 

Why You Want BATCOMI 
BATCOM is a batch file complle1 thal 1ransforms your 
.bal Illes to .exe files to mal<e them laster, BATCOM 
extends DOS with many new commands so ~u can 
read ke'jboard input, use subroutines. and much more. 
In addrtion, BATCOM protects your source code No 
royalllesl Only S59.95. Order lodayl 

Wenham Software Company 
5 Bu~ey St. . Wenham. MA 01984 

(508) n4-7036 

Inquiry 866. 

WINDOWS TOOLS 

Hermes ODE Library 
Tht HefmH DOE Library 1s a powerful library of high llV81 
routines tor MS.Windo.vs.,. programmers. Hermes provides 
suppon ror ODE at a much hig~r I~ than 1hat provided 

~~j~=~·~(ll~ng~'oc~1::';
pliealions. Corripared 10 the Windows SOK. Hermes feducts 
tntt code requfred to lmpt&(T18f"ft DOE bY hundreds of llnes 
of ·c·. Hermes l s priced at $295

Ral ndrop Software Cor1>oratlon 
345 E. Arapaho, Suite 105. R1Cl\ardson. Tax.as 75081 

(214) 234·2611 Fax (214) 234-2674 
SH our 8d on P•ge Z22 

Inquiry 867. 

WORD PROCESSING 

FARSI I GREEK I ARABIC I RUSSIAN 
Hebrew, an Europe.an, Scand·n&Ylan, ptus e tl'Wt' Hind•. f>lln· 
jabl, &nga.11, Gu.iarari. Tamil, Thai , Korean, V"tm, Ot IPA.. FuU
fea1·ured mufti-language v.ord pevcessor suppotts OO·W'88n 
foreign characters and NLO pnnting with no hamw&ra 
moctiflcauons. IJICludes Font Eorior. S35S'dOI matn.x ; $150 
add'I for laser; $19 demo. SIH In U.S. fncl'd Reg, PC. 640K 
graphics. 30-day Guarantee... MCN1$JVAME:X 

GAMMA PRODUCTIONS, INC. 
710 Wilslure BIYd., ,s,,· e 609, Santa Monica, CA 90401 
213139~ TI>; 5106008VJ Gamma Pro SNM 

Inquiry 868. 

WORD PROCESSING 

DuangJan 
Bil ingual woid p(ocessor for English and: Armenian, 
Bengan, Burmese, Eurotl.atln/Afr(can, Greek, Gu)a1ati, 

lndi, Khmer. l.Jlo, Pun)abi , RuS&an, Sinhalese, Tamil, 
Telugu. Thai. Ukranlan, V•et . Only $109+$5 s/h 
(foreign '+ S12 slh). Font edrtor Included. For any IBM 
compatibles w11h dOl·matrix & l.JlserJet pri~ter. Demo 
S9+S1 slh . Visa/MC 

MegaChomp Company 
3438 Conman Ave . Philadelph a, PA 19149--\ 806 

(215) 331-2748 FAX: (215) 331-4188 

Inquiry 869. 

MULTI-WRITER™ 
~L!~~C~N=~=~:s:i~. ~g~.:!."~.~~~ 
No naraware m0d1flcatlons necessary! font editor aflows 

~:.:~~ =~~1e~i~u1::~~~~0~2:.·~~r;,,~~~~~~~ 
poets 9 & 24 pm pdntert. S Laser J9' II. Aeq; IBMIPCJ 

~;!;;g~.;~~~~+s12 sq,. Demo sio S4 s/h 

Summit Software Ltd. 
PO Box 2265. Jer..salem, 1.-ael 9J022 


Tel : 972·2·241003 Fax: 972·2·259239 


Inquiry 870. 

YOUR SALES MESSAGE 
aboul the special computer product or service 

that you pr<l\llde t>elongs in print 

THE BUYER'S MART 
can help you reach computer p{ofessionals and 

produce valuable lnquirres for your company) 
Call Brian Higgins for more information 

603-924-3754 
or 


Fax: 603- 924- 2683 


Here's what a BYTE Deck adveniser has to say: 

''Ten years ago we advertised in the very first BYTE Deck-the number of sales 
leads we received was enormous! The BYTE Deck was so successful for us, that we 
have continued to use it over the past ten years!" 

Lisa Tarpoff. Marketing Manager. Heath Company, Benton Harbor, Ml 
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Cin:k 83 011-..Ur s.ni« Ourl (RBSBLLBRS: IU) 

VOICE MASTER KEY® SYSTEM II 
VOICE RECOGNITION & SPEECH RESPONSE 


FOR IBM PC/XT/AT/386, PS/2, LAPTOPS, COMPATIBLES 


FOR PRODUCTIVITY, PRESENTATIONS, SOFTWARE DESIGN, 

ENTERTAINMENT, LANGUAGE TRAINING. EDUCATION, MORE ... 


SPEECH/SOUND RECORDING AND PLAYBACK. Desktop Audio sound editing 

allows you 10 create custom sound app!ications. Variable samp'e rate (to 20 KHz} a.nd 
compression levels. A lour-voice music synthesizer is included also! 
VOICE RECOGNITION TSA utility allows you to add voice command keyboard 
macros to your CAD, desktop pubfishing, word processing. spread sheet. or 
en1e11ainment programs. Up to 64 vo;ce commands in RAM at once .. more from disk. 
HARDWARE SYSTEM contains built·in speaker with separate volume and tone 
con1rols. external speaker and headphone ;acks. Enclosure made of sturdy ·nyl·clad 
steel. Attaches to parallel printer poll without affecting normal printer opera on (U.S. 
Patent 4.812.847). Headset microphone. printer cable. 9 volt AC adap er (t O volt 
UUCSA listed). and comprehensive user manual included. 

QUALITY THROUGHOUT. MADE IN USA. ONLY $219.95 
ORDER HOTLINE: (503) 342-1271 Mon-Fri, 8 AM Jo 5 PM PST 

Visa/MasterCard. company checks, money orders, COOs (wnh prior approval) 
accepted. Personal checks subject to 3 week shipping delay. Specify computer type 
when ordering. Add SS shippirig charge for der ery in USA and Canada. Foreign 
inquiries contact Covox for C&F/CIF quotes. OEM configurations available. 

.JO DAY MONEY BACK GUARANTEE IFNOT COMPLETELY SAT/SF/Ea 

CALL 0 R WRITE FOR FREE PRODUCT CATALOG 
0@ rovox INC. TEL 1so3) 342-1211 

675 Conger Street FAX 503) 342-1283 
Eugene. Oregon 97402 BBS (503) 342-4135 

PAL 
GAL 
EPROM 
EEPROM 
PROM 
87xxx... 

GANG PROGRAMMER $215 
• 4 32pin Sockets (8 Socket option) 
• 2716-27010 EPROMs 

Call - (201) 994-6669 
Link Computer Graphics, Inc. 

''4 Sparrow Dr., Livingston, NJ 07039 FAX:994-0730 

9,600-38,400 bps 
MODEM+FAX ... $279 

NOW you can afford a SPEEDMODEM.· Raw speed of 300 - 9600 
bps and 4:1 data compression push throughput up to 38,400 bps. 
Dynamic Impedance Stabilization~ provides robust performance on 
noisy telephone circuits. A 9600 bps send/receive, full-featured FAX 
is included on the same card. Total communications capability-only 
$279. It comes with a 30-day money back guarantee and a 5-year 
warranty. BYTE magazine said our 2400 bps modem was "a real 
dea1·· ... well we've done it again ... our COMBO · is setting a new 
standard for value and performance. See for yourself... '3189p.102 

(408)732-4500 CALL NOW 800 ACTON IT (800)228-6648 

Clrd614 Oii ..., S.nia C.anl 

Only your imagination 
limits how you benefit 

from PERCON® 
keyless data collection. 

Checking out books or checking in employees-input 
data quickly and accurately using bar codes or magnetic 

stripes. PERCO has proven bar code solutions for IBM , 
DEC"', and Apple Macintosh . Call 1-800-8-PERCON. 

PERCON 
2190 W. 11th Avenue, Eugene. Oregon 97402-3503 

(503)344-11 9 FAX(503)344-1399 
Cl 9 Percon. Inc. Pf.RC0 :0:. 1&='1. Dt:C and Appk Mxintosh l rt tradtm.li 
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Circk Bl on RabrServiu Card 

The TransTerm 5 is a work station data en try/display terminal for on -line 
shop l loor data collection into PC/AT based systems. The unit is one of a 
fam ily of such terminals which feature LCdisplays for operator prompting and 
data entry via a membrane keyboard or an optional barcode wand (Code 39). 
A mult i-terminal po ll ing controller (up to 250 stat ions) and a dBASE Ill+ 
compatible software package are also available. System costs below 
$300. 00 per station. Call lor info. 

Op11ons-backhght1ng for display. RS·422 110 . 20 Ma current loop 110. 
d8ASE is a <e<J1Ste1ed 1radema1k ol Ash t0<1 ·Tate. Inc . 

L'Cillr-UTl!"i?Tl51!, INC . 
302 N. Winchester •Olathe. KS 66062 • 913 ·829·0600 •Fax 913·829 .081o 

2,168 

IBM PROGRAMS 


FREE. 

• Here in the BIX community, you can download your choice 

of 2,168 programs developed for IBM PCs and their compatibles. 

You can attend dozens of informative and provocative con

ferences, too. All this and more is yours in the IBM Exchange, 

with your subscription to BIX. Call our special Customer Service 

number for more information: 1-800-227-2983 (in NH. call 

603-924-7681 ). 

EllX 


BYTE BACK 


D 

January 

February 

March 

April 

May
Issues 
Available June 

July 

August 

September 

October 

November 

December 

Inside the 
IBM PCs 

1987 1988 1989 1990 


...__~......~~..__~......~----' 

I S S U E S F 0 R S A L E 

Rates (postage and handling included): 
1987- '90 BYTE Issues $6.00* 1985 Inside The IBM PCs $4.00 
BYTE '83-'84 Index $4.00 1988 Inside The IBM PCs $6.00 
BYTE 1985 Index $4.00 
BYTE 1988 Index $4.00 
•June 1988 (Benchmarks) $3.00 
•December 1988 $3.00 

The above prices include postage i.n the US. Please add S.50 per copy for Canada and 
Mexico ; and $2.00 per copy to foreign countries (surface delivery). European customers 
please refer to Back lssue order form in Internat ional Advertising section of book . 

Please indicate which issues you would like by checking (v) tbe boxes. 
Send requests with payment to: 

BYTE Back Issues, One Phoenix Mill Lane, Peterborough , NH 03458 
(603) 924-9281 

D Check enclosed Charge: D VISA D MasterCard 

Card# 

Exp. Date 

Signature 

City 

State Zip 

All orders must be prepaid. Please allow four weeks for delivery. 
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Circle 353 on Reader Service Card 

TREND 386SX/16 COMPUTER SYSTEM 60 MG Hard Drive I 14" Monitor 
• 14" VGA Paper White Monitor • 1.2 Floppy Drive 1 Game Port 
• VGA Board wI 256 • 60MB RLL Hard Drive • 101-Key Click Keyboard 
• Phoenix Bios. • 2 Serial Ports • 3 Button Mouse 
• 1MG On/Bd Memory • 2 Parallel Ports • 3 Vear Warranty 

SIMM MODULES 
1QOns BQns 60ns 

1MGx9 s 58 $62 $80 
1MGx8 60 69 
256x9 20 22 30 
IM G 4x9 • 80 • 359 
Add 55.00 !or SIPP Modules. 

COMPAQ 
Modules 1MG 4MG 
366120/ 20E 1<5E $125 $349 
Oesi<Pro 286 E 

HARD DRIVES 
K.AYLOCK 20MB XT 20MB. 

MFM. 3 5 HH, •Oms $215.00 

MITSUBISHI 40MB, 5 25 HH. 

MFM. 28ms $300.00 

MITSUBISHI 60MB. 5.25 HH. 

ALL. 28ms $400.00 

CONNER 3204 200MB. 3 5 HH. 

RLLl lDE. 16ms 5900.00 


IBM PS/2 
Models 30-286,50,50Z,60 
512KK11 30F5348 s 67.50 
2M B K11 30F5360 159.00 
Models 70· E6111 21,S5SX,65SX 
1MB 6450603 82.00 
Mod els 70-E61 / 121,50Z,55SX 
2M B 6450604 170.00 
Model 70-A21 
2M B 6450608 170.00 
Models 55SX.65SX 
4MB 34F2933 499.00 
Model 80-041 
1M 8 6450375 139.00 
Mod els 80-11 11 121 131 1/ 321 
2MB 6450379 219.00 

H.P. LASER JET 
OK 1MG 2MG 4MG 

II & 11 0 $70 $11 0 $175 $299 
llP& 111 69 99 159 289 

LAPTOP MEMORY 

Toshiba 2MG 
T3100E $229.00 T3200SX $269.00 
T1600 229.00 T5100 245.00 
T3100SX 245.00 T5200 245.00 

Zenith 1MG 4MG 
Super Sport / 286 $199 $899 

386 MATH 
CO-PROCESSORS 

16Mhz 20MHi 25MHz 33MHz sx 
CYRIX (83087) 

$305 $350 $450 $549 
11 T i3C87) 

$305 $50 $450 $549 
INTEL (80387) 

$305 $350 $450 $49 5290 

EVEREX 
RAM 3000 s 89.00 
0.3 MG. Wtll back hll lo 640K UM 
• .01052 compa1tble Expanded and / 

or extended uses 256k D·Ram 


RAM 8000 190.00 
0-8 MG Supports mvrMask1ng 
EMS 4.0 and EEMS compal•b le. 
Uses ' MG 0-AAM 

0 -AAM 
All Packages a nd 

Speeds Ava ila ble. 


SPECIALS 
360K Floppy OriYes $40.00 
PanasonJc & Mtts1Jm1XT only DSI OO 

Mono VGA Monitor $95.00 
1'" Paper White Tdl & Sw•vel Base 

OUR PRICES Will MEET OR ..,. 1_~ ··- 1--~ SEAT THE COMPETITION! 
TERMS AND CONDITIONS 
Terms: Cash, MC or VISA - no surcharge. AMEX only add 4% 
handling fee. 20% restocking fee on non-defective returns. We 
accept Purchase Orders lrom Qualified Firms, Universities and 
Government Agencies. Prices subject to change. 

No. 9 Exchange Place, Suite 900, Sall Lake City, Utah 84111 

800-678-2818 

WE BUY EXCESS INVENTORY 

TRE 0 SYSfE M S I H C . 

Telephone: 8011350-9180 Fax: 8011350-9179 

Spectacular

Performance. 


Now Playing On 

9·Track Tape. 


Overland Data ubsystems deliver spectacular 
performance play after play. Stay fo r the credits and you' ll 
ee why: 

Speed. Overland Data offers subsystems with the fa test 
data rates in the industry. There ' never a dull moment. 

All Star Cast. We offer eight different tape drive by 
major manufacturer . And our new TXi controller card 
tran fers data o fast, it may just steal the how. 

Versatile Performance. Exchange data between your 
PC' , mainframes and mini ' s. Use any lB M PC, compati ble, 
or PS/2. Run under DOS, U IX, XE IX and PICK. Convert 
from EBCDIC to ASCII and back. Backup your hard disk. 
And more.. . 

Well Developed Characters. We develop our own 
custom software fo r advanced data transfer, conver ion, and 
backup. 

A Great Supporting Cast. You have all of Overland 
Data behind your ub ystem. Expert sale and customer 
service staff are always ready to help you by phone. We can 
deliver to you in 24 hours. We back your tape drive fo r one 
year and your contro ller card for two years. And your 
subsystem comes with a 30-day, money back guarantee that it 
will meet your application need . 

All of which mean that whenever you play 9-track tape 
on an Overland Data ub y cem, you ' re in fo r a pectacular 
performance. To re erve your eat, cal l u at 

1-800-PC9-TRAK 

Drn OtJERLRND DRTR 

San Diego. CA 

1-800-729-8725 • 1·619·571-5555 • FAX 1-61 9-571 ·0982 • TELEX 754923 OVERLAND 
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Circle 312 on Reader Service Card 

Scottsdale Systems Since 1980 1-800-777-2369 
COMPUTERS 

SCOTTSDALE SYSTEMS 
PLOTTERS 

IOLINE Aol>nd DESKTOP PLOTTERS 
:i&D'L'P 350.) . $2'339 1~iear 1'1 .m.anl; 
I<& 0,tp )!(!') l88ll 0)" 1100 $895 

S3 111'J 
tlll'J 
tt Q9 

380-SX w I 8 Monitor t MeQ ol RAM St65S 
380-33 MHz w,K B Mor1tor l ~ eg ot RA',I 53925 

L~·.3700-8 , . . . . . . 3tl9 DX~·1200 £1ertrci~BC·c 
LP-J C00-1 w ~:ii· ~ed 3579 P~oet Ho1; 12'95 

t3!l5 
1795 

Cl'JOict arFull Size 0UklOG tau or Full Size TGwer C.Ui! L P -~ ooo-e....,. 1:1011 Ft>~ 393S OX'l'-1300 E;et11os!at·c: !l59 
Ea el\ScollscMle rll! .HMrte HU a I Ym Wm~nly Dfl P1rts: 
& labOf wla 0-.itrn l!;lhl Su·me on Wmanieell Prallucls. 

Altos W/ Xenix , 
WYS! 385 25 MHz WYSE 286 

~·1~if iXt':t~~~, ~m ~:~~~ : ~~ 1 ~ 
IOTH CO,PAOCE SSOAS SAVE 

TE RMINALS/ MONITORS 

SAV! 

S1 2S4 
135 1 

1J1n~·I Cutrirg Ma~1ures flaof:'r Ho1c . • • 1615 
Blad" & Ho:·,,, , , Aolond OAUTING PLOTTERS 

HOUSTON INSTRUMENTS 1Year '·'''"'°'' 
tr 9 i.~ . 1 $982 GRX.-300 Al!! . $3H5 
OMP 52 52 ,., Z4Z512865 GRX-!00 AR 3359 
WP6' 62 , , 2941 13895 Rolan dFLAT BED PLOTTERS 
LH.' P6~ o.. 3743 , .,.~~- wa.rra,., tv 
[)r.'P 62 0'" 4131 [)PX·25fJ.l Pen or Pencil 

ENTER • Srara , . S4115 

S2t99 
sAVE 

WISE TER MINALS NEC l ,l<IJO MONITDA SS4Hl6't SP600 $599 0F"). -35C(t Pen or Pe-nc i 

~~~:~ ~~~:: 1 ~:~~~:~~ srr: NEC <IO I SO 111SCl / 2HS 
CALCOMP • Sw,o , , , , . 4618 

1•m 102; SJ ll5/4519 Aaland THER MA L PLOTTERS 
WY.fjj GfWIA·wl Keyri OiHCI iii)) Y rt:n1bo1'1 1Di11mooo Sieari 52'1 '. JOfi 1(1.U 586918739 LTX·'20 , 19159 
WY·99GTA·w 1Ke yttoa1.: 408 Seiko 1<1<1 0 615 5<;'.)2 591J2~ 381914175 LTX-320 7115 
WY·ISOG• W•O:.. ·w Ke ytioarCI 3&7 Sony1JOJ11302n3°" m 1wt!lt! OM 5222! 11 919 LTX-1(0 . 1135 
\\1 Y·2~2'G• W·w i t( eytJoa•a 1489 Hr,tc::ri1Su1>t-r Scan 1ttt 
WY He19rt Al!1us1ao e Aim 95 Pl'l1hl)1 2'0' HI-RH 2059 

HEWLE TT PAC KARO s." Rol!Od CAMM MACHINES 
OPTICAL SCANNE R& SOFTWARE So11w"' & Atcmories , •••< 

QU ME 
VT 101 PlusG A IV 

OVT 119 Plus G1~ W 
OVT 203 Pl,, G A W 
D PC " G,AiW 

WISE MONITORS 
SJ16 \'J't ~JOG A 1<1 "'' o-na 
3~ ~~v 'S'St' AW 1~ ~.• orio 
443 WY MO: · i VG~ Co1e1 09 
JM WY ~IX•,', 15' M"11"1Q H'5 

('!a:a Cci::iv Authorized Servlte lor 
P'°''°"'· ~S-\05 :-06 $1 03 7113 15 RGl!nd Plotters !AdCA MM MachinH 
M '·"'"' S AVE UNITEO INNOVATIONS 

Mode l iOOOA·C/ , Sl899 
IMT ACCEL 500 l·i•lls-Plo: $1699 Model liOOOA·D ~··, •• ' 2059 

Model OOOOA·E , •·,,,,,, 2829 
IBM TERMINALS 

18\! 3'5' 1 ) 'r'•tr \o\'RH,t Alf 

l'"' \IC5 
AllOS 7 

IMTEC 
SAIS 1mTec ivo·1~70 

40!) lmTec 14.30.1.:.:1v 
4.57 111Tec ,-02 M 

DIGITIZERS " 
KURIA SU MMAGRm1cs 

l11i'!rir;~ Warr,urr~ On Kurr;i 1S- r u·ef1me t..1m1reo W.aH..Jnry 
15·1 12A 12 Coiell"~~ J .1;1;.1 ·1 on 12.J 12 Sur.>mJsl..ei.;:h U S35S 

I.AYE 

KIMTAON ACER 
S349 : r,( ul~•S.tan 

1J 'JG~ 64n:i480 
U llilDl!r nMi:;ilarl: 

43.I 
349 
119 

r.ursor ;:ie-n s·vlus ~.id 12:..lS Pr;:.tess o;ia 820 

15.~ 1 ~21~fi (,~1·Cllf!S~ ·Htu11on S4J g HIH.CHI · · • · SAYI 

curs(lr pi:n s~vius. arr:i GEHIUS TABLET 

... ,,. 
Authorized Service for WYSE 

LEASING AVAILABLE 

INTERNATIONAL ORDERS WELCOME 

in1i:rrac.P • 11 6Z9 i2~ 12 /o Cursor Slylus & Sor1ware 

~:~~?.:;W20 ,7"1 1365 ly,., ·~ ''''°''on Tab le! 1:199 
Cal C::;.'TI: 9100 5... ·.es SAYIE 
Cal Co'11~ 95()) St!' e~ I A'IE 
CJI C)mf \\1

11 165 
Call For Pricing On 
Larger OlgltlZl!rs 

91 

CALL 

All soltw.ueu 1e1 1re 11n11 
CA LL SERVICE FOR REPAIRS 
ON PA INTERS. TER MINALS, 
MONITORS, COMPUTERS, 

"Parlez-vous Q-TEL?" 
Oui. .. Si. ..]a... now the aJIS\Ver 

is Yes wherever you go internationally-thanks to our new Q-TEL International Database, 
Q-TEL speaks everyone's language when you're talking about one single source of tele

communications rate, tariff and regulatory information. Domestically, you've already seen 
how our Q-TEL Databases (Q-TEL1000, Q-TEL 5000 Plus, Q-TEL 7000 and Q-TEL 9000) 

can define a better bottom line for you. Now watch how the newest Q-TEL database 
translates into maximum cost savings for you internationally. 

All our Q-TEL products have superior performance packaging, adapting easily to your 
applications with the most current and accurate rate, tariff and regulatory information to keep 
you updated and on top of industryactivity. 

So why not parlay our advanced telecorrmmnications capabilities into a unique profit 
opportunity for you. Remember, whatever your role in telecommunications-manufacturer 

seller, user of equipment or services-you also get our 20 years of 
telecommunications experience, backed by the information network 
of McGraw-Hill Parlez with us today., ,Call: 1-800-526-530 e;.;.1. :290 

• 

cc;/IFirst-Rate Information 
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New Products 
Alpha Products proudly announces two new 
product lines: C·Net serial communications 
devices. and Alpha Box interfaces. These 
new products are not merely A·Bus 
accessories. but complete sets of products 
for all of yol!r interfacing needs. 

All the products are used to connect different 
types of devices to your computer. our 
communications devices help you connect 
devices that have computer interfaces 
already built in. C·Net provides the option of 
connecting many different RS-232 devices 
to a single serial port on your computer. We 
also carry converters to other standards. 
including RS-422, RS-485 and IEEE- 488. 
• C·Net Adapter. Connects the master control 
computer to C·Net. $74 
• Quad C·Net Module: Connect 4 RS-232 
serial devices to C·Net. Each device is 
configurable (baud rate, parity, etc.) and has 
4.6K byte input and output buffers. $695 
• C·Net Device Module: Connect any RS
232 Device to C·Net for data collection or 
communication. with handshaking. $195 

Alpha Boxes and A·Bus cards both provide 
ways to interface other types of devices to 
your computer. Alpha Boxes sense. 
measure. switch and govern. They feature: 
• Each box Is an attractively packaged self 
contained module that connects directly to 
the computer and includes power supply. 
• The input boxes offer the option of logging 
data "off-line• and downloading it rapidly to 
the computer. 
• Built-in intelligence provides a simple and 
consistent interface to your software. 

A Sampling of Alpha Box Products: 
• Digital Input: 64 TTLJCMOS/0,5V input 
channels. $495 
• Digital Output: 64 TTLJCMOS/0.5V level 
outputs. $495. 120VAC control available. 
• Digital 1/0: 32 TTL Level (0.5V) Inputs and 
32 Outputs. $495 
·Analog Input: 16 channels. o-5.1V, 20mV 
steps (8 bit). 2000 readings/sec. $495. 
Expansion Option: 16 more channels. $100 
• 12 Bit Analog Input: 16 channels. 
programmable gain. 10000 inputs/sec. max. 
$995. Option: 16 more inputs. $200 
•Analog Output: 4 channel. 12 bit D/A. :t5.1V 
outputs. $495. Expander Option: 12 more 
outputs. $200 
•Counter: 16 Inputs. 24 bit. $595 

"We can make your PC do 
things you wouldn't believe." 

C
3 

From Your PC 
·Command 

·Control 
· Communications 

Bring new dimensions to your computer with 
A·Bus. C·Net and Alpha Boxes. No longer is 
your computer limited to number crunching 
or word processing. Now you can connect to 
all types of equipment. sensors or machines. 
This offers unprecedented power from pro
duction lines to experiments to home control. 

Each product is designed to fit your needs: 
They're affordable. Compare our prices: the 
cost of a solution is surprisingly low. 
They're slmple and easy to connect to your 
computer and your application. and carefully 
designed to adapt to your software easily. 
They're vereatlle. An Infinite number of 
combinations is possible: one of them Is right 
for you. Easily expanded or changed for 
future projects. 
They're proven by customers around the 
world. including Fortune 100 companies. 
universities. governments and individuals . 

Call for a Catalog (800) 221-0916 

Overseas distributors 
Asia: Batam DA. Singapore 
Tel: 473-4518 Fax: 479-6496 
Japan: Japan Crescent 
Tel: 03-824-7449 Fax: 03-818-8914 
SC8ndlnavla: AIS con-Trade Norway 
Tel: (04) 41 83 51 Fax: (04) 41 94 72 
Spain: Arteca S.C.P. 
Tel: (93) 423.n.05 Fax: (93) 325.70.16 

Low Cost 

Data Acquisition 


and Control 

A·Bus Sensing & Measuring: 

Read switch status. Detect or measure 

voltage. Read pressure, temperature, weight 

and other sensors. For example: 

• High-Speed 12-bit AID converter: 8 1 Oµs 
analog inputs. 1 mv resolution $179 
• 8 Bit AID: 8 inputs. 0-5.1 v in 2omv steps. 
7500 conversions/sec. $142 
• 12 Bit AID: :t4V in 1 mV steps, 130mS 
conversion time. 1 input. expandable $153 
'Temperature Sensor: 0-200°F 1° 
Accuracy. 10mV/°F. $12 
• Digital Input: 6 opto-isolated. Read voltage 
presence.switch closure. $65 
• Latched Input: Each Individually latched to 
catch switch closures or alarm loops. $85 
•Touch Tone Decoder: $87 
•Counter/Timer: 3 16- bit counters. Generate 
or count pulses. Time events. $132 
• Clock with Alarm: real time clock with 
calendar and battery backup. $98 

A·Bus Switching & Governing: 
Switch any type of electrical device. Adjust 
level or position. A sampling : 
' Relay Card: 8 individually controlled 
industrial relays. 3A at 120VAC. SPST. $142 
• Digital Output Driver: 8 outputs: 250mA at 
12V. For relays, solenoids ... $78 
' Reed Relay Card: 8 individually controlled 
relays. 20mA@60VOC. SPST. $109 
• Multiplexer: Switch up to 32 channels to a 
single common. $83 
• Smart Stepper Motor Control: Micropro
cessor controls 4 motors. English commands 
for position. speed. units. limits. etc. $299 
' Telephone Control Card: On/off hook. 
generate and decode touch tones. call 
progress detection. $159 
• X-10 Controller: Control and sense 
standard wall outlet power modules. $149 
•Voice Synthesizer: Unlimited vocabulary. 
text to speech software built In. $159 
• 0/A: Four 8 Bit Outputs. Adjustable full 
scale. $149 
• 24 line TTL 1/0: Connect 24 signal. TTL 
0/SV levels or switches. (8255A) $72 

A·Bua Adapters and Software: 
Adapters connect A·Bus cards to your 
particular computer. 
• Plug-in adapters for IBM PC/x:r/AT/'386 and 
compatibles ($69). Micro-Channel ($93) . 
Apple II. Commodore. TRS-80. 
• Serial adapters for Mac. PC. etc. 
• Odin PC compatible software. control~ALPHA fPrl@@(][]©ft@ 
relays from analog inputs or time schedules. 

242-8 West Ave. Darien. CT 06820 USA (203) 656-1806 Fax 203 656 0756 Logging. Runs In background. $129 
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Computer Memory 
and Peripherals 

80ns 70ns 
4MG X9 $4155385 

569 S79 
1MGX8 
1MGX9 

562 

256X 8 
 16 

256 x9 
 524 S33 

150ns 


G 1 


256 x1 
 $1.80 

256 x4 

64 x1 
 $1.00 

64 x4 
 $2.25 

256 X4StaticCol 

256 X1 Static Col 


PS-2 PRODUCT 

MODEL 70 &80SIMM 

34F2933 • 4MG Memor/ ModlJle lor55SX: 65SX 
Memory Optoon ISM P1N3•F3on;34f301 $469 

6450372 . 2MG Moou~ fo ii•SOJ67 ............. $300 
6450375 • tMG Mem<liy 80 tor 8().0.: t ......... S139 
6450379 • 2MG Meroory Bd.lor 80-1i 1:3 1-12 : 

J2t .. ................................... ······ ················· $249 

6450603 · 1MG Mooue lo 70·E6 :· 21 . Adaptor 

13-0aid IBM P'N 6450605, 64~9. 3•f301 & 
)<!FJO ..................................................... S95 

6450604 • 2MG loo I• or 70-06t ,E61. 

~21 ,50Z;55SX : &SSX;PiO ·-····-········· 
Adaptor Boa<d IB PIN 6450605. 6450609 • 
34FJO t & 3dF307 ..... ......................... ..... $185 

• iQ or mo,e unMs ....... ................. $175 
6450608 IOI Model iOA21, A61. B-21. Bot ....$185 
6451060. •MG Memorr So.tor 81).A2t ;·AJ SS59 

l
 jlj ll ll iil jf+
====~~~~-~~~===1111 
120D............. .....................................Si 3g 

180 D.............. ...................................$299 

GSX 140....,.. . .......... .. .S299 

GSX 200 GX Color. .......................... .5199 

HSP500 .......... ..... ..................... .........S329 

HSPSSO........ ........................ .. ..$449 


PANASONIC 

1124...................................................5299 

1180.. ............................ ....... ..............$179 

1624.............. .. .............. .... ..............5399 

1695.. ............... ..................................$419 

4450 Laser.... .............. ....... ... ...........$1449 


LAPTOP MEMORY 
2MGCa>d·TO-.Po.,.,..Tl200e 

;~~ g:~:i~~~=:g~s·x ... 
•MG c.,0.10.,..,,. Port.tblt 13, 00sx 
s1:ucca">TOSM>• Pomo<• TSlOOI 
2MG Ca.td-Tos a ?ortm~ T3100e . 
2MG C..d-To l>a Porta • T3200SX 
•MG C;uo·To....,,, P•rt•"*T3200SX 

2MGCarcl·Tosn.oaP'ona.t:HT5100 . 
JMG CaJd·To:vi.oa P~ T32002MG MOdult!•Tosh1oa PortaDie T5200 

2MG t.4odUJ4t.ToShlb.aOf.Slt1opT8:.00
MARSTEK HANO SCANNERS 

MARS 105 PL US i;.t""'"""'""•ls lo•tro•"'I 
.iean kit utJJ,ry ct:ers T) Same $t!9 pnnnno 21 
Eo.11ng 3J EMS Svppon .;) Ould-. MerQ'! 
Fearures: 1 t T05MM (.: 1 :; •1SCilnl"''ng~ 2J 

Se'~ble 400'300'200 ioo O?! 3) 160,000 dot"S Pf' 
ll'ld'I artill ftsdution .:) 3 ex e l'la!!tOtlf par.trns 1 1.ni .,, 
~:=,~~~r=~~~\,~~~:!~.~-~-~-~~~~~.~.ff89 

MARS 800 SCANNER 8000?1&:Snaoosot 
Gtl'J'. hi\rerH Mooe. FlesoMion Q400 dot-sn 5q\:'4fecl 

12 Nii.OM oanems 
0Nt..Y.•. ·········---··-···--·--·---·-···· 

We Accept Purchase Orders from Qualified Firms, 
Universities and Government Agencies 

FROMAN VWHEREINTHE U.S.• (SOO)
CANADA, PUERTO RICO AND 

THE VIRGIN ISLANDS . • • •1 533 0055 
We Accept International Orders 

with fast delivery via DHL, Federal Express, Air Mail 
rNTERNATIONAL ORDERS: (714) 251-8689 

MEMORY EXPANSION BOARDS 
COMPAQ MEMORY 

NEW 

RAMOUEST 8116 The only card 

~~n~~;, tU.~':a~r~~~1\~~cz.,~:tit1!~: 
~~fcra7~~~~~~s.t ~l~K~~~:~.:~:. ~~~ 

RAMOUEST EXTRA 16132Tt1aonly9-SMG. 
9 wait state CG<d IOI P$12 mod 50. 60, 8 90 

~~~!"11rn~rur..~~~~~"~ ~2A~·;:~Pf~ 
freeserialcable. EMS4.0andOS.2oompatJble. 
Uses 2561< and 'or l MG SIMMS ............ 5299 

ACCELERATORS 
TINY TURBO 286 Low<= high speeo, "'" '•' 
PCIXT • Acceletates your PC1':X1' Mn a &MHl S02-Bl5 

mictoproeeiscr 902.87 mat1'1 c:hip ~•I S229 

T IN'( TURBO XT w09n ~"' n"1f 1io1 aocel•· 
raior lo, PC'XT · Aceetera!es ;,our ?Cr up to 4 
Wnes ra.s1er wttn a i 2 MHz ao-286 TTCtopt<>oessor 

8028 '*"' cn1p '°"'" $259 

0-RAM TESTERS 
5149 ,95 

Tests speed plus parameters 
UNl-003 RT ........... .................... $199 .95 

Tests s1andard SIMM Modutes 
256 X S, 256 X 9, MG X 9. HAG XS 

CALL FOR OTHER OPTIONS AVAILABLE 

UNl·002 RT .................. 


VIDEO ADAPTERS 

BOCA RESEARCH 


1024 VGA. 102.: X 768 in 16 stmullaneous 
colO•S. 6401480 in 256 CCIO•S. 132 col X 5~. 
43.25. t02• X 768 .. 800 600 or1verS1 t32 cor 

.......................................... .......... $159 
SUPER 	VGA 800 X 600 Aeso1ui 2S6K 

RAM! 8 or t6 bit. 132 col X 50.43,251 UM 
Onvers.t 800 X 600 dnvers lor Windows. Auto 
CAD ......... ............................................. $109 

VGA 640 X 480 Reso'utio 256K RAM . Sor 16 
brt ............................................................$99 

Multi EGA 640 X 480 Resolu>ion on mul 'pie 

~~Ke~~1~i~~!~~°.:et:c4fg. Wi7~!s~'Z 
l otus ........................................................ $89 


ATI TECHNOLOGIES 
VGA WONDER 256 ' " (256K video me~. 

"""'"!'llradal>le) SameasVGAwonder512 . 
exeep1 wlth800x600 in 16 colors and 102•x768 

~or~-...~~~~~~.~-~--~-1-~-~~~~-~--~~~-'2~~ 
UNITEX 

EGA CARD 640 X 480. t 6 oolo<. EGA!MGA. 
CGA.IHercutes ......................................... $89 

VGA CARD 1024 X 768. t6colo<.VGA1EGA. 
MGA.CGA ............................................. $1 19 

MONO CARD w/parallel pon ............ $25 

CGA CARD wipatal lel pot1 ................ S25 


SOFTWARE 
DOS 3 .3/GW BASIC....... ........... ....... .$59 

R2M-g1~~~~-5.rc.. ..:...... :·: ..:.. ~~~ 

BOCA RESEARCH 
T~:~~T2. t2~t~~~~f~~~e~~0"..~.1 ..~."sgg>' 
TOP HAT 11 · Same as TophAT1with 128K $85 

BOCARAMIXT P<ovides vP 10 2MG of expanded 

u:~o~~~g.~~b~~- ~~,=~~..~.~..t~.•~ .~.~~09 
wi1h 512K ............. $169 


BOCARA MIAT P•ovides up fO 2MG LIM eMS.:.O 
and.tor 4MG al e"umded. exparlded or backfin 
memory. For 16 bit bus.Operattis up 10 i 6MHz . 
Uses 256K D·RAMwith SK •........•....... ... S109 

wi1h 512K ............. 5169 


B~x~!~~~A:x:a~;dPr~~d~c~Cn lom~Mm~~'. 
Ope1a1es up to 33MHz and is se1thru software. 
Uses 1MG D·RAAll With SK ................ 5129 

with 2MG ............ S299 

BOCARAMIAT 110 PL us Provi(fes up to 4MG of 
extended, expande<I or back II memory.For 16 
bit OOs. Operaces up co 33 MHz and is sei lhru 

~r~~~RA~ts -Serial 	~ G~r-~-1~~ ~..~.~:. ~,s:J 
Wllh 2 AG .....- ..- .. $319 

BOCARAM 30 	 Provides up 10 2M() ol 

i~~~~"'l,:,e;c"~:f~~~~ ~~~-~~i:~~l.;so 
Uses 256K D·RAM ' 	 With 9K ................. $149 


Mth 2 MG ............ $289 


BOCARAM 50Z Provides up to 2MG. owait 
-s a1e. expanded or e'.lC'tended memory for IBM 
ps,2 model so. SOZ.60. Uses 1MG D· RAM/ 

W>th 9K ................. 5160 

woth 2MG .............$299 


BOCARAM 50160 Provides up to •MG 
expanded. &lClended or t:iacidill memory for PS.I 
2 model 50. 6(1, Uses t MG D-RA~ 

with 9K ._.............. St 60 
wilh 2MG ............. S299 

VO XT 02 41 Fa< S·blt bus. Has cioek. parallel 
pon. serial pon.andoptkmal 2od serlal port.S49 

110 SER 2 Add Zoo serial porl. to llO AT orl O 
xr .................................................... 515.95 


BOCA MCA PARALL EL CARD Adds t 
parallel pon 10 PS/2 Sistem .................. S69 

BOCA MCA SER!AU PARA LLEL 
CARD Adds 2 senal and 1 parallel po , to 
PS12 System ........................................ $119 

EVEREX 
RAM 3000 DELU XE Up 10 3MG. Sel0<1abte 

memory addsesS-es. Expanded Memory 
Spec1tlcauoru (EMS) • 0 10512. Can be usid 
to badd1ll base memory up 10 640K and lhe teSit 
as expanded aJ'H1 at ex1ended memary. uses 
256K D·RAM ...........................................$99 
W< h 512K .............................................5139 


R.!~e.8e~~~nd~o':' e~~Gndc:dm0e%~~a~~ 
comb1na1;on, Fulty compati':>te w.th Lot\JS, tntel, 
MJCrosoh. EMS .:.o. EEMS. Suppons Mu 1ti
Tasking and OMA Mu -.Tasking In hardware. 

~l~~sGco~~~airb~ iu~~~~p~~~~~!~ ~=~~ 
wart s1a1e. uses t MGO·RAM ................. $239 


~e.12~~~~~~ ~~~~~cJe%
1

~Pfn0~0 
cornbinatK>n. Compatible with Lotus. totef. 
Moos.oft,EMS4,0. Opera1esw11hnoaddn.onal 
wa1states. u,,,. t ~ G D·RAM ........... $159 

UNITEX 
DFI 3 BUTTON MOUSE ·Microsoft Com· 

panbl"' w/.artware included.. ....................$35 

384 M u lti function Card ..................... $89 
for PC.XTExpaoos to 38AK-SERIPAR.CLKI 

Game po<!. Use• &4K DRAM 

MARSTEK 3 BUTION MOUSE 
-. Mlet0$01\ Moiuu S :,'Sii!T".S Com-;iat~t 

' AdJU•t.•l:<e OPI uo " 1~-01sow•are1 

sonwAR• .,•cLuc •o....- ......- ...--··--·-··$39 

Retail Offi ce Mail Order Division & Retail Storei\Q svre"lar04 '~' MC ! · '• $..:.. 
-e·oiti vc · .ts .:. · coo ·c.:.s .., · .:. 1.•:.:.o ;100 .: ~ 17222 Armstro ng A ve. • Irvine, CA 92714

1025 E. Twain 
Las Vegas, NV 89109 :>:...'Cf'AS.e Oroe-•stf~· n<!l.,..a. '·-!!Cl! If"':!. Phone: (714) 251-UNT X(251-8 6 8 9)

Phone : (702) 732-8689 ?:·...~ res.tr:Ov1q le-e ~ n~"-o~'ectl•!I ~~t.:Jms 
Fax : (714) 251·8943P~~:>,ec:tto.;+-ar"}•FAX: (702) 732-0390 

1-(800)-533-00551-(800)-843-8414 	 SEND ALL MAIL ORDERS TO 
Mon · ~n Barn • 6pm P 0 Box 19772 Mon · Fn iam · Spm 

Sat Sa m · 2 m Irvine . CA 927 13 Sat Sam· 2pm 


http:R2M-g1~~~~-5.rc
http:r=~~~\,~~~:!~.~-~-~-~~~~~.~.ff
http:t.4odUJ4t.ToShlb.aOf.Slt1opT8:.00
http:CaJd�To:vi.oa
http:2MGCa>d�TO-.Po


SPECIALS 

i:JF1 Mouse·' 200M8 ifa;d 
3-B-utto~ ficiJs~ , Drives 
with Selecta_ble . Conner 3204,

1 
Sensilivlty . • $899 


Softw are lnc_luded ' Rodlme 

R03259A 


$35 ~~- -$825 

360K Floppy Mono VGA 
Drives Monitor 

Panasonic & 14" Paper White, 
Mitsumi Ti ll & Swivel Base 

XT Only DSiOD $99 ea.
$39 $89·10 or more 

HARD DRIVES 
KALOCK 20M8 XT 20MB.MFM.3.5 HH,40ms ........... $225 

MITSUBISHI 40MB,5.25HH,MFM. 28ms .................. $319 

MITSUBISHI 60MB,5.25HH.RLL. 28ms ..................... $419 

CONNER 3204 200MB,3.5HH,RLL/IDE,16ms ........... $899 

RODIME R03259A 200MB. 3.SHH. IDE.. ..............$825 


MODEMS 

lnlemal 1200 BAUD .................................................... $69 

Internal 2400 BAUD .................................................. $129 

Internal 2400 BAUD w/MNP 5 .................................. $169 

Ex1ernal 2400 BAUD w/MNP 5 .............................. $199 


U11itex (HAYES coMPATI BLES) 


lniernal 1200 BAUD .................................................... $59 

E•lernal 1200 BAUD ................................................... $99 

lniernal 2400BAUD ..................................................... 569 

External 2400 BAUD ........ ..... .................................... $129 


FAX BOARDS 
Now works with 


·~;.:Calculus EZ-FAX Windows 3.0 I 

The mm.1 ~ly~. Fu'fy loadld, Cos; f'l'tea:ve FA)(. DOatd .,,.,,.,......... 


CCmGrouplll 
Ptovldes hJlr conc:unenl~opetitlOft Atow$ user io tranSM::t reo&m 
1flCI yiOw dggMDlf!13 M tgtcO, ()oQ fn rnemot'f, the~ mi)' be 
eGtli10 lot r11rans.mu.sion. P'lf1!ed. 11ored !Of fl.l:vre. or~ on YIM' l\wa 
dl'TV9- SOFTWARE INCt.UDE.D 

CALOO I F'X 14800 baud) Unitn PMU $189 
CAL OOlF'X I Y600 baud ) Unitu PMce $269 

___.$239SOFTWA.RElNCLUDED·--- 

SCANNERS 
LOGITECH SCAN MAN ecmp.- '' """"' c.....,u• EZ· FAll 
Se4tl man Is • 1...&00 AesokJtiOn ScanDM. ~a> lime IO'e@l"I lmaQ6 
gtne'lllOtl Whlle leal'llWIQ Uslngthlst\.lndseanne1malt.nlu'9VOO' seanneic1 

~::i.$impk!o woive 04 lhe l'l~NClUOES CALCULUS EZ~FAX $389 
DEST PERSONAL SCAN Combnesr""°'"''-~!>W1«'"' 

lt'l10 ont. compaa ""' FIJlt paot: nano l\eia anc1 ltn page- $1\NI 1...0 selMln; 
in on. ~ Perform ~'1~-h.ilnd'" .sc:annirig with he full page nano helO 
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eta1 ice 
1025 E. Twain 


Las Vegas . NV 89109 

Phone: (702) 732-8689 

FAX : (702) 732-0390 


1-(800)-843-8414 
Mon - Fn Bam - 6pm 
Sal Sam · 2 rn 

We Accept Purchase Orders from Qualified Firms, 
Universities and Government Agencies 

FROMANYWHERE INTHEU.S .. _
CANADA, PUERTO RICO AND 

THE VIRGIN ISLANDS. •1 800 533
_
0055 

CALL for pricing on additional 

FLOPPY DISK DRIVES, HARD DISK DRIVES, 


PRINTERS AND MONITORS 


Computer Systems 
Check Out these Great

and Hardware Computer Systems Buys !! 

L:.' UNITEX COMPUTER SYSTEMS 
WITH FULL 1 YEAR WARRANTY 

The New 386 Personal Computer Systems from Unitex have some 
incredible f eatures that outperform machines that cost hundreds ofdollars 
more! We have the co11figuration. with exactly the options you want. 

I ALL SYSTEMS INCLUDE DOS 3.3 AND GW BASIC I 
UNITEX 386 SX/16 
• 14" VGA Paper White Monitor • 
• Phoenix Bios. • 

• 1MG on Board Memory (expandable to 8) • 

• 1.2MB Floppy Drive • 

• 2 EA. Serial and Parallel Ports • 

INCLUDES 60MB RLL HARD DRIVE 

UNITEX-386·20 
8 20MHz 

• 1 MG RAM (expandable to 8 MB) 

• 1.2MB Floppy Drive 

• Fast IDE 1.1 hard/ floppy drive controller 

UNITEX-386·25 
• 25MHz 
• 1 MG RAM (expandable to 8 MB) 

• 1.2M B Floppy Drive

• Fast IOE 1.1 hard/floppy d rive controller 

UNITEX-386·33 
• 33MHz 
• 1MG RAM (expandable to 8 MB) 

• 1.2MB Floppy Drive 

• Fast JOE 1.1 hard/floppy drive controller 

• 200 Watt Power Supply 

~ VENDEX HEADSTART 286/12MHz COMPUTER SYSTEM 
• 12mhz Motherboard • 2 Parallel Printer Port 
• 80287 Math Co-processor Socket • 1 Serial Port (RS-232 Interface) 

• Switchable Speed • 101 -Key Enhanced Keyboard 
• 8 Expansion Slots • DOS 3.3 & GW Basic 

• 1MB RAM • 200 Watt Power Supply OUR PRICE 
• 1.1 IDE FD/HO Controller • FCC Class B approved 
• 1 .2MB Floppy Drive • Award BIOS $5791 YEAR WARRANTY MADE BY SAMSUNG 

5 YSTEM OPTIONS (Add-ons to systems ontyJ 

MONITORS VIDEO CARDS CASES POWER SUPP. FLOPPY DRIVES 

.J 12· Amber wllih and 

swivel base ........ .. ...$79 


.J 720K ................. S75 Iv 14· Paper w~ill and 

swivel base.............$99 


' 1.2MB.............. .S79 


" 360K................. S60 


-J EGA Cclo<.... ........$299 
-J VGA Cclo<............S319 

' 1.44MB{3.5")....S89 -J Super VGA Colo< $419 

• 
Teorr.tS Casl'l · MC at SA na5iolt1'~ 
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COO =vcnAu Ot'olifs ttcni ~'°° r.nns 

2Q'<. ~ res1cc;..,ng tee on ~r~ rP!Wru 


?nces sut:,-ec:i lG CNl'IQ€ 


1 Game Port INCLUDES 
101-Key Click Keyboard 60 MB HD 
3 Button Mouse included 

Supports E MS/LIM 4.0 OUR PRICE 
Has Mathco Socket $1295 

• 200 Watt Power Supply 

• FCC Class B approved 

• 101 keyboard OUR PRICE 
• Supports E MS/LIM 4.0 

• Has Mathco Socket $899 
AVAIL. WITH 

• 200 Watt Power Supply 64K CACHE 
• FCC Class B approved 
• 101 Keyboard OUR PRICE 
• Supports EMS/LIM 4.0 
• Has Mathco Socket $1199 

~ 
• FCC Class B approved 64K CACHE 
• 101 keyboard 
• Supports E MS/U M 4.0 OUR PRICE 
• Has Mathco Socket $1899 

.J Monochrome(720X) or .J Baby.................. $100 • XT 200W ..... ...S30 

Color Graphics(320X) •.' AT 230W ........ S30 

witl1 parallel pon ....... $25 ' Mini Tower ......... $100 MOUSE 


.J Boca EGA..............$89 
 1-----------1 
'i Boca VGA.............. $99 ' Full Size Tower ..Sl 50 .J 2 Burton... .... ..$19 
' Boca SuperVGA..$109 ' 3Button ......... S35 
..; ATI-VGA Wonder.$279 llnci'"'esSchwue) 

Mail Order Division & Retail Store 
17222 Armstrong Ave . · Irvine. CA 92714 

Phone: (i14) 251 -UNTX(251 ·8 6 8 9 ) 
Fax: (714) 251-8943 

SEND ALL MAIL ORDERS TO 1 ·(800)-533-0055 
P.O. Box 19772 Mon· Fn 7am - 5pm 
Irvine. CA 927 13 Sal Barn · 2 m 

http:Teorr.tS
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"gives you all the C 
language routines you 
need to write an impres
sive scientific graphing 
program ofyour own. 
Highly recommended.*" 
- PC Magazine 

sin(y)* cos(x - y) 

IBM® PC (with source code) $395 
Circle 309 on Reader Service Card 

Macintosh®(no source code) $295 
Circle 310 on Reader Service Card 

Licensed for personal use only 

Circle 3ll on Reader Service Card 

VTEK-HP has added full 
VT220 emulation to VTEK 
New High Performance features: 

TIFF export 
11 • Color Postscript® and viewable EPS 
11 

• HP·GU2™and PaintJet XL™support 
111• Full national character set support 
11• Telephone dialer 
11 • faster and uses less memory 
11 • requires '286 or '386 and VG A/EGA 
VTEK-HP$245 VTEK $195 

Scientific Endeavors 
508 North Kentucky Street 
Kingston, TN 37763 USA 
(615) 376-4146 FAX:(615) 376-1571 

440 BY TE • NOVEMBER 1990 

QUARTERHORSE 
High Capacity 

Tape Subsystems 

for Disk Backup, Data Acquisition, and 
Archiving 

Everything you nHd in o single, high-quality 
package: Drive. SCSI Host Adopter. Enclosure. 
and DSl's Bockup Software. 

• 320/520 Mb 1/ 4" CT . .. . sl.495 
• 1.2 Gb 4mm DAT .. . . . .. s3.1 95 
• 2.3 Gb 8mm HS .... . ... s3.695 
New: 450 Mb 3480 CT . . . . s4.295 
Optional Appfication Interface Library 
(in 'C') available. Full Support. 
Terms: U.S.·Vlsa,COD,pre-appvd. credit. 
Other: Prepaid wire transfer, Inter

national letter of credit. 

DATA STRATEGIES 
INTERNATIONAL, INC. 

IQ20 Capitol of TX Hwy, Slo. 420. Aldn, TX 787YI 
(512) 338-474.5 FAX (512) 345- 1328 

Circle 97 on Rulkr Service CanJ 

PC Communications 
Coprocessors 

Ourcommunications coprocessors offload serial and 
parallel communications tasks from PC's used in 
dedicated applications. RS232 and RS485 sryle 
communications. Easily programmed using C. A 
memory mapped interface to tne host PC allows high 
speed data transfer and simple buffer schemes. 
From 64k to 5 t 2k of memory local to tl1e coprocessor 
but accessible from tne host PC. Used in many in
dustrial and business systems to dramatically im
prove performance compared to standard PC serial 
pon implementations. 

Z-World Engineering 
1340 Covell Blvd.. Davis, CA 95616 

(916) 753-3722 
Fax: (91 6) 753-5141 

Circle 380 on Rulkr Service CanJ 

9 Track Tape Subsystem 
for PC/XT/AT/386/PS2 

$1995 fo r 1600/3200 BPI 
$4995 for 1600/6250 BPI 
$6995 for 800/ 1600/3200/6250 BPI 
CALL 1-800-289-4TAPE 

Laguna Conversion Systems 
1401 South Pacific Coast Highway 

Laguna Beach, CA 92651 

Circk 198 on RIDlkr Service Card 

9-Track Tape Subsystem 
for the IBM PC! XTI AT 

ow you can exchange data files between 
your IBM PC and any mainframe or mini
computer using IBM compatible 1600 or 6250 
BPI 9.'.frack tape. System can also be used for 
disk backup. Transfer rate is up to 4 
megabytes per minute on PCs and com
patibles. Subsystems include 7" or JOY," 
streaming tape drive, tape coupler card and 
DOS compatible software. For more informa
tion, call us today! 

DURLSTRR-. 
9621 Irondale Ave.. Chatsworth, CA 91311 

Telephone: (818) 882-5822 

Circle 294 on !Ualhr Service CanJ 

Little GianfM 
C Programmable Controller 

This shirt pocket 

sized computer 

interlaces directly 

to the outside 

world . Use ii to 

conirol anything . 

Instantly program· 

mable using your 

PC with Dynamic 

C. ROM and bat· 

tery backed RAM to 1024k bytes. 8 Channel. 101 

12 bit. AID witn conditioning. High voltage and 

current drivers. Banery backed time and date 

clock. Watchdog and power tail. 4 serial channels. 

24 parallel VO lines. Timers. Integral power supply. 

Terminations for field wiring. Expansion connec

tor. Plastic or metal field packaging available. 

OEM versions from $199.00. 


Z·World Engineering 
1340 Covell Blvd., Davis. CA 95616 

(916) 753-3722 
Fax : (916) 753-5141 

Circle 381 on !Uader Service Card 

Introducing 
ITR VISION 
~ Software. ~ 

; ... ·,--=-- ~ 'e"' 
J ..,. ... .. 

r J • ;. 

s59500 
.,.. 


, Special Offer 


The Software Solution 

To Image Compression 


• IBM Compatible MS-DOS 3.0 or Higher 
• Uses EMS 3.2 or above to Handle 

Large Images 
• Variable Compression-Up to half a bit 

per pixel 
• No Extra Hardware Needed 
• Uses High Resolution TGA Files 
• Includes Proposed JPEG Standard 

Compression Modes 

CALL NOW TO ORDER 

1-800-966-4487 
MAJOR CREDIT CARDS ACCEPTED 

Circle 186 on !Ualhr Service Card 
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PALMTOP 80C88 MS DOS compa11b1e 
LolJs 123 tile CO'l1Dal1ble Word P'oces 
sor Address Book Appo1r1men1 Dia')' 
Phone Dialer Up Download lhru paral 1el 
por 10 printers PC XT AT 386 0 

SHARP Notebook 
PC 8220 $79/mo 

c • 286·1 2Mhz 

20MB hard drive 


A Backrrt super twist VGA-LCD 

Weighs 4.4 lbs. -11·~sx14·L 


l 


F 

0 

R 


L 
0 	 Mf1•11iit·•i• 
w 	 F2000 S550 

F3000 S599 

$ 	 !!f!!U•H•l·~fax l"O'lt 15 1 Fax 15 
Fa; 25$ 	 F.u...,..23 $749 F.u 35 


F.u.,,... 26 SS95 F.uSO 

Faic.-35 ~65 


Faic """20 5569 

1'.u95 
F.u222 $1099 F.u 05


M F.u270 faJ 1010
$1399 
Fax350 S15950 
Fax •SO $1845
N LlE 286 ;:31630 S1899 


T 1MB/2MS 5295/415 Fax 705 52149 

Desl<Pro 286 Fax 770 S3:199H 	 20/20E/~286-E 

Fax 850 52849

L Oesl<Pto386S 


1MB/ 4MB S16.51440 

y 	 1MB/4MS S16S/495 WPi·UtM•Wtl 
Oe$<Pto 386(33 l()(F220 $10452MB S'.195 

KXF 320 51335 
p KXF 50 SCALL 

KXF 90 SCALL
512 /;Ma S75f225A 

MdJ i'tHol/121 KX 110 SCALLy 	 IMB S125 f.&.UMit.f:!PMdJ 10A·21M 	 2MB 5245 

Mdl601•1 
 UF 170 S925
E IMB 5199 POE i20E $495 

Mdl 60 1111211 POE 160E $679 Hayes 9600 
2M6 5299 9600 FAX. 2400

N 
POE170E $979T 	 4()19 Loser IMS S299 Modemcatd(IMil;J,jf .• C-Omp·e1es 	 IJl@'-M48M•

/IL I PC 9600M1100 S499IMB/ 2Ml! STJ5/ 209 9600 Fa<e:dHl' lll>/11 MIS50 S69S 
IMB/ 2MB S145/ 245 1'25 S769 
<lMB SJ25 llW'•'·'~~'bilF37 $849 IOI 

f 40 $1110 2400 e•111~r.so•1t•M 
F4S S 299 9600on\ 

l!ll2a7-ll s125 SamS<J Q 010 $399 9600 eX1
50287·10 Sl95 

....,,.. 2400 ~e• SS2/1!680281·1 2 5204 .1.i.1:11:t·· 
ao381-lo s209 2400 MNP lie S 1 !">51225 
ao3BMO S'.195 9600 "32 MNPS i S7453600 5659
ao387 ·25 SJ.!!9 ....,, 2400 MNP5 1S\1513150 S74S80..'81 :;J 5455 2400 MNPS e11 S19' 

SCANNERS 

Sha~ JXIOO S665 Panasonic SO!>U $1078 
Sha~ JX 300 52779 Pa nasonic J07U $989 
Sha~ JX 450 54779 Comp1ere PC 11.1 pg 5 165 
Cl'llnon DS 3CXXl S5'l9 Complete PC full pg $499 
Cl'llnan DS 3CXXl/0CR S6Q9 Logltecri S' SconMon 
Epson Color SCall +OCR 
HP Sconjet S1385 DEST 811.l scan + ocR 
Oscom 400dpi full pg + Mo rs .m:ic. , . ..,.., . co S179 
doc reed + OCR S695 o rs 800ooo 5' HandScon 
Ponosonic SC5U 578-d .,.ocR 5299 

Terms: These are p1e-paymenl prus discounled 2.9% for cash. DiscOYe<. VISA1MCICOD are 01 ooosdered P"'i••yment. Res1ockl119 20%. We a~1Cashiers Cl\eO<s, We ~ck lot 510len cre<f1 cartis. Pnces ar>:l aYaJlabiRy
O AOO BYT subject IO Cl\arlg6. all sales are nnaJ. Oerective1iems repared, 1n warranty. A SS.95 hMdling chargewa be "3ded 10 all ordets. NO RETURNS. Mo!l 1'41f111ara"l payments are woximatloM only 

Circle 339 on ReOJler Service Card 



For 
Model f 

JB612C/25120el286E 
Deslqno 3865 

386120/25120f/286f 
Deskt>ro 386S 

Deskpro 386120e 
Oeskpro 386S 

Des!<S>ro 386120e 
Oeskoro 386S 

286E 
286E 

SLT/286 

Your 
Low Price 

179'' 
189" 
359" 
499" 
299" 
309" 
799" 
799" 
469" 

129'J'1 

399'' 
1iggoo 

1M eg 119" 2Meg 179" 4Meg 299" 
HP UP 1049'' HP LAS ER JET II 1499'' HP Ill 1799" 
All memory boanfs expandable lo 4 Meg. Specify Machine Type 

..... ..._•..,_,_.._____. 1 · ; i..tRe·x· · · ·7 ===n 
...i. ~-L-..t=T ..__ j .. --Ll.-J 

RAM 3000 DELUXE Up to 3 Meg (EMS) • 0 OS/2 . Back up base 
~=6.~~ "'pandeo and /or extended memory Uses 9900 
RAM 8000 Up to 8MG capacrtylsuppon to Dase ei<tended or ei<panaeo 
memory 1n ar!/ combin ation fully eompallbl• with Lotus, Intel, 
M~roso~. EMS ~ .O, EFMS. SUllpons Mu .fasloog and OMA ~ul!J.lasl<ing 
1n haroware soltware configuraDle (no dipsw11cnes to sel) Full 16MG 
~~~~ lor luture expansion Zero wart state. uses 1MG 19900 
RAM 10000 Up to 10 MB ex1ended 01 expanded memory 
~o~:a~b~1l11 Lotus. ln1el. ~rcroso 1. EMS 4 O Uses 17900 

r--sw?_oG 
~~oos»· 
Description 
256 x 9 ISM 
1Me9 • 8 Apple 
1Meg K 9 IBM 
4Meg x 9 ISM 

MEMORIES. 

120NS 100NS 
19.. 29" 
85.. 9511 

64" 

[ ·J 
SO NS 60NS 
33" 59" 
99" 
69" 99" 

399" 499" 

@ f tNlfLTcAi,~9~~~0~~: ~ 
8 811 32 Bil 

8087 5MHz or less 88" 80807·16 16MHz 309" 
8087-2 8MHz 118" 80387·20 20MHz 359''
8087-1 10MHz or less 149'' 

16 Bil 80387·25 25MHz 459" 
80287 SMHz 149" 80387·33 33MHz 559" 
80287.Jl 8MHz 189" 80387·SX 299"
80287·10 10MHz 218" 
80C287· 12 laptOD 278" 80287·XL 228" 

16 BIT MEMORY BOAR D FO R 286, 386 AT 
OK·8Meg Board • 4OLIM Compatrble • New 5 Year Warranty 

• Conve n11ona1. Expanoed and Exiendeo Memory 
• Suppons OOS. OS/2 , UM/EMS & fEI, S 
• Operates With CPU Speeds 10 33 ~Hz 

OK - 129" 2 Meg - 246" 
4 Meg - 353,. 8 Meg - 5n" 

~. l I "rr •' 
~·- . I . I r -zENITHi::r. . I • ' •.. r ; I 
-::J.::j_j - ' • . .._L_ >J ' ' ' • • -· J •. 
386125133 1 Meg 109'• Super 1 Meg 359" 

2 Meg 299" Super 286 4 Meg 1159M 

Destrlpllon 
512K Upgrade 
2M8 Upgrade 
1MB Odute 
2MB Module 
2 ~8 Module 
1MB Mem Board 
2 ~8 Mem Board 
2MB Exp 8MB 
4M8 MOdule 
2MG Moou e 
•MG Board 
2·8MG Board 

I i I ' I : I I " 
1 •••• J 

Descriplion 
64 x I ,l'011'al'o:64 )( 4 

Equiv. I8MPS2 Fo! 
Part II Model f 

30f 5348 3()1286 
JOf S360 3()1286 
6450603 71H61 & 121 
6450604 7Q.f61 & 121 
6450608 i'{).A21 
6450375 80-041 
6450379 80-111 & 311 
6450605 70/80 
34f 2933 70180 
6450572 70 & 80 
64511)60 80.A21 & A31 
1497259 5().55 & 60 

:R~M !C~~~ iJ :-j i : 
150NS 120NS 100NS SONS 

1" 1" 2" 
2•• 2" 3" 3" \~~~~\256 x I 1" 1" 2" 2" 

256 )( ' ~~ 1)1' 8" 9" 11JOO 
1 Meg n 4" 5" 5" 

Your 
Low Price 

59" 
189'1 

104°' 
189" 
209" 
149" 
319" 
599" 
599" 
4'9H 
699" 
499" 

.l 

4" 
13'' 
6" 

I 
• I • I • ' TOSHIBA' . - - . : l :~ ~'.' 

I . ' ... ' • _.:_ . . ' . ' ' 1. ~ : 
2MG Caro Toshiba Ponaote 11600 
2MG Card Toshrha Ponahte f.llOOSX 
4MG Card Toshi ba Po able f.llllOSX 
512 Card Toshiba Ponable f.l100e 
2MG Card Toshiba Ponab'e r.i1ooe 
2MG Caro Toshiba Ponaote f.l200SX 
4MG Cara Toshiba Ponahle f.l200SX 
3MG Card Toshiba Ponable 0200 
2MG Caid Tosh iba Ponable 15100 
2MG Module Tosttaba Ponable 15200 
3MG Module ToslllDa Desktop TaSOO 

- YEAR END CLEARANCE  ~.; ~=F.AX: MonaiCruuiniXem~ -
WH/LE SUPPLIES LAST - WITH 1 YEAR WARRANTY ~  - • 

1 

- -• 300 DPI • 16 Secs per page • 32 LMI Gray Scare 
• 1 year wa11aoty • Ready to go Interface card and caDle mcluced 

List 1595 Your Pri ce 49900 
OPTIONS: OCR 199" PC Pa "11 Sy Z·Soh 165 

Sheet Feeder (also wor1<s ,,;;11 HP) 

1- · I__, 

MANUFACTURED BY ZOOM PC 24110 HC INTERNAL MODEM 
• fully H'Y'S Compatible • Mo"'101 Speake! With \Illume Comrol 
• 2400/300 Baud Transmission Rate • Addressaore COM 1.2.3.4 
• Compallble 1>1lh IBM PC. XT. AT and (;()mpanbles 
• full Duplex Operation • Complete wilti ProConrm Solt..-are 
• l"'ll Year ManufaClurer's Wananiy • Au10 OraVAuto Ansv.er 

List 199.. Your Price 79" Each 
2400 BAU D EXT ERNAL MOOEM Lisi 299" Your Price 99" 
~r~tAR l ~ - - r ~-

VJ~:~....-:=-~~£.x=;: :.P~E~S . .. ..._.._ . 
EV·923 EverCom 12 300/1200 bps Bttcom Sohware 69" 
EV·941 EverCom 24 2400 Baud 101 Bl1com Sofiware 139" 
EV·945 Ex1erna r 2400 Bauo 199°' 
EV·942 2400 PS2 .. . . . . .199" L~I 5 MNP A<ld 39" 

r :Nf:iN +-lf-.t=ftftnv '"RI'·VES " ~.
WAP.~~~ ~~=-~ rU- t ~ • • --. 

360f( 11> Ht 5"• 
1 2 Meg 5V• 

MlTSU Ml 

720K 31/1• Onve v./51'. • moun11og 
1.44 Mtg 3~ • Otire w/511 " mounllng . 
360K Ta naon TMI00.2 f uB HI [The Ortg1nat IBM) 

We aJso carry Sony. Teac & othe!S Please Ca il 

59" 
J9M 
69" 

. .. BIJ'O 
89'' 

~ · ::. ·Ll 

·: -liAisv :wneeminrt~: 
- J=. _ -~-~--- • --~ 

• 14CPS Leller Oualtty 
• Manufac1urea Dy Sdwr Reed 
• IBJ Centron1cs Parallel Interface 
• llew 90 aay warranty 

List 114900 Your Price 14900 
12 CPS w rs1on for 119" 

150 WATT XT Como • UL Appr • 110/20V 11put S.Ynch • 4 drtVl!S 49" 
200 WATT AI comp. • UL Appr. • 1W22W mpu1 SWllch 69" 

-~~-~ MStiftGL-iMMriOis.: 
-~-- ........................... _......_ -
2· Amber w!Titt & Swrver Base 89" 

14" Color 640 200, 16 COlo!S 209" 
W EGA 640 > 350 64 colotS/31 369M 
VGA 800 x 600 MUl&syttC Compat1tie 449'1 

14" VGA Demo lool<s new 31 Doi Pilch 284" 

EGA EV659. 640 <350. Aulo Swnch 99" 
VGA Vr ~Npo1nt 6 811256 Exp 512k 179'' 

NCC VIOE O CA RO S.. . 
MonoGraphrcs (Htrcutes Compauble) wnh Par Pon 29" 
Color Graphrcs (Hercules Compallble) th Par Pon 39" 

ono Caro Text Only 9" 
VGA Card 1024 x i68 (256 Exp 512K) 109" 
STB monOlcoio• card 29" 

ORDERS ONLY 

800-654-7762 
All Pf'od!lcts. 90 Di'( 'Narr1nty UD~ $laird Ollltnrlu. 

•we ACCEPT fNTE"RNJ...TIONAL ORDERS 

NO SURCHARGE fOR MC/VISA/AE 

TERMS: 

TECHN ICAL I CUS!llMER SERVICE I ORDER STATUS: 

702-294-0204 
FAX 702-294-1168 

• we ALSO PUFtCH.ASE excess 
INVENTORY-FAX OR CAU 

• ~ 0 SOF1WAAE Al!TU~NS 

MC • VISA • COD CASH • NET 
Purcft,ase Orders lrom Qualified Arms 
Pt~onar Chee.ls • CO D add 55.00 

21Wt Restocking Fee on Returns Within 15 Days 
No Refltnos Afttt l DDoys 

ALL l'R/CES FINAL 

~± FUtt P-Ane sciflNERtBY.ATO'T'-+I 
_ _. - ~ - • - .l. 

• IBM rmenace & Callie 
• PagePower Sohware. 

A comple1e draw; 
Scan . fax pacl<.ages 

• 2000PI • AutomallC Sheet ~eder 

OCR Software 199" List 99900 Your Price 25900 

Al KIT 
ST125·0 20mB 4Dmsec 3s· $249 
ST125·1 20mB 28msec 3.5" $269 
ST138·0 30m8 40msec 3.5 • 5289 
ST138 ·1 30m8 28msec 35· 5309 
51225 20m8 55msec 5199 
ST238R (RLL) 30m8 65msec 5219 
ST251·1 •2m8 28msec 5269 
ST'227R ·1 (RLL) 65m8 28msec $339 
ST40 96 some 28msec 5549 
ST4144 (ALL) 120m8 28msec S649 

XT kilS include cables, sohware (over 32M B) conlroller 
AT kits Include caDres , !3ils, sonwa"' (over 32MB) 

XT KIT 
5299 
$31 9 
$339 
S359 
$249 
$279 
S339 
$389 
5599 
$699 

·:~: =~- ~~mJii1aA~ii~.fil*.e : r -ij 
40 Meg tB Mor Sec 399" tOO eg 18 Mtl Sec 549" 

200 Meri 18 Mil Sec 849M 

-: :-~ ~ :::~ ioNl'ROttERS+"':: :-:~ ~ ~ J 
j -~- • .1-.J ___ !...J 

FOR HAROORIVES 
IDE Conrroiler 39" 8 811 \VD Conrroller 59" 
16 811WO ~2· 109" 16 Sn Everex HO/floppy I 1 99" 

FOR FLO PPYS 
Super Ffoopy Con1ro1s 12. 360f<. 720K & 44 Onyes 69'' 

SE HABLA ESPANOL 

CIC 



based universal program
PAOMs. EPROMs. 

EEPROMs up to 4MB and 32-bit wide. PALs, 
PLDs, GALs, EPLDs. PEELs. and Micro Con· 
trollers. JEDEC filecom patibility and Test Vec
tor verification al low the use of most popular 
PLD compilers. The unit also tests TILICMOS 
Logic ICs and Dynamic/Static RAMs. 40-pin 
Gold ZIF socket, built-in protection 
for short circuit and over current . 

__,, 

Foreign Enquines Welcome DS·HD 

. 5.25" 3MBand Disettes ...... 9~~ .,, 
..... 3.50"3MBrand Dis' e es . .. . 14~~ ... 

aserjet Series I PIN92285A ............... 75.95 
Laserj et Series II P/N92295A ...... ....... .. 75.95 
Laserj et Series !I PPIN9022 SA .. .......... 63.95 

lni'W•W• rn· S•OO ; i;-os 0 liO" OSIO llirOSJH 

St!... 9~t•. n~ ,,,. 14t~ ,,,. 
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Circle 112 on Reader Service Card (RESELLERS: 113) 

NEWUNIQUEPOWERFUL! 

INTRODUCING... 

NETFAX© 

• Send from within WordPerfect 
• Automalic inward routing via Til/CSID 
• Uses no TSR Memory 
• Includes facsimile modem & network software 
• Send FAX messages from any workstation 
• Merge text and graphics 
• Automatic personalized cover sheets 
• Can both send and receive 
• Secure Journal to Users $995 

Get FAX Power Today! 
~ T~ F~® 1.900-299.3329 

Circle 15 on &tUkr Senice Card 

SIBEC-11 


• Intel 80S1AH-8ASIC CPU 
• PROM progrdmmfr 
• ow rrqw res 5 \1. upply on/} 
• Enf'tdnccvf memOI)' mJpptn : 

upportt. 2K·6~ de' ICl'" 

10 • 101•/ of I18K. 

(J Binary Technology, Inc. 
f. "'51 • PC !oo · oJ • 1,•rcen r..- Ol110 Z: 

MEMORY UPGRADES 

IBM PS/2, APPLE 


AST I COMPAQ 

HEWLETT PACKARD 

ZENITH , SUN MICRO 


STANDARD SIMMS 

LAPTOP MEMORY 


(NEC, TOSHIBA, APPLE. COMPAQ) 

LASER PRINTER MEMORY 

( HP. CANON, TEC ENGINE) 


NO RISK, BEST PRICE, BEST QUALITY 


~AooON 
~MERICA 

AOIVlS ON Of ROHMCORPOAATON 

'33 N W.IHlOAAVE SUNNYVALE. C0<088 


TEL ('il8)7'6-1l!IO rA:IC(<Ce)7'6- 593 


1-800-292-7771 

Circle 13 on &atkr Senice Card 

IEEE 488 

Easiest to use, 
GUARANTEED! 
• IB M PC. PS/2. Mocin1osh. HP. Sun. DEC 
• IEEE device dri\-ers for DOS. UNIX. 


Lo1u 1-2-3. VMS. XENIX & Mocin1osh 

• ~"knu or icon·drivcn acqui i1ion software 
•IEEE analyzers . expanders. extenders. buffers 
· Analog 1/0. digital l/O. RS-232. RS-122. SCSI. 
modem & Cen1ronics com·eners to IEEE 4 

Free Catalog & Demo Disks 
(216) 439-4091 

lOtech 

Circle 182 on &oder Senice Card 

8051/8052

BASIC 


COMPILER! 

ow with integer. byre and bit extensions. 

Fully compatible with MCS BASIC 52 
Runs on IBM-PC or comparible 

$295.00 

Call ow! 603·469·3232 

UNIPRO, 
the PCIXT/AT/386 
mer/tester programs 

high speed paral lel inter

face to the PC, and menu

driven software are included 

at $585. 

XELTEK [.......___ 

764 San Aleso Ave. 

Sunnyvale, CA 94085 

TH:(408)lZl-6995 • FAX: (4081727-6996 

Circle 375 on &tUkr Senice Card 

3M DATA CARTRIDGES 

DC-2000 ... ... ... 13.95 DC-600A ... ... .. 18.99 

DC-300XLP .. .... 17.39 DC-6150XTD . .. . 19.99 


3M COMPUTER TAPES 

777·'h"·2400'·C55 ... 11.45 700·' "·240Q'-C55 .. . 12.55 

777· ' "·1200"C55 .... 8.95 700·· "·2400'-C43 .. 13.45 

DEC· ·50 ......... 25.95 DEC· K-52 .... .. .. .37.95 

IBM -3480...... .. .... 495 Opt. RewriteDisks .. 169.00 


3M HIGHLAND DISKETTES 

5.25'" OS-DD 5.25" DS·HD 


3!,!.., ....... ... .. 3M Highlaro .. ........ . 6it., 

6!,!,.,, ....... 3.50" BRAND NAME ... .. .. 12W,,., 

-(~ll-: . • 

DS·DD Quantity Discounts Available OS-HD 

41,?... .... 5.25" BASFBrandDiskettes.... 71,~ '"' 
6~.~ '"' .... 3.50" BASFBrand Diskettes .... 121~'" 

BASF 5.25" OS-DD No-Logo Bulk 
•32 ···· with sleeves. labels &WIPtabs 

2400' w/ ape seal .. ..10.95 600' w/tape seal .. ... .6.95 
200·w/ a seal .. ... 7.95 300' w/tape seal ..... 5.45 

rrn~~-R 

OS-DD "No·Logo" OS-HD 

.39 ...........5.25" Colo·Bui ............ .69 

.69............ 350" Colot·BI ....... .... .. 109 

BULK DISKETTES 
5.25" OS/OD 525" OS/HD 3.50" OS/DO 3.50" OS/HO 

.25* .46* .45 .99 
• ITH SLEE ES LABELS ANO P TASS 



Circle 196 on Reader Service Card 

KNAPCO 

MASTER DISTRIBUTORS 

IEMERSON UPS I 
YES!!! 
KNAPCO 
DELIVERS 
EMERSONPOWER!!! ·~- I 

EMERSON MODELS 
Model 10 150Va $ 148. 

Model 20 300Va $ 219. 

Model 30 500Va $ 309. 

Model 40 800Va $ 539. 

Model 50 1400Va $ 739.. 

UPS 600 $"798. $ 499. 

UPS 1250 $1398. $ 789. 

UPS 1500 $1798. $ 995. 

TRUE ON UNE MODELS 
PC ET $"798. $479. 
AP l5KVA $3217. $1850. 
AP 3KVA $5550 $3799. 
AP 5KVA 9499. $5999. 

ccuCard NOW $199. 
ORDER HOT LINE 

800-827-4718 

\mt== >ecr\ IEMERSON UPS! 

-~~~- I l l ~ 
$439 ~ 
- 

- ~ 
f:.~ 

true SINEWAVE or ONLJNE 
ICNM'CO DELIVERS Tl<E BEST PRICES I! !! 

INilRNA110N4l TRNlsfORMERS ..... 

220v. I 110v. nqi up I dowN 
100 ~',,n. TRANSf $ 28. 

lRANsf m}()0 
~00 

1000 
uoo 

WATT. 
WATT. 
WATT. 

WATT. 

$ 40. 
lRANsf $ ~9. 
lRANsf $ 89, 
lRANsf im s 98. 

"2000 WATT. lRANsf .:. ,:· $116. 
')000 WATT. lRANsf ~ • $197. 

.. . Sdrcubh Votuc.• T"!>• 
VolT4GE REC;u!.ATORS & CoNdhioNERS 
TVR :HIO JOO WATT 110 / 220V. S2'9. S121. 
TVR10001000 WAT 110 / 220... S>49. S196. 
"4V 2K 2000 WATT 220V. ONl.Y 1429. SV9. 

VR2K.S..,~°?~.:~TT~~..'l~oa'!t! S>19. 

110 VotT VotBGE REGUUTORS 
MV ~00 ,00 WATT S119. 
UPS BATTRIES FOR Ol!ICK SHIP 

813 - 449 - 0019 
FAX 81' - 449 - 0701 P-22 

KNAPCO 

QUALITY DISTRIBUTION FOR 45 YEARS 

1201 HAMLET AVE. 
CLEARWATER FL. 34616 

Circk 47 on Relllkr &rvice Card 

ICS 

DYNAMIC RAM 
4M Board for hp W's w 2MB 
SIMM 2M IBM PS 2 Model 70 

SIMM tMx9 80 ns 
SIMM 256Kx9 100 ns 
1 Mblt 1Mx1 60 ns 
1 Mblt 1Mx1 80 ns 
41256 256Kxt 80 ns 
41256 256Kxt 100 ns 
41256 2ss1<x1 120 ns 
4464 64Kx• 100 ns 
41264' 64Kx• 100 ns 

EPROM 
27C1000 12e1<x8 200 ns 

- 27512 64Kx8 200 ns 
27256 32KJCB 200 ns 
27128 1s1<x8 250 ns 

STATIC RAM 
62256P·1 0 321<xe 100 ns 
6264P·12 8Kx8 120 ns 

SAT DEL OH ~.as:lf'Carc VISA OI UPS CASH COO 
uo.u OllOEllS MICROPROCESSORS UNLIMITED. INC. 
ROC£1V£08Y, 2•.000S PecnaAve (918) 267 4961 

nr 1-2 11.21•• eeGGS. OK 1.:..a21 • 
Ir.'-' ' 1u10 1 • No minimum orOtr. ~IM"* ;ire" -..c.:i iRcr-_.,.,... 
COOAVAllAB&.£ ~ """""''l'a•m• ""1:1 S t tlo'~_.-~.._. 

IW}l S~re 
~· it's
~~~"insured? 

S:\fEW\RE g lnsurJnce pro"ide full 
replacement of hardware. m dia and 

purchased software. As linleas S-19/\T. CO\"ers: 

• Fire · Theft • Power Surges 
• \X'ater Damage • Auto .~cc idem 


For in fo rmation or immc.>diate corerage call: 


1-800-848-3469 

Lorn/ 1·61./·262-0-59 

Sub)E!Ct 10 underwrrt1ng and availab1l1ly by state 

0o CompuServe. GO SAF 0 GEme. SAFEWARE 


(!1 ) 

SAFE\\ARE. Tilt' l11s11rr111ce rl~t'l/C I' Inc. 


l9l9 :-;. High St. . P.O. Box 02.i t I 

Co lumbus. OH ~3202 


Circle 30S on Reader Servic1 Card 

80C51 ~1flii12 
FOR DISTRIBUTED 

DATA ACQUISITION 


$220 US includes: 
• Intel 80C51FA, new PWM array 
• RS422/485, auto RXfTX flow 
• RS232, auto override select 
• 64K static RAM , battery back up 
• 32K CMOS EPROM, BK Basic-52 
• Battery operated & NiCd charge 
• On board power supply, 300ma 
• Hitachi LMxx LCD driver port 
• PC communication software 

***OPTIONS*** 
Prototyping Board (Dig.+Analog) .. $39US 
PC/AS232 - RS422/485 .... $44US 
80C51 Kit form .......... . .....S99US 

BINARY DATA ACQUISIDONCORP. 
1735 Bayly Street, Pickering , Ontario L1W 3G7 

Canada, Phone (416) 420-8029 Fax (416) 831-0510 
Cashiers Cheque or Visa 

PROMPT DELIVERY!!! 
SAME DAY SHIPPING (USUALLY) 
QUANTITY ONE PRK:ES 9tOWN lot SUT. lO, 1tto 

S173.00 
185.00 

SIMM 1M ASTPrem38633Mhz 135.00 
59.00 
20.00 
11 .95 
6.15 
2.90 
2.10 
1.95 
2.20 
5.95 

I • 

., 
1 - ,, ..I 

v91c~':tfc;J,~'tl::~~ETING 
Le\ Powerline transfonn your PC/XT/AT/386 

lf fnlO a multi~ine voil:@rocessing comman~ 
- center. Have you~mputer lntelligenlly 
~ process your sales, inquiries and mes
lS sages. Complete package.
1' Single Line ~ . . $295.00 
it Munl-Line ....... .. $895.00
i ~~:.~:~) 
~ Call: (415) 522-3800 
§ FAX: (415) 522·5558 ~ 
: TALKING TECHNOLOGY, INC. 
• 1125 ATI...ANTIC NE., ALAMEDA. CA Q.tS01 

See us at COMDEX. 800111 #H7067 

Circk 334 on Readtr ServU:e Card 

Write COBOL Applications 
for DOS, UNIX, VMS, Novell 
and BOS with .ow:. compiler. 

• Multi-user • Multl-platfonn 
• DBMSToolll • TransportableObject 
• Screen Builder • Subroutine Ubrary 
• Report Writer • Utllily Toolkil 
• Text Editor • Term Ina I-Independent 
• Debugger • Many more features 

Call or ~Tlte for complete Information. 

BOS National, Inc. 
2607 Walnut Hill Lane 

Dallas, TX 75229 
(214) 956-7722 

l==US 

:zc, 0--0:

Circle SS on Relllkr Service Card 

AVT286-12 40MBMonoSystem 
• INTEL 80286 12 MHz. OWalt 
- IM S RAM Expooda!Jjoto 4 IB 
• .COMB ~•rd Dr1Yo 
• 1.2 B ar I "4MS Floppy Drive 
- 101 ~ Extenc!od Koyt>oara 
• Monochrome Monllor whh Herc. 

· Graphic$ 
- Para!IOI. s.rtal. Roal Timo Clock 
- ~ro~lrrllne. Oe$1n0t>0<M1ni 

• Ono Year Warranty$895 
Sime CooOguraUon 11 Options 

abovt wh.n VGA Cdor Add S350 
Ja6SX"6 $1095 65MB HD Add $1 20 
Ja6SX«D $11 S eoMa HD Add S250 
Jl!6.2S St54S S<oood Floppy Add S89 
Jas.33 s1a.:s AD other upgrades CALL 

MOTHERBOARD SPECIAL 
80286-12 D Walt, Exp 10 4MB, AM I BIOS, QI( $129 
80066SX"6 16MHZ. Exp 10 aMB, AMI BIOS. OK S319 
80386SX·20 rM 20MHX, Exp 10 8M6, AMI BIOS. OK $399 
80386-25 0 Wail AMI BIOS. Exp 10 SMB, OK $749 
ll0386-33 &IK Cache. 0 Wail. AAll BIOS, OK S1049 
Speei.111 II 8048&-25 128K Cache, 0 Wait CALL 

Avantech Solutions, Inc. 

3 w. Columbia Ave. 


Palisades Park, NJ 07650 

(201) 941·1961 
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--------- - - --- - --- - ---- ---------- LOW	
EVERE..

1 

Everex System 1 1995 

--- ·-
 Everex Step 286/12 • 1meg 

40 meg VGA card and monitor 
PS/2 model 30/286-30 meg ... . .. 1795 

PS/2 model 50ZJ286-60 meg .. . . . 2395 
 Everex System II 2495 

PS/2 model 55SX/386SX-60 meg .. 2875 
 Everex Step 386SX · 2 meg 

PS/2 model 70/386-120 meg . .... 5595 
 40 meg VGA card and monitor 
PS/2 model 80/121-120 meg . . . . . . NEW Everex System Ill 5395
PRICE 


Everex Step 386/33 • 4 meg••• Monitor Extra 	 ••• 
150 meg VGA card and monitor 

* CALL FOR MODELS & CONFIG *LEADER 
CDlllPAQ 

SINCE 1983 
Compaq 286E-40 meg ... . .... .. .2150 

Compaq 386/20E-100 meg .... . .. 4150 

Compaq 386S- 100 meg . ..... . ... 3595 
 LAPTOP 
Other Models ..... . .. ... . . . . . .. CALL 
 Texas Instruments TM2000 ......... 2595 


Compaq LTE/286-40 ........... ... 2975
••• Monitor Extra 	 ••• Sharp 6220 . .. .. .... ............ 2595 

CALL FOR OTHER BRANDS 


LAPTOP 

Macintosh 
 ACCESSORIES 

Memory 

Mac-llCX-80 meg .......•.. . . . .. 4595 

Mac SE/30-40 meg ............. 3195 


1 meg Toshiba 1000SE . ... .. . .. .... 210 

2 meg Toshiba 3100SX ..... . ....... 230
Mac Portable-40 meg . . . .. ..... .4795 

2 meg Toshiba 3200SX ............ .230
Other Models . ..... . . . ... .. .... CALL 
 2 meg Toshiba 5200 ........ ....... 225


••• Keyboard & Monitor Extra 1 meg Compaq SLT ... . ........... 310 


AGI Computer 
AGI 386SX-1 meg 1695 
40 meg VGA card and monitor 

AST 386SX • 2 meg 2395 
40 meg VGA card and monitor 

CALL FOR OTHER MODELS 

DISKS 
DYSAN 5V. HD I 31h HD ................ 13/26 
MAXELL 51.4 HD I 3'12 HD . . .. . ........ 12125 
Min. 10 Boxes Order 

WE STOCK 	 CITIZEN TOSHIBA PRINCETON GRAPHICS AMDEK PC MOUSE IRWIN &ARCHIVE 
OKIDATA NEC SONY HAYES MICROSOFT MICE TAPE BACK 
EVEREX WYSE ACER SAMSUNG LDGITECH TAXAN 

GOLD STAR HITACHI HOUSTON INSTRUMENTS CALCOMP MITSUBISHI MAGNOVOX 

Intel SOFTWARE SPECIALS LASER PRINTERSCoprocessors SPECIALSdBase IV .. ......... 455

8087·3 . .. . ..... .. .... 105 
 HP Laser lllD ......2650 
~ 
Wordperfect 5.1 .... . . 260
8087-2 .. . ... . ........ 145 
 HP Laser 2P ....... .995
HP Scan Jet ......... 1425
80287·8 . .. ... ...•.... 225 
 Aldus Pagemaker .... 495 
 NOVELL
80287-10 .............249 
 HP Laser Ill . . ...... 1695
Ventura Publisher .... 525 
 HP Pa int Jet. ..... ...965
80387-16 . ... .........395 


Panasonic 4450 ..... 1395
AuthorizedClipper ............. 435
80387·20 ........ . .... 425 
 Lotus Ver. 3.0 ......... 355 

80387-25 .............495 
 Brother Hl·B·E . . ... 1895
WordStar 5.5 ...... . . 150 
 Kodak 150P .......... 370
Dealer80387-33 .... ...... . .. 599 
 EasyExtra .. . ......... 40 
 Nee LC 890 . . . . .. . 3195 


Complete Fax 
Toshiba Laser 6.. ... 1095
Board .............499
LAN BOARDSPACIFICMONITORS 

DATA 'RODUCTS 8 bit Arcnet ........ 110 
 Okidata 391 .... . ..... 625

Nee Multisync llA .... 499 
 16 bit Arcnet ....... 220
P. Page II. ..... .... .395 
 MODEMS

Epson L01050 ........660
8 bit Ethernet . ... .. 190
Nee Multisync 30 ... .599 
 P. Page llP .... .. ... 365 
 Everex 2400 lnUMnp ... 179
16 bit Ethernet. ..... 275 
 Panasonic 1124 .. .. .. . 319
Magnavox EGA ... ... 339 
 Hayes 24008 .. ... . .. . 315
P. 1·2·4 Mem II . .. ... 159 
 8 port Active Hub ... 325 

Hayes 96008 ......... 875
Nee Multisync SD .. .2350 
 HP-7475 Plotter ...... 1595
Token Ring Card .... 399
P. One Meg llP .. .... 180 


Tokenhub 4-port . . . . 355 
 USRobotics HsUOuaJ . . 1150
Samsung EGA ....... 359 
 SummaGraphic . . . . . . 365
P. 25 in One Ill ...... 275 

Call for other More In Stock .. . . . ... CallSony 1302 .. ........619 
 P. Headlines ....... .245 
 LAN Accessories 

ALL QUOTED PRICES ARE CASH PRICES ONLY. 
Visa and MasterCard 3% higher, American Express 5% higher 

EXPORTS COMPUTERLANEAvailable 
HOURS: 22107 ROSCOE BLVD.1-8()().526-3482 (Oulside CA) M-F 9-6 	 CANOGA PARK

(818) 884 8644 (In CA) 	 1h BLOCK W. OF TDPANGA
s 10-6 
 CA 91304
CORPORATE ACCOUNTS WELCOME (818) 884 8253 (FAX)

CALL FOR VOWME DISCOUNTS 	 Compaq is a Registered Trademark of CompaqPrices subject to change without noticeCONSULTANTS CALL FOR PRICING 	 IBM is a Registered Trademark of International Business Machines

• Quantities are limited 
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r?;. m.T FULL PAGE SCANNER sz99 
- Includes FREE Microsoft Software: Deluxe OCR Software..;$198 ust Price ' 1295 

Windows 2.0. Scan. Draw. Fonts. Lan. Modem&F·aax~---------------1 r-:::::::::;~;;;;;;:;;~~~;.;~ 
• PC/AT compatible • Contrast Adjustment • 
• 200 Dots Per loch • Writes Images to Your 
• Automatic Sheet Feed Hard Drive (Required) 

JADE COMPUTER 
Ult ra 486 

~~$~"~!! 

Twice The Speed 

-	 "'""'~-1 \ 3.4 =~11'5
MoMor Optional \.2cwer Meter-1 \ . 


. TN• 25 Ht. SQt.86 CPU 

• 1 MB o1 32 BIT RAM , Full Size Protes~onal Cose 

E,<pancls to 8• 8 M3 . I01 KfY Enhanced Keyboa'd 
. Built-or Hig Speed Ca< e . 200 Wm Power Suppt/ 
' t OO'lb Ne><•n 8 IBM 'Budt ·m Ctoc Calm"1 

Co.-npatlllle . Asse ~'° a. Testeo m U5A 
. 1.2 M'B 511:.· Ots Onve • Or.e Vear Wanarny 
• Fast 1:1 Inter~""• ()!Jal Haro 


Dlsl<I i>ual Floppy 0'51< Controte< 

. Wetek 3167 FPP SO< et 


Monitor & Hard Drive Options 


40 MB I 80 MB I 600 MB 
System System system 

complete Monographics System 

s4199 \ s4z99 I$6698 
c omplete VGA System 

l4498 $4698 $6998 

FX-1050 ... Call 
LQ·510 .. .'289 
LQ-850 .. .. Call 
LQ-950 . , •. Call 
LQ-1010 . .. Call 
LQ· 1050 ... Call 

KX· 1524 . .'428 80287-10 .'228 
80287 XL . ' 228 

80387-33 . ' 598 

ITT Co-Processors 
2C87-8 .. ".'198 
2C87·1 0 .... ' 228 

2C87-1 2 ....1268 
2C87·20 " •. ' 328 

2400 Baud 
Intern al Modem $74w/Software 

1200 internal w/softv1are .... . .'44 

Trackballs 
Logitech Trackman Serial . . ... . . '98 
Logitech Trackman BUS . ... .. . •108 
MicroSpeed PC-Trac Serial .... . . S88 
MicroSpeed PC-Trac BUS . . ... . .'98 
MicroSpeed FastTrap Serial .. . .'i 08 

LQ·2550 ... Call 
EPL-5000 ..... .. .....Call 
Ffi:Q'I HEWLETT 
~r.a PACKARD 

New LaserJet II P..... ....... .'998 
H.P. LaserJet Ill . •. .. .. . .. . 5 1598 
H.P. Desk.Jet Plus . .... ....... 5698 

VGA Package 

Card $148 
Monitor $Z98 

1 200 baud external . .. ....... .'88 
2400 baud ex e al ..... .... .'1 28 
2400 PS / 2 in emal ...•..... .'1 98 

Roland Plotters 
DXY 1100 , ...... .. ....... ..5798 
All Roland Models Available 

MicroSpeed FastTrap BUS ' .. .. 511 8 

Panasonic VGA 
?a-aSyr< \1 o 1 or 
1024. 68 
14' .28 Oct Pitch $468 

H.P. DeskWriter/For Mac .... . •748 Logltech 
Extra Tone- ... . . . .. . ........ .'98 
Extra Ink Cartridge . . ... . .. . .. .'19 
Trlppltte Battery Back-up 
450 Watt UPS ............ . .'398 
750 watt UPS ...... ....... .'498 
1200 Watt UPS , .. , ..... .. , .'598 

~~HEWLETT 
p.,r.t.ef>'P" e5 '/!. PACKARD 

lot 'IOU' 
Pactfi< Page p0St5<l'>pt U UP/Ill ......•398 
Paci'lc Pa9• PostSmpt u II . ' """ "·~98 
PoP 25 m I (1 72 Font:S) u 11 /llP .. "'278 
PDP 25,, ; p 72 Fems) U 111 . ..... · ' 398 

JADE'COMPLITER 
Technicon 5 1 02 

Printer $128 
• 120 CPS. 9 Pl ~ Pnnter 
• Near letter QJaiey Pnnttn9 . Four Pn t Scyles 

LogiMouse Hi-Rez. Sus . .. .. .... 588 
LogiMouse Hi-Rez Serial . . .. . .. .'98 

MictOsoft BUS M ouse 

s49200 DPI 
w / Onvers Software 

8087 .... .. 588 80287-12 .'Z78 3.3 _ $78Panasonic 8087-2 .. .' l 18 80387-SX .'31 8 
KX-1180 . .'1 59 8087-1 ... ' 158 80387-1 5 .'348 

EPSON. 
4.01 - $88LX·810 .. .'1 78 KX· l 191 .. 5238 80287 .... 5 128 80387-20 .'388 

FX-850 .... call KX· l 124 .. '289 80287·8 . .' 198 80387·25 . ' 488 

EMQRY UPGRADESM 
TOSHIBA 

3200SX 2 MB card . . · 'Z98 
1OOOSE 2 MB card · · · '428 3200SX 4 MB card ... '698
1600 2 MB card · .... 'Z98 3200 3 MB card .... · ' 4 68 
3100e 2 MB card · · · · 'Z98 5100 2 MB card .. · · · 'Z98
3100SX 2 MB card ... '298 

5200 2 MB card · · · · · 'Z98
3100SX 4 B card .. · '698 

5200 8 B card · · · · ' 1198 

COMPAQ 

LTE 1 MB '21 8 2MB '398 I SLT 1 MB ~1':1898 
4S6/ ZS SystemPro 8 MB · · • · · · · · · · · · • · · · · · · · ,144Oesl<Pro up<Jrades as iow as . •• ... ...... .. • 

IBM 
9PS / 2 MDL 30/ Z86 	 512K '78 2 MB 'Zl
 

1 MB ' 118 2 B 'Z38 


~~j~ ~~i ~~ 1 MB '1 68 2
4 
~~ ~: 

P5/ 2 MOL 80-A21. A31 · · · .. · .. .. 3.5 MB 1399 
l;!Ser Printer 1MB ' 128 2 MB 'ZSS 

AST 
...... '3411 

486 2 MB upgrade .... · · .... · · · · .. · · · · · can 
All other models available .. · · .. · · · · · · .. · · • · .. · 

HEW1£'l'f·PACXAJID 
See bottom ponlon af ad to r pricing lnfOrmallon. 

APPLE 
1 

MAC Portable 1 MB card · · · · · .. · · ... • .. . . . .. . ~ 
All ether models available ..... · · · · .. · • · · · · • · " • · 

7EN1111 

superSport 286 1 MB B ;109· · i ·is· ;iii! ··4 M~8;!!98 
386·20/ ZS /33 

MictOsoft DOS 

1 AQE-CO---••puTe'R, 
11.H lrll I ~I 

Super-386 
16 MHz (SX) 

~~ $798 

1 MB expands t o 8 MB 

Monitor Optional 

25 MHz Cache 

$1398 ~K~~c~~:n:~~~ 
33 MHz Cache 

$1498 s1K~~x:~~~~!~~le 
. a:J386 ~r running ar · 80387 sock<t 


16 MHz (SX). 25 MHz ' FUii s~e case 

or 33 MHz . On• 32-b•L Five 16·!>L 


• ~K $1\aOOW RAM Two 8 b ~ots 
. 12 MB or 1.M MB Onve · 102 key enhaoceo key!>Oaro 
. I: t 1nterteave h<W"o o~k/ • 200 1·.~tt p:iwer supply 

flooov disk <ontroller . Ckxk/ calendar 
Monit or & Hard Drive Options (16 MHz SX) 

Floppy 40 80 
Only I Megabyte I Megabyte 
Complet e Monographics System 

$948 I $1348 1$1598 
Complete VGA System 

$12981 $1698 1$1898 
For 25 MHz Cache 1dd *598 

For 33 MH:r; Cache add '698 


PDP P>ottEr '1\ a Canrog• llP/ 11 / 111 , ..•248 
• EPSON /IBM Compa tJe . ()le Year Warranty 
. lntsnaamal C~eter Set 

3'h" Disk Drtves 
4 MB Mem<ry Card for U 111110720K internal/external .•.. •781178 Scanner 

s ...... ... •1 982 Diamond Flower HS-3000 Plus . 5 198 1.44 MB internal/external . '88/ 5 188 lllthOUt RAM • · · '98 Tape Back-up 4 MB ......... '398
I MB ... ......'148 OCR SOitware for HS·3000 ..... 588 
500 Watt Line Conditioner . . ... '89 
Tripplite Line Stabillzer 40 MB Internal ....... ' . . ... .'258 


e!TlO!)' Card for W 11P/lllen! 150 MB Internal . ....... ..... 5628 Keyboard 

2MB .........' 198
1\lit hOUt RAM •.. '981200 Watt Line Conditioner •. .'158 250 MB Internal .. .. ........ .'728 102 enhanced click ........... .'58

4 MB .......•.~398
1 MB ........ .'148
1800 Watt Line Conditioner ... s188 For External Add . .... .. ... .. .'1 28 Keyboard Drawer . ...... ....... s34 


No Surcharge 
for Credit Cards! 

~1~~,,~ JADECOMPUTER 

4901 W. Rosecrans Ave. Box 5046. Hawthorne. Calfomia 902.51 -5 046 213-973-7707 

Catifomla 
Torrance. Costa Mesa. Woodland Hills Continental U.S.A. 1-800-421-5500 Inside California 1-800-262-1710 

Kearny Mesa. sunnyvale 1O Day Money Back Guarantee ------ 
• 
MMC 

Texas Georgia Arizona M•cRoco ... P uHn We accept checks. credit cards (or purchase orders from qualified firms and institutions.) No 
Addison. Houston Smyrna Phoenix ::-!.~~.!'.~:.'.~!:.';~."...':'.c:~ surcharge on credit card orders. CA., TX. GA. & AZ.. residents add sales tax. Prices and availabil ify 
Not all items io stock at our nine retai l Joortio11S. subject to change without notice. S4.00 minimum shipping and handling charge. 

Circle 189 on Reader Service Card 



• • • 
ARCTANGENT $695 
l'ROHSS IONAL 

MAIL 
C1111111J.·tt· \ /11ili11g Ust 
.\la t111.~1·11u·11l S11(,w1rrc 

T he most advanced. professional-level mailing 
list manage ment system available for IBM and 
compatible microcomputers. Save thousands 
of dollars on postage.printing,and processing 
costs. 

• Unlimited number of names and addresses 
• Sophisticated merge/purge duplicate 

detection 
• Complete postal presorting and barcoding 
• Custom letters. labels, reports 
• Coll\lert data from dBase. ASCII , other formats 

Cin:le 30 on lletukr Service Card 
(RESEUERS: 31) 

PLD Design 
Software 

Get Started with CUPL™ for only 
$149.95 

Now you can have a PLD Starter Kit 
that gives you all the horsepower that 

the CUPL PLD compiler offers, at a 

fraction of the cost For more infor

mation.call l-800-331-7766or305

974-0967. LOGICAL 
D9VIC•S, INC. 

Circle 202 on lletukr Service Card 
(RESEUERS: 203) 

486/33

33Mh.z lmel i486 microproce sor. 
I28K high speed cache one board. 
4Mb of 70ns dynamic ram. 
1.2 Mb 5V. and 1.44 Mb 3Yi drives. 

150 Mb NEC ESDJ hard disk. 

Super VGA . 16 bi1. 51 2 Kb card. 

14 inch Super VGA monitor. 

2 serial, I para llel and I game pon . 

Keyboard and MS compa1ible mouse. 

DOS version 4.0 1 or 3.3 included. 

Deluxe 6 bay Tower or AT ca e. 

Burned in and tes1ed. I yr. warranty. 

25Mhz ver ion available. 

386/25 and 386/33 avai lable. 


No Flash, No Hype. 

Just a good deal! 


$5995.00 

AME PRODUCTS • PO BOX 207 

MISSION HILLS • CA. 9 134(» t8 18) 92-9671 

Cin:le 20 on lletukr Service Card 

Program

Your Chips 


In Sets of 4 for $695.00 

Special offer Now Includes 
Free UV eraser, CUPL starter Kit and 
a $300.00 Factory Reba.le with the 

PDT-1 EPROM, LOGICAL 
EPLD, Micro -v•c... •Nc. 

Progammer. 1-800-331·7766 
Circle 204 on lletukr Service Card 
(RESEUERS: 205) 

Write us ... so they 
won't call you 

Many people enjoy receiving infor 
mation about products or services in 
their homes by telephone. 

But if you want fewer phone calls 
from national advertisers, we can help. 

Telephone Preference Service can ef
fective ly reduce phone calls from na· 
tional advertisers. And, it 's absolutely 
FREE. Just send us your name, full ad
dress, area code and phone number. 
We'll tell participating national adver· 
tisers to remove your name from their 
calling lists. 

After all, they only want to talk to 
people who want to listen. 

Telephone Preference 
Service 

Direct Marke ting Association 
11 West ~2 Street, P.O. Box 3861 
New York City, NY 10163·3861 

Circle 114 on Ri!aderService Card 

ONashua. 

OUR PRICE IS SO LOW THAT THE 
MANUFACTURER WOULD BE VERY 
UPSET IF WE WERE TO PUBLISH IT. 
SO WE CAN 0 LY SAY "THE PRICE 
IS LOW & INCLUDES ONE TONER 
C.\.RTRIDGE & UPS TWO DAY AIR 

DELIVERY " 

CALL FOR PRICE 

Difk\ett8--l-

vnneeltottt 


NORTHEAST & CANADA 
1-800-451-1849 

PO BOX 10:!<7 WllMINGTON. DE. 19850 

SOUTHEAST 
1-800-940-4600 

PO BOX '163. DEERf1 ElD BEAQI FL 33-«2 

1-800-654-4058 

Mirimum Order $20.00 NO SURCHARGE on VISA I MC 
COO O<dets add $3.SO S!Wpping d1arge> delermined by 

lems and deivery method required by customer. 
( Prices are subleet to d1ange wilhout notice I -

FAX 405 495- 4598 .&. 

NOVEMBER 1990 • B Y T E 447 

••
4 

GETthe PC BUS 

Single Board Computers 
• DOS a .EXi on ROM In ten eosy steps! 
·PC/AT Bus Expansion 
' Complete Systems • Cards $299 

V50 uP. l OmhZ. CMOS. AT Code Compatible 
5 Sellai Ports. 1 Meg RAM. 256K ROM. 
PioQYbOc k: Floppy. Keyboard. SCSI. Printer. 
BIOS with Utilities ond Monitor 

~ 
Call I Klllll 

S V S I E (303) 444.7737 N'I S 

65S Hawlhom, Boulder CO. 8«304 FAX (303) 786·9983 

Circh 195 on lletukr Service Card 



• • 

h 

~~oi!l!!!~k! 

800-877-0701 

R--50 SERIES 
MAGNETO OPTICAL 

$75 NETWORK 
Compatible with Twisted Pair or 

COAX (Arcnet and Ethernet 
compatible) networks. 

800-877-0701 

VISA, MC, C.0.0. 
FAX ORDERS 703-631-0708 

Next Day or 2nd Day Delivery if 
order received before 2pm E.S.T 

1·800-877-0701 
r-;J(f\ Industries 
~'O' Incorporated 

11 Jessup, MD 20794-9990 
(301) 498-0200 

..... 800-782.0395· 
• FAX (301) 498-0nl 
-~ . •• Flr&l In Yalue 

Circk 111 on Reaihr Service Card 

• C source code 
• ROM-able 
• Full porting provided 
• No OS requ ired 

GCOM, Inc. 
41 E. University 
Champaign IL 61820 
(21 7) 352-4266 

Specialists in Computer Communications 
FAX 217-352·2215 

Circle 142 on Reaihr Service Card 

Seria l, Modem, & Bu s 
Stand Alone Ab ility 
• laptop & Handheld 

PC & MAC Cards 
Inexpensive 
• OEM & VAR 

Circu 124 on RelJlhr Service Card 

Circle 56 on Reader Service Card 

SHIPPING 

NOW
--·- INCREDIBLE 


PRICES 

3M REWRITABLE 


OPTICAL DISKS 

600 to 650 Mbyte 

Erasable, Removable 
Data Storage 

$ 179~
5161 if 10 
or more. 
Quantities 
above25 
contact 
BOW IND. 

STORAGE SUB~SYSTEM 
Plug & Play. Optical 

Disk Drive w/power 

supply, SCSI cable, 

software interface, 

documentation.,.._...,_

, 1 • 

-

. 


$3199~h 
IBM and 11 1111111 11111111 
Compatible. 
$3124 Mac version. (DOES NOT 
INCLUDE DISK) 800-877-0701 

A1~i"f\ziNG 
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9-Track Tape

For Your 


IBM PC/XT/AT/PS·2" 

Read 1600 bpi 9·track 


tapes from a micro, mini or 

mainframe in EBCDIC or 

ASCII as mirror image or 

by individual files. 


Use the 2000 PC~ for 

disk backup, data inter

change or archival storage. 

PCIXT/ATIPS-2 are trademarks of IBM. 
2000 PC Is a lrademark of Digi·Data . 


DIG l·DATA CORPORATION 

8580 Dorsey Run Road 


RealThne 

Waveform 


Display. 
Only CODAS wa\'eform recording systems 
offer true real lime waveform display. 

• 	For IBM AT. PS/2 Micro Channel·. and 

compatibles. 


• Record up to 16 waveforms 10 disk in 

real timeat up to 50.000 samples per 

second for instant playback, analysis. 

and manipu lation. 


• Includes all necessary hardware and 

software for fast , turnkey startup. 


• Includes Microsoft C-compatible library 
of function calls for customization . 
For a FREE Evaluation Package, call: 
1·800·553-9006. In Ohio, t· 216·434·4284. 

DATAQ , STR MENTS, INC. 

25 Sweitzer Ave .. Akron. OH 44311 
"ll\t. AT f'S/ l. ._..d Micro Ch.lr'Jltl ur tBOeaut.t. or repsttttd 

•>dtawuolllll!C.'11. Mia...r1c •• "'°"""' o1 MJaOIOI\ c.r, 

Circle 101 on Reader Service Card 

New, Grldless, 100% Autoroutlng 
Create schematics and PCBs quickly and 
simply with HIWIRE-Plus© and your ISM 
PC. With the new, grid less. multilayer autor
outer (AR) for HiWIRE-Plus. creating printed
c ircu it layouts is even faster . AR and 
HiWIRE-Plus are each 55g5 and come with 
30-day money-back guarantees . Credit 
cards welcome. 

\\'IN'l'lm 
Corporation 

1801 South St .• Lafayette. IN 47904 
(800) 742-6809 or (317) 742-8428 

Circle 374 on Reader Service Card 

Table based absolute macro cross.assembler 
using the manufacturer ' s assembly 
mnemonics. 

• 	 Includes manual and MS· DOS assembler disk 
with tables for ALL of lhe following processors: 

1802 6Jl 80 6801 8 TMS>ZO ZS 
37700 6$02 680S 8051 TMSWJ 280 
50740 6.1816 6809 l TMSJ 0 ZI 80 

7SOO COPJOO 6811 8086 ThtS7000 2280 
SUPER& COP800 68000 8096 TMS9900 MORE... 

• 	Users can create tables for other processors 
or ask us. we have many more! 

• 	Generates listing, symbol table and binary, 
Intel. and Motorola hexcode. 

• Free worldwide airmail shipping & handling. 

US$199.00 CDN$239.00 

UNIVERSA;~Ri;;,:~~SEMBLERS. 

+ Saini .!OM, N.8 ., ... 
E2L 4A6 Canada 

Voioe/Fax: (506)847-0681 ~ 

Circle 362 on Reaihr &rvice Card 

http:CDN$239.00
http:US$199.00


3ubscribe to BYTE now 
3.nd 

f AVEupto 
46°/o

Pl.US, 
lei the annual IBM PC 
3pec1al Issue as an 

EXTRA 
BONUS! 

13\JTE 
!BM SPECIAL Eomo:-.: 

Stay in the know on all 
major microcomputer 
products and innova
tions 
Save time and money
invest in the best equip
ment for your needs 
Harness the maximum 
power of your micro . 

ubscribe today 
nd save! 

n a hurry? 
all 
-609-426-5535. 
eekdays 9-5 EST 
NJ, call 

-609-426-5535. 

Enjoy 

MORE SPEED! 

SAVE up to C$ 74.05 


PLUS 

get the extra IBM PC Special Issue 

Send me BYTE for : 

D 1 year (12 issues) for C$ 35 .95 
(Save 33% off the newsstand cost) 

D 2 years (24 issues) for C$ 68.95 
(Save 36% off the newsstand cost) 

City1Code/Country ------------D 3 years (36 issues) for CS 87.95 0 Payment enclosed D Bill me(Save 46% off the newsstand cost ) 

No-R isk Guarantee: If dissatisfied. cancel anytime for a full 100°'0 re fund . Your subscrip lion will stan 1 6·8 weeks. Wa1c11tor111 

Single copy CS 4.50 . The oas1c annual subscnpt1on rate is CS 42 oo 
f80C084 

Profit from 

MORE POWER! 

SAVE up to 46°10 


PLUS 

get the extra IBM PC Special Issue 

Send me BYTE for : 

D 1 year (12 issues) for C$ 35.95 
(Save 33% off the newsstand cost ) 

D 2 years (24 issues) for C$ 68.95 
(Save 36% off the newsstand cost ) 

City/Code/Country _____________D 3 years (36 issues) for CS 87.95 D Payment enclosed D Bill me(Save 46% off the newsstand cost) 

No-Risk Guarantee: If dissatisfied. cancel anytime for a full 1 OO°o refund. Your subscription will stan 1n 6·8 weeks . Watch lor it' 
Srngle copy CS• 50. Tne basrc annual subscriotoon ra!e is CS 42 .00 

IBOC084 

Gain 

MORE APPLICATIONS! 
SAVE up to 46°10 

PLUS 

get the extra IBM PC Special Issue 

Send me BYTE for : 

D 1 year (12 issues) for CS 35 .95 
(Save 33% off the newsstand cost) 

D 2 years (24 issues) for CS 68.95 
(Save 36% off the newsstand cost) 

City/Code /Country _ ____________D 3 years (36 issues) for C$ 87.95 D Payment enclosed D Bill me(Save 46% off the newsstand cost) 
No-Risk Guarantee : If dissatis fied. cancel anytime for a full 100% refund. Your subscrip1ion will stan 1n 6-8 weeks . Watch for 1t t 
Single copy CS 4.50. Tne oas1c annual subscription rate •S CS 42.00 

IBOC084 



~~s~!~~SS REPLY MAIL 

P Necessary If Mailed In Canada 

POSTAGE WILL BE PAID BY ADDRESSEE 

IJ\JTE Subscriptions 

Box 4000 
AG INCOURT. Ontario 
M1S gzg 

~~s~!~~~c~sar~~~~!na~AIL 

POSTAGE WILL BE PAID BY ADDRESSEE 

E\JTE Subscriptions 

Box 4000 
AGINCOURT, Ontario 
M1S gzg 

Detach and mail card 
now to 

SAVE up to 

46°/o 
on BYTE ... 

PL.US, 
get the annual IBM 
PC Special Issue as 
an 

EXTRA 

BONUS! 


Order even faster by~~s~! ~~~c~sar~~~~ !na~AI L 
phone: 

POSTAGE WILL BE PAID BY ADDRESSEE 

CallE\JTE Subscriptions 1-609-426-5535. 
Box 4000 
AG INCOURT. Ontario 
M1S 9Z9 



MEMORY UPGRADES! 


1MB C.Oa1c • • 36.:.: 00' 
JMB Board • • 3e,.:s-001 

DeskP,o 386$ 
1 MS Board , '3633·001 
JMS eoa10 • 13;3.:.oc1 

3,•2933 S499.00 
Model 70-A21 

2P.16 $ 169.00 
Mode l S.0· 1'1 1 

1 MB b.:503;"5 $ 145.00 
Models 80·11 t 31 1 

2MB s.:so::r·s $259.00 
Models 80·A21 A:l1 

JM8 6:J5~C60 SG59.00 
A 11 Models 70 a.nd 80 

2·8M8 9oaro w 2M 
6J S06C5 $499 00 

·r.1s K': 1080 ... OD• S1 65.00 
, MS Soa•o , OS069·C01 S369.00 
2M0 B~arc • 08069 -· -OCl $579.00 
.:r.•e Soard 1oso·o-c·o1 s1049.00 
2M3 aoaro ·oso·c_; ·2.cot St 499 .00 

CALL TOLL FREE FROM ANYWHERE IN THE U.S. OR CANADA! 

ORDER NOW: 1-800-535-5892 

v We wltl meet or beal any adYenrsed 

price! 
i/ Limited Lifetime Warranty a1ta .1 ao!e 
v N oroouC".S guaranteed 100°' .. 

competlble ·n fo •m fr, ar>c lv!"ct10I" O' 

)l~u- mor-et ba ek 
v No surctierge o"" V· sa o· Mas1ercacc 
t/ Mc$: o·cers sri1ppeo Same Oay f 

WE ARE "THE ONLY SOURCE!" 

FI RST SOURCE IS "THE ONLY SOURCE" 
Circle 135 on Reader Se nice Card (RESELLERS: 136) 

IBM PS/2 MEMORY 
Models 30·286. Exp. Board 1497259 

512< <I 30:53' 6 $54.00 
2~.'B K=1 3oi:-s300 s119.00 

Models 70· E6 l 121,55SX,65SX 
1 MB E.:50603 S89.00 

Models 70· E6 1 121 ,SOZ.SSSX,65SX 
2r..1a e..:soGo.a s169.oo 

Models 55SX, 65SX, 34F3077 & 34F3011,.,5 

2"·14MB Boaro .J. 2M 
3<F307- S599.00 

..: 1CMB Soaro " JM 

J..! F3::i· • $999.00 
Models 50,50Z.55SX & 00 

:?·SMB Board w :n.11e 
.,9C259 S599.00 

Models so. 55Z . ~ & 65S X 
2·16M6 Boaro .~ 2'MB 

6-lS.fr609 S625 00 

LASER PRINTER MEMORY 

Hewleu-Pac:kard LaserJet llP & Ill 
·~,.16 3:l~~.:s 599 00 
2M6 33,-56 5169 00 
-Vl6 )3,--5 S299 00 

Hewlet1-Packard LaserJet II & 110 
tr,15 33"JB S99 00 
2MB 3J'"s $169.00 
4MB 334'58 S299 .00 

App le Laserwn!er 11 and II NTX 
•MB Mii1',J5 $89.00 
.1M 8 M6006 $349.00 

IBM Las!'t 40 19 and 40 19e 
1M8 10JE13& S209.00 
2M8 •039137 S375 00 
3 5-M 8 ".QJ86-:-5 $489.00 

Canon LBP..SU. 811Ft. 811T 
'MB StiJ· ·~oo $129.00 
2MB S6J 1BBC 5189.00 
.:iMB ?a'1 •N A S3•5.00 

Epson EPL6000 
2MS .es,c · S375 00 
~MB Pa'i : NA $745.00 

Firsl Source lnlernatlonal also sells printer 
me-mory lo, the AT&T 593, Toshiba Page 
Laser 6, Packard Bell ?89500, Mannesmann 
Tall~ 905 and NCR 6435. 

2M8 $1M265 5199.00 
i:.~B $JV465 $309.00 

APPLE MEMORY 
Apple Macintosh SE. SE30. II. llcx and rtx 

".18 K·t M02' B $95 .00 
2'.tB KT ~... 021 & S145.00 

Apple Maclnlosh Itel 
'l.'6 KI '.<0292LL ·A S285.00 
'6MB t( ,1 Part i:i NA $14.15.00 

Apple Maclntosn 1111 
..ms K11 ~l03"'€1..L A $31 900 
16MB K:l Part :; NA $1450.00 

TERMS AND CONDITIONS 
t/ NO SURCHARGE ON MC OR VISA 
,,,,. Terms M: ·~·s.a ;..~E~ A:; • .:. ·~ CCD Cas11 

~..irJ JO e~. i:-.,1CJ"He crc-0rs t-om Q.i.a! ~ t-o ' •rms 
....- 20•.. Res1ocklng tff' or a ""Dt'l-Cr!~'. ,.~ ·e-\.rri~ 

~ ri!u.i...C :,tt1i·~ ::ir..1.0. .!I ·~u •oo 
./ MaoU~ac:u•.;;o1s. p.ari n1.1mb.:!''5o are 101 ,.ou· 

i;Q('-~P"l l[ono; i• groc: ~-~ • ., •o PJ-1'"') 

ti' PRICES ANO AVAILABILITY SUBJECT TO 
CHANGE 

COMPAQ MEMORY 
OeskP<0 286-E .lll6· 20 20E 25 

•MB • 13~3 1 -~0· Sl39.00 
4M8 113132·001 ...•.•........ S3.f9.00 

OeskPro 3-865 16 
• ~.·B · · 36.:6-001 $139.00 
•MB .. 253, oo· S349.oo 

DttskPro 286N. 386N and 386SX and 20 
1MB 1 • SGSS -001 
.:~~ B , • 8690·00' 

DeskPro 386N, 386$X and 20 
2MB · ·a68S 00' 

OeskP10 386-33, 4~33 & SystemPro 
2MB · • 5•.:.:.001 
SMB 1•sso~-001 

OeskPro 386·20e and 25e 

S99.00 
$499.00 

S169.00 

S200.00 
s1a99.oo 

S225 .00 
S569.00 

S225.00 
ss69.ao 

DeskPro 386 i6 (Populate in thi s order) 

AST MEMORY 
Premium Worl<statlon 286 386SX. Bravo 286 

51'.;?K K: S.OQ5 1 0-C 1 Q 

2MBKI 5005'0·002 
Premium 386C and 386-16 

·Ms<, soos·c co
.!\~6 i<:·: :.oos· C'·f)CS 

Prem ium 386-20 
'M6K' 5-005"0·003 
.:•16 ~: 5JC'51 C·IJO;:. 

Bravo 386-SX 
2\16 Kit 5005•0 ·002 
.:.,._•B K.t SC05'0·f'OS 

Premium 3S6·SX 16 25 33 & 486-33 
Premium J86-25T 25TE 2S 25E 

,~,•e s~o-·a .o:i2 

Premium 486 
ws sco-·a oa' 

$59.00 
$169.00 

s9s oo 
S3.l9.00 

$129.00 
$369.00 

$179.00 
$349.00 

S9s.oo 

s:l42.oo 

ZENITH MEMORY 
Zeni1 h Z· lll6 20 25 33 & 33E 

·•AS ZA36 J8001AE $89.00 
•'.<B ZA3S O-O PI< $499.00 

Zenith Z·386 20 25 & 33 
2 .~B ZA..3600•.AG $169.00 

Zenith Z·386 SX 
2MB Z·oOS 1 S267.00 

HEWLETI-PACKARD MEMORY 
Vec1ra OS 165 and ES 12PC 

' P>BK· o·s•OA $99. 00 
2>1B K·l o· 35•A $175.00 
'MB K · D·5'2A SJ49 .00 

Vec11a OS 20PC. AS 25 PC . 20C and 2SC 
•MB K• D•640A $105.00 
.:MS ~·1 o · s.:2A $349.00 

Vec-tra 486 PC 
' "B « 02·scA S89.oo 
.;MB K,• D215'A $499.00 

VKtra 486PC ana 386 25 PC 
8M8 < · 02' ;?A S999.00 

Vectra 386 2S PC 
2M9 K • 0238 •A S26G .OO 

First Source International, Inc. 
36 Argonaut. Suite 140 


Aliso Viejo , California 92656 

Tel. (71 4) 588-9866 

FAX (714) 588-9872 

"The Only Source " 

LAPTOP MEMORY 


TOSHIBA 

Model lOOOSE XE 

•MB 
2MB 

Model Tl 200XE 
2MB 

Model 	T1600 
2MB 

Model T31 OOE 
2~A8 

Model T3100SX 
ws 
.:us 

Model T3200SX 
2'.IB 
.:MB 

Model 15100 
?~.1 6 

... . S289.00 
... S399.00 

.$249.00 

$249.00 

S249.00 

..... S249.oo 
............................S689.00 

$249.00 
......... S689.00 

ModeP T5200 .T8500 
2MB 
8MB 

COMPAQ 
PonaDle 386 

iMS <11 

.:.t.,~B E).'.!?l"S10!" Std 

.: 1.~6 E).pans,ori 6ro 


Ponablc Ill 
512i< K ! 
.2MBr<.,1 

Portable LTE 286 
'MS 
2•.~ B 

SLT·286 
"MB 
.:._,'B 

SLT-386 
' ','8 
2M6 

ZENITH 
Supe<Spon 286 & 286E 

u.~e 

SuperSpor1 SX & 286E 
2M 8 

SuperSpor1 SX 
2\19 Ap.'1a 
2MB Seta 

ProSpeed 286 

S249 .00 

$249.00 
$1300.00 

5325.00 
5 1049.00 
S1049.00 

S69 .00 
$3 25.00 

S189.00 
S269.00 

S239.00 
51325.00 

$325 .00 
$495 .00 

S189.00 

$449.00 

S549.00 
$549 .00 

•MB ........... S289.00 
'Me 5900.00 

ProSpc-ed 386 
2M8 $450.00 
8MB $2250.00 

APPLE 
Apple Macintosh Ponable 

1 MS ... S279.00 
21,46 S8SO.OO 
J~•B $1136.00 
.: ~. 1a S1564.00 

FIRST SOURCE INTERNATIONAL 

WILL NOT BE UNDERSOLD ON 


LAPTOP MEMORY! 


Order pesk Hours · 

Monday thru Friday 8 00·5 00 


Saturday 10:00·3.00 

Use our 24 hour·a·day voice mail or FAX! 

PLEASE SEND ALL P.0."SAND MAIL OROERS TO 
First Source International, Inc. 

P.O.Box 3676 
Laguna Hills. CA 92653 

COMDEX SPECIALS! 
IBM PS 2 Ulll 2Mf! iMll 

5C Z 55SX .65Sx .-o 89 ..... 169 ..... 499 
COMPAQ 

286N 386N Jll6SX&20 89 ·-··· 169 . .. . 499 
ZENITH 

Z·3B6 20 25 33 &33E 89 ..... 169 .... 499 
HEWLETI· PACKARO 

Laser e! 11 P& 111 99 •.••. 169 ..... 299 
Laseriet 1!&110 99 ..... 169 . .. . 299 

l.Mll iMll wa 
Ve<:~ta .:a.sPC 89 ...•. 499 ..... 999 

Prices are valid only fhru November 1990 

EXPANSION BOARDS 
All BocaRam Boards Include 

PrintSpooler and Ram Disk software. 

BocaRam!XT 
uo '.O 2M8 .'.'.It ei~oar\Cleci mamc,., 'or arry IBM cic 
A- A .. inc 8·01 cic C\.S :OMO.ill :.tos rurn.ng a1 CPU 

-;oeecs d l ~o •2M!-<i L t.1 EMS .1 lj corr.D<ll•O.e 
'-'WS 2,SijKJ· 0t4-IT1 

Order Now: S/MXTOO ............ $119.00 

with 2MB: S/MXT02 ............ $279.00 


BocaRam/A T Plus 
uo :o BM8 tor an:r ~To- u5 ti•t cc-m p.aht:-:e mach•nes 
ru,.r.r.-; ~o ~o 3.JMM: CIT~rs con.vn~ , ona 

e~oa1"1ed a"'4 o.: e•1er<::EKl r'.'H!"1Cl)· orov!(].;i.~ a 
l"'la> ..-..,1"'1 ot SM6 ;.1M E.MS ..: a iJSi$ ..,, Orim 
Order Now: S/MATBO .. .. ....... $139.00 


with 2MB: SIMA T82 ......... .. $279.00 


BocaRam 50Z 
LI,') !C 2M6 HHO·Wa<l ·Sla~e e,pa_fXif-0 ana c· 
exre'l'ICOO rr,om:ir> board ce.s·g:"'lec 'Or BM PS.2 
M'OC1n SO ~z SO <Ll"ld lr\ie MCA como..nt11e-s 
J sE"S -~,D·al"I OS 2 ronipal~e 

Order Now: S/MMC20 ........... SI 55.00 
with 2MB: SIMMC22 ···-····-·· $290.00 

.tM19·SO $410.00 1MX1·12 .... .... ... SS.SO 
1 ~h.9 -. 2 $69.00 1MX1 -10 . $7.00 
·M•9 ·o S73 .50 1MX1·SO ....... ... . 57.50 
1M<9-80 579.00 1MX 1 ·70 .. $8.00 
, M-..9. ":'Q S89 .00 1MX1·00 ........... $8 .50 
256•9-12 520 .00 256KX4 
256.-;9 10 $23 .50 

256KX4-12 .... ... $6.85 

256•9·80 S26 .00 256KX• · 10 ....... $7 .00 
256x9·60 $35.00 

2•sKx•-eo .. .. s1.20
APPLE-MAC 256KX1 

o:M ... S-80 S335.00 256KX1 ·12 ....... Si .as
·Mxa..-2 S61.00 256KX1·10 ....... $2.00 

·Mxa ·o $65.00 256KX 1·80 ....... S2.20

t M18·80 $68.00 

258KX1-70 ....... $2.50 

256i8·l2 $23-•0 256KX1 ·80 ....... SJ.SO
256.-;8-'0 524.00 
256•8-80 S24 70 64KX4 

6• KX4-12 ... ·--· S2.30 
SIPPSAND 64KX4· 10 ......... S2.JO 


6•KX..SO ......... S2.60 
STATIC 
64KX1COLUMN 

6•KX 1-1 5 ......... $1.10 

AVAILABLE 64KX1 -12 ......... S1.70 


64KX1 ·10 ......... $1.90 


WHY SHOULD YOU BUY FROM F.S.I.? 
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All-in-One 80286-12 
CPU Card 

CA-6125 
• 12,l!Hz 802 6 microproce550r 
• Socket for 80287 math coprocessor 
• AMI BIOS assures compatibiLity 

$395 

• Memory configuration: ;121i, IM. rn & 4M 
• Built-i n interface for 2 IDE H/O and 2 F/ D 
• On-board: I parallel/2 serial ports 
• VLSI CMOS for low power consumption 

408-293-6786 
I.HO Tully Rd.. •3 t4. Sanjose. CA 9m2 FAX 408·293-469i 

19" Rack Mounted 
Multi-Sync Monitor 

IPC-650/ 651M 
• 14" Multi -sync monitor $895 
• Full y compatible thru Super VGA & 8514/A 
• 1024 dots • 768 lines with .31 mm dot pitch 
• 19" EIA RS-3 10C standard rack 
• Ni ckel coated al um inum housing 
• Lexan o'·erlay protects CRT screen 

l!SA & Canada: Son ,los<-.C.\ 
Tel: 4-0S·l9.l-6i86 fa.'(; 4-08·:!9.1-#.>" 
Europe & Asia: Taipei. Tai11"11 
Tel: 886-l·918-l56i f.t.'(; 918-1;66 

Industrial PC Card Cage 
with 8 Slot Backplane 

C-6010 $195 
• Open-style framework for flexible installation in a 

custom enclosure 
• 8 slot backplane "i th LED power indicators 
• 4 layer PCB with dedicated power & ground planes 
• Supports both standanl PC power connection and 

industrial screw terminal connection 
• Special hold-down damp protects plug·in cards 

408-293-6786 
1340 Tul ly Rd. . •31 4, S2n )o5', CA 95122 FAX "°8·2934697 

Circle 21 on Reader Service Card 

Advertise your 

computer products 


through 

BYTE BITS 


(2" x 3" ads) 


For more information 

call Mark Stone at 


603-924-2695 


BYTE 

One Phoenix Mill Lane 


Peterborough, NH 03458 


Circle 59 on Reader Service Card 

111-. ia U.S.A. 

JC GOLD CARD 
The JCS 486, the New Performaoce 
Leadn lo Penooal 486 Systemboards 

• ln4iol 80486/24(86) CPU 
• IKB c.ct.. intogated n CPU 
• lleth Coprocenor int~ in CPU 

• -" RAii for Vdoo & Symm BIOS
• s.cord LeYel Cacho Memory 

•xpandadablo to 5121<8 
• Wollok 4167 .....,.rio oop<oeH&e< sodtol 
• 30 DAY llONEY BAa<: OUARANTEE 

486 Complete System ... .. S3595 
- - Mornory, 1  l!80I HOO, 

ESOI C<dw Co-. 12 °' U- FOO, 
MS DOS. AT K>, 101 K~bomd 

IOJ86/2t CPU Bel , C&T cblpoet $ 5'9 
MJ86/25 CPU Bel, C&T cblpod $ '" 
!llJ86/25 C&c•• Bd, C&T clilpod $19'5 

DeeJcr lDqulrla W<kome ....._ 

Jemlnl Electronic• (408)727-0086 
3AOO O• La Ctuz. 8tild. Uni T flAll 

- C>ora c... ~54 (408)727-7687 

~ 
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Circle 21 on Re<Uhr Service Card 

El-ROUTE VERSION II 

•SCHEMATIC TO PCLAYOUT $500 
INCLUDES AUTO ROUTER 

EZ·ROUTE ers•on 11 l1om AMS tor IBM PC. PS /2 and Com· 
pa11bles is an 1n1e9rarea CAE System which supports 256 
layers, trace w1dtl'I lro.m O001 men hi 0 255 inch. t1e1obte 
grnL SMD componenl~ and ou[(lul!. on Penplouers as well 
as Ptioto ploue,s anCI printers 
Scnemaltc Capture StOO. PCB Layoul S250. Auto Rouier S250 

FREE EVALUATION PACKAGE 

30 DAYS MONEY BACK GUARANTEE 


1·800-972-3733 or 13051975-9515 

ADVANCED MICROCOMPUTER SYSTEMS. INC. 


1321N.W. 65 Place· Ft . Lauderdale. FL 33309 

Circle 39 on Reader Service Card 

Circle 21 on Re<Uhr Service Card 

Terminal Emulation 

TEK 4105/4010 

VT320 
• VT320, VT220, VT102 emulation 
• File transfer 
• 132 column modes 
• Color support 

· Horkey 

• Extensive network support 

•• Diversified Computer Systems, Inc. 
3715 lrrsAvenue. Suire B 
Boulder. CO 80301(303) 447-925 
FAX 303.447. 1• 06 

Tradema1iu VTr02 11T220- DEC. T6kcror rx- Tl!ictron.ics 1,,c. 

Circle 118 on Reader Service Card 

How to Protect 
Your Computer 

And Make It Last Longer 
FREE n1oncy·maling li1crd1urc . Whal \ OU need 
lO kncm aboul Li PS - uninterrup1ible PQ\\Cr 
')'tern:-._ Hm~ 10 gel i:omplcte prote lion from 
pcmer line problem,. 500 VA to I KVA model> 
from 1hc world·, lar£e. r manufoc1urcr of 
'in~lc·pha,c IJ PS . • 

Best Power Technology, Inc. 
P.O. Box 280, Necedah. WI 54646 

Toll-Free (800) 356-5794, ext. 3871 
(608) 565-7200. ex1. 3871 

See us at COMDEX . Booth #N4472 

Circle 46 on Reader Service Card 

WRITE ot CALL lor YOUR FREE 
COMPREHENSIVE 8 & B 
ELECTRONICS CATALOG TODAY! 
Pages and pages of phorograptls 
and ~lusuaied, deW!Df!Ve text 
for B&B's comp ere line of AS· 
232 con•erters. RS-422 con· 
verters. currenl loop convert· 
e<s. aoapteis. break-out box
es. da aswnclles. dala spl -
"1S. SllOr1 moderns. 
=:;:c1~!1'~.:·meer -====...,,;._...!)/ 
FCC Pan 15J 'llxJt AS-232 need s 
tor oua:ity. swice and comoeltn e 
pnces wrll be more rlwl mer by B&B 
ELECTRONICS. Manulacturer 10 you, no mid· 
dlemao! Money-b<!ck flll"rantee1S•rne-day 
s pme t! One-~ar warranty on ptodUC!S! 
Technicalsupport is avatlabJ e. 
Write For Your FREE Catalog Today! 

B&B !!!~~.£~!!!~!! 
4002L Baker Road P.O. Box 1040 • 0 awa . IL 61350 

Phone:815 434 -0846 

Circle 40 on Reader Service Card 
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LOOKING FOR 

SUPPLIERS 


GIKE SHOJI CO .• LTD. is a leading distri 

butor of computer peripheral products in 

la pan. 

To correct Japan 's enormous trade surplus, 

Japanese users are being encouraged to 

purchase foreign products, generating de

mand ior oflwa re, programming tool , 

utilities. and application software. 

We are offering you the opportunit to in

troduce our elf and your products to the 

enormous Japanese market through GIKEN 

SHOJI. 

Plea e contact u by FAX now. 


GEKEN SHO.JI CO. , LTD. 
F X : 8 1-52-25 1-0229 
2nd Floor. Ma ruk oshi Bl dg. 
6-5. ~-Chome . Sakae. Na ka-ku. 
:--'ago)'a. Japan. 

Circle 397 on R£ader Service Card 

MULTI-SPEED !!! 
9 TRACK TAPE SUBSYSTEM 

for IBM PC/AT/386 

1 YEAR WARRANTY 

•IBM/ANSI compatible at aoo•/160013200 bpi 
• Controller. cables and software included 
• Interfaces for PS/2•. Xenix• and DEC• 
• SCSI •, AT or MCA• Bus 1/0 at 25/50/100 ips 

-.Of'TtQWJ. SriQ\\'N W!'QPTIONA:. DUS 00\l"ER 

AKSystems Inc 
20741 Marilla St. Chatsworth CA 91311 
TEL:818/709-8100 FAX: 818/407-5889 

Circle 14 on R£ader Service Card 

Special Offer 

Introduction of new transputer products 

CD-TBlO/AT 10 slot TRAM 
motherboard . Onboard root 
transputer with 1-20 MB 
memory, FIFO, C004 and T222. 
High speed 16-bit AT bus inter
face. 8008 compatible. 
Entry level price . .. US$ 2, 700 

Size 2 TRA M's w ith T800-20 
CD-TRAM2-l , 1MB RAM US$ 1,040 
CD-TRAM2-2, 2MB RAM US$ 1,320 
CD-TRAM2-4, 4MB RAM US$ 2,240 
CD.:rRAM2-8, SMB RAM USS 3,590 

Cresco Data A/S, 148, Oeresundsvej 

DK-2300 Copenhagen S., Denmark 


Phone +45 31 55 42 70 

Fax +45 31 55 01 53 


Circle 85 on R£ader Service Card 

There is aDifference. 
Iifetime Free Updatr:s 

. ~ 

EP·1 
$349 

Aprogrammtr is not just another progranuner. That 
is why BnlicrOS) ems i oomnuted to bringing our 
customers the highest quality programmers at an 
alfordable prire_ A&ood example oi thi commitment 
is the EP· IEPROM l'rogranuner. The EP-1 supporcs 
,irtua!Jy everr 2+ or 2&pin E/EPROM. And.all of 
our progranuners include lifetime free software 
updates and an unoonditioruil moaey back guarantee. 

BP~ 
1-800-225-2102 

17i:J) ••t ·9430 

Circle 57 on R£ader Service Card 

Cross-Assemblers 1rom sso oo 

Simulators trom s100.oo 


Cross-Disassemblers 1roms100.oo 

Develooer Packages 


from s2ix!.OO(a S50.00 Savings) 

Make Programming Easy 
Ow Macro Cross.assemblers are easy to use. With power1U 
condhlonal assembly ano urlimlled llidudo Res 

Get It Debugged-FAST 
Oon'I wabunti the hardwa1e ks ~nlshed. OetMJg yoor software 
wi'ln our Slm!hcors. 

Recover Lost Source! 
Out llne ol dlsassemblers can hoelp you re-cteate I hie original
asstmbly language $Ol.JtCe. 

Thousands Of Satisfied Customers 
Worldwide 

:;,lc~~J,~.~~l'&qually sdutlonS '"' 

Processors 

PseudoCorp 
716 Thimble Sboaa B"'""d. Suite E 

Nt:i.•,..port t'C1A"S. VA 23606 
(804) 873-1947 FAX:(804)873-21S4 

Circle 293 on R£ader Service Card 

Circle 61 on R£ader Service Card 
~~~~~~~~~ 

LOW COST 

INTERFACE 


CARDS FOR 

PC{X:f/AT 


IRS-485/422 Card [PC485] $95/1251 
• Strial AfynC". Commun ka1lon up 10 -1.ooon.: 2 or.t "'~r e.s.~ ~Sl~50 UART; 
• Canbeconfigur.edu COMl ·COM4; .\ taximum &ud ~le S6KB. 
• F1Wblc con.figuration optioru. RTS or OTR ronirol of triln.nnis.sion dircC'l-ion. 
• Ful lll h 1lf du plu Oi;>tn llon. Supporu b:mfv.~rc l'l:irubh2kin; (RTS,CT'S). 
• Dual drivc.Vrcccivcn:.Handlu ~ dt,1ctt:Compa1ible 11iitb most comm. sfrwr. 
• Hi'h Jpttd ,·en !Oll a'·aUabfc (supports Nud rates up to 256KB ) . Sl 6.5 

Dual-Port RS-485/422[PCL743] $175 
• T.,.'O indC'pendent chilnnelJ / UARTi: 2 or 4 ,.;re opc:t3 tiort. Ma~ Ebud S6 K6. 
• DiJ'S"'1lch confii\lrablc :is C0~11..: (IR02·7). On boa.rd tcrm.i.nltor rtsiuor. 

IIEEE-488 Card [PC488A] $145 

IEEE- 488 Card [PC488CJ 
With Built-In Bus Analyzer $445 
• Sof1""'--are S\Jpport for BASICA. Ouf<'kBASlC and GWBASlC. 
• 	Add'itfon~ libraries for C. Puic:al. f ORTIU.N, Asnmbl)' ~wa; l a.blC' • S.5(1 (all) 

Full range ofT.alker, Ll5tencr, Conirollcr, Scrial/Pu11lcl Poll, SRO. CIC•.• 
• 	 Pov. crful tnel\1.1-drh·en BUS Ai~AL\"ZER cu be run in 1h(. bad:cround 11ihlle 

4 progr.uru or rornmandi :tr(. executed; Fuu.itel Ptoft111ta S1t~pplng. BRa k 
polnl5. RulTimt Bus Dal• C•p lur. {4K buffer), f1ts ~i:i t Se:rttn Togllns. 

• Compltlt Con1rolltr I T•lbr I Ustrnu C"apability. Bas.ed on iSEC· 71 10 • 
• ~~cmoty·resideni Prhl ltr Po.rt £ mab tlo.n U1Uhy included (LPTl-3). 
• Comp.a Ublt "11h NI' ' CPIB·PCll . TMS.991H wcd Gltd - S.HS. 

!DIGITALI/O Card [PCL720] $175 
1 

• lnpul:J2m.compatiblc cb:mnels: Jneu1J03d is0..2 mA i1 o..iv • 
• Outpu1:3?Tn.. comp:itiblc channeb:Slllh 2.imA(D..S\I); Sour«:$ tSm.A(?.OV) 

! i~"J~~=~~~r1;r~~!~~z~:. 'Bf:s~~~;hl tir!Jt~ns':1~?0.':1~~Jfib',i. 

LOW COST 

DATA 


AQUISITION 

& CONTROL 


I 
CARDS 

FOR PC{X:f/AT 

i12 BIT ND & DIA [PCL711 s] $295 1 

112 BIT ND & DIA [PCL812] $395 
• 	 AID roa,trt tr:. 16 sin,glc ended inpuu,: ~i« : AD!i74: Convcn;ion tittk: \c.u 

than 25 ~~ 8ui1Mn proarammable pacer; lnpu1 nin&_u; :=: iOV. ~ sv. s. lV. 
• 0/A t'Oa,1n1r. 2 channels ; l l bii1 ruolu1ion.: Outpu1 Ranic ~sv . 
• OipuJ JJO: 16 lnJ"=I / t60utpu1 ch2nncti: All L'OsTTt comp:ulb!c~ 
• Counltr. 1 cbmnCI p!'Ojnrntn1.blc inte!''al <'OUrtttmi.mcr; US6 hncl 8"-54. 
• OMA and intt-rNpt a~blli t)°. Utilit)·soff'<'"V< for Bui< included. 

FAST 12BIT ND/A [PCL718] $795 

I6 Channel 12 bit DIA [PCL726] $495 
• Ourpu1 RaniC.S: Oto •.SV. O'o · lOV, :5V, :10Vor s[nJc .:.20mA. 
• Smlin;i t~~ iU Linearity: : l/2biLVoh:11ac ourput dri'oi n;capacity: :Sm.A 
• Dl&ltaf l/0 : t6 di W inputs .and 16 di,ital ou1puu: 1TL comp~tiblc . 

I STEPPER MOTOR CARD $395 1 

MC / \~SA / ..\.\IEX Cati today for dat.as httt.s! 

Circle 62 on Reader Service Card 
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33 MHz 80486 Motherboard 
Faster than the Everex Step™&ALR 
15 MIPS! $2,990 Qty 1 (Ok) 

Features: 
• 64K..-2561(Wme8""c.cne • TRJ032-&!Mmloty Elq). to16~ 

• "'""""""c.cne • -w
• OualReadoWri'lac.actle • UNIX.OSl2'&NcMllComoatble 
• T~Rdr?l5h • 1 VearMWan11rr)' 
• 	UUR:CBAv.illable • ~Ooeiimnmo 


MIPS Cache Ok 4M 

466133 15.2 64K 2990 3290 

466125 11 .4 64K 2599 2899 

366133 8.3 64K 1429 1729 
366125 6.2 64K 1229 1529 

Technology Power Enterprises, Inc 
47273 Fremont Blvd. Fremont CA 94538 
Tel (415) 623-9162 FAX (415) 623-9462 

lllf 	MAAYMAC® 
of discounting 

Tandy® computers, 
Fax and Radio 

Shack® products 

1tad1elllaek® Tandy 
We will meet or beat ... 

GUARANTEED LOWEST PRICES 

"" MAAYMAC INDUSTRIES INC. 
22511 Kary Fwy. 


Kary (Housron), TX 77450 

1-713-392-0747 FAX (713) 574-4567 


Toll Free 800-231-3680 

Data Acquisition Processor"' 

Circle 338 on Reader Service Card 

HYPERTEXT LAl NETWORKS, 
LANG AGE TRAINI G, SHOWS 

DEMO DISKS 
Low-Cost Digital Aud io for Windows 3.0 

Protected I Rea l Modes 

IBM-PC DIG ITAL VOICE I SOUND 
fro111 $20 1p1"">" •oduM to $640 lD""'"°P'''• Kin 

Quality Software I Hardware 
- in use worldwide! 

30 Oay Money-Back Guarantee If not Satisfied 
• JUST LIKE HAVlnG A DAT TAPE RECORDER 1N A PC. 
• Fas.tut. uslut Edllors with the mos1 ftal\.l1es fo11.he price. 
• Oulek, s.lmpr• hardw11t I so-ftwar• lnstalltllon. 
• Use tor Foreign Language training f communic.alloM. 
• For Business: Trl:NIQ S"=e S/'loY.'1: • .,....~., Gtm. ~Par'Jllf F 
• for En5i1 lnurln9: ~Gen Cle~ vo.oe ~.s S'.Ol'IQe seoo. 
• For Fun; Ctti:t Y04I 0¥.n M~t B.oo:w 5our'4s kw V>.Jt v~ 
Orders: B00-969-4~11 by Silicon Shack FAX: 40S,..374-4412 

5120 Campbell Ave. #11 2, San Jose, CA 95130. 

Technical: 408-446-4521 
Mk for FREE PRODUCT CATALOG or 18~1- PC sound products. 

Oe_~~!;!~~:;~~~~=~~~o!~d~~~~ne. 

Circle 315 on Retukr Service Card 

The Ideal Keyboard covert 
Protect your computer and ellmlnate down· 
time cau sed by llQu ld spills, contaminants, 
environmental hazards, etc. with VIZIFLEX 
SE ELS -the only keyboard cover that: 
• Remains securely In-place during the 

operation of the keyboard and will not 
interfere with computer performance in 
anyway. 

• Is designed to "fOrm-flt" to the exact con· 
tours of the keyboard to provide superior 
tactile sensitivity &feel for individual keys. 

• consists of Ultraflel(TM material, a trans· 
parent, flexible "film" wnich allows all 
·markings' to be clea rly visible. 

VIZIFLEX SEELS are the only keyboard covers 
for your computer! 

Circle 214 on Reader Service Card 

For OZ-Wizard/ 
IQ-Electronic Organizer 

28 KB RAM CARD 
for OZ-W1zard/IO-Electrornc 0 ganizer Serles 

Trader request desired' 

RMS GmbH 
BauerlandstraBe 99 
2390 Flensburg 
Wes -Germany 
Tel. -49-4 6 1 ·4 20 39 
Fax -49-4 61 -4 50 26 

Circle 28 on Reader Service Card 

SAME DAY SHIPPING 
R & R Electronics 

6050-X, McDonough Drive. Norcross, GA 30093 
(4041 ass-1 m • Fax (4041 368-9659 

Price• •ubje.ct to change witltou.t notice 

SIMMs 
PS/2. AST etc. Call 2S6Kx9·80 $18 
1Mx9-70 $S9 2S6Kx9-100 $17 
1Mx9-80 SSS 1Mx8-80 sso 
1Mx9-100 SS2 Other Cards Call 

D-RAMS 
2S6K-70 $2.50 64xl-100 Si.80 
256K-80 $2.30 64x4-100 S2.75 
2S6K-100 $2.20 2S6x4-100 S6.00 
256K-120 $2.10 lMxl-80 $5.25 
2S6K-1SO S2.00 lMxl-100 SS.lS 
INTEL - llT - CYRIX - WEITEK 
8087 
8087-2 
8087-1 
80287-6 
80287-8 
80287-10• 


$ 88 80287-12 $275 
$11S 80387-SX S288 
$16S 80387-16 $315 
$13S 80387-20 S355 
$18S 80387-2S S445 
S210 80387-33 $548 

800-736-3644 -""'-

Onboard Intelligence For IBM PCIXT/AT/386 

• 16 MHz 80C!86 for general processing 

· 20 MHz DSP5600! for digital signal processing 

• Susiaincd digital signal processing of 10 MIPS 
• FFT and FIR filtering withou t programming 

• Acquires analog and digital inputs to 235K sis 
· Buffers and processes input daia as required 
• Updates analog or digital outputs to 250K sis 
· Over 100 commands without programming 
• Custom commands may be wrinen in C 

Call for FREE Demo Diskette 

u. (206) 881-4286 
!>'UCROSTA R 2863 152 Ave. N.E. 

I Redmond. WA 98052 
LARORATORIF..~ I FAX (206) 881·5494 
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FACTORY SALE 
~.s.26.6 

Expanded Memory Board 
For 

IBM XT / 286 Al ·and compatibles 

Up to 8Mb of .EMS 4.0 Expanded Memory 

Configu rat ions 
QKb $230.00 

512Kb $275.00 
2Mb $350.00 
8Mb $675.00 

• Two Year Factory Warranty 
• FREE Shipping on PrePaid Orders 
• Immediate Delivery 
• Dealer Inquiries Welcome 

Galaxy Electromcs Inc 
33 Freeman Street 
Newark, NJ 07105 
201 344-5812 FAX 516 374-4170 

Circle 396 on Retukr Service Card 

VIDEO FRAME GRABBERS 


MODEL RESOLUTION 
HAT 256-4 256 x 256 x 4 495 
HAT 256-8 256 x 256 x 8 795 
HAT 5 2-8 512 x 512 x 8 995 
HRT 5 2·24 512 x 512 x 24 1995 
• IBM PCIXT/AT COMPATIBLE 
• DIGITALIZE IN REAL TIME 
- COMPOSITE VIDEO IN 
- 24 BIT RGB OUT except Model HRT 256-4 

16 level gray scale out 
- SOFTWARE LIBRARY OF IMAGE ANALYSIS ROUTINES 
- FREE SOFTWARE UPGRADES TO REGISTERED OWNERS 
- FULL CREDIT ON UPGRADE PURCHASE I flf\ST YEAR 

RETURN OLO BOARD ANO JUST PAY OIFFERE CE 

HIGH RES TECHNOLOGI ES 

HRT P.0.80X76 
LEWISTON. N.Y. 14092 

PHONE 416-497-6493 FAX 416·497-1988 

Circle 371 on Reader Service Carri Circle 296 on Retukr Service Card Circle 161 on Reader Service Card 



Arlington Electronics 

386-SX-16 
$1198 

286-12 40Mb $ 989 
386-25 40Mb $1549 
386-33 40Mb $1889 
64K Hi speed cache 

All svstems include: 

• Mono graphics monitor 
• 40 Mb Teac /DE HDD 
• 1.2 or 1.44 Mb Teac FDD 
• 1 Mb BOns main memory 
• 101 Keytronics keyboard 
• MS-D0$1M 3.3 or 4.01 
• Choice of 3 case designs 
• 1year warranty 

Visa 

3% Shipping charge MasterCard 


AMEX


1-800 833-3590 

Circle 33 on R£ader Service Card 

@ UNIVERSAL 
PROGRAMMER 
& TESTER 

MODEL: ALL -03 

$695 
INCLUDES: 
• M1ln Module 
• SAC.201 Ca<d 
• 0.25 Cable 
• Sottware 
• Manu11 & Oevlee Ll1t 

• 	 E(E)PROM• g•noral 

NMOS & CMOS 116k to 512k, 1M to •M BITS) 


• BIPOLAR PROM 1 
• PAL, CMOS PAL, GAL, PEEL. EPLD. FPL 
• Mlcrocompute1 (3748, 8751 , t7C51 & Z8 series ) 
• IC TEST (TTL 74 / 54 & C0 / 45 ....es) 
• MEMORY TEST 
• 	 HEX TO BINARY cooe convener tor INTEL 80186 HEX 

MOTOROLA S1/S2 HEX and TEKTRONICS HEX 
• 	 HIGH SPEED 
• 	 40 PIN 1est socr..et witn 40 sets oJ $Oflware controlfect 

c1rcur1, 40 seu. ol progtammable 
• ··co" ICEV & " GOOO" - LEO perm11 stano alone ma.c hine 

ooera11on 
• C SOCKET ADAPTER (OPTION) 

- 1 Year Vlarr~nty & 30 Oay1 Money Bae.ii Guaranree 

ORDER TOLL FREE I ·800·633-3449 
I CALIF (Tel): 408·748·849 (FAX) 408·748·8492 

C&J MICRONICS 
1400ColemanAve.. #D-13 , Santa Clara . CA95050 

Circle 96 on &adtr Senice Card 

Intelligent Solutions 
NetWare, DOS, OS/2 & Xenix 

T•10 UNIVERSAL PROGRAMMER 

EPROM • PLO • Bipolar PROM 
• Buol ·in LCC & SMT ZIF sockets to 44 pins 
• Ind ividual pin dnving 
• Point & snoot menus, With MOUSE SUPPOrt 

• Device updales on disk & BBS 
• Built-in margin tes ng 
• Vector testing 
• User definable test parameters 
• Fu ll screen editing in 21 formats 
• Intelligent 1dent1her 

SUNRISE ELECTRONICS, INC. 
524 S. Vermon Ave. • Glendora. CA 917 40 

IINTELLIGENT 
ROM 

• 

• 
• lntc · cn11•-Cirnlt· 

• P<M"uf'lll Mt.•OI')
• 

• 
• C.\105 n:iodtl .-i1h 

• 

MC I VISA I AMEX 

Circle 331 on R£ader Servi.ce Card 

~ 

"' 0 v t l l \A I ' 
AU t M 0 I I l f 0 

TESTED AND 
APPROVED 

._N•-_,.c-ible__ _____. .. 

hard drives and 
erasable opticals 

~~hone: (216) 234-6387 
~ FAX: (216) 234-2233 

The SCSI Profuonals 

6801 ENGLE ROAD, CLEVELAND, OH 44130 

Circle 287 on R£ader Senice Card 

SCSI 

CONTROLLERS 
FORISA&MCA 

Novell tested 
under NetWare 286 
Use with NetWare 
286 or 386 
Use any size 
SCSI disk drive 
Handle large SCSI 

DYNAMIC RAMS 
4Mx9 eons $295.00 
PS2 2M 604160e $135.00 
1Mx9 eons $ 51.00 
1 Mx8 eons $ 47.00 
256X4 1oons $ 5.25 

•-WS:J.f"" 1 Mx1 ·oons 
41464 100ns $ 2.75 

""41256 120ns ......"'' 
51258 eons $ 3.45 
4164 20ns $ 1.85 

Circle 188 on R£ader Service Card 

16·BIT RESOLUTION 

ANALOG·TO·DIGITAL 


CONVERTER 

12,000 SAMPLES/SEC 

for IBM PC, XT & AT 


SINGLE PIECE PRICE 

$475 

We manufacture a broad line 
of data acquisition and control 
hardware and software for Apple 
and IBM computers. 

Call for quotes on custom 
hardware or complete systems. 

LAWSON LABS, INC. 
74 4th AVE. W.N. 
KALISPELL, MT 59901 
800 321·5355 or 406 257·5355 
FAX 406 257-5572 El 

Circle 200 on &oder Service Card 

Circle 63 on Reader Service Card 

PC BASED UNIVERSAL 
DEVICE PROGRAMMER $695/895 
• 	Proirams ££/EPRO.\ h. MICROJ. BIPOLAR.s.P.\LJ. C.US.. EPLD.s.. PEE LS 

(cunenl librvie~ iupport O\'Cr 900dc\i C'(j by O\·cr 35 manufo:mLre rs;). 
• 	So f'N·srt drhtn pin drht". D!A 1u1tn11ttd propammln, \"OIUSCS { bi1 

OACJ uu-d co scr.crotc '"Olt:ig~ from S·lSV ,,.,;th 0.1V resolution fo r all pim). 
• Falt dc,i« ptCJira.mming / ,·crify J read vi.11 c!edic-3tcd pulllltl interface. 
• \!P1T3dHbl1 f<H" 'i rt111ally 8'1)' ru1un prosnmmablt d~i«.t Up 10 -10 plns. 
• Sclr-submtcnt optration.. No additional modules or plug.in a~p:cn required. 
• lnch.adci Uler friend MEMORY BlfF'f'E.R FUU.. SCRE.EN tDJTOR. 

C.Ommanch include Fill MO\ t , T.ns.cn. Otlctc. Sf.arch. 021:1 cn11>· a:t hoe c!ooc 
in ASCII o: HEX fo:m. FUSEMAP EDITOR fot L..o;ic dc,•kc.s. 

• Friendly M1nu·Dri,tn inltrfilct, Oc\iC'e w:lection by P . · and Manufactunr. 
• S-upporu S/16,"l? bi1 dau "'ord formu.s. 
• 	 Pt~ng alsonthnu.; S onnal, ln1tlllitnl I & II , Quick Pulse Prov.am· 

ming.. Automatk selection of C:astcsl al50:i1bm :Or sny sh·en p:m. 
• Verify ope: ration performed at nomW · vo·om cue ope ming ~·olt:sc . 
• 	 tunrtional tut: JED EC nandard functional 1.min& (or lope dl!\1ett. 

TTl. l.o&lc f\inctfo:ul tctt for ; .:ntS.aa u:rid dC\>icc1 ;ind memory d.c,icel. 
TC$t library can hoe updated by the Iller. Ll5tr dduiablt cm pancm gtMr:uion 

• Flk fomuits acttptcd: JEDEC (hlU), J EDEC(lmul • Bl11.a1". MOS T«h• 
11.olOI), Mo1orol:1 Ht.I'. ln1tl Ht:t. Tf'klronb Htx. 

• 	But price (S695) inclu~u ln1crf:31tt card, able, Me mory T Micro.,. Bipolv 
librvy. Til.JCMO~fE~fORY c!M«" 1cs1 ~p~lhy. oneyw rrcc: upd.01c.t 

• Complttr prlCT (S$95) includes all of the a~·r: plus L.op r: Oroi ct Ub~r). 
• Lib:~· upd:t.tu a.n b.c ruci\cd via floppy or B&C Cus1omtr SuppcH1 BBS. 
• foll I }t.a r "''lrnnty. Cu1t0mcr 1uppor1 ,,a \'Okt line, Fu&. ckdicau:d BBS . 

IUNIVERSAL RS-232 
PROGRAMMER $345/495 
• Prosnm1 EFJ£Prom.s. ZPR.i:m.s.lnttl Mlcrw..fluh £.J>rom~\f1:raory Cards. 
• S1aad 0Alont Mode for EE/EProm and Memory Card Duplk:ltion f Verity. 
• All 2.l/2&1'32 pin EFIEPnMD$ lO 4 ~1'Biu (uptraduble to ll anpbf11). 
• MICT'OS:87.: VA.·21A.-'. ·9.·Sl,.CS1 . .CS1f Al8.-5l.·13,·$S,-CS21•..CS: l.9i61 
• Modtl UP IOO ( SJ.15). Modd L'PlOO {S-195) a.cttpu dedicated mod1,1lc.s.. 
• MrmoryCu1b P:Oi}'1Llnmini Modult (~ikciEpson.Fujit$u.} • s-J.-15. 
• GA.'\G J>rovammin&~odule (" sockeu) • Sl4S. 
• Optloul b\llll·ln £rutrfflmt:r module· s.50; Coadattht foam ~d. 
• On·Board PrOJWDmin& c:ap:ability: Cuiom in:crf1<'c module.i avai.1111ble . 
• User Cric~.. Mtn.u·Drhtra Interlace ProVJlll fot 1BM·PC and M.:ticin.101h , 
• Can be opcmtd ...;th •tto' COC!:p!J!CI COllta.in.ing an JtS..l3 l Hrilll po11. 
• OEM open board proara.mmc:rconfipiratioru av:tilablc (Crom UJ.5}. 
• Ont )UI free M)ftwate updates and Oat0mcr Suppon. 
• O.momc r suppon VUl ''Oi« line. dtdlcattd SSS or !u: full 1 yn.rwam1ny. 

EMULATOR $395 
• Emub.ttS 2716 throop 2 5U CPtom1 (!.k to64k b)ics) ...itb a sinslc un.iL 

Mtpbh partJ an be c-a::ub.ted ""i.th multiple 1.11\ftJ (Mega adapter rc-quiu d). 
• Connects to the sl.U.cb...rd pua.lltJ pt111ottr pon. Us.ti na.r.da!d prince: Qblc. 

FAST data loadlng \U p,a..~c.I pri1ncr pon (6-tk i,,1t5 In ltu l.hao 10 JttOndJ) 
Eau1lat0f"" t)1>C (cature.s indude: A.ddru1 Compatt 

(" it.h HALT outpu1). Addrtu Snapshot (for Wie! addr. b\ii motU1orin1) . 
Trlgu lnpat (fo: mcm21 IC'\-cnu monicorin&). J>rovamm.abfc RtHI Ou1puL 

' bcl rrtr tdllor. Sclccublc "'-ords!UJ. ( 102). 
l:.k.J' (ricndty IOft'lol.'ll!e. Comtnand UI lndudu: Load, Writt, Display, Ri;m. 
l)J>L Edil. Fm. Ru.n·Com..rnud·F11t. ,\l onl1or. Pon. RHtt. Htlp, CsJeul.Jtor. 
Cucadab11: 10$ unltJ. lndudes ta:rge1 cable with Trfgtt, Hah & R1Jt1 dips. 

~iCad rtthn1nblt 9V ballfTY N<k&ip • $.1 95. 
(Ca..'l be: used io $1.Hd··.alont mode; Built-in battC' t)' rtcl'l.arj.in' circuiu,..) 
Fi!e (o~a ac«p:ed: Blnary, I.nit.I Ha. '-totorola S. 

Call today for datash..is: 

B&C MICROSYSTEMS INC. 
750 ~. PASTORIA AVE.. SU!'\lli"\'YALE, CA f..ws6 USA 

T£1-' (.aos) '3<1·5lll FA.X, (41lS)130·5S?I 811S,C.l~J130·Ul7 
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EDITORIAL INDEX BY COMPANY 


Index of companies covered in articles. columns. or news stories in this issue 

Each reference is 10 the first page of the article or section i n which the company name appears 


Company, Page# Inquiry/I 

pA E J 
Adac,48 1299 Easy Automation Systems, 66 1278 JVC Information Products, Panasonic Communications & 
Adaptec , 172 1111 Energy Conversion Devices, 323, 338 1243 Sys1ems, 73, 289, 338 1153 
Adaptive Solutions, 342 1003 289,338 1233 1256 
Adobe Systems, 107 Entropy Engineering, 73 1158 Patriot Partners, 19 
Advanced Hardware Epson America, 119 L PC Power &Cooling, 258 1107 

Architectures, 331 Eugene Amazon , 73 1146 LaCie, 172 1118 PentaSoft. 127 
Advanced Logic Research, Everex Systems, 19, 186 1110 Laser Magnetic Storage Peregrine Computers, 46 1293 

162, 268 1075 Exabyle, 323, 338 1234 International , 275, 338 1244 Performance Technological 
Advanced Micro Devices, LaserGo, 48 1301 Products, 52 1309 

19, 194 1061 Lattice. 245 1225 Peripheral Vision, 338 1257 
Apple Computer, 107, 146 1080 F Lehigh University, 466 Phi llps- Du Pont Optical , 
Applied Concepts, 52 1307 F·Chart Software, 70 1285 Logitech , 132, 395 1161 275,338 1258 
Archive, 323, 331, 338 1226 FlexStar, 172 1114 Lotus Development. 165 Photonics, 58 1316 
Asahi, 275 Fresh Technology Group, 58 1317 Pick Systems, 381 1020 
Ashton-Tate , 165 Fuji, 275 Pinnacle Micro, 338 1259 
AST Research, 186 1108 Fujitsu, 19 M Pioneer Communications, 
AT&T, 19 Fujitsu America, 172, 338 1115 MacroMind, 72 1287 275, 338 1260 
Atari, 31 1 1235 Mannesmann Tally , 47 1294 PKWare, 338 1261 
Autodesk, 73 1147 Future Domain, 172 1116 Merk Williams, 119 Popkin Software and Systems. 

FWB, 172 1117 Maxoptlx, 275, 338 1245 62 1274 
Maxtor, 338 1246 Poqet Computer, 239 

B MCC. 338 1247 PowerCore, 89 1223 
Bellcore, 342 1004 G Metaphor, 19 Priam Systems, 172 1123 
Benchmark Associates , 89 1222 GateWaze, 66, 70 1279 Micro Map & CAD, 70 1284 Princeton Graphic Systems, 73 1157 
Borland lntemetional, 156, 403 1281 Microelectronics and Computer Psion. 338 1262 
British Aerospace, 19 Gigatek, 338 1236 Technology, 283 

GigaTrend, 323, 338 1237 MlcroNet Technology, 172 1119 
GRID Systems, 46 1290 Micropolis. 172 1120 ac Grolier Electron ic Publish ing, Microsoft, 97, 107, 127, QIC Standards Committee, 331 

California Scienlilic Software. 73 1149 338,373, 395, 403 1248 Quarter· Inch Cart ridge Drive 
342 1005 Mitem,62 1275 Standards. 338 1263 

California Software Design, Mitsubish i Electronics, 342 1009 Quarterdeck Office Systems, 
338 1227 H Mitsui Petrochemical Industries, 19, 403 

Cana Group, 48 1300 Harris Semiconductors , 342 1007 275, 338 1249 
Canon U.S.A. , 235, 338 1228 Hewlett-Packard, 11 9, 132, Mltsuml Electronics, 323, 338 1250 
Carlisle Memory Products, 338 1229 275, 323, 331, 338 1162 Montana State University , 19 R 
cc:Mall, 89 1221 1238 Motorola, 19, 165 Rainbow Technologies, 52 1306 
Cipher Data Products. 338 1230 Hitach i America, 323, 338 1239 Mountain Computers , 338 1251 Ricoh, 338 1264 
Club American Technologies, Holder, Egan, 62 1273 Mouse Systems, 395 Rocky Mountain 

186 1109 HSD Microcomputer U.S., 47 1296 Communications, 70 1283 
CMC Research , 73 1151 Rocky Mountain Research 
CMS Enhancements, 172 1112 N Center, 19 
Colorado Memory Systems. N/Hance Systems, 172 1121 Rodlme Systems, 172 1124 

331 , 338 1231 IBM, 19, 97, 275, 338, 395 1240 Nakamfch l, 338 1252 
Compaq Computer. IBM Magnetic Record ing National Design, 19 

127, 140, 338 1232 Institu te, 301 Nat ional Semiconductor, 342 1010 s 
CompuAdd, 46 1292 infoChlp Systems, 331 . 338 1241 Natural Graphics, 73 1154 Saber Software, 62 1271 
CompuServe, 107 Intermix Software, 221 1228 NEC Technologies, 47 1295 St. Marl in's Press, 466 
Computer Cowboys, 342 1006 Innovative Communications Nestor, 342 1011 The Santa Cruz Operation , 19 
Computer Virus Industry Systems, 72 1286 Network Technologies, 54 1310 Seagate Technology, 338 1265 

Association, 486 Integrated Information NeXT, 165, 338 1066 SEEQ Technology, 338 1266 
Connect , 107 Technology, 19, 194 1064 1253 Seiko/Epson, 275 
Core International, 172 1113 In tel, 19, 165, 194, 338, 342 1008 Nlssel Sangyo America, 48 1302 Seiko Instruments U.S.A., 338 1267 
Cyrix, 194 1063 1062 NoGate Consulting, 338 1254 Sitka , 107 

1242 Notework, 58 1315 Sottware Composers, 66 1277 
Internat ional Data, 395 Novell, 19, 97, 107 Software Security, 52 1305

D International Standards Numonics, 395 Sony, 275, 301, 323, 338 1268 
Dariana Technology, 132 1163 Organizati on, 97 Stac Electron ics, 331, 338 1269 
Data Access, 89 1224 lnterNet, 465 Stanford Research Institute, 395 
Dataoap, 72 1288 IOcomm, 47 1298 0 Stony Brook Software, 73 1150 
Defense Advanced Research Iomega, 47 1297 O.C.E.A.N ., 338 1255 Storage Dimensions, 172 1125 

Projects Agency, 342 Irma Research , 251 1077 Occam Research, 66 1276 Sun Microsystems, 19, 97, 107 
Dell Computer, 19 Olivetti Research Center, 385 SuperMac Technology, 172 1126 
Digital Equipment, 19, 119, 385 Olympus/Riech, 275 Synthetic Genetics, 70 1280 
Disctec, 256 On-Line Computer Systems, 275 System Enhancement 
Distributed Processing Open University , 364 Associates, 338 1270 

Technology, 205 1105 Opt ima Technology, 172 1122 Systems Enhancement, 72 1289 
Dolph in Software, 54 1311 
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T u w x 
Tandberg Data, 331 UDS, 58 1313 Walt Disney Software, 73 1156 Xeltek, 52 1308 
Tandy, 10, 46 1291 UniPress, 227 1018 Wang/Informatics, 251 1076 Xerox, 395 
Teac America, 323, 338 1421 University of California, 342 1014 WangDAT, 323, 338 1425 Xerox Palo Alto Research 
Teraplex, 19 University of Tokyo, 342 Wangtek, 323, 338 1426 Center, 385 
Texas Instruments, Upsonlc , 258 1106 Weitek, 194 1065 

19, 262, 342 

Texas MacExpress, 19 

1012 
1078 v 

Western Digital, 172 
Willow Peripherals, 73 
WordPerfect, 132 

1127 
1148 
1164 

z 
Zenith Data Systems, 301 , 338 1427 

3Com, 97 Velox Computer, 19 Zero Surge, 73 1155 
3M, 275, 338 1422 Ventura Software, 132 1160 Zinc Software, 62 1272 
Togal lnfralogic, 342 1013 Vision Software, 70 1282 Zirco, 52 1304 
Toshiba, 19, 107, 266, 301 , 311 Visionary Electronics, 58 1314 
Toshiba America Information Visix Software . 227 1019 

Systems, 338 1423 
Tosh iba Semiconductor, 338 1424 
Toyogo, 73 1152 

BYTE ADVERl'ISING SALES STAFF: 
Steven M. Vito, Associate Publisher IV.P. of Marketing, One Phoenix Mlll Lane, Peterborough, NH 03458, tel. (603) 924-9281 
Arthur Kossack, Eastern Advertising Director, Two Prudential Plaza, 180 North Stetson Ave., Chicago, IL 60601, tel. (312) 616-3341 
Jennifer L. Bartel, Western Advertlslng Director, 14850 Quorum Drh·e, Suite 380, Dallas, TX 75240, tel. (214) 701-8496 
Liz Coyman, Inside Advertising Sales Director, One Phoenix MUI Lane, Peterborough, NH 03458, tel. (603) 924-2518 

NEW ENGLAND 
ME, H, VT, MA, RI. CT, ONTARIO 
CANADA&EASTERNCANADA 
Dan Savage (617) 860-6344 

~~~~6:t:~~I 
29 Hari..dl A....,nue 
wins1on, MA 02173 
FAX: (617) 860-6999 

EAST COAST 
Y. NYC, NJ. DE, PA 

Kim Norris (Zll) 5U-2645 
Ariane Casey (lll) 512·2368 

~~::.miJ:1~~~ 
1221 Avenue of lbe Americas
28th Floor 
New York. NY 10020 
FAX : (212) Sl2-207S 

SOl1l1lEAST 
C, SC, OA. l'L. AL, TN, VA, 

MS, AR. LA, DC. MD, WV, KY 
John Y. Scbilln (404) 114347112 

~::.:ru'i'J..~~9!;~
4170 Ashfonl-D1u:r,.oody Road 
Sulie S20 
Adan1a. OA 30319 
FAX : (404) 252-4056 

MIDWEST 
IL. MO, KS, IA, ND, SD. M , 
Wt. E.IN,Ml.OH 
Kur< Kelley (3ll) 614>-3328 

~c8'~H'l::"~~~~:3~s924-l664 
Two Prudential Plaza 
180 NorlhSieuon A....,. 
Clticago, IL60601 
FAX: (312) 616-3370 

SOIJTHWEST, 
ROCKY MOUNTAIN 
CO.OK. TX. 
Alison Keenan (ll4) 701-1496 
Pa1ricia Payne (603) 924-2654 
McGraw·Hill Publications 
14850 Quorum Drive 
Suite380 
Dallas, TX 75240 
FAX: (214) 991~208 

NORTH PACIFIC: San Francisco, CA 
l\ORTHERNCA, OR. ID. MT, 
WY, NORTHERN NV 
Roy J. Kops (415) 954-9728 
McGnw-l!ill Publications 
42S Banery SIJCCI 
San Francisco, CA 94111 
FAX: (415) 954-9786 

NORTH PACIFIC: Caml)bell, CA 
SIUCO, VALLEY. HI. WA. AK. 
W.CA ADA 
Bill McAfee (408) 87'--0381 

~:b~~~fllil~~~~;:I 
1999 Sou1h Bascom A•~ . 
Sulit #210 
Cunpbell. CA 95008 
FAX: (408) 879·9067 

SOUTH PACIFIC: Los Anseles, CA 
LOS ANGELES COUNTY, AZ, 

M. SOUTHERN NEVADA 
Alan El Faye (213) 480-5243 
Jona1han Sawyer (603) 924-2665 
McGra"•·Hill Publicatio.ns 
3333 Wilshire Boulevard 1407 
Los Angeles, CA 90010 
FAX: (213) 480-S249 

SOIJTH PACITIC: Cosuo Mesa, CA 
ORANGE COUNTY. 
SAN DIEGO COUNTY. UT 
RonCordek (714)557-6292 
Jonathan Sawyer (603) 924-2665 
McGraw·Hill Publicatloos 
3001 R.ed Hill A•~. 
Building #l-Suiie222 
Cosia Mesa, CA 92626 
FAX: (71 4) 557·2219 

BYTE BITS (lx3) 
MarkS1one(603)924.Ql30 
BYTEPublieallons 
Ooe Phoenix Mill Lane 

Peierborough, NH 03458 
Tho Buy.,.'s Mart (lx1) 
Brian Higgins (603) 924-37!4 
BYTE Publica1ions 
One Phoenix Mill Lane 
Peterborough, NH 03458 

RtsJoaal A.chvtlsina 
James Bail (603) 924-2.SlJ 
Barry &:ha"'rria (603) 924-2574 

l#i-11;.'~':a=! 924-2'37 
Onel'hoenix Mill Lane 
Pe1erborough. NH 03458 

BYTE Deck 
Ed w~ (603) 924-2596 
BYTE Publicalio!ls 
One Phoenix Mill Lane 
Peterborough. NH 03458 

C.talotl~ 
llY1'E International ~et 
IUspoose Pl>stairds 
Elkn Perham (603) 924-2598 
BYTE Publica1ions 
One Phoenix Mill Lane 
Peterborough, H 03458 

Pmrboroop, NH omct 
Inside Sales FAX: 603-924-2683 
Advertising FAX: 603-924-7507 

International Advertising Sales Staff: 
Uwe Kretzschmar, European Advertising and Marketing Manager, BYTE Publications, 
McGraw-mil Publishing Co., Wlmbltdon Bridge House, One Hartfield Road, Wlmbledm, London, SW19 JR , England, Tel: 44 81 543 1234, Fax; 44 81 540 3833 

GERMANY, SWITZERLAJ'<l>, 
AUSTRIA 
Uwc Krcw<:hmar (44-81-S45-6268) 
VNITED KINGDOM 
Roz Weyman (44-81·S45~269) 
McGraw·Hill PublWting Co. 
Wimbledo!l Bridi" House 
One Hartfield Road 
Wimbledon, LondoftSWl93RU 
Eoglmd 
Tel: 44 81 S43 1234 
FAX: 44 81 S40'38l3 
TELEX: 892191 

BENEUJX 
Ellen Pardede 
114ltnburg 103 
3437 AB N~v.qcin 
The Netherllnck 
Tel: 31 34 02 49496 
FAX: 31340237944 

FRANCE, ITALY 
Zena Coupe, Amanda Blaslteu 
A·Z lnitmarional Sales Lui . 
4 Ashmount Road. Homsey Lane 
Highgaie. London N19 3BH 
England 
Tel: 44 71 2814116 
FAX : 44 71281 8224 

ISRAEL 
Dan Ehrlich 
Ehrlich Communication lniemational 
P.O. Box 11297 
Te1Aviv6lll2 
Israel 
Tel: (972) 3 449823 
FAX: (972) 3 5468168 

JAPAN 
Masaki Mori 
McGraw-Hlll Publishlns Co. 
Overseas Corp. 
Room 1528 
Kasumigaseki Bldg. 
3-2-S Kasumigaseki. 
Chi)'Oda·Ku 
Tok)'o 100. Japan 
Tel: 81 3 SSI 9811 
FAX: 8135814018 

SWEDEN 
Media Mareting AB 
Karlbelgsvagen 89A 
S·I0031 Stockholm 
Sweden 
Tel: 46 8 301280 

HONGKONG 
Stephen Man:opoio 
Seavcx Lui. 
503 Wilson House 
19-27 Wyndham Si. 
Central, HOng Kong 
Tel: 852-868-2010 
Telex: 60904 SEVEX HX 
FAX: 852 810 ll83 

SL"iGAPORE 
Jocelyn Domicgo 
SU.u Lui. 
400 On:hud Road, 110-01 
Si.ngaporc 09'..J 
Republic of Singapore 
Tef: 65 734 9790 
Telex: RS3SS39 SEAVEX 
FAX: 6S 732 Sl29 

TAlWAN 
Ani11 Chen 
AccrTWP 
m Min Shen E. Road , 1-4 Fir. 
Taipei 10581, Taiwan ROC 
Tel: 886 2 763 OOS2 
Fax: 886 2 765 6874 
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107 DELPHI .. .. .. • • . . , 1 .. 

108 DESKTOP TECHNOLOGY CORP .. 90 

395 OFI _. _. _. _.. • .. .... .. ... .. 389 

109 DIGITAL RESEARCH . 29 

110 DIGITAL VISION • . 311 

111 DIG~DATA .. ... . 448 

112 OISKCOTECH , • , . 443 

113 DISKCOTECH _ • • • . 443 

114 DISKETTE CONNECTIONS . - . 4-47 

115 OISPENSMAATIC LABEL OISP , , 421 

111 DISTRIBUTED PROCESSING TECH . 253 

117 DISTRIBUTED PROCESSING TECH . 253 

111 DIVERSIFIED COMPUTER SYS . • .. 450 

119 DSM DIGITAL SERVICE , 291 

120 OSP DEVELOPMENT .. _ _ 391 

121 DYNAMIC ELECTRONICS 198 

122 DYNAMIC ELECTRONICS 191 

123 ELCEE COMPUTEK . . 411 

124 ELEXOA ASSOCIATES.INC . • 448 

125 EMERSON UPS .. . 319 

128 EMERSON UPS • • 319 


EPSON . . • . . •. 22,23 

127 ERGO COMPUTING • 137 


ERGO COMPUTING • 138A-B 

128 EVEAEX SYSTEMS • • , 2.58,257 

129 EXIDE ELECTRONICS , 420 

130 EXIDE ELECTRO ICS . , 420 

131 FAIACOM CORP • . .. 228 

132 FALCO DATA PRODUCTS .. .. • .. 183 

135 FIRST SOURCE INTERNATIONAL 4-49 

131 FIRST SOURCE INTERNATIONAL . , 449 

137 FLAGSTAFF ENGINEERING . • • • 274 

139 Fl YT ECH TECHNOLOGIES.INC • 53 

139 FORVAL AMERICA. INC • 372 

140 FORVAL AMERICA.INC 372 

141 FOX SOFTWARE . . , • • . 7 

391 GALAXY ELECTRONICS.INC • 452 


GATEWAY 2000 32A-H 

142 GCOM,INC . . • • . . 448 

397 GEKEN SHOJI C0-.1.l'D .. 451 

143 GENERIC SOFTWARE 30,31 

14-4 GENERIC SOFTWARE .. .. .. 30,31 

145 GRAPHIC SOFTWARE SYSTEMS 120 

141 GRAPHIC SOFTWARE SYSTEMS 120 

147 GRAPHTEC • 394 
,.. GREENVIEW 71 

151 GTCO ....... • • .. • 421 

152 GTEK,INC . • • . . 408 

153 GTEK,INC • .. .. .... .. • .. . 408 

1$4 G.W.COMPUTERS,INC . .. .. . . 200 

155 HAUPPAUGE COMPUTER WORKS •• 234 

158 HAVENTREE SOFTWARE LTD , , 224 

157 HAVENTREE SOFTWARELTO .. 224 

158 HAVES .. , 355 

159 HELLO DIRECT .. • .. 420 

180 HERCULES • , • . • , 91 


HEWLETT-PACKARD PERIP 139, 139 

HEWLETT-PACKARD PERIP •• 270,271 


181 HIGH RES TECHNOLOGIES . . .. 452 

112 HOOLEON CORPORATION ... 382 

153 HOUSTON INSTAl.MENT 17 

1.. HOUSTON INSTRl.MENT • , • • 17 

115 HOUSTON INSTAl.MENT .. .. 67 

1BB HUMMINGBIAOCOMM.LTO . 241 

187 HUMMING BIRO COMM LTD 241 

188 IBMPS/2 . ..... .... • . 18,17 

119 llYAMA ELECTRIC CO.. LTO 293 

170 INDIGO SOFTWARE LTD 295 

171 INFOCUS,INC .... .. 153 

172 INFOCUS,INC ... .. .. 153 


INFOCUS,I C . , .. 152A- B 

173 INSIGNIA SOLUTIONS 1otl 

174 INTEGRAND ••• 100 

175 

178 :~mgg~~ -- . :~=:~~ 
177 INTEL CORP 119 

178 INTEL CORP , ... 189 

179 INTEL CORP , • , 170, 171 

180 INTEL CORP , 170, 171 

111 	 INTEL CORP/DEV.TOOLS .. 421 

112 IO TECH 443 

183 !OMEGA , • 14-4, 145 

1.. IOMEGA • . • . • , , 144,145 
185 l.S.C. POWER SYSTEMS 308,309 
181 ITR ............. ........ ..... 440 

117 IVEASON COMPUTER CORP 352,383 
181 LC.EXPRESS • • , • , • 453 

119 JADE COMPUTER •• , •4-48 

190 .JAMECO • . __ .... • 340,341 
394 JAMECO ---- _ ....420 

315 JAMECO .. .. . . . . - • - 420 


8 JOA MICRODEVJCES , .. 481-484 

7 JOA MICRODEVICES , ... 481_... 


192 JEMINI ELECTRONICS 450 

193 KADAK PRODUCTS LTD , 328 

194 KEASYSTEMSLTD _____ • ___ . 285 


KENSINGTONMICROWARE LTD 126 

195 KIL.A SYSTEMS .. .. •447 

198 KNAPCO .. .. .. • 444 

197 KNOWLEDGE GARDEN - . _ . 413 

198 LAGUNA CONVERSION SYS HO 

1119 LAHEY .......... 1.. 

200 LAWSON LABS.NC . • • 453 

201 LINK COMPUTER GRAPHICS , 433 

202 LOGICAL DEVICES.INC .. _.. 447 

203 LOGICAL DEVICES.INC - . 447 

204 LOGICAL DEVICES.INC , 447 

205 LOGICAL DEVICES.INC . .. .. 447 

208 LOGITECH,INC 50,51 

207 LOGITECH,INC . 50,51 

208 LOGITECH,INC .. •297 


LOGITECH,INC . _. 297
20? LOTUS 1·2-3- UNIX 229 

LOTUS - MAGELLAN - . - . 77 


210 LYBEN .............. - - _, . 421 

211 MAGEE ENTERPRISES.INC , 411 

212 MAGEE ENTEAPFUSES,INC , •411 


MAP INFO • .. • .. .. .. 284 

MARKWILLJAMSOO .. ___ 75 


214 MAAYMAC INDUSTRIES - .. _. 452 
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320 STANDARD COMPUTER , 124,125 

321 STATSOFT . . . . • 87 

322 STONY BROOK SOFTWARE 398 

323 STONY BROOK SOFTWARE __ 398 

324 STORAGE DIMENSIONS 207 

325 STORAGE DIMENSIONS . 207 

326 SUMMAGRAPHICS 223 

327 SUMM AGRAf'HICS _223 

328 SUMMAGRAPHICS 223 

329 SUN MICRO . , , , , 94,95 
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334 TALKING TECHNOLOGY.INC 444 
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345 THE SOFTWARE LINK 332 
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355 TRUEVISION,INC 393 

358 TULIN CORPORATION . 3118 

357 TULIN CORPORATION 3111 

351 UHC _. _ _ _.. , ............ 417 

359 UNICOAE SOFTWARE , 10S 

380 UNITEX 438, 439 

351 UNJTEX , . . . 438,439 

382 UNIVERSAL CROSS-ASSEMBLERS 448 

313 UPSON IC . . 119 

364 UPSONIC •• , , , , 189 


US ROBOTICS 316 

385 VENTUACOM 122 

388 VENTUACOM ,. .. . .. .. . 122 


VERMONT CREATIVE SOFlWARE , , 35 

387 VICTORY E TEAPAISES 411 

388 VIOEX 402 

389 VIOEX .. _.. . .. .. . 402 

370 VIRGIN MASTEATRONIC 420 

371 VIZlFLEX SEELS.INC . , 452 


VOGON ENTERPRISES LTD 331 

WATCOM PRODUCTS , . 247 


373 WIESEMANN & THEIS GMBH 296 

374 WINTEK CORP 448 

375 XELTEK .. , .. ,, , 4'3 

378 ZENITH DATA SYSTEMS • 91 

377 ZENY COMPUTER SYS.,INC 2Cl8 

378 ZlRCO CORP 1Cl8 
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3EST USA IS-74 

ACER IS-59 

AGC . • IS-69 

ALADDIN , IS-49 

AMOS LT D . , . , IS-44 

AMERICAN BUYING & EXPORTING 15--84 

ARGOSY . IS-IO 

ATICO IS-40,41 

BIX , IS-77 
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BYTE SUB.SERVICE IS-70 

8YT £WEEKINEWSLETTER _ - . IS-79 
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414 COBALT BLUE IS-56 

415 COMPEX,INC IS-38 

411 COMPEX ,1 C __ IS-38 
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418 COMPEX, I NC . - - . IS-39 

419 COMPVSAVE INT'L . , IS-73 

420 COMPUTER CONNECTIONS , IS-53 

421 COMPUTER QUICK . IS-46 

422 COSTGOLD RESEARCH LTD IS-52 

423 CYBEX - . IS-56 

424 C.TS. LTD .. •.. .. IS-72 

425 DIETRICH POS-EOUIPMENT IS-74 

421 EASY NETWORK _ _ _ _ IS-55 

42!1 ~;f;,~J~otiAL :~~42! 

cl.ONEX . , . . , , IS-47 

427 ESIX SYSTEMS .. . IS-13 

430 FAST ELECTRONIC IS-63 

431 FOATRO _ _ _ 1$-9 

432 FOATRON • - • , , . • IS-9 
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433 GAMMA PRODUCTIONS IS-28 

434 GAMMA PRODUCTIONS IS-28 
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437 GTCO . , , IS-20 

431 I X I LTD __ IS-30 

439 IGEL .. . IMS 
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445 10 ENGINEERING .•. 1$-15 
44• 10 ENGINEERING . .••. IS-15 
447 JC IN Fe SYSTE MS IS-35 
445 lASERMASTER CORP . IS-75 
449 LASERMASTER CORP . IS-75 
451 LOG IDATA TECH •.•• , IS-51 
452 ~~~0o"E~Es~~mNTIO~iio~~E IS-67 

IS-78453 
454 Ml\XIT OEVElOPMENTIOSBORNE IS-78 
455 MAYFAIR MICROS 1$-1 4 
456 MEGAOATA , IS-36 
457 IS-36MEGADATA .. : ••... 
•sa MICROGRAFX .... 1$-43 
•so MINOLTAGMBH •.• IS-23 
481 PHILIPS ......•... IS-27 
462 PROGRAMMERS ODYSSEi' .••.. IS-12 
483 PROLOG DEVELOPMENT CTR I~... SAG EIPOLYTRON . .. IS-2• 
•65 	 SMART SOFTWARE 15-0ll 

SOFTLINE CORP ••. : .. 1$-45 
485 SOFTWARE CONSTRUCTION CO. IS-57 

SOFTWARE DEVELOPMENT SYS •. IS-33 
487 SOFTWARE DMI . . .. . • IS-16... SuN·s ELECTRONICS CO. LTD IS-54 
489 SURAH ,INC . , , . IS-74 
470 TATUNG . IS-37 
471 TEAC . . 1$-10 
410 TP ENTERPR1se\:i'o :. . ls-et 
473 TRIANGLE DIGITAL SERVIC.ES . IS-72 
47• TRIGEM ..•... IS-2 
475 TWINHEAD . . ... : : .•..•..... 1S.18, 19 
476 UNIVERSAL DATA SYSTEMS •• IS-31 
4n UNIVERSAL OATASYSTEMS IS-31 
478 USA SOFTWARE .. IS-29 
479 VIKING SOFTWARE SERVICE : ... IS-52 

INT'L DIRECT RESPONSE POSTCARDS 

BYTEWE£K., . . . .. . .. . IS 
C USERS JOURNAL . • IS 
COMPUTER SOLUTIONS IS 
COMPUTER SOLUTION5,N.W •. • IS 
OIGIBOARO ..• IS 
GATEWAY 2000 . : : : : ..... IS 
KEITHLEYIMETRABYTE .. . IS 
MBP IS 
MIGRAPH.,iNC IS 
PROO RAMM ER'S JOURNAL IS 
REASONABLE SOWTIONS . IS 
TECH SPECIALIST IS 
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REGIONAL SECTIONS 

Midwest 7H!W1-24 

5" ADI CORPORATION .. . . . MW·21 
5a9 8$1. . MW·5 
SllO BS I. . • : .• MW·S 
591 CAF CoMPiireil·coRP . MW-23 
592 C,E.T.D.C •••• , . •• MW·22 
593 CHUN YUN ELEcTRONICS . .. MW-19 
59• DERBYTECH COMPUTERS . MW-1 
595 DERBYTECH COMPUTERS . . MW-1 
596 IMECOMPUTERS . . MW·2 
597 IME COMPUTERS ..• . MW-2 
598 INTERFACE GROUP • • . MW-3 
599 INTERFACE GROUP • .•• MW-3 
llOO INTRA ELECTRONICS MW-2• 
60 1 IRIS SOFTWARE . • • MW· 11 
602 IRIS SOFTWARE •. MW-11 
603 MICRO DESIGNS , . : . : •. MW-4 
60< MICRO DESIGNS . . .. MW-4 
605 MICROSPEED COMPTERS .•. MW·9 
606 MICROSPEED COMPTERS MW·9 
607 MICROCOM COMPUTERS :. MW-13 
601 MYODA.INC •..•.•.• MW-15 
609 MYODA,I NC •• MW-1 5 
610 REASON TECHNi:iLOOY . : MW-6,7 
611 SAMPO TECHNOLOGY CORP MW-1 8 
612 SOFT&MORE MW· 16 

NortheHI 72 NE1-32 

551 ADI CORPORATION ...• . NE-29 
552 BITWISE DES IGNS.INC . . NE-12 
553 BITWISE DESIGNS.INC . . NE-12 
554 BRIGHTBILL·ROBERTS .• NE-5 
555 BSI. . .. .. . NE· I& 
556 8$1. ••. . NE-16 
557 CAF COMPUTER.CORP . . NE-31 
556 C.E.T.O.C. NE-3-0 
559 CHUN YUN ELECTRON ICS NE·27 
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431 FORTRON . .. .. 15·9 

432 FORTRON . . . . . . . . IS-9 


GATEWAY 2000 ........... 32A-H 

155 HAUPPAUGEOOMPUTERWORKS 234 

566 H.CO COMPUTER PRODUCTS NE-20 

587 H.CO COMPUTER PRODUCTS NE·20 

662 H.CO COMPUTER PRODUCTS PC-21 

663 H.CO COMPUTER PRODUCTS PC-21 

168 IBM PS/2 . . .. .. .. • 16, 17 

568 IME COMPUTERS ... NE·2 

569 IME COMPUTERS .. . HE·2 

596 IMECOMPUTERS . .. MW·2 

587 IMECOMPUTERS . . . MW·2 

827 IME COMPUTERS .. S0·2 

821 IMECOMPUTERS • S0·2 

884 IME COMPUTERS PC-14 

685 IMECOMPUTERS .. .. .. . PC-14 

572 INTRA ELECTRONICS . . . . NE·32 

800 INTRA ELECTRONICS . - MW·24 

631 INTRAELECTRONICS .. S0· 24 

668 INTRA ELECTRON ICS ...•.. PC-36 

187 IVERSON COMPUTER CORP362,383 

192 JEMINI ELECTRONICS 450 

573 MANCHESTER EOUlPMENT . NE·1 


' MANCHESTER EQUIPMENT NE·nA-B 

221 MEGATEL COMPUTI:R CORP 390 

872 MICA COMPUTER .. . .. PC-23 

873 MICA COMPUTER PC-23 

574 MICRO DESIGNS . NE-4 

575 MICRO DESIGNS . . . . NE-4 

603 MICRO DESIGNS . . . • MW-4 

604 MICRO DESIGNS . MW-4 

632 MICRO DESIGNS . . . , . . S0-4 

833 MICRO DESIGNS . . . . • S0-4 

674 MICRO DESIGNS . . • . PC-4 

675 MICRO DESIGNS .. .. . . , . ... PC-4 

871 MICROCOM COMPUTERS .. PC-27 

578 MICROSPEEDCOMPUTERS . NE·13 

577 MICROSPEEOCOMPUTERS . NE· 13 

605 MICROSPEEDCOMPTERS .. MW·8 

608 MIOROSPEED COMPTERS ... MW·9 

634 MICROSPEEDCOMPUTERS . S0-1 6 

835 MICROSPEEDCOMPUTERS . S0-11 

676 MICROSPEEDCOMPUTERS. PC-16 

877 MICROSPEEDCOMPUTERS . PC-16 


MICROWAY .... ,..... .. .. . 192C 

228 MIS COM PUITER SYSTEMS .... 329 

230 MIS COM PUTER SYSTEMS .... 329 

578 MYODA,INC . NE-23 

580 MYODA,INC . . . . • . • • NE-23 

608 MYODA,INC .. ..... . ...... MW-15 

609 MYODA,I NC . .. .. • .. • .. MW·15 

637 MYODA,INC .. .. .. . .. ... S0-1 

838 MYODA,INC • . . . . . • • . . . .. . SD· 1 

679 MYOOA,INC • . . . . . . PC-17 

680 MYODA.INC . • . • . . .. PC-17 

253 NCR EUROPE . .. 241,249 

255 NEC SYSTEMS .. . .. .. . . .. 64,65 

258 NORTHGATE COMPUTER SYS . 209 

259 NORTHGATE COMPUTER SYS 210,211 


451 

458 

457 

3i8 
350 

476 

477 


LOGIDATA TECH IS-51 

MEGADATA , . .. .. .. . 15·38 

MEG.ADATA , .. .. .. .. . .. IS-38 

PRACTICAL PERIPHERALS . . . 123 

TOUCHBASE SYSTEMS.INC • 74 

UNIVERSAL DATA SYSTEMS 15-31 

UNIVERSAL DATA SYSTEMS 15-31 

US ROBOTICS • . . • . • 316 

VERMONTCREATIVESOF1WARE35 


MONITJ:>RS 

http:INSTRUME.NT


READER SERVICE 

Inquiry No. Page No, 

260 NORTHGATE COMPUTER SYS 212,2 13 

262 NOATHGATE COMPUTER SYS 216,217 

263 NOATHGATECOMPUTERSYS 218,219 

265 NORTHGATE COMPUTER SYS 242,243 

297 RAOIO SHACK ...............CIV 

581 REASON TECHNOLOGIES . . NE-8,9 

610 REASON TECHNOLOGY ... MW-6,7 

582 SAMPOTECHNOLOGYCOAP NE·26 

611 SAMPOTECHNOLOGYCORPMW-18 

639 SAMPO TECHNOLOGY CORP S0·18 

686 SAMPO TECHNOLOGY CORP PC.30 

583 SOFT& MORE . • .. • . .. • .. NE-15 

812 SOFT & MORE . . . . . ....• MW·18 

840 SOFT & MORE .. .. • . . . • .. S0·15 

320 STANOAAOOOMPUTER . 124,125 

:J33 SYSTAT , . • • . . . . . • • . . .. .. , , 281 

335 TANG ENT COMPUTER . .. . . . 179 

336 TECH CITY • . .. , • . .. . 399 

337 TECH CITY .... . ........... . 399 

339 TELEPHONE PRODUCT CENTER441 

340 TEXASMICROSYSTEMS . 1920,193 


• TEXAS MICROSYSTEMS . 1920 A-B 

348 TOSHIBA . • • • . . • , • 82,83 

349 TOSHIBA .,, .. .. ....... , .•• 82,83 

354 TRl·STAR COMPUTER . . .•.•. , 18 

475 TWIN HEAD ............. IS·18, 19 

387 VICTORY ENTERPRISES •.. .. , . 411 

376 ZENITH DATA SYSTEMS . . • .... 91 


943 	 TERMINALS 

81 COMPUTERWISE, INC •... , 434 

166 HUMMINGBIRDCOMM.LTD . 246 

167 HUMMINGBIRD COMM.LTD . , , 246 


944 	 UPS 

23 AMERICAN POWER CONVERSION99 

24 AMERICAN POWER CONVERSION99 

46 BEST POWER TECH ..INC •. , , 450 


388 COMPUTER ACCESSORIES ... 225 

389 COMPUTER ACCESSORIES .•• 225 

125 EMERSON UPS .... _........ 319 

128 EMERSON UPS .......... 319 

198 KNAPCO ......•. , . . •.... 444 

2n PARA SYSTEMS •.. 81 

383 UPSON IC . . . . . . . 189 

364 UPSONIC • . . . • 189 

378 ZlACO CORP . . . 108 

3 79 ZIRCO CORP . 108 


SOFTWARE 

945 APPLE/MAC APPLICATIONS 
Sclenllllc/Technlcal 

308 SAS INSTITUTE.INC ••. , ..•. , . 359 


946 .lPPLE/MAC COMMUNICATIONS 

SD BLAST/COMM.RESEARCH GAP 407 

51 BLAST/COMM.RESEARCH GAP 407 


947 APPLE/M.lC LANGUAGES 

COPIA INTERNATIONAL LTD. . 208 


948 APPLEIM.lC UTIUTIES 

173 INSIGNIA SOLUTIONS . . 106 


949 ATARll AMIG.l-LAN 

656 CONVEX • . . . . . PC.9 

950 IBM/MSOOS APPUCATIONS 
Bualneu Office 

30 ARC TANGENT,INC . • , ••.• , 447 

31 ARC TANGENT, INC . , 447 

34 ASHTON·TATE • . . . • . . . . • 56,57 

35 ASHTON·TATE . . ..•...••.. 58,57 


108 DESKTOP TECHNOLOGY CORP .• 90 

141 FOX SOFTWARE. . . . • • • .. • . .. . . 7 

433 GAMMA PRODUCTIONS •..• IS-28 

434 GAMMA PRODUCTIONS . . IS-28 

156 HAVENTREE SOFTWARE LTD 224 

157 HAVENTREE SOFTWAAE LTD 224 

170 INDIGO SOFTW\AE LTD .. . 295 


LOTUS - MAGELLAN • . • . . • . . , , n 

238 NANTUCKET ODRPORATION . . 302 

239 NANTUCKET ODAPORATION . . 303 

252 NATIONAL TELEVAA ..•.. _.•.. 110 


• ORACLE ... .. . ............. 111 

295 QUARTERDECK • .•.... ... 298,299 

298 RAIMA CORP .. .. • .. .. .. .. . • . 49 

392 RAIMACORP , ........ 371 

304 AOYKORE .. • • • . , . . • .. • . . . . 92 


951 IBMIMSOOS APPLICATIONS 
Selentltlc/Technlc1I 

120 DSP DEVELOPMENT .. . .. . . . 391 

202 LOGICAL DEVICES, INC .. , •. 447 

203 LOGICAL DEVICES.INC . . , • •. 447 

278 PATION & PATION ...... , ...... 80 

309 SCIENTIFIC ENDEAVORS ..... 440 

310 SCIENTIFIC ENDEAVORS . . . . 440 

311 SCIENTIFIC ENDEAVORS .. _.. 440 

319 SPECTRUM .. . .. . ,, .. .. 307 

321 STATSOFT .. . . . • "... .. • • . . 87 

333 SYSTAT . .. . . . . . . • • . . . . 261 

362 UNIVERSAL CROSS.ASSEMBLERS 448 


Inquiry No. "9ge No. 

952 IBM/MSOOS APPLICATIONS 
Mltc:ellan90ua 

554 BRIGHTBILL·ROBERTS , , . . NE·5 
6SO 	 BAIG HTBILL -ROBERTS . . . • . . PC-8 


MICROSOFT .............. 313 

MICROSOFT . • . • , •.••• , .•• . • 315 

MICROSOFT . . . • .. . . . .. . .. 317 


953 IBM/MSOOS APPLICATIONS 
Word Procnalng 

MICROSOFT ....... , .•.•• •.. 8,9 


954 IBM/MSOOS - CAO 

27 AMERICAN SMALL BUSINESS . 143 

39 A.M.S. • • • . . , .. • • .. ..... 450 


656 CONVEX . . • .. . . . . . .. • • .. PC.9 

143 GENERIC SOFTWARE .•...• 30.31 

144 GENERIC SOFTWARE . . . . . . 30,31 

374 WINTEK CORP ..•. , . • . . . , . • 448 


955 IBMIMSDOS COMMUNICATIONS 

50 BLAST/COMM.RESEARCH GAP 407 

51 BLAST/COMM.RESEARCH GAP 407 


118 DIVERSIFIED COMPUTER SYS . 450 

194 KEA SYSTEMS LTD . , •... 2a5 


958 IBM/MSOOS GRAPHICS 

45 BELL ATLANTIC . . • • . . 248,249 

123 ELCEE COMPUTEK . .. .. 411 

186 ITR ... . . • • .. • . . . • . . • 440 

4S8 MICAOGRAFX • . . . . . • . . IS-43 


MICROSOFT ... • • . . . • . .. 129 

MICROSOFT ............. 130,131 


317 SOFTWARE PlJBUSHING CORP • 254,255 


957 IBM/MSDOS - LAN 

213 MAP INFO • • .. 294 

464 SAGEIPOLYTRON • . IS-24 


958 19M/MSOOS LANGUAGES 

72 CNS.INC . . . • , 390 

199 	 LAHEY .. .. . 184 


MICROSOFT . . . 21 

MICROSOFT . . . • . . • . . . . 232,233 


483 PAOLOG DEVELOPMENT CTR IS-80 

293 PSEUDOCORP .. .. .. .. .. . 451 

313 SEOUITER SOFTWARE.INC • . • 244 

322 STONY BROOK SOFTWARE . . • 398 

323 STONY BROOK SOFTWARE . . • 398 


WATCOM PRODUCTS . . . . . . . 247 

ZOATECH . . . .. . . . 41 


959 IBM/MSDOS UTILITIES 

32 ARDEN SOFTWARE .. . . .. .. 88 

36 ASHTON·TATE • • . . • • . . . . . .. . 93 

37 ASHTON-TATE . . • . • . . • 93 

49 BLAISE COMPVTING ............ 6 

53 BORLAND INTERNATIONAL . . . 11 

54 BORLAND INTERNATIONAL ....• 11 

86 CADRE TECHNOLOGIES . • . . 25 


412 CLARION SOFTWARE . . . . IS·17 

413 CLARION SOFTWARE IS-17 


90 CTA ........... . 322 

142 GCOM,INC .. . .. .. .. ...... 448 

148 GREENVIEW .. • . .. . • .. ., . 78 

154 G.W.COMPUTEAS.INC , • , , 200 

440 IMT FRANCE ...... .. . . IS-64 

601 IRIS SOFTWARE .... .. . . MW-11 

602 IRIS SOFTWARE . . . . .. MW·11 

689 IRIS SOFTWARE ...... .. • PC.13 

670 IRIS SOFTWARE .•. _..... . PC.13 

197 KNOWLEDGEGAROEN ...... C13 

211 MAGEE ENTERPRISES.INC . 418 

212 MAGEE ENTERPRISES.INC .. , . 418 

452 MASHOV (MSE)LTO . • . • .. IS~7 

233 MIX SOFTWARE . . .. • • . • . • 405 

286 NU-MEGA TECHNOLOGIES , . .. 78 

267 OAKLAND GROUP.INC • .. . . . 310 

644 PROSPERO SOFTWARE.INC PC.2 

685 PROSPEROSOFTWAAE,INC PC.2 

304 ROYKOAE • . . . • • .. . . 92 

467 SOFTWARE OMI. .. .. . . • IS-16 

332 SUPERSOFT . • • • . .. • . . . 349 

3C2 THE PERISCOPE CO , • • ... 351 

343 THE PERISCOPE CO .... .. . 351 

351 TOUCHSTONE - OHECKIT • . ..78 

352 TOUCHSTONE - CHECKIT .•.• . 79 


960 OTHER APPLICATIONS 
Bualneu Office 

LOTUS 1 ·2·3 - UNIX • .. ,, 219 


981 OTHER APPLICATIONS 
Mlscell1neou1 

50 BLAST/COMM.RESEARCH GAP 407 

S1 BLAST/COMM.RESEARCH GAP 407 


479 VIKING SOFTWARE SERVICE . 15-52 


962 OTHER-CAO 

215 MATHSOFT ...... • .. 327 

216 MATHSOFT .... 327 


963 OTHER - CROSS DEVELOPMENT 

55 BOS NATIONAL.INC ... .. ... 444 

414 COBALT BLUE IS-56 

438 I XILTD , • IS-30 


Inquiry No. "9ge No. 

881 OPTICAL PUBLISHING.INC .• PC.14 

882 OPTICAL PUBLISHING.INC •. PC.14 


SOFTWARE DEVELOPMENT SYS IS-33 


OTHER - LANGUAGES 

BINARY TECHNOLOGY.INC • . . 443 

BINARY TECHNOLOGY.INC • . . 443 


72 CNS.INC ...... .... ...... , . 390 

• MARKWILLIAMSCO ........7S 


671 METAWARE •• , . • . . . . . . . . PC-25 

302 RAINDROP . • .. .. • . .. . . • • .. 222 

310 SCIENTIFIC ENDEAVORS .... 440 

311 SCIENTIFIC ENDEAVORS , . . . 440 

309 SCIENTIFIC ENDEAVORS . • , , 440 


965 OTHER- UTILITIES 

148 GREENVIEW .. • .. • .. . .... . 78 

302 RAINDROP .. . . • .. .. , , •.. ., 222 

467 SOFTWAREDMI , ... . ....... IS-18 

329 SUN MICRO • • .. .. ...... . 94,95 

385 VENTUACOM ........... , ..•• 122 

386 VENTURCOM .. , . , ...• , .•.. , . 122 


966 DESKTOP PUBLISHING 
448 LASERMASTER CORP .... . IS-75 

449 LASERMASTER CORP •...•.• IS-75 

252 NATIONAL TELEVAR .••...•• 110 

283 PERSONAL TEX.INC . . . . . . . • . 240 

303 ROSE ELECTRONICS ......... 101 


967 EDUCATIONAL/ 
INSTRUCTIONAL 

a ABACUS SOFTWARE.INC . • 197 

9 ABACUS SOFTWARE, NC • . . • 197 

• 	 BYTE BACK ISSUES ....... , • • 434 


59 	 BYTE BITS ...... . ,, . . .. . . 450 

BYTE BOOK CLUB • . • 320,321 

BYTE CARD DECK . .. . .. . • 432 

BYTE CARO DECK . • . . . . . S0.9 

BYTE SUB.MESSAGE .... , .. 3112 

BYTE SUB.SERVICE . , • . . . 375 

BYTE SUB.SERVICE ...... .• IS-70 

BYTEWEEKINEWSLETTER . , .. 410 

BYTEWEEKINEWSLETTEA . IS-79 

CCMI .... .. ............... 436 

COMPUTERGRAPHICSSHOW '91 . NE-24 


659 DEX PO WEST 90 . PC.5 

570 INTERFACE GROUP . NE-7 

571 INTERFACE GROUP . NE·7 

599 INTEAFACEGAOUP ..••• •.. MW-3 

599 INTERFACE GROUP . . . . . , • MW-3 

829 INTERFACE GROUP •.... , , S0-3 

830 INTERFACE GROUP S0.3 

686 INTERFACE GROUP PC.3 

687 INTERFACE GROUP PC.3 


• 	 NRllMCGRAW-HILL . . , _.. 384A-D 
SCAN SYMPOSIUM . . . . . . . . NE·22 

968 MAIL ORDER/RETAIL 
13 ADD ON AMERICA . .. • .... , 443 


COS AMOS LTD .... . • .. .. • . .... IS-« 

406 AMERICAN BUYING & EXPOATINGIS~4 

382 ANNABOOKS .... . .. , . . • . . C20 

383 ANNABOOKS . , , . . . • . , . 420 

407 ATICO .. • .. . . . • • •• 15-40,41 

848 AYDIN CONTIAOLS . . . . . . . . . PC.28 

847 AYDIN CONTROLS . ... , .. PC.28 


CO B & B ELECTRONICS .. .. . 450 

52 BOFFIN LTD ... , ........... 420 


618 BOFFIN LTD . • • .. ...... . . S0·13 

617 BOFFIN LTD ... , .. .. • S0.13 

848 BOFFIN LTD • • • • • . . .. .. . PC.7 

649 BOFFIN LTD . . .. . . • . .. . .. PC.7 


56 BOW INDUSTRIES , . ... . , , . Cell 

820 BUSINESS COMPUTER SYS .. S0.9 

821 BUSINESS COMPUTER SYS .. S0.9 


58 BUSINESSLAND DIRECT • , 421 

• BYTE BOOK CLUB , • . • , , 320,321 


81 S&C MICROSYSTEMS . . . . . 451 

82 B&CMICAOSYSTEMS . ... C51 

83 B&C MICROSYSTEMS . , . . , 453 

73 COMPUCLASSICS , • • . . . . • . . 380 


419 COMPUSAVE INT"L ..... , •.. IS-73 

76 COMPUTER FRIENDS.INC , , . 400 


421 COMPUTER QUICK ..... , .•. IS_.6 

562 COMP. SALES PROFESSIONAL . NE-11 

563 COMP. SALESPROfESSIONAL . NE-11 


80 COMPUTEALANE , . • . . . . . . . 445 

858 CONVEX .. . • . . . . .. .. . . PC.9 


• DAMAR.I< INT"L,INC . . ...•.•. 409 

102 DATAWAAE . . . . .. . ....... . C21 

584 DERBYTECHCOMPUTERS ., NE·17 

585 DEABYTECHCOMPUTERS .. NE-17 

594 DERBYTECH COMPUTERS. . MW·1 

59S OERBYTECHCOMPUTERS., MW·1 

625 OERBYTECH COMPUTERS ... S0.7 

626 DERBYTECH COMPUTERS •.• S0.7 

857 DERBYTECH COMPUTERS ... PC.1 

658 DERBYTECH COMPUTERS , , PC.1 

112 DISKCOTECH ..•. , • , •. 443 

113 OISKCOTECH ..... .. . ... . 443 

11C DISKETTE CONNECTIONS .•• 447 

115 DISPENSA·MATIC LABEL DISP . C21 

121 DYNAMIC ELECTRONICS .•... 198 

122 DYNAMIC ELECTRONICS ..... 198 

426 ELEX INTERNATIONAL ..• , • ls-61 

129 EXIDE ELECTAONICS . • . . . . 420 


Inquiry No. Page No . 

130 EXIDE ELECTRONICS ..•. , ••. 420 

135 FIRST SOURCE INTEANATIONAL449 

138 FIRST SOURCE INTERNATIONAL449 

398 GALAXY ELECTRONICS.INC , • 452 

435 GREY MATIER .. . ......... IS-71 

151 GTCO...... . ... . ... ... 421 

159 HELLO DIRECT .... . . . 420 

568 IME COMPUTERS . . ..• NE·2 

569 IME COMPUTERS . . . • ... , . NE·2 

596 IMEOOMPUTERS . , •. MW·2 

597 IMECOMPUTEAS ...••. , .• MW·2 

627 IME COMPUTERS • , . • •. , .. S0·2 

828 IME COMPUTERS , , . • , .. S0·2 

884 IME COMPUTERS . . . . . . . . PC.14 

885 IMEOOMPUTERS . . . . . . PC.14 

442 INEX INTERNATIONAL .. .. , , • IS-82 

181 INTELCOAP/OEV.TOOLS ••.. 421 

188 LC.EXPRESS .............. 453 

185 l.S.C. POWE A SYSTEMS ... 308,309 

189 JADE COMPUTER . • .. . • . .. • 448 

190 JAMECO .. . . . . . ... 340 ,341 

384 JAMECO .. , . , ....... . ... , . 420 

385 JAM ECO ............... .... 420 


6 JOA MICAOOEVICES ...... 461,464 
7 JDRMICROOEVICES •... • 481,C84 


210 LV BEN . . . • . . . • . . • • • . . • • , , 421 

214 MARYMAC INDUSTRIES , ... , 452 

C55 MAYFAIR MICROS .. .. . .. . IS-14 

578 MICAOCOM COMPUTERS . NE·21 

807 MICAOCOM COMPUTERS .. MW-13 

836 MICROCOM COMPUTERS .• S0-11 


• MICROCOMPUTER MKTG.CNCL PC.24 

226 MICROPROCESSORSUNLTD ,, 444 

218 MIGRAPH . , . , . . . . . . .. , . 420 

579 MYODA.INC . .. , . . . , •.•. NE·23 

S80 MYODA,INC . _ , , , . . . . . . . NE-23 

908 MYOOA.INC • . . . . • • , , MW·15 

809 MYOOA,INC ... " • • • .. . •. MW-1 5 

837 MYODA,INC .. , ............ S0·1 

838 MYODA.INC .. , , .•.• , , , . .• , S0·1 

879 MYODA.INC , , .• , , . PC.17 

680 MYODA,INC .. . . . .. . .. .. . PC.17 

250 NATIONAL INSTRUMENTS .•.. 421 

258 NEVADA COMPUTER CORP . 442 

258 NORTHGATE COMPUTER SYS . • . 209 

259 NOATHGATECOMPUTERSYS 210,211 

260 NOATHGATE COMPUTER SYS 212,213 

261 ORTHGATE COMPUTER SYS 214,215 

282 NORTHGATE COMPUTER SYS 218,217 

283 NORTHGATECOMPUTERSYS 218,219 

284 NORTHGATE COMPUTER SYS . . . 220 

285 NORTHGATE COMPLITER SYS 242 ,243 


• 	 PCCONNECTION ., .... ,.. 112,114 

PCCONNECTION ..•.. 11S,116 

PC CONNECTION ...... ... .. .. 117 


462 PROGRAMMERS ODYSSEY •. IS-12 

288 PROGRAMMER'S CONNECTION 420 

289 PROGRAMMER'S PARADISE . 59,61 

390 PROGRAMMER'S SHOP . , 158, 181 

391 PROGRAMMER'S SHOP •.. 158,161 

2te A & R ELECTAONICS ... ...... 452 

581 REASON TECHNOLOGIES .. NE-8,9 

810 REASON TECHNOLOGY . ,, MW~. 7 

312 SCOTISDALESYSTEMS ...... 436 

314 SHECOM COMPUTERS.INC •.• 241 

C65 SMART SOFTWARE ......•. 15-48 

316 SN'W COMPUTERS & ELECT .. 200 

583 SOFT & MORE .. . . .. .. . . NE·15 

812 SOFT & MORE . MW-16 

840 SOFT & MORE • • . . • , , S0·15 


SOFTLINE CORP .. , .... , ... 15-45 

C68 SOFTWARE CONSTRUCTION CO IS-57 

320 STANDARD COMPUTER ... 12C, 125 

339 TELEPHONE PRODUCT CENTEA441 

341 THE CARD SHOP . . . . .. . .. C21 

380 UNITEX • . , , • . . 438,439 

381 UNITEX . .. ... . ".. .. 438,439 

C78 USA SOFTWARE . • . .. .. IS·29 

370 VIRGIN MASTERTRONIC ..... 420 


969 MISCELLANEOUS 
415 COMPEX.INC , , . IS-38 

C16 COMPEX,INC . • . IS-38 

558 C.E.T.O.C. , , . , NE-30 

592 C.E.T.O.C .. .. _. MW·21 

e23 c .E.r .o .c .. . . . . so-22 

854 C.E.T.D.C . .....••..••... PC.3C 

397 GEKEN SHOJI CO.,LTD .•.••• 451 

182 HOOLEON CORPORATION ..• , 382 

284 NORTHGATE COMPUTER SYS . , 220 

305 SAFEWAAE.INC . . . . , 444 

315 SILICON SHACK LTD .. 452 


970 ON-LINE SERVICES 
450 	 BIX , • • . • .... 378,379 


BIX . ........ .... ..... . 414,434 

BIX . . , .. . • .. . .... IS.n 

BIX.INTL ........ ... 295 


75 COMPUSERVE , .•• , 282 

107 DELPHI . . . . • . . 184 


971 OPERATING SYSTEMS 
109 DIG ITAL RESEARCH ... , , ..... 29 

427 ESIX SYSTEMS ........... IS-13 

193 KADAK PRODUCTS LTD .. 326 

307 SANTACRUZ OPERATION .•...55 

358 UHC . ......... . • .. .. 417 

368 VENTURCOM , , , , • • , , . • . . , . 122 

387 VENTUACOM , , , , .• ., , • • . , 122 
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REQUEST FREE PRODUCT INFORMATION BY AX 

Just fax this page to 1-413-637-4343. Save time because your request for information will be 
processed immediately. 

Circle the numbers 
below which corre>5pond 
to 1he numbers assigned 
ro advenisers and pro
ducts that interest you. 

Fill out this coupon carefully. PLEASE PRJNT. 

Remove th is page or 
que !.ions '"A"" 1hrougb " £". 

Prim your name.Check off the answers 10 

address, and fax number copy this page clearly 
clearly on 1he fom1. and fax it 10 the number 

above. 

A. What is your primary job D. What operali.ng systems are you currently 
functionlprincipal area of responsibility? using? (Check a.II that apply.) 

Name 

Title 

Company 

Address 

City 

State/Province Zip 

(Check one.) 
I 0 MlS/DP 
2 D Programmer/Systems Analyst 
l D Admini !ration/Management 
• Q Sal larket ing 
s D EngineerlSciemi t 

60 Other 
B. What i your le1•el of management 
responsibilily? 

0 Senior-level 
s 0 Middle-leve l 
9 0 Profe sionnl 

12 D PCIMS· DOS 
1i 0 DOS + Windows 
1' 0 OS/2 
IS O UNIX 
16 0 MacOS 
11 0 VAX MS 

E. for how many people do you in
purchase of hardware or sortware? 
1s D 1-25 
19 D 26-50 
!O D 51-99 
!t D 100 or more 

fluence thE 

Country 
( ) 

Phone Number Fax 'umber 

C. Are you a reseller (VA R. YAO. Dealer, 
Con ultanl)? 
10'.:' Ye.s II 0. o 

Inquiry Numbers 1-495 Inquiry Numbers 496·990 Inquiry Numbers 991 -1479 

1 2 3 5 6 7 8 9 \0 11 496 497 496 499 500 501 502 503 504 505 506 991 992 993 994 995 996 997 998 999 1000 1oa • 
12 13 14 15 16 17 18 19 20 21 22 10021003100• 10051006100710081009\0101011 101507 508 509 510 511 512 513 514 515 516 517 
23 24 25 26 27 28 29 30 31 32 33 1013 10141015 10161017 10181 019 1020 1021 1022 102 518 519 520 521 522 523 524 525 526 527 528 

1024 10251026 1027 1028 1029 1030 1031 1032 1033 103 34 35 36 37 38 39 40 41 42 43 44 529 530 531 532 533 534 535 536 537 538 539 
1035 1036 1037 10381039 1040 1041 1042 1043 1044 104 45 46 47 48 49 50 51 52 53 54 55 540 541 542 543 544 545 546 547 548 549 550 
1046 1047 1048 1049 1050 1051 1052 1053 1054 1055 105 56 57 58 59 60 61 62 63 64 65 66 551 552 553 554 555 556 557 558 559 560 561 

67 68 69 70 71 72 73 74 75 76 n 1057 10581059 1060 1061 10621063 1064 1065 1066 106 562 563 564 565 566 567 568 569 570 571 572 
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PA Rh SIZE SPEED PINS PRICE 
41 16· 150 163S4a1 15(l11s 16 1.49 
4154· 150 65536'1 15.Qns 16 2.49 
4164· 120 65536'1 120ns 16 2.89 
'154·100 65536•1 IOOns 16 3.39 
TMS4464·12 65536'10: i2ons \6 3.95 
41256·150 2€21 .: i:ic1 151)ns 16 2.59 
'1256o1 20 2621~ ,, , ,20r-s "6 2.95 
41256o100 2021 .:..:) 1 100ns ·s 3.15 
'1 256-80 2621 • .:.:.~ 1 aons 6 3.75 
:11425S·l00 2621'1W i.:. 1001'\S 20 12.95 
'14256·80 2621:.!1<: eons 2•) 13.45 
1MB ·1 20 00:8ST6• t 120rs. ·a 11 .95 
1MB·l00 10.itlS.76) ' 100ns 18 12.35 
1MB·BO 048576>1 eons 18 12.95 
1MB·70 l048!S76t1 7 rs 18 13.95 

SIMM/ SIP MODULES 
PART> SIZE SPEED FOR PRICE 

41256A9B·80 256« 9 80ns SIMM PC 49.95 
42 1OOOABB·1 Q MB•S 1Cll<\s SIMM MAC 109.95 
421000A9B·10 1'.IB' 9 100..s StM'v1PC 113.95 
42 1000A9B·80 tr.tB., 9 aons SIMM PC 119.95 
42 1000A9B·60 •MB.9 60rls SIMM PC 149.95 
256K9$1P·80 256K X 9 sens S1PPC 54.95 
256K9SIP·60 256K X 9 &On> SIPPC 64.95 
1MBx.9$1P·10 1M5•9 1oons SIPPC 116.95 
1MBx9SIP·80 1MB-9 aons S•gPC 124.95 

MATH CO.PROCESSORS 
8087 SMHl 89.95 

8087·2 8 I/Hz 129.95 

8087-1 10 \.~H: 169.95 
 intJ 
80287-8 S.tlHz 209.95 
IW287·10 10~~Hz 239.95 5 YEAR 

B0287·Xl T ,, Hz 2'17.9.S WARRANTY 

80287-XL 6.8 10 12"" Hz 247.95 WITH MAHUAI. & 
80C287 i2MHz 299 .95 SOFTW4RE GUIDE 

80387-16 ·s ·~Hz 359.95 

IW387·SX 16 'AHz 319.95 

80387-SX20 2!1MHz 399.95 

80387· 16 l6MHz 359 .95 

80387-20 20 MHz 399 .95 

80387-25 25MHz: •99.95 

80387-33 33MHz 649.00 

'F"Oi:\ co•,H'A.0 UE ,Br. T;:.>,:Q"I 2BCC 

··;::QR ,11.U 0 HE~ ~!!'5 HASEOSVS'"Er.~ s 


CYRIX CO.PROCESSORS 
STA.TE·OF THE ART TO SAVE YOU LO 1G:v1rv WORRIES' 
MA UAL 3 SOFTWARE GUIDE FULL'> v;;~R GUARA TEE' 

83087-16 16 AHz S299.95 83087·33 :iJM><z 549.00 

830 87·20 21) MH: 349.95 83S67-16 (SX) IGMH: 269.95 

83087·25 21MHz 439.95 83587· 20 (SX) 20MHz 329.95 


Oerid'.!' 
HIGH-TECH 
SPOTLIGHT 

MODEM STANDARDS 

I now reel comtor oble public I recommend ng 

CCIJT I/ 32 ono M P commun1co11ons oro1oco1
s1 

CCITT 32 is o descnp ion of he elec1r.co1S•Q· 

nols useo over p one lines o move ctoto ne 

CCI rs on 1n ernoncnol comm1r ee tho refines the 

1npu1 trom monv m em 1noustry experts 1n10 O'le 

occepleo sionctarct Someflmes users or industry 

experts 1ejec t e etrons or s1ondo1ds comm111ees 

and follow a single ondus ry 1eooe1 (as wos he case 

''" n 1P'le IBM PCJ Here. 1he co rn• 1ee prevo11ed 


Tne '11crocom e vor P10 oco1 ( M P ) is the 

prOducr of I compony s efforts ·o "•r do o E:-rfors ond 

rmpro e 11onsm1ss1on efl1c1ency he·1 e mode ine11 

pro1oco1 ovc1 able o ot ers 101 a ree and ave 

been occeotea by users en moss Tne comm• ee 

approach hos not 1·;0 l<ed we111n is o eo 


P·5 IS on 1mp1emento 'On Of he pre OCOI The 

insures 1e!1obte doro tronsfer and compresses dora 

01 a role of about 2 o 1 Thus , o r'lOdem opera 1ng 

or 9/:JXJ BPnS (errs per second) provides o 0010 

ronsler ro1e of oppro 1mo ely J< 200 BPS-cbout lo 


11mes he role of older 1200 BPS s ondards1 


Fo1 we end users. how sronoards ore crea ed 1s 
of passing 1nte,esr-we wont so11a ones t o wont 
be soon obsolete CCITT v 32 one M P-5 ·1111 be 
around for a long long tome 

Dericl< 11/oore D11ecto1 of Eng1nee11ng 

iii CUSTOMER SERVICE 800-538-SDOJ. 

Im TECHNICAL SUPPORT 800-53&-5002 

MINI 25MHz 386 G 
•NORTON SI 26.6 • LANOMARK AT SPEED 30.1 

"THE FASTEST 0 '·CACHING MOTHER804RO TH4 T 
WE TESTED. "-BYTE MAGAZI E. APRIL 1990 

• MEf OflV I TEALEAVI G FOR NEAR ZERO WAIT STATES 
• SOCKETED FOR EOJS7 COPROCESSOR 
• USES SONS 256.K OR 1 MB SJ~ M 01P AAMS 
• 	16"'BRA.MCA.P.\CffY SMBO BOA~O EM.DUSI G 

OPTIONAL RA•. CARO 1OKB I S;ALLED 
• 	ON BOARD RAl,1 1 2MS USI G ' 6 256K SIMMS OR' 8M3 

USI G 4 8 1. B SIMMS • FrVE 16·81T SLC S TVIO B BIT 
SLOTS ONE 32 BIT SLOT FOR PROPR1E TARV RAM CARO 

• Af.1 16 105 • SIZE B5-X '3" 

MCT· M386·25 ................. . .. .. .. . ............................ $799.00 


MCT·M386·M25 PROPRIETARY RAM C~RD $99.95 
' 2~.1 6 USING 3? -z 255KX • DRAMS OR .:. SM9 USING 36 ;z 
I .'iB~I ORA.MS 

33MHz CACHE 386 
• NORTON SI 45.9 •LANDMARK AT SPEED S0.8 
• 33~.,Hz 80386 CPU • &..: ;<ZERO\" AIT STJiTIC RAM CACHE 
• 1 2 o BMB 0- ·BO~RD liAM USING 80NS SIMMS 

IOKB 1NSTALLED1 
• l L~Bus1 .. G.:825.EKSH.'MSOR.;a•..,eus1 Gi:a l MB 

SIMMS • SOCKE "ED FOR 80387 33 MATH CO-PROCESSOR 
. a E PA StON SLOTS •O E 32-B!T SIX If BIT a E 8-BIT r 
• AMI B•OS ASSURES ISM COMPATIBIUTV 
. a jJMHz ~EVBOA~O ADJUS ABLE SPEEDS 

MCT·386MBC-33 ....... .................... . ..... 5 1495.00 

MCT·386MBC·25 25MHZ VERS10N 5999.00 

MINI 25MHz s1 2 99 
CACHE 386 w1rH RAM CARD 

• NORTON SI 30.S • LANDMARK AT SPEEO 40.7 
• 251.1"' 3038G • REO\JIRES 1 OF T~E RAl.I CARDS BELOW 
• SMAOO\'/ RAJA FOi:t R01'.' BIOS 
• ME ~ORY CACHING FOR SUPERIOR PERFORl.' ANCE 
• MEMORY I 	 TERLEA I G FOR NEAR 0 WAIT STATE 
OPE~ATIO ta BANKS OF ME .'Qi::iv REOu1RE01 

• SOC<EfED FOR 80387 OR WEITE 3167 COPROCESSORS 

MCT·C386·25 ..... ................ ............................. 51 199.00 


RAM CARDS (ONE REQUIRED FOR OPERATION): 

1 2 •f. BUSING a IS 32 2561< 'DAM.SA 0' 8 1& 256KXI 
OPAMS iOK •NSTALLE01 
MCT ·C 386·M 4 ............ .... ... . .... ... ........................... 599.95 

1 2M8 USI IG % "2 256~X: ORAi.iS OR J 81 S USING 36 72 
lt.ISX 1 ORAMS rOK INS 
MCT-C 386-M8 ............... .. ..................................... 599.95 

12 ..:,.,SUSING 8162$61<$!,,U S J8~ /BUSING~ TQ 
1MS SiMMS OR 10 MS USI G a t f.18 SIMMS .ANO 8 256K 
Sll,I AS !OK I STALLED! 
MCT-C38 6·M 16 ............ ..... ................................... 599.95 


486 FROM A.l.R. $2999 
• LANDMARK AT SPEED 113.2 
YOUR POl'IER SOLUTIO FOR CAO CAM CAE WORKSTA 

IONS AS WELL AS LAN SERVER APPLICAT10 S• 


• OESIGHD FOR .IU Tl ·iAS'<ING & l.IULTt·USER APPLICA 
TIONS REOUIRING UNIX OR XE IX • I ITH 80-lt5 CHIP HAS 
A BUILT-I MA H CO-Pt'IOCESSOR& SK 0' RAM CACHE 
• INTEL 80J86 25 C?U • EXPANDABLE 0 16MB ON BOARD 
rOK INS ALlED1 • SOCKETED FOR A WEITEK J\6H ATH 
CO·PROCESSOR • SUPPORTS SHADOW RAM Wt H 
I TE ANAL CACHE CONTROLLE R • EIGHT ••·BIT aus SLOTS 
6 LAVER BOARD DESIGN · COMPATIBLE WITH OS 2 OVELL 
DESOVIEW UNIX WINDOWS DWI DOWS 3 O 

A IR·486MB25 ..... ................................... 52,999.00 


MON.-Flll. 7 A.M. TO 5 P.M., SA1VRDAY, 9 A.M. TO 3 P.M. (PST} KEY 

ORDER TOLL-FREE 800-538-5000 ~ 

12.SMHz 286 
• NORTON S f 14.3 • LANDMARK AT SPEED 16.S 
• STANDARD 8068 LAYOUT 
• 280-COMPATIBLE • 6 12 ;MH' KEYBOARD SELECT SPEEDS 
· EXPANDABLE T0'\<BO BOARD 512K IMBUSI G 1636 

256KX DRA•«S 2 <M B US•NG 16 3611. ax · DRA•.<S rOKB 

INS ALLEDI 


• MEMORY SPEED •20NS FOR 1 WAIT IOOt S FOR 0 \'/All 

MCT·M286-12 .................................................... $1 99.95 

16MHz MINI 386·SX $39995 

• NORTON SI 15.3 • LANDMARK AT SPEED 20.S 
• USES 16/M<' INTEL 80Jo6SX CPU 
• EXPANDABLE TO 81. BON BOARD 
• 	:>12 1MB USING S 36 256KX1 ORAi.iS OR 2' 256K SIPS OR 

.: 8 256t< .:. ANO 2 ..:. 2S.6KX t DRAMS 2 .:.MB tJStNG '. B 36 
1 ..16X1 DRAMS OR 2 4 1MB 51ci5 t) BMB USING 3$ Tl'\ BXi 
OR.\MS A D 2 J IMB SIPS AMI BIOS 

• CHOOSe FAST 0 	 W/.ti STATE OR 1 l"IAIT STATE FOR 
ECONOMICAL USE OF SLOWER RAIA 

• FIVE 16·BIT & THREES BIT EXPANSlON SL.OTS 

• CHIPS 	 TECHNOLOGY NEW E HANCEO ADVANCED 
TECHNOL.OGV NEA , CHIPSET 

• SOC~E1 FOR ao;a·sx ,. COPROCESSOP 

. s s· x 3· SIZE FffS r .tlNl-2a6 AND FULL SIZE 206 C•SES 

MCT·386SX ... ...... ... ........................................ .... $399. 95 


20MHz286 s3s99s 
• NORTON SI 20.3 • LANDMARK AT SPEED 26.3 
• NEAT CHIPSET HAS FOWER TO COMPETE WITH 

386 SYSTEMS 
• EXPA llDABLE FAO•~ St2K TO SMS 512 ,,_,9 USING 10 J6 

256-K i Qi::iAMSOR244'S6KSlPS 2JMBU ING 1B.3C tM6){: 
DRAMS OR 2 J 1 .<S SIPS o8MB USING 36 1M9'1 DRAP.IS 
A D2' 'MB SIPS 

• 2ll OMHz KEYBOARDSElECT~ BLE SPEED •AM I BIOS 
• SHADOW R•M ANO PAGE INTERLEAVED MEMORV 
· FAS OWAITSTA"EOR•VIAITSTA EFORSLO~ERRA'-1 
• 8 s· x 1)' F"rTS MOST aoss ,...1NI 2!6 ~FULL S•ZE 286 C~SE.S 
• FIVE 16 BIT Tl'REE 8·6/T LOTS 
• SOCKE FOR 80287· •2 '-'ATH CO PROCESSOR 

MCT·M286·20N .................................. ...... ... .. ..... 5389.95 

16MHz 286 W/ NEAT CHIPSET 528995 

MCT· M286· 16N NORTON 51 i6.Z / LANOMARK AT 21.1 

12MHz 286 W/ NEA T CHIPSET 526995 

MCT· M286· 12N NORTON 5112.0 / LANDMARK AT 15.S 

10MHz 8088 NORTONSl2.1 s99 95 
• all88· COMPATIBLE OPERATES AT J 77 : OMh? 
• KEVBOARO SELECTABLE CLOCK SPEEDS • SOCKE FOR 

8057·1 COPROCESSOR • 8 SLOTS • MCT BIOS • &-!OK RAM 
CAPACliY •OKB INST LEOt 
MCT-TURB0-1 0 ................................................... S99.9 5 
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VGA 
PACKAGE 

$49995 

VG A COLOR ANO 
CLARITY AT AN EGA 
PRICE! • B·BIT VG A 
CARO IS FULLY 
COMPATIBLE WITH IBM 
VG A • 640 x•so 
RESOLUTION IN l 6 COLORS 
• HIGH RESOLUTION AN ALOG 
MONITOR • EGA'CGAMONO AND 
HERCULES COMPATIBLE · DRIVERS FOR 
WI DOWS. GEM. LOTUS l-2·3. SYMPHO Y, 
AUTOCAO & VENTU RA 
VGA-PKG ........................................................... $499.95 

16-BIT VOA PACKAGE 
l6· BIT VERSION INCLUDES MCT·VGA·16 
VGA·PKG·16 .... ................. ................................. $529.00 

POST CODE DIAGNOSES 
SYSTEM PROBLEMS/ 
TO DIAGNOSE . PLUG IT i TO A CAROSLOT, 
READ HE INDICATOR DISPLAY & CHECK 
TH E MANUAL FOR THE CORRESPONDI NG 
POWER·O, SE LF·TEST CODE SWITCH· 
LESS ANOJU MPERLESS DESIG N. COM· 
PATIBLE W'B02B6 & S0386·BASED SYSTEMS. 
PCOOE .................................... $49.95 

CABLES AND GENDER CHANGERS 
MOLDED: GOLD-PLATED CONTACTS: 100% SHIELDED 

CB L·PRNTR-25 25 FT. PC PRINTER CABLE 15.95 
CBL-PRINTR-RA RIGHT ANGLE PRINTER CABLE 15.95 
CB L·DB25·MM 0825 MALE·DB25 MALE 6 FT. 9.95 
CB L-DB25-MF DB25 MALE·D825 FEMALE 6 FT. 9.95 
CBL·9-SERIAL 089 FEMALE·DB25 MALE 6 FT 6.95 
CB L.CNT·MM 36-PIN CENTRO ICS -Mii.i 14.95 
GENDER·VGA DB9·DBlS ADAPTOR 4.95 

HUNDREDS MORE AVAILABLE-CALL FOR MORE INFO 

-----wo:RL.D . f 11n~ot proro1yping
JDR catero 10 !he devero:;" ~~,:ai:e just a few examples. 
and p1ogramming P'°1c,~0~; complete linel 
Request our catalog 

EPROMS 
PART# SIZE SPEEO 

271 6-1 2043x8 350ns 
2732A 4096"8 250ns 
2764 8192>.8 450ns 
2764-250 8192'<8 250ns 
2764-200 8192x8 200ns 
27128 l63&4x8 250ns 
271 28o\·200 l6384x8 200ns 
27256 32768>A 250ns 
27C256 32768•8 250ns 
27512 65$36X8 250ns 
27C101·20 l 3l 072x8 200ns 

EPROMPROGRAMMER 
• PROGRAMS 27XX AN D 27XXX 
EPROMS UP TO 27512 • SPLIT 
OR COMBINE CONTENTS OF 
SEVERAL OIFFE.RENT SIZED 
EPROMS (VARIOUS FORMATS ANO 
VOLTAGES) • READ. WRITE. COPY. 
BLANK CHECK ANO VERIFY • HEX 
AND INTEl HEX FORMATS SOFTWARE 
M OD-EPROM 

Vpp PINS PRICE 
25V 24 3.95 
21V 2• 3.95 

12.SV 28 3.49 
12.SV 28 3.69 
12.5V 28 4.25 
12.SV 28 4.25 
12.5V 28 5.95 
12.5V 28 4.95 
12.sv 28 5.95 
12.5V 28 7.95 
12.5V 32 19,95 

s1299s 

DATARASE II EPROM ERASER $ 3995 

• SMALL SIZEJ • ERASES ALL 
SIZE EPROMS UP TO 4 AT A 
TIME·· MOST IN 3 MINUTES 
• WALL PLUG POWER SUPPLY 
DATARASEll 

RELISYS MULTISYNCH 
· W NON·GLARE SCR EEN • BOO X 560 MAX RESOLLITION 
• CGAtEGANGA COMPATIBLE • TTlJA ALOG MODE 
JOR· MULTI 

RELYSIS VGA MONITOR $319.95 
• 14" ANALOG VGA MONITOR • GLAR E RE SISTANT SCR EEN 
• 720 X •SO MAXIMUM RESOlUTION • TILTISWIVEL SASE 
VGA· MONITOR 

EGA MONITOR $339.95 
· W NON·GLARE SCREEN WITH 640 X 350 MAXIMUM 
RESOLLITION • DISPLAY 16 COLORS SIMULTANEOUSLY 
EGA· MONITOR 

1 4 " SCREEN MONO $139.95 
• GLARE-RESISTANT 4· SCR EE WITH AMBER DIS PLAY 
• 720 X 350 RESOLLITION • TILT/SWIVEL BASE 
GM-1489 

MONO.SAMSUNG SAMSUNG 12· FLAT SCREEN $129.95 
MONO-VGA PAPERY/HITE VGA MO ITOR ............. $139.95 
NECMULTl·30 NEC MULTl-30 MULTISYNC ......... $649.00 

CM·1440 SEIKO DUAL FIXED FREOU ENCY ...... .. ..... $599.00 
CM·1450 SEIKO 15" DUAL FIX ED FREQ.................. $749.00 

DISPLAY CARDS 
16-BIT VGA $169.95 
• 640 X <80 IN 16 COLORS • 256K VID EO RAM EXPANDABLE 
TO 512K • 64 LEVELS OF GRAY SCALE 
MCT-VGA-16 
MCT· VGA·8 8·BIT VERSION ..................................... $149.95 
MCT-VGA-1024 1024 X 768 VGA ................. $189.95 
MCT-VGA·1024+ 1024 X 768 IN 256 COLORS ........ $249.95 
MCT-VGA VGA WITH TTL SUPPORT .................... $189.95 

MONO GRAPHICS/ PRINTER 549.95 
8-0881286 COMPATIBLE • HERCUL ES COMPATIBLE 
MONOGRAPHICS • SUPPORTS LOTUS 1·2·3 • no x 348 
DISPLAY · ADDRESS PARALLEL PA INT ER PORT AS LPT OR 2 
MCT-MGP 

MORE DISPLAY CARDS 
MCT-CGP CGA GRAPHICS FOR RGB MONITOR .... 549.95 
MCT· EGA EGA CARD WITH 256K RAM ................... $149.95 

JDR'S OWN MODULAR 
PROGRAMMING SYSTEM 
EACH IJOOCll.E USES A COMAIOllHOSTADAPTOR CARD--OSE 
JUST 1 SLOT TO PROGRAM EPROMS, PROMS, PALS & MOllEI 

COMMON HOST ADAPTOR CARD 
• UNIVERSAL INTERFACE FOR THE PROGRAMMING MOD
ULES! • SELECTABLE ADDRESSES PREVENTS CONFLICTS 
MO D·MAC •••••••• •• •• ••••••••••• •••••••••••. •••••• •• ••••••••••••••• $29.95 

,~..::::- UNIVERSAL 
MODULE 

$49995 

• PROGRAMS EPROMS. 
EEPROMS, PALS,\ Bl·POLAR PROMS. 8748 & 8751 

SER IES DEVICES; 16V8 AND 20V8 GALS 
(GENERIC ARRAY LOGIC) FROM LATTICE, NS, SGS 

· TESTS TTL. CMOS.DYNAMIC & STATIC RAMS 
• LOAD DISK. SAVE DISK. EDIT, BLANK CHECK. PROGRAM. 
AUTO. READ MASTER. VERIFY ANO COMPARE 

• TEXTOOI. SOCKET FOR .3" TO 6' WIDE I CS (8-40 PINS) 

MOD-MUP ·······-······-········································ $499.95 
MOD-MUP· EA 4·UNIT ADAPTOR -·---·-·····--·--· $99.95 

EPROM MODULE s1199s 
• PROGRAMS 24-32 PIN EPROMS. CMOS EPROMS & 16K TO 
l024K EEPAOMS • HEX TO OBJ CONVERTER • AUTO. 
BLANK CHECK/PROGRAM/VERIFY• VPP 5. 12.5. 12.75, 1S, 21 
& 25 VOlTS · NORMAL. INTELLIGENT, INTERACTIVE & 
OUICK PULSE PROGRAMMING ALGORITHMS 
MOD-MEP ........................................................ $ 119.95 
MOD-MEP-4 4-- EPROM PROGRAMMER .............. $169.95 
MOD-MEP-8 8·EPROM PROGRAMMER _ .......... $259.95 
MOD-MEP-16 1&-EPROM PROGRAMMER  ....... $499.95 

PAL MODULE 
• PROGRAMS MMI, NS, Tl 20 & Tl 24 PIN DEVICES • 81..ANK 
CH ECK, PROGRAM, AUTO, READ MASTER. VERIFTY & 
SECURITY FUSE Bl.OW 
MO D-MPL 

MOUNTS FOR STANOARO FULL SIZE 
ANO MIN l·MOTHERBOARDS 
INCLUDES 250WATT POWER SUPPLY 
MOUNTS FOR 3 FLOP PY A 0 
4 HARO DR IVES 
TURSO ANO RESET SWITCHES 
SPEED DISPLAY. POWER. DISK LEDS 
MOUNTING HARDWARE., 
FAC EPLATES AND SPEAKER INCL. 

CASE-100 ........................... $249.95 

CASE-200 "SUPERFOOT"--HOLDS 1l DRIVES ....... $499.95 
CASE·1 20 "MINIFOOT" W/200 WATI PS ........ - ....... . $199.95 
NOT'E~ CASE S DO HOt INCLUDE OR.Vt $. 

STANDARD 
CASES 
FULL SIZE SLIDE CASE 
CASE·70 ....... S89.95 

CASE· SO FOR SOBS QR MINl-86 MOTHERBOARDS ... $59.95 
CASE-FLIP FLIP·TOP XT·STYLE CAS E ...... $39.95 
CASE·SLIOE SLIDE TYPE XT ·STYLE CASE ............... $39.95 
CASE-JR ........... .. ........... ................. ............ ...... $ 149.95 
WITH 1SOW POWER SUPPLY. FOR 8068 OR MINl-286 BOARDS. 
CASE.JR-200 .. ............... .... .. ............. .... .. .. ..... ... $189.95 
WITH 200W POWER SUPPLY. FOR 8088 OR MI Nl-286 BOARDS. 
HOT'£ : CASES DO MOT INCLUDE DRIVES. 

PC POWER SVPPUES 
PS-135 35 WATI FOR 8088 · U.L. APPROVED .......... $59.95 
PS-150 1SOWATT FOR 8088 • U.L APPROVED ....... .. .. S69.95 
PS-200X 200 WATT FOR SOBS - U.L. APPROVED ......... $89.95 
PS-200 200 WATT FOR 288f.l86 • U.L APPROVED ..... $89.95 
PS-250 250 WATI FOR 28&'386 .............................. $129.95 

UNINTERRVPTABLE POWER SUPPUES 
CONDITION ED CRITICAL LOA[);8ACK·UP DURING BLACKOUT. 

PART NO. VA FREQ. CURRENT BATTERY PRICE 
EMERSON·20 300 60hz 2.50A 10min. S299.95 
EMERSON-30 500 60hz 4.20A 1Om in. $499.95 
EMERSON-40 800 60hz 6.70A 10min. $699.00 

•PDS-601 

S.BrrSOLDERLESS8088 
BREADBOARD WITH DECODE $ 79 95 
• INCLUDES ADDRESS DECODING LOGIC. DATA BUFFERING, 
2 LSI CIRCUITS FOR PROGRAMMABLE DIGITAL l/O AND 
COUNTEIH IMER FUNCTIONS • LOGICALlY GROUPED 
• ACCESSES ALL 62 1/0 SIGNAL CONNECTIONS • CLEARLY· 
LABELLED BUS U ES • ACCEPTS UP TO 24 FOURTEEN-PIN 
ICS • ACCEPTS9. l 5, 19. 250R 37·PIN D·SUBS 
P Ds-601 .............................................................. $79.95 
POs-600 ABOVE CARD WITHOUT DECODE .............. $49.95 

286 BUS BREADBOARD 
WITH DECODE $8995 
• ADDRESS DECODING LOGIC. DATAT SUFFERING, 2 LSI 
CI RCUITS FOR PROG RAMMABLE DIGITAL l'O ANO COUNTER 
TIMER FUNCTIONS • ACCESSES ALL 96 1IO SIGNAL 
CONNECTIONS • LOGICALLY GROUPED • OVER 2.000 PTS. 
• ACCEPTS 9. 15, 19. 25 OR 37.p 0-SUB CONNECTORS 
POS-S11 ................................_••••• ••_....... ............ $89.95 
PD5-610 ABOVE CARD WlTHOtJT DECODE .............. $59.95 

MORE PROTOTYPE CARDS••• 
J OR-PR1 8-BITWITH •SV ANO GROUND PLANE 27.95 
J OR-PR2 ABOVE WITH llO DECODING LAYOLIT 29.95 
J OR-PR2-PK PARTS KIT FOR JDR·PR2 ABOVE 8.95 
JOR·PR !O 16--BIT WITH l/O DECODING LAYOLIT 34.95 
J OA-PR! 0-PK PARTS KIT FOR JOR-PR10 ABOVE 12.95 

MORE PROGRAMMING MODULES••• 
MOD-MMP MICROPROCESSOR PROGRAMMER ..... $179.95 
MOD-MIC DIGITAL IC & MEMORY TESTER .............. $129.95 
MOD-MBP B"POLAR PROM PROGRAMMER ,._....... $259.95 

PAL DEVELOPMENT SOFTWARE 
ENTRY-LEVEL PAL OEVELOPIAENTFROM CUPL FULL SUP· 
PORT FOR 16l8. 16Fl4. 16R6. 16R8. 20!.8. 20R4. 20R8 & 20X8. 
MOD-MPL-SOFT ................................................. $99.95 

TERMS i.t 0 r.·.-r.~.7! ~Cl.,, ~~c 00 Fer sr1p:>ng l\ ~'"Jil.:~ !".C;..CC ~.: .>J :;:r g;~_..-.,: ~'Xl SS 5:". •.:· J·: 0-.:e~ ;:"t"' • .:. .! .... .J ·~·c:1•r .::·~l·rs ;.J, ·ro.q..; :e .:'.J:;·: .:-~~; ::->z-o·"-; ct·,1•gn---c~·:acc 
e>wr Sa:~ t"'°": !o~ !..,,., .?"'10.;.:! CA r~.-:~ ;-i;s! ·r~i~t' ,ap..,:.c.~it' ~~ :.:?x P:·.:~ s:...:--~~:: i.:: C!".2.,..·~t' .·.·~.::-.: r:c:\·,~ lo"oo' .;·,.,i r~'. :~:':' c.·'=" •.:· :~0->;1':::1;:-:- .•·.a ":!~·~rs Wt? ·e~e~ ..·t> ;·~t? 
ngrit :;;,, i,:-;1,i qi.:.ir: ~ t>C'S ,yo(J ti:i ~:11..:0 :-T'..J~!J:a.:-ru•c-: A;; 'nl)~Cha'lO.So:-. ~'IK'. :o ;.Y.C:- :;..,!''-~ .; ,._.,, ~.;:.o~ ~· ;J~~ ~~:~·:;s '- ,}-,J.<K"t.' "'00" rt.:-q..;l:·S'. !'.t-:1 · ;:: :-. .::~r{-Q .T'-Jof o--.:) D€' ~C'P'CSi'"'·~;,._(' 
JDR n'.:> ..JC'.11=1 J........;;,,j J~R ~.~....•OO-t!·..-ices .:J.l">d tr.~ MCT \.'\QC d:•~ :~se-._>O :~.1'0t';"!"..l""'S a~ .;Qq ~.liCR0i'..'E.\'1CES. tNC ~::c"'·,o• ,:.Oc:..;; i <:?C'~.-.::o·og, :...:::t-'..::.:! ~:: ..-. •:xio <!''<I $;..:>)!:;~.:>C: .:.ire 
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Tl MICROLASER"' 
--= -FAST, AFFORDABLE 

'~ AND EXPANDABLE! , 
- EXPANDABLE PRINTER HAS TEXAS 

INSTRUMENTS QUALITY AND 

:iii•~ RELIABILITY IN A COMPACT SIZEI
UPGRADEABLE TO • .5MB AND 
POSTSCRIPT • 300 DPI • 6 PPM 
OUTPUT • 250 SHEET DRAWER 

• MANUAL FEED • 40 ENVELOPE AUTO FEED • .5MB RAM 
BASE UNIT · EMULATES HP LASERJET II 

MICROLASER ................................................. $1495.00 
MICROLASER·PS ........................................... $2495.00 
WITH35-FONT POSTSCRIPT AND 1.5MB RAM 

· 

CITI ZEN EXPANDS 9·WIRE 
TECHNOLOGY TO THE CUTIING 

EOOE I OPTIONAL COLOR KIT 
PROVIDES VIVID COLOR OUTPUT 

UNRIVALLED IN ITS PRICE RANGE i 
• 5RESIDENTFONTS • 240X2160PI • 213CPS ORAFT 

MODE: 40 CPS LETIER QUALITY • PARALLEL INTERFACE 
• SK PRINT BUFFER 
CTZ·200GX-C •.•••••••• ••••.•.••••••••.• .• •••••••• •••. ••.•••..... $199.95 
CTZ-200GXCOLOR COLOR ON COMMAND KIT .•..•. $59.95 

KODAK DICONIX 150+ --- I 

INTRODUCING 
THE MINI-SIZE 
286 COMPUTER 

s599 
HIGH PERFORMANCE 
IBM·PC COMPATIBLE 
COMPUTER CAN 
COMPETE WITH A FULL 
SIZE PC I STANO IT UP· 
RIGHT. SET IT UNDER 
A MONITOR-ITS 
COMPACT SIZE IS THE 
PERFECT SOLLITION 

TEFAX-FAX, COPIER, 

SCANNER, PHONE & 

PRINTER ~ 


• G31G2 FAX MACHINE • 8.5" 

SCAN WIDTH • 200 DPI SCAN
 
NER • SAME SIZE COPIER 

• FAX SOFTWARE FOR IBM & MAC • AUTO FAX SEND 

TEFAX .............................................................. .. $995.00 


JDR'S A.N AUTHORIZED EPSON 
DEALER-CALL US FOR QUOTES 

ADD 425 FONTS s3499sWrrH 1 CARTRIDGE! 
NEW SUPERSET• HAS THE CAPABILITIES 

OF THESE CARTRIDGES: POP'S "251 

ONE." HP'S MASTERTYPE "PROCOLLEC· 

TION," HP'S "MICROSOFT" CARTRIDGE. 

HEADLINE FONTS & 18 PTS ANO JET

WARE'S 12/30 • FOR HP LASER.JET 

SERIES II. 110. llP. 111 AND PCL COMPATI· 

BLE • PRINTER DRIVERS FOR WOROPERFECT, MS WORD. MS 

WINDOWS, EXCEL. PAGEMAKER. WORD. AMI PROFESSIONAL. 

VENTURA PUBLISHERS. WOROSTAR AND LOTUS 1·2·3. 


SUPERSET+ 


RAM CA.RD FOR HP LA.SERJET $8!195 

• FOR HP LASERJET II PRINTERS· USER EX' ANDABLE 
TO 112/4MB ('IJK INSTALLED) · USES 1MB 120 NS DRAMS 
MCT· RAMJET •••••••••••••••• •• ••••••• •••••••••••••••••••••••• ••••• $89.95 
MCT-RAMJET·P .................................................. $99.95 
112/314MB FOR llP. uses 256K x. ORA.MS 

9600 BAUD V.32 MODEM $699 
WITH SEND/RECEIVE FAX 
THIS NEW EXTERNAL MODEM IS V:32 ANO V.42 COMPATIBLE. 

THE EMERGING 9600 BPS STANDARDS. PLUS IT NOW HAS 

FULL GROUP 3 FAX SEND ANO RECEIVE CAPABILITY. THIS 

MACHJNE TRANSFORMS YOUR PC INTO A COMPLETE 

PERSONAL INFORMATION CENTER 


9600'48oor.?400/1200 BPS DATA MODEM 

CCITI V.32 , V .42 ERROR CORRECTION COMPATIBLE 


MNP-5 ERROR CORRECTION ANO DATA COMPRESSION 

FOR THROUGHPUTS UP TO 19200 BPS 


9800 BPS GROUP Ill SE.NO AND RECEIVE FAX 

INCLUDES PRQ.COMM COMMUNICATIONS SOFTWARE 

INCLUDES FAX·IT FAX SOFTWARE 


2 YEAR WARRANTY 


PR0-96EF $ai~ft95 

INTERNAL FAX MODEM ~_,

2400/1200000 BPS DATA MODEM 


9800 BAUD SEND/RECEIVE FAX CAPABILITY 


8088.286. 386 COMPATIBLE CARO 


PRO-MAXI 

~ CUSTOMER SERVICE 800-538-5001 

E3 TEC~~~~~~9=~::.~'!':!:V~38-S002 

PORTABLE PRINTER 

~~io~~~T0~Mc"A~~~ ~~~YOUR ----- --.. 
WEIGHS 5LSS AND MEASURES JUST 
s.s· x ,,. x 2·1 
• QUIET NON·IMPACT INK.JET TECHNOLOGY 
• UP TO 180 CPS • DRAFT. NLO. QUALITY AND CONDENSED 
MODES • USES CUT·SHEET OR CONTI NUOUS FORM PAPER 
• SUPPORTS EPSON FX·80 & IBM PROPRINTER COMMANDS 
OICONIX·150 ....... .. ............. .... .. ........... .... .......... $399.95 

FIJJITSIJ COLOR PLOTTER 
COMPACT PLOTIER • HP7475A COMPATIBLE • .025MM RES. 
FPG-315 •• •••••.•• •••••••.•.•.••••••••• •••••••••• •••••••• .••••••••••• $799.00 

COLOR HAND $
SCANNER I 599 
• 400 OPI 16·COLOR DITHER MODE 
• 200 DPI 16·SHAOE GRAYSCALE 
• TRUE 400 OPl MONO MOOE 
• 3 SWITCH ·SELECTABLE 

64·SHAOE DITHER 
PATIERNS 

• 3.5MSILI E SCAN SPEED 
• 7-SEGMENT LED STATUS 

READOUT 
• BRIGHTNESS CONTROL 
• 	HALF·LENGTH 16· BIT 

INTERFACE CARO 
• SCAN EXERCISER SOFTWARE 

CONFIGURES THE SCANNER. SCANS 
IMAG ES IN ANY MODE. LETS YOU VIEW 
REAL TIME IMAGE. THEN SAVES IN PCX FILE FORMAT 
• INCLUDES ZSOFT PAINTBRUSH VI PLUS FOR EDITING ANO 

ENHANCING YOUR IMAGE 
CHS-4000 ....... ............... ....... $599.00 

MINI 2400 BPS MODE 
wrrH SEND ONLY FAX 13S95 

THIS TINY EXTERNAL MODEM PACKS A BIGGER PUNai THAN 
YOU'O EXPECTI NOT ONLY IS IT A FULL FUNCTION 2400 BPS 
DATA MODEM BUT IT ALSO OPERATES AS A SEND-ONLY FAX 
AT A REMARKABLY LOW PRICEI 

• 2400/1200r.lOO BPS DATA MODEM 

• CCITI V.22/V.22BIS, BEll 103/212A COMPATIBLE 

• 	4800 BPS GROUP Ill SEND ONLY FAX 
MEASURES JUST 6.25 X 3.8 X 2 INCHES 

8 STATUS LEDS 

INCLUDES PRO.COMM COMMUNICATIONS SOFTWARE 

INCLUDES FAX·IT FAX SOFTWARE 

2 YEAR WARRANTY 

PRO-EFXM 

MINI-MODEM WITH 9800 BPS FAX-SEND SPEED 
PRO-EFXM-96 ..................................................... $169.95 

2400BPS MINI MODEM$11 f195 
AS ABOVE BUT WITHOUT FAX CAPABILITY 
PR0-24E 

MON.·FRI. 7 A.M. TO 5 P.M., SATURDAY, 9 A.M. TO 3 P.M. (PST) llEY 

ORDER TOLL-FREE 800-538-5000 ~ 

FOR A CROWDED JUST T'/," X 9'1," X 1Y," 

DESK, A COST·CONSCIOUS 

SCHOOL OR AN EASILY TRANSPORTABLE HOME COMPUTER. 


l 2MHZ 80286 CPU WITH 0 WAIT STATE 

AMI BIOS WITH DIAG OSTICS • 1 MB MEMORY 

TWO SERIAL. ONE PARALLEL PORT 


BUILT-IN CGAIMGA DISPLAY ADAPTOR 


BUlLT·IN 3.5" 1 ...MB FLOPPY 

7-112" W X 9·112' L X 1·314" H • WEIGHS JUST OVER 6 LSS. 


WORKS WITH ANY STANDARD KEYBOARD 


I CLUDES CARRY BAG. 30W POWER ADAPTOR. 

MINl·UPRIGHT STANDS ANO MANUAL 


FCC CLASS B APPROVED 


CARRY-IC WITH 1.44MB FLOPPY DRIVE ... •...••••.• ..• $599.00 

CARRY-10 WITH 1.44MB FLOPPY8 40MBHD •..•.•..• $899.00 

CARRY-1 8088·BASEO VERSION •••....••••....•....•.....•..• $299.95 

CARRY·1 B ENHANCED 8088 VERSION. .................. $399.95 
INCLUDES 2 FLOPPY DRIVES (7201<) AND 640K RAM. 

CARRY-1K 82·KEYCARRY·1 KEYBOARD ................... $49.95 

DR LOW COST ETHERNET CARD 
• 100% HARDWARE COMPATIBLE WITH 
NOVELL NE·1000 ETHERNET CARO 
• FOR THICK OR THIN ETHERNET 
• 15·PIN ETHERNET CO NECTOR 
• BNC CONNECTOR FOR THIN ETHERNET 
OFINET-300 8·BIT VERSION .. . $199.95 
DFINET-400 16·BIT VERSION •$239.95 

2400 BPS MNP ERROR $24n95 
CORRECTING MODEM ., 
AN ECONOMICALLY PRICED EXTERNAL MODEM THAT NOW 
INCLUDES MNP.S ERROR CORRECTION ANO DATA 
COMPRESSION CAPABILITY 

2400/1200/300 BPS DATA MODEM 


ccm V.22/V.22BIS, BELL 103/212A COMPATIBLE 


DATA COMPRESSION BOOSTS ll!ROUGHPUT UP TO 

4800BPS 


8STATUSLEOS 


AT COMMAND SET COMPATIBLE 


AUTO DIAL ANO AUTO ANSWER 


2 YEAR WARRANTY 

PR0-24EMNP 

PR0-24E EXTERNAl 2400 BAUD MOOEM·NO MNP . $149.95 

INTERNAL MNP MODEM$J.89
IPLUG· CARD MODEM HAS SAME FEATURES AS ABOVE 
MOOa. FOR 8088, 286f.l85 COMPUTERS 
PR0-24MNP 

PR0-241 INTERNAL 2<!00 BAUD MODEM·NO MNP ...... $99.95 
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• 153 5MB CAPACITY 
• ESOl INTE;RFACE 
• AVG ACCESS TIME 18MS 
• RECORDING 19.612 BPI BIT 

l .240TRACK DENSITIES 
• 20 sec STARTISTOP TIME 
• REO DC-5V ·12V POWER 
• USES2·7 RLLMETHOOAND NRZ 

TRANSFER AODE 
5655 .... .. .. ... ...... .................................................. $849.00 

MICROPOLIS DRIVES 
KITS INCLUDE FLOPPY1HARD CONTROLLER AND CABLE 
1355 157 5MB ESDI, 23MS KIT: 51049 ..... DRIVE : 5949 
1375 157 5MB SCSI. 23MS KIT: 51099 ..... DRIVE : 5899 
1558 338 IMS ESDI. ISMS . KIT: $1 799 ••• DRIVE: 516 19 
1578 338 IMS SCSI, ISMS 
1568 676 8MB ESDI. !6MS 
1588 676 SMB SCSI . 16MS 

KIT: 51799 .•. DRIVE : $1 619 
DRIVE: $2499 
DRIVE: 52499 

1.44MB 
3-1/2" DRIVE 
• 80 TRACKS • 135 TPI • HIGH DENSITY 
• REAOMIRITE 720K DISKS, TOO 
• INCLUDES All NECESSARY MOUNTING HARDWARE 

FDD·1.44 X BLACK FACEPLATE S99.95 
FDD-1.44A BEIGE FACEPLATE S99.95 

FDD-1.44SOFT SOFTWARE DttlVER _ . $19.95 
MF355A 3·112' MITSUBISHI I 44MB . BEIGE $129.95 
MF355X 3· 112" MI TSUBISHI I .:MS BLACK .. $129.95 
FDD-360 5·114" DCUBLE ·SIDEO 0036-0K $69.95 
F0·558 5·11<" TEAC OOUBLE·SIDED00360K $89.95 
FDD-1.2 5- 114"00UBLE·SIDEDHD I 2M $89.95 
FD-55GFV 5·11•· TEAC OOUBLE ·SIDED HD 1 2M ..... $129.95 

ENHANCED KEYBOA.RDS 
FC-3001 101-KEY12F·KEYS& CALCULATOR 
BTC-5339 10,.KEY WITH 12 FUNCTIO KEYS 
BTC·5339R COMPACT 101-KEY = • SMALLER 
MAX·5339 I 01 ·KEY MAXI ·SWITCH (286 ONL YI 
K 103·A AUDISLE"CLICK" 101 -KEY KEYBOARD 

STANDARD KEYBOARDS 
BTC-5060 84-KEY WITH 10 FUNCTION KEYS 
MAX-5060 MAXl·SWITCH 84 ·KEY(286 ONL 

PC· TRAC 
HIGH RES (200 PULSE/I CHI 

• Z·AXIS POINTING DEVICE (X & Yi 
• 1NCLUOE S MAP DE VICE DRIVE 

WITH BALLISTIC GAIN 
PC-TRAC Wll'lS·232C SERIAL INTERFACE 
FAST-TRAP THE 3·AXIS MOUSE ALTERNATlllE • 

LOGITECH TRACKMAN 
•TO 300 DPI RES • MOUSEWARE UTILITIES, 
MENUS. MOUSE ·2·3 • REO 256K MIN MEMORY 

$74.95 
. 569.95 

$79.95 
584.95 
$84 .95 

$109.95

•TRACKMAN SERIAL VERSION -NO CARD REO $98.95 
T RACKMAN·B BUS VERSIO $95.95 
WISHORT CAAD FOR 8088, 286. 386 OR PS/2 MODELS 25 & 30 

LOGITECH MICE 
• 3·BUTION SERIES 9 • 320 DPI RES • SERIAL PS/2 co~ PAT 
LOGC9 SERIAL MOUSE $98.95 
LOGC9-C SERIAL MOUSE !NOT PS/2 COMPAT IBLE) $79.95 
LOGC9-P SERIAL MOUSE WITH PAIN'TSHOW $109.95 
LOGS9 BUS MOUSE 589.95 
LOGB9·P BUS MOUSE WITH PAINTSHOW $104.95 

GENISCAN 
SCANNER 
s19995 

• UP TO 400 DPI • 32 
LEVELS OF GRAV SCALE 
• WllNTERFACE CARD.SCAN· 
EDIT 11 AND DR GENIUS 
G S -4500 .••••••• $199.95 
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&9Seagate HARD DISKS 
21.4MB $199 65.SMB 5

389 

32.7MB 5219 B0.2MB 5
569 32.7MB 5

279 

42.BMB s339 84.9MB s499 &}>Seagate 
SIZE MODEL 

AVG. FORM 
SPEED FACTO 

21 .•MB ST·225 65MS 5 · 114' $199 $249 
327MB ALL ST-238 65MS !H/4" $219 $279 
428MB ST·25 H 28MS 5·114'" $339 $389 
43.IMBSCSI ST·2S1 N 40MS 5· 114'" $419 
65.5MBRLL ST-277-1 28MS S.114'" $389 $449 
80.2MB ST-4096 28MS 5. 114• $569 
849M8SCSI ST·296N 28MS 5-1/4'" $499 
122.7M8 RLL ST-4 144R 28MS s-114· $699 $759 

21.4MB ST·1 25 40MS 3·112" $259 $299 
32 IMSRU ST·138R •OMS 3·1/2" $289 $339 

~~ MODULAR CIRCUIT TECHNOLOGY 
DRIVE CONTROLLERS 

l.44MB 
FLOPPY
$4995 
• 8088 OR ZaG COMPATIBLE ·SUPPORTS 2 Fl.OPPY DRIVES 
(360K. 720K. I 2MB & 1 «MB) • USER SELECTABLE AS A 
PRIMARY OR SECONDARY (3RD OR •TH) FLOPPY DRIVE 
MCT-FDC·HD ....................................... .... ... .. ..... $49.95 

HIGH DENSITY 4-FLOPPY CARD $59.95 
• INTERFACES UP TO 4 FLOPPY DRIVES • CABLES FOR' 
INTERNAL DRIVES • SIOS FOR ANY COMBO OF DRIVES 
MCT-F DC-HD4 

FLOPPY DISK CONTROLLER $29.95 
• INTERFACES UP TO 4 36-0K·720K FLOPPY DRIVES 
• DB37 CO <NECTOR FOR EXTERNAL DRIVES 
MCT·FDC 

HARD DISK CONTROLLER $79.95 
• SUPPORTS 16 DRIVE SIZES INCLUDI G 10 20 30 AND 
•OMS • CAN DIVIDE 1 LARGE DRIVE I TO 2 lOGICAL DRIVES 
MCT· HDC 
MCT·RLL ALL CARO SUPPORTS 2 RLL DRIVES $89.95 

286/ 386 FLOPPY/ HARD $149.95 
• I I INTERLEAVE FOR IMPROVED PERFORMANCE 
• CONTROLS 2 HARD & 2 FLOPPY DRIVES (36-0K/720 I 2MBI 
1 J4MBi • CONCURRENTLY USE HARD & FLOPPY DRIVES 
MCT-FAFH 

IDE MULTl-10 FLOPPY/ HARD $89.95 
• SUPPORTS 2 IDE HARD DRIVES & 2 FLOPPIES • 2 SERIAL 
& I PARALLEL PORT • SUPPORTS COMI &2. LPT 1,2.3 
MCT·IDE!O 

4800/2400 BPS 
FAX MODEM 
• 4800 BAUD GROUP 111 FA X TRANSMISSION ONLY • 2400 
BPS DATA MODEM· w .MENU DRIVEN PROFAX SOFTWARE 
• SENDS DCS TEXT PCX & TIFF FIL ES TO FAX TRANS 

MCTFAXM .•...•••. , .. .•..••..•...•. , .•.••••••.•••.••••••••.• .•.• $119.95 
MCT241 INTERNAL 2400 BAUD DATA MODEM $89.95 
MCT-1 21 INTERNAL 200 BAUD DATA MODEM $59.95 

VIVA 2400 
BAUD MODEM 511995 

• 2400 12001300 SAUD OPERATION • HAVES 
AT COMMAND SET COMPAT • EXTE OED 
S·REGISTER PROGRAMMING · SPEAKER 
• 2NO PHONE JACK • AUTO DIAL TONE/ 
REDIAL • STD RS·232C INTERFACE 
VIVA24E . ................................. Sl 19.95 

VIVA-24MNP ............................ $149.95 
ERROR CORRECTING VERSIO 

$859 

$373 
$429 

INTERFACE CARDS 
MULTIFUNCTION 1/ 0 CARDS 
MULTI 1/ 0 CARD $59.95 
• SERIAL PORT • CLOCKICALENDAA WITH BATIERV 
• PARALLEL PORT IS ADDRESSABLE AS LPT1 OR LPT2 
MCT-10 

MULTI 1/ 0 FLOPPY 5 79.95 
• SUPPORTS UP TO 2 J60K FLOPPIES 
· SERIAL P~RA.LL.EL. . GAME PORT ANO CLOCKiCALENOAA 
MCTM IO 

286/ 386MULTI1/ 0 CARD $59.95 
• SERIAL PARALLEL AND GAME PORTS • USES 16'050 
SERIAL SUPPORT CHIPS FOR HIGH SPEED OPERATIO 
MCT·AIO 

NEW! ALL·IN-ONE-CONTROLLERS129.95 
• MONOCHROME GRAPHICS • SUPPORTS 2 IDE HARO 
OAIVES AND 2 FLOPPIES • 2 SERIAL AND 1 PARALLEL PORT 
MCTMGEIO 

MEMORY CARDS 
576K RAM CARD $49.95 
• USER SELECTABLE CONFIGURATION TO 57&K • USES l><K 
A D 256K DRAMS !OK INSTALLED) 
MCT· RAM 

EMS CARD $129.95 
• USEREXPANDABLET02MB UStNGtMBDRAMS • CO· 
FORMS FULLY TO LIM EMS 3 2 • RAM DISK SOFTWARE 
MCT· AEMS .... , ... , ...•...•.•••...•..••...•..•..••...... , . .. , ...• S 129.95 
MCT·A EMS256 USES ••256 DRAMS $129.95 
MCT·EMS 81188 EMS CARD 2MB CAPACITY Sl 29.95 

EEMS CARD $149.95 
• EXPANDABLE TO •MB USING 256K X 4 DRAMS I 
INCREMENTS OF 512 • CO FORMS TO LIM' 0 
MCT· EEMS 

LOGITECH 
SERIAL 
MOUSE AND 
WINDOWS3.0 
LOGITECH'S SERIAL MOUSE REQUIRES NO CARD
JUST A SERIAL PORT. INCL. 9·TO 25-P!N CABLE. 

WINDOWS 3.0 ISTHE 1ST TRUE INTUITIVE G .U.I. 
(GRAPHICAL USER INTERFACE] FOR YOUR MS-DOS 
COMPATIBLE PC! ADDRESS UP TO 16MB DIRECTLY! 
NOW GET BOTH ITEMS AT ONE BARGAIN PRICE! 

LO GC9-WIN 
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CHAOS MANOR 

MAIL 


}err Pournelle answers questions about his column 
and related computer topics 

Expansion Solution 
Dear Jerry, 

Last November , I wrote to you to ask if 
you knew of any way that I could add 
extra slots to an AT in which the existing 
expansion slots were already full. You 
replied that you did not know of any 
available commercial equipment for this. 
I got sim ilar replies from other ou rces, 
as well. 

You might be interested to hear how I 
have solved this problem. An inquiry to 
Jameco brought the information that the 
company has an extender card/slot kit , 
catalog number PCL755C. It consist of 
a card that plugs i.nto a 16-bit slot and is 
connected to a second card by three plug
i.n ribbon cables. The second card has 
one 16-bit and two 8-bit slots. By simply 
addi.ng another edge connector, it can 
easily have a total of two 8-bit and two 
16-bit lots . Power for the additional 
slots can come from the main computer 
(via the ribbon cables) or from an exter
nal source (+5and + 12 volts) . 

I bought this extender kit, a long with 
an XT flip-top cabinet and an XT power 
supply. The second extender board (the 
one with the additional slots) mounts eas
ily in the XT cabinet. I only had to drill 
ix mounting holes and mount the ex

tender board on brass standoff that were 
provided with the cabinet, instead of 
using its own plastic mounting standoffs . 
The + 5- and + 12-V cables from the XT 
power supply had to be extended to reach 
the power connector on the extender 
board . The - 5- and - 12-V (low-cur
rent) suppl ies still come from the mai n 
computer. The + 5- and + 12-V supplies 
from the main computer to the extender 
are disconnected by removing two fuses 
on the extender board that plugs into the 
computer. 

I removed one 8-bit ca rd (which was in 
a 16-bit s lot) from the main computer and 
replaced it with the first extender board . 
This card was then put into one of the 8
bit lots in the XT case . I used another 
slot for a scanner, and I now have two 
spare 16-bit slots. As soon as I can afford 
it. I intend tO mount a backup tape drive 
and its controller in the XT cabinet. 

The ribbon cables between the two 
cabinets probably would radiate RFI in 
excess of FCC requirements . Although 
this did not bother any electronic equip
ment in my house, and I am well away 
from any other houses, I provided some 
shielding. To do this I fabricated a metal 
trough that bolts to both cabinets and 
fully encloses the cables. A crude solu
tion would be to use grounded aluminum 
foil. 

The extender card kit is rather expen
sive, especially considering that it is 
made in Taiwan . It costs $99.95 plus 
freight. The total cost was about $220, 
including freight , extra connectors , and 
so on. For this, however, I have been able 
to add a canner. I will be able to add an 
internal tape backup (which is less ex
pensive than an external one) and will 
still have a spare slot left. 

L. D. Thomas 
Georgetown, DE 

Thanks for letting us know!-Jerry 

Adding Up Bytes 
Dear Jerry, 

I am writing you to explain the di 
crepancies that you found with the re
ports of XTree and the Norton Com
mander (Computing at Chaos Manor, 
February) . 

What you got is not very odd . The total 
number of files i right : CHKDSK re
ports three hidden files , one of which is 
the Volume Label (if you do some peek
ing around with the orton Utilities , 
you' ll find it stored in your root directory 
like any file; it just has a special attribute 
bit set), and the IO .SYS and MSDOS.SYS 
system files . Of these three " files ," 
XTree (correctly) counts just the last 
two . Add two to the 1662 " user files" 
that CHKDSK reportS , and you have the 
1664 that XTree reports. 

Note that all the figures the Norton 
Commander gives you for total directory 
space are exact multiples of your cluster 
size (2048 byte ). That is all the space al
located to your files, including the slack 
area at the end of each file . On the other 
hand , when you select some files , the 

Norton Commander adds their "logical " 
' length , without the slack. If you ru; File

Size in your directory , it will give you 
both figures. So, your small directory 
contain three files that use five clusters. 
even though part of that space (I 0 ,240
6128 bytes) is wasted. 

The differences in total drive size can 
also be explained by considering that you 
could take I MB = 1,000,000 instead of 
the correct value: 220 = 1,048,576 bytes. 

either XTree nor the orton Com
mander is wrong ; they just do different 
computations. 

Gino Lucrezi 
L 'Aquila , Italy 

l confess that I get laz.y sometimes in a 
case like this . since I know l can count on 
a reader to explain what ·s going 011. 

Thanks.'-Jerry 

Locating Genius 
Dear Jerry . 

I just read your comments on Kun 
Yung Enterprise ' s Geniu s Genitizer 
(Computing at Chao Manor , Augu t). 

Tfound a U.S. addres for KYE Inter
national in a database called COMPLIB 
on CompuServe . That' where J find the 
names, addresses, and telephone num
bers of most manufacturer . KYE Inter
national can be reached at 12675 Colony 
St. , China , CA 91710, (800) 456-7593 
or (714) 590-3940; fax: (714) 590-1231 ; 
BBS: (714) 590-3485. 

Andre Mallette 
St. -Leonard. Quebec. Canada 

Thanks. Of course . we good BIX users 
don 't use CompuServe, but . . . . 

I did manage to make colltact with the 
company eventually. and the people there 
say they 'l/ put the U.S. address in their 
new stuff-Jerr • 

Jerry Pournelle holds a doctorate in psy
chology and is a science fiction writer 
who also earns a comfortable living writ
ing abow compwers prese/11 and future. 
He can be reached c/o BYTE, One Phoe
nix Mill Lane, Peterborough, NH 03458, 
or on B!X as "jerryp." 
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PRINT QUEUE 

Hugh Kenner 

Stomping the Nasties 
Afield guide through the jungle 

ofcomputer invaders 

V iruses-There Are No Such Things! That statement ap
peared in print some three years ago . But there are so 
such things , as the fracas at InterNet/ ARPANET dem

onstrated late in 1988. That was when , coast to coast , 6200 ma
chines got immobilized by what seems to have been a prank that 
outran control. 

But what, me worry? I sit tight at my home machine. Well , 
no , you needn ' t worry , not at all , provided only (I) your ma
chine has no modem link to the outer world ; (2) you never share 
floppy disks with anyone; (3) you run no software ave what 
you 've written yourself. So runs the considered opinion of John 
McAfee, coauthor (with reporter Colin Haynes) of Computer 
Viruses, Worms , Dara Diddlers, Killer Programs, and Other 
Threats to Your System (St. Martin's Press, 1989, $16.95). 

McA foe is founding chairman of the Computer Virus I ndu 
try Association, which logged over 300,000 virus infections in 
1989 alone . And how many 
went unreported? That's any
one's guess. Users are ready 
to blame malfunctions on , 
oh, operator error. It 's when 
linked machines malfunction 
identically that suspicion be
gins to stir. And when suspi
cion stirs in Silicon Valley , it 
often prompts a call to John 
McAfee, who climbs into a 
motor home that is loaded 
with virus-catching equip
ment and steers toward the 
new client 's parking lot. 

Those of us who lack occa
sion to call on McAfee can 
profitably read his book. It 
does the great service of help
ing us understand what there 
is to worry about. And vi
ruses do offer plenty of rea
sons to worry . 

Like "·hacker," "virus" is 
a term misused to the point of 
utter confusion. First, we are 
not talking about the antics of 
crackers, who infiltrate sys
tems to filch credit-card num
bers or just leave word that 
they called. We are talking 
about a piece of code. ot just 
such a piece of code as is 
meant, say, to install an illicit 

account in a certain bank' s system and gently transfer funds to 
it. That ' a worm. And not just omething meant to go berserk 
on a preset date. That 's a logic bomb . (When a Maryland li
brary withheld payment for a bug-riddled system, it discovered 
that the upplier had installed a logic bomb: " Pay up, or your 
data vanishes! ' Luckily it was located before it went active.) 
And not just malign software disguised as ometh ing interest
ing. That' a Trojan horse. 

No, a bona fide vi rus may resemble any of the above , but it 
has one further and deadly capability. It replicates. That means 
a si ngle copy can spawn many thousand on many thousand ma
chine . And how does that happen? 

Well , somehow or other you've acquired a floppy disk with a 
virus embedded in one program (its host) . Its first act is to sepa
rate from its host and make copie of it elf that go hunting 
through your directories for other ho t they can live in . Any 

new floppy disk you install 
will be likewi e earched; 
eventually, the virus will be 
lodged in a program you 'II in 
all innocence pass on to a 
friend .. . and o on. 

Which o far amounts to 
very little, ave that increas
ingly numerous program s 
grow bigger by a few byte . 
That wa all the famous Inter
Net viru was meant to do: 
just pread it elf about , to the 
glee of its perpetrator. Unfor
tunately , it c;ontai ned a mild 
coding error. It hould have 
kept clear of programs it had 
already infected. It didn't; 
soon. 6200 interli nked ma
chine: were busy at nothing 
save jamming one another till 
CPU aturated and system 
after sy tern died. (E timated 
total damage in lost access 
time and wasted work: $98 
million.) 

McAfee offers fascinating 
detail on how a virus rolls up 
it sleeves . Thus, a few, like 
the Pakistani Bra in- toward 
which virus-catchers genu
flect re pectfully-concen
trate on the boot sector. the 
handful of bytes that load the 
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operating system . They move that to a sector they flag "unus
able,· and then replace it with a customized boot sector that 
will be in control the next time the machine is turned on . 

From now on Darth Vader is running your machine. on the 
lookout for opportunities . He can intercept any attempt to mod
ify the boot sector. And if you try to check the boot sector , 
why, he shows you the clean original he first stashed away! And 
every disk placed in the computer becomes infected in tantly. 
"In some corporations, boot sector viruses have spread to a 
thousand computers in les than a week," says McAfee. The 
Pakistani Brain itself "rampaged through the newsroom and 
bureaus of the Pro11idence Journal ," apparently after one em
ployee put an infected disk in a home computer. 

And so what? Well , the Pakistani Brain is by no means as 
innocent a the InterNet viru was intended to be. It asks for 
ransom. onpayers find files trashed and systems crashing. o 
one know how many copies lie dormant here and there . It was 
spread from Pakistan on disks with pirated copies ofWordStar 
and Lotus 1-2-3 sold at a fraction of the U.S. makers' prices . 
The author 's motive? Apparently . irritation when programs he 
himself had written were pirated . 

So just avoid bootleg copies? Alas, you cannot be sure . Pro
grams routinely go out for beta te ting-massive usage, to find 
bugs-and who knows what beta te ters may have done to the 
disks they send back? Or not know they have done? An inno
cent beta tester returned to a Seattle firm a disk he 'd worked 
with on a Macintosh he didn't know was infected . Soon, thou
sand of distributed copies were carrying disease. (The firm
Aldus-acted responsibly , at heavy cost .) So you'll understand 
the panic of the man whose newsletter shouted Viruses-There 
Are No Such Things . His bu iness wa selling public domain 
software on disks . Public domain? That 's distributed via multi
ple acts of copying. Who knows who's been meddling with it en 
route? 

And who are these meddlers? In an interview I've read else
where, McAfee said he had no idea except that some of them 
were pretty smart programmers . The more lurid ideas in the 
book he has cosigned we may perhaps ascribe to his collabora
tor, who likes phra es like "operating on thedark side ." G:hap
ter 6, " A Walk on the Dark Side ofa Subculture." presents 
isolates who shun ''conventional human contact,' silicon being 
so much more dependable . One of them , who'd broken into 
Digital Equipment's system, shed tears on being accused of 
"harming a computer. " Couple a sensibility like that with "a 
real or imagined grudge against big business. the government , 
or the computer community establishment a a whole. · and you 
have (it says here) such a psyche as shoots at random into 
crowds. 

OK , let's buy that to go on with. My problem with all uch 
scenarios is that. accurate or not, they set adrenaline point
lessly flowing. Better to gaze calmly at such gems as the list. on 
pages 89- 91 , of just under 400 common passwords . That list 
wa embedded in the InterNet virus, which it served as a skele
ton key: " Over 90% of all large systems" have "at least one 
user" whose password it exhibits . Be ure that key fits no lock 
of yours. (Some samples: Dog. Batman, Rolex , Carmen , 
Wisconsin .. .. ) 

Or ponder the fact that you ' re reading thi review (and I hope 

T:ereare 
three types ofantiviral 
products, all useful, 

none totally safe. 

wi ll read the book) . But you ' re a computer-literate reader of 
BYTE. And administrators and law enforcers are apt to be so 
far from computerdom they either can't begin to comprehend 
what's been done wrong or else just panic blindly. When PCs at 
Lehigh University were infected in 1987 , Lehigh fired the pro
grammer who'd identified the virus and written an antidote . (If 
he knew so much, maybe he planted it in the first place?) 

Or read the section on antiviral product and how they work . 
There are three main types , all useful none totally safe. One 
type tries to keep viruses out , and it can be confused by things 
programs do normally ; thus it can emit so many false alarms 
you stop paying attention. Also , it ' s vulnerable to the boot sec
tor strategy , which has taken effect before the antiviral pro
gram-or anything else-is loaded. 

A second type tries to find and defu e viruses as they arrive ; 
best, by keeping a "' snapshot" of the system status when it 's 
installed and thereafter watching for ominous variations. A 
third type looks for and cleans up viruses already present; its 
weakness is that it needs constant updating to insert the finger
prints as new strains get identified. 

For a 50-page chapter on 73 known PC viru es-what they 
do, how to find them, how to zap them-try Richard Levin 's 
Computer Virus Handbook (McGraw-Hill , 1990. $24 .95) . 
This big book is meant for serious computer users: the McAfee
Haynes volume trolls for curiou bystander as\ ell. 

Ifyou don't feel like paying $16.95 for McAfee-Haynes you 
can get it free with a program called Virucide (from Par ons 
Technology, 375 Collin Rd. NE, Cedar Rapids. IA 52402 , 
(319) 395-9626) . Although Yirucide i not mentioned in the 
book, Par ons a ures us that McAfee had a hand in it. From 
the fact that an updating policy is announced, I'll guess that it's 
mainly type 3 . (The manual keeps a 1ery low profile and digs 
itself the usual foxhole : No Warranty of Any Kind .) 

Well, Virucide installs easily runs fa t, and tells me that my 
"preowned" 386 ystem hm no trace of a virus in any of 
some 20 megabytes of preowned oftware. That' s a comfort, 
even though I'm left unsure how much reassurance it may 
really offer. Next? Well. I'll , ye , run Virucide periodically. 
And reflect that I can never hope to be in what medical virolo
gists call a sterile environment. • 

Hugh Kenner is a professor ofEnglish at Johns Hopkins Univer
sil) . He writes for publications ranging from the New York 
Times to Art & Antique . His recent books include Mazes and 
Historical Fictions. He can be contacted on B!X as "hkenner. " 

Your questions and commems are welcome. Write to: Editor, 
BYTE. One Phoenix Mill Lane, Peterborough , NH 03458. 
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STOP BIT • Laurens R. Schwartz 

PROMISES, PROMISES 

What's in a warranty? 
Most of the time, 
not much 

W
hen computers first became 
commercially available , 
they were bundled with soft· 
ware and sometimes mainte· 

nance agreements . Were tho e sale con
sidered "sales of goods' (and therefore 
under the purview of the Uniform Com
mercial Code) , or were they "sales of 
services," controlled by contracts and 
common law? Was software an intangible 
or a product? Was a maintenance agree
ment part of a sales transaction or a ser
vice arrangement? 

Thi i ju t the kind of meaty debate 
that lawyers who know nothing about 
technology lo e. They held tax-deduct
ible meetings in exotic locations , filed 
lawsuits , and is ued proposals . After the 
expenditure of millions of dollars , it was 
decided that sometimes a system is a ale 
of goods , and sometime it isn't ; it all 
depend . 

With tho e is ue clarified let' s move 
on to how goods are sold. When a sales
per on makes promises of vector per 
second or immediate rendering, are hi 
or her words legally binding? In most in
stances, the law will find that whatever a 
salesperson says is precatory . That word 
would be better spelled predatory . but 
precatory is an aspect of caveat emptor
let the buyer beware. A reasonable person 
should know that the Brooklyn Bridge is 

Srop Bir is an open forum for informed 
opinion on ropics related ro personal com
p111i11g . The opinions expressed are those of 
the author and not necessarily those of 
BYTE or its staff Your contriburioru and 
co111111e111s are welcome. Write to: Ediror, 
BYTE, One Phoenix Mill Lane. Peterbor
ough . NH 03458. 
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not for sale and that if it is, it needs a lot of 
repair work and a coat of paint. 

On the other hand. what a salesperson 
say is sometimes considered a warranty , 
even though the first thing you see when 
you unbox a new system i a piece of 
paper saying you have no warranties ex
cept for a limited 90-day or one-year 
warranry. That limited warranty typica l
ly says that if you don't follow certain 
conditions , such as returning the equip
ment in its original packaging, the war
ranty is off. Of course, computers and 
peripherals are packaged in boxes 20 
times their size with foam rubber in
sens , molded plastic sidings , and mil
lions of foam peanuts . Saving the pack
aging eventually means renting space in 
a warehouse. 

The limited warranty then ays that 
the company will replace the failed com
ponent wilh a new one or a u ed one. at 
its discretion. Th is is known a the law of 
refurbishment . One ne\ twist to the law 
of refurbishment is that used equipment 
is sometimes refurbished and resold as 
new. Recycling u ed equipment has even 
spawned its own specialists: repackagers 
who clean equipment , spray it with that 
smells-like-new odor, rewrap cable in 
plastic bags , re-shrink-wrap manuals , 
iron out wrinkles in boxes, and put in 
blank registration forms . ow you know 
why they make you return equipment in 
its original wrappings . 

Warranties are covered primarily by 
the Uniform Commercial Code. The 
word "uniform" isusedtothrowoffnon
lawyers so that they're forced to hire law
yers who understand that uniform mean 
one thing to lhe public and another to 
lawyers. Th.is code is not uniform , hav
ing been adopted by some of our states 
with varia tions . In situations such as 
this , lawyers use the phra e 'the general 
rule is. ·· The general rule is that just 
about every warranty (and remedy) can 
be disclaimed by a seller if the disclaimer 
is printed in VERY BIG TYPE. 

But suppose a salesperson tells you 

that a system is capable of performing in 
a certain manner, and you purchase it re
lying on that statement. You later find 
that the system does everything from 
barking li ke a seal to waking you up in 
the morning but it cannot do that one 
thing that you bought it for. Then you 
might have a case for a breach of warran
ty of fitness for a part icular purpose. Of 
cour e, getting a judge to pronounce your 
victory will probably cost you more than 
the system did . 

Then there 's the law of disappearing 
days. Suppose you have a 90-day warran
ty and you didn't purchase a service plan. 
The machine break down on the tenth 
day . It take you four days to retrieve all 
the foam peanuts. three days to repack 
the equipment, and 16 days to obtain 
your authorized return number. Sending 
the machine back using a ground service 
will take four to five business days but 
will cost only a few dollar , or you can 
use an expres service that will deliver 
the machine in a day or two for what it 
cost you to purcha e the equipment. In
evitably , you 'JI get the machine back one 
day after the warranty ha expired . 

A decent manufacturer (or dealer or 
mail-order house) will extend the war
ranty period to take into account when 
the machine failed and when it wa 
returned repaired. Some states require 
the extension. But gue s what? 1n most 
cases the burden of an extension is on 
the purchaser . In other words. you are 
providing your elf with your own war
ranties. 

That ' s what democracy is all about: If 
tho e manufacturer won't give you a 
warranty. you are free to pay for one. • 

Laurens R. Schwartz is a New York auor
ney and computer co11s11lranr. He is the 
author ofnumerous articles and books on 
1echnology, including the Computer Law 
Forms Handbook (Clark Boardman Co. ) 
and rheforrhcoming Computer Art Book 
(W. W. orron). He can be reached 011 
BIX c/o "editors. " 
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With aTandy® 
laptop, PC 
power is always... 

. . . right at hand. 
With Tandy's line of powerful laptops, there's no reason 

to leave your computer behind. 

If you like to travel light, pick up the Tandy 1100 FD
the only notebook-size PC with instant-on DeskMate® 
word processing built in. At only 6.2 lbs., the 1100 FD 
is the ultimate PC compatible for combining portability 
and affordability. 

Tandy Computers: Because there is no better value.511 

Or grab the slim, 6-pound Tandy 1500 HD with a 20MB 
hard drive and DeskMate software . If you demand 286 
power, our Tandy· 2800 HD is ready co run, with 640 x 400 
EGA graphics. Plus, there's the Tandy 102-the 3-pound 
portable that started the laptop revolution. 

Get your hands on a Tandy portable today .. . you'll 
never have to be without your computer again. 

ltad1e lhaeK 

COMPUTER CENTERS 

A DIVISION OF TANDY CORPORATION 
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