


The fast lane is fas 

0ur new Turbo structure. It's powerful. decessor, Turbo Pascal 

Pascal 3 4.0 is so coherent. easy to learn 3.0 is Lhe worldwide 
fast. it's almost and use-and with 1l1rbo standard, and with Turbo 

I want to upgrade to Turbo Pascal 4.0 
and the 4.0 ToolboxesYES! 
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reckless. How fast? 
Better than 27.000 lines 
of code per minute. That's 
much faster Uian 3.0 or 
any other Pascal compiler 
and the reason wily you 
need 4.0 today. 

Pascal. The fastest 
and the best. 

If you're just now 
learning a computer lan­
guage, learn Pnscal. If 
you 're already program­
ming in Pnscnl. you're 
programming wit11 a 
winner because Pascal is 
the worldwide language 
of choice. Pascal is the 
most popular language 
in university computer 
8cience clnsscs and with 
computer en th usiast.s 
who appreciate Pascal's 
modern programming 

Pascal 4.0-fm;ter than 
ever before. 

1l1rbo Pascal: 
Technical excellence 

Commitment to tech­
nical excel lcnce and 
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I 
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superiority also means 
commitment to detail. 
however painstaking. ancl 
tliat. takes time. 4.0's pre-

Pascal 4.0. we've bet­
tered that standard. 4.0 is 
clearly the world's fastest 
development tool for the 
IBM~ PS/2 series, PC's 
and compatibles-and the 
world's favorite Pascal 
compiler. 

4.0 breaks the 

code barrier 


No more swapping 
code in and out to beat 
the 64 K code barrier. 
Designed for large pro­
grams. Turbo Pascal 4.0 
lets you use all 640K 
memory in your compu­
ter . You paid for all that 
memory. now you can 
use it freely. 

Fur rhc IBM 11:-:/2 and lhr IHM and 
!:ompaq f11111 iIi~s nr per~onal cnmputrrs 
arul al I !00% ro111p<lli hlrs. 



ter than ever before! 

automatically saved and 
shown in the output 
window. You can Scroll. 
Pan. or Page through all 
your output and know 
where everything is all the 
time. Given 4.0's integra­
tion. you can edit. compile. 
find and correct errors-all 
from inside the integrated 
development environ men L. 

Yau '/J never Jose your 
mind, because 4.0 
never loses your place 

Whenever you re-load 4.0. 
it remembers what you and 
it were doing before you 
left. It puts you right back 
in the editor wiC.h the same 
file and in the same place 
as you were working last. 
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4.0 usec; logical 
units for separate 
co111pi/ation 

Pascal 4.0 lets you 
break up Lhe code gang into 
"units." or "chunks." These 
logical modules can be 
worked with swiftly and 
sepnrntely-so that an 
error in one module is 
seeable and fixable. and 
you're not sent through all 
your code to find one error. 
Compiling and linking these 
separate units happens in a 

flnsh becnuse your compil­
ing horsepower is better 
than 27,000 lines a min­
ute.* And 4.0 also includes 
an automatic project Make. 

4.0's cursor 
automatically lands 
on any trouble spot 

4.O's internctive error 
detection nnd location 
means that the cursor 
automatically lands where 
the error is. While you're 
compiling or running a 
program. you get an error 
message at. the top of your 
screen ancf the cursor flags 
the error's location for you. 

4.0 gives you an 
integrated program­
ming envirorunent 

4.0's integrated environ­
ment includes putt-down 
menus and a built-in editor. 
Your program output is 
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Nows the time 

for a fast decision: 


Upgrade now to 4.0 ! 

Compatibility with • Interactive error 
Turbo Pascal 3.0 detectionI Iocation 

• lnclucles acommand lineWe've created 4.0 to 
version of the compilerbe highly compatible with 

version 3.0 and included a 4.0 also 
conversion program and • Saves output screen in a 
compatibility units to help window 

• Supports 25. 43 and 50you convert all your 3.0 
lines per screenprograms to 4.0. 

• Generates MAP files for 
debuggingHighlights of 

• Has graph units including
Borland's new CGA, EGA, VGA. MCGA, 
Turbo Pascal 4.0 3270 PC. AT & T 6300 & 

Hercules support.
•Compiles 27.000 lines • Supports extended data 


per minute types (including word. long

• Supports >64 K programs integers) 
• Uses units for separate • Does smart linking 

• Comes with a free revisedcompilation 
MicroCalc spreadsheet• Integrated development 
source code environment 

4.0 is all yours for only $99.95 

Sieve (25 iterations) 

Turbo Pascal 4.0 Turbo Pascal 3.0 
+ 

Size ol Executable FrJe 2224 bytes 11682 bytes 

Execution speed 9.3 seconds 9.7 seconds 

S.e~ 01 £roios:r~es. ,..., on ii" 8MH1 18M Al 

5ulee ~ ~ee !tie aoo.~ •S 100 ~I to 1~e aa;nerl<l:e " CG~I~ ill'lell oe corroled °" GOMIJ~U progr;n ~Ml \Ibo ~ tll g,.. 
,,., • ~,... """ ol - !ru'.h ll!lor ~ 0 rl'.!lry ~· 

Compilation of GO.PAS (1006 lines) 

! Turbo Pascal 4.0 Turbo Pascal 3.0 
Compilation speed 

-
2.2 seconds 

--- ­
3.6 seconds 

Lines per minute 27.436 16,750 

G 0 PAS CM"(Hf!~ D11 on BMHz IBM AT 60-0ay Money-Back Guarantee·· 

For the dealer nearest 
you or to order call 
(800) 543-7543 . 

•, I I I ' • ... 1 '• 1 

Circle 26 on Reader Sen•ict Card (DEALERS: 27) 



Lisp 
Contents 

os 	 PRODliCTS IN PERSPECTl\ 'E 
67 	 What's New 

89 	 Short Takes 

QuickShare 

Agenda 

Word 4.0 

Portable Vectra 

Coldblue 

Ask Dan About Taxes & Tax Preparer 

VOPEX-2 M 


m·er Stor y 
I00 Multiscan 

Color Monitors 
by George A. Stewart 
These versatile displays 

let you use 

today· s wide range 

of graphics adapters. 


RC\'iew 
117 Compaq Flex.es lls Muscles 

by Mark l. Van Name 
The Compaq Deskpro 386/20 offers the highest level 
of PC performance yet. 

129 The Tandy 4000 
by Mark L. Van Name 
A solid AT-compatible 80386-based system. 

135 Datavue's SpPT"k and Snap l +I 
bv Alex Lane 
Two laptops that anempt to break away 

from the crowd. 


142 Micro Channel Memory Boards 
bv Jonathan Shiel/, Bud Smirh , and Curris Franklin Jr. 
Alook at seven memory boards for the IBM PS/2 
Mod~ls 50 and 60. 

146 A Quintet of WOR.l\1s 
by Way11e Rash Jr. 
Five write-once optical disks for the IBM PC 
and compatibles. 

153 Turbo Pascal 4.0 
by Walrer &mks 
A new modular design di sintegrates the 64K-byte 
barrier of earlier versions. 

156 MPW C for the Mal· 
by Mike Wilson 
A software development environmenr 
for the 68020/68881. 

165 dBASE Msc vs. McMsx 
by Namir Clement Shammas 
Ashton-Tate and Nantucket Corp. move 
into Macintosh software with database packages. 

168 MatbCAD 2.0 
by George A. Srewart 
A mathematical scratchpad for MS-DOS computers. 

172 RS/l Resean:h System 
by Harley P. Macon 
A powerful and easy-to-use data-analysis package . 

Columns 
179 Computing at Chaos Manor: 

Life arter La'l Vegas 
by Jerry Pou me/le 
Jerry tries out new products for the 386, 
a Mega ST, and a huge COMDEX. 

199 Applications Only: Shortcuts for Simplicity 
by Ezra Shapiro 
MaclnTax and TaxView , a brainy printer cable. 
TopDOS, and PowerStation . 
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Camera-ready 
2X artwork trom on HI or HP pen ploMer 

The Smart Buy. Guaranteed. 

Still priced at $895, smARTWORK 
is proven, convenient. and fast. 
Our money-back guarantee lets 
you try srn.AR1WORK for 30 days 
at absolutely no risk. Call toll free 
(800) 742-6809 today and put 
smARTWORK to work for you 
tomorrow. Thars smart work. 

System Requirements 

D IBM PC. PC Xl or PC AT with 38LIK 
RAM. ond DOS V2.0 or later 

D IBM Color IGraphics Adopter with 
RGB color or B&W monitor 

D IBM Graphics Printer or Epson 
FX/MX/ RX-series printer. and/or 

D Houston lnsfrument DMP-40. 41 , 42. 
51. 52. or HewleM-Packord 7Ll70. 
7475. 7550. 7580. 7585. 7586 pen 
plotter 

D Optional Microsoft Mouse 

Wintek Corporation 
1801 South St. 
Lafayette. IN 4 7904 
Telephone: (800) 742-6809 
In Indiana: (317) 742-8428 
Telex: 70-9079 WINTEK CORP UD 

~.i';f'ICl!r ~... ~""-~~~Nog.~~·~ 

.........._Lorpi:IPOkJri "J.J.:1CAl•.1 ,.il~M~<J~ll"I(" 

1 .........-­..t)-ll 

smARTll\ORK~ Kee 


become a part of the software. 
smARTWORK is an even better 
value. Thot's why vve 

Currenl Veislons 
H•'M~ VI 1r l 
smAf<IWORI( V1 JrS 

offer it with a thirty­
-back 

Using on Epson or IBM dOt-matnx 
prin1e1. y0u con crea!e 2X orlw-o!'k and 
1Xor 2X checkplots in o fraction of the 

Getting Smarter 

Smarter Artwork 

Three years ago, Wlntek engi ­
neers created smAR1WORK to 
reduce the time and tedium of 
laying out their own printed-circuit 
boards.Thousands of engineers 
have since discovered the ease of 
use and sophistication that makes 
smARTWORK the most popular 
PCB CAD software available. And 
thanks to them. smARTVv'C)RK keeps 
getting better. 

smARl'NORK transforms 
your IBM PC into o PCB CAD system 

Interactive routing, continual 
design-rule checking. pad shav­
ing. and production-quality 2X 
artwork have always been a part 
of smAR1WORK. And now that 
many customer suggestions have 

D Quick printer 2X checkplots 
D Additional drivers for printers 

and plotters 
D Optional drill-tape and 

Gerber photoplotter utilities 
D AutoCAD .DXF file output 
D Completely updated 

manual 
D 800 number for free 

technical assistance 

doy money
no-nonsense 
guarantee. 

hrne harid-taping requires 

___....._ _____••_. __ 

Cirr:lr 1S6 on Rt.adtr Stniu Card 

New smARTWORK Features 

D Silkscreen layer for component 
placement and identification 

D Text capabilities for all three 
layers 

D Selectable trace widths and 
pad shapes and sizes 

D User-definable library 
D Ground planes created with a 

single command 
D Solder-mask and padmaster 

plots generated automatically 

2" by 4" section of a 1O" by 16' double-
sided board with silkscreen layer 

, ___.....__.,.. ____......, 
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EDITORIAL 


News and Technology 

There's something different in BYTE this 

mooth . It 's a change that appears small, 

but-like the tip of the proverbial ice­

berg-represeats something fur larger. 


This month, our Microbytes section is 
33 percent larger. That 's the "small" 
part. But it represents a larger internal 
cha.nge here at BYTE: we've created a 
brand-new "News and Technology" de­
partment headed by Rich Malloy, our se­
aior technical editor in New York. 

This new department is the first visible 
sign of many operational c.hanges we have 
under way here at BYTE: we've literally 
outgrown the internal structures that 
served so well for BYTE's first decade. 
Now, starting with the department that is 
BYTE 's eyes and ears in the microcom­
puter industry, we're taking a critical 
look at the way we operate-all for the 
purpose of making BYTE more respon­
sive , flexible, timely , and just plain bet­
ter than ever . 

Here 's what Rich has to say about 
BYTE's new news department: 

"The What 's New and Microbyte.s sec­
tions of BYTE have consistently been two 
of the most popular parts of the maga­
zine, and dese rvedly so. What's New 
presents the vital facts about new signifi­
cant hardware and software. Microbytcs, 
on the other hand, provides important in ­
formation about new technology . In botb 
cases, we don't waste your time.: every­
thing 's presented in a short and easy-to­
read format. And-unlike what you find 
all too often in the me-too microcomputer 
news publications--we never merely re­
package press releases. We pre.sent only 
the most sig:nificant a.od factual material, 
frequently the result of undupl icated 
original reporting and research." 

Microbytes 

Dennis· Barker. who coordinates the 

Microbytes section of the news operation, 

agrees: 


"In M icrobytes, we talk about research 
and developments that will eventually 
change the W'llY you use your computer, 
change the way your computer works. We 
write about innovative uses of personal 
computers. regardless of brand name. 
Some stories are based on information 
from the R&D departments ofthe kaders 
of the microcomputing industry, but 
others derive from the less-splashy but no 
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less important work done i.n some plai.n 
little room somewhere by someone you 
have probably never heard of: No matter 
what the source, if their work is likely to 
alter the way you use your computer, 
we'll cover it. You won't find stories like 
these in other c.ompute.r magazines. 

"Or anywhere--except in the on-line 
version of Microbytes on BIX. Each 
weekday we run new stories on computer 
technology and the computer industry. 
We cover R&D, industry seminars and 
events. and new and forthcoming prod­
ucts. We also provide daily live coverage 
of big shows like COMDEX, where we. 
unleash a whole pack of reporters and 
editors on the show floor . 

"BIX users can se.nd us messages on­
line asking for information about the 
show, about what's been announced, 
about a certain new product, about what a 
certain company is doing, and we do our 
best to track down answers for them. The 
electronic media lets us be timely as well 
as interactive . Our on-line readers can 
zap us a message right after reading a sto­
ry . And we get right back to them . Have 
you ever tried getting in touch with a par­
ticular reporter at a newspaper? I don't 
think too mnny publications offer such 
lines of commun.ication." 

Short Takes, and More 
The new News and Technology depart­
ment is also responsible for our Short 
Takes section, where we present concise , 
hands-on evaluations of brand new prod­
ucts-so new , in fact, they onen haven't 
officially been released for sale. AH our 
Short Takes are staff-written. so you can 
be assured of the quality and objectivity 
of the information we prese.nt there. Anne 
Lent has bee.n doing an excellent.job put­
ting tllis section together. We will be-con­
siantly fine-tuning and improving it in the 
future. 

Of course, making improvements on a 
quality product is rarely easy. whether 
you are talking about Short Takes, or the 
entire News and Technology department. 
But here's what Rich Malloy bas in mind: 

"We want to make. our inforrna1ion as 
accessible as possible: Imagine the high ­
quality What' s New section, bUI with 
more photographs and technical graph­
ics. Now imagine a phone service that 
you can call to rece.ive the latest eompmer 
industry news, even if you are miles away 

from your computer. Heard a rumor 
about a new '386 machine? One simple 
phone call and you'll find out for sure. 
And now imagine a Hypertext- style 
roundup of all of the news for a particular 
period of time. Sound interesting? Stay 
tuned." 

First, and Best 
Actually, none of this should be sur­

prising . You and I and the BYTE staff are 
-in one form or a.nothe:r-involved in the 
most cxcitiag industry in the world, per­
haps the most exciting industry of all 
time . And aot on1y is there a tremendous 
amount of news being developed , but a 
number of new channels of distributing 
that news are also being developed. It' s 
only fitting that the most prestigious pub­
lication covering this industry should 
have the best and most up-to-date news 
coverage available : Bear in mind that 
BYTE has an unsurpassed track record of 
innovation, from being the first real mag­
azine to devote itself solely to small com­
puters, to becoming the first and thus 
far, only magazine to have its own com· 
putcr conferencing service . Our history 
of firsts is a pointer to innovation in the 
future . 

If you have news-product and tech­
nology developments, or any intonnation 
you think other computer users wuuld 
want to know about-give us a call. (lt' s 
no problem if you need to speak 
confidentially .) 

You can reach Rich Malloy (News and 
Technology ) in New York at (212) 512 ­
3175. Dennis Barker (Microbytes), Anne 
Lent (What' s New and Short Takes) and I 
are available in New Hampshire at (603) 
924-9281. Or. if it's more convenient, 
you can call our West Coa~t offices in San 
Francisco at (415) 954-9718 or in Costa 
Mesa at (714) 557-6292. The full mailing 
addresses for all our branches appear on 
page 4. All our s1aff is al so available 
through BIX. 

In the computer bu si nes as in any 
business, constant innovation anJ atten­
tion to quality arc part of the foundation 
for .~uccess. That\ the way we feel. and 
that' s what we will provide. But what's 
more important is how you feel. As al­
ways, we welcome hearing from you. 

-Fred Langa 
Editor In Chief 

(BIX name: flanga) 
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The new Diconix 300w. So quiet, so s1nall, so fast, its th 
for the Diconix 150. Before you decid 



>nly wide-carriage plain paper printer you could mistake 
)Il aPC printer, reflect on this. 

.,,. 
- -,,... 

A Kodak Company 
3100 Research Boulevard 
Dayron, Ohio 45420 
1-800-DICONIX 

• Semi-automatic paper handling 
• 308 characters per second 
• IBM & Epson emulat ion 

Circle 65 m1 Reader Service Card 



At 6.4 pounds, the newTIOOO is the lightest 
portable PC in the world. 

Yet within its diminutive footprint (it's about 
a foot wide and not even that deep) liesall the 
power of a desktop PC. 

Included are 512KB of RAM and a built-in 
720KB 31/z"floppy drive, plus MS-DOS 2.11 
in ROM. 

And better still, you can choose our 768Card, 
which can be configured as EMS memory or as a 
battery-backed ~ii disk. So you can load your 
software onto the 768Card-which then ads like 
an invisible second drive-and get even faster 
access to your programs. 

Ofcourse, the IBM-compatibleTIOOO 
offers you some other very intelligent options. 
Like a numeric keypad and a 1200 bps Hayes ­
compabbJe internal modem 

So it's no wonder that a source as authoritative 
as PCWeek would say theTlOOO is "light, but 
no featherweight in performance." 

All in all, it's the perfect way to go to work with­
outgoing to work. Or to get home early, even when 
yotill be working late. 

Call l-800-457-7777 to find out more about the 
full line ofToshiba PCs. 

And see how it feels 
to pick up the most 
portable portable in 
the world. Nothing 
is as easy to take. 
Except. maybe, 
its price. 

~~~~~r~ ;:;~~::~~
l nf1l(1r.ntuin. I l.1)'t"_!o ~a rrllHU.• t l·d 
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In Touch with Tomorrow 

TOSHIBA 
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HP's NewWave Designed for "Seamless 
Integration" of Applications 
Hewlen-Packard hopes to step into the 
vanguard of integrated IBM PC software 
devefopment with its NewWavc appH­
cations environment. A version for de­
velopers ships this month, the com­
pany said. NewWave is a graphical. 
~con -based environment for working 

Wh.ile Nc.wWavc can run any MS­
DOS application , software developel'$ 

party con,versations because 

must write additional code to make an 
application and its data appear as a 
'' seamless object" ·n the NewWave en­
vironment. The process of integrating 
DOS applications into NewWavc is 

• 
... - -, -

~ .. ' 
.... 
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Feeling left out of those dinner-

everyone's discussing neural 
networks and you're stiU trying to 
figure out local-area networks? 
DAIR Comput.er Systems (Palo 
Alto, CA) has something that 
might help: a program called 

-

L 

Net'wurkz, Which the company 
says is a neural net tutorial and 
simulation package intended to 
serve as an introduction to neural 
modelin and associative mem­
ory concepts. The $79 .95 pro­
gram runs on an IBM PC with 
I 92K bytes of memory and MS· 
DOS 2.0 or higher .... We saw 
a prototype electroluminescent 
yellow-phos9hor display , in­
stal led in a Dynamac portable 
Macintosh, from a Finnish com­
pany named Lojha. The Finluit 
MD640.400 is a flat-screen, 
high-resolution unit with a re.solu­
tion of 640 by 400 pixels and a 
viewiJlg area of 4.8 by 7 .7 inches . 
It's only 0. 7 inch thic and con­
sumes less than I 6 wans of 
power . . .. Plan.ar Systems 
(Beaverton, OR) also has a new 
electroluminescent display. an 
EGA-compatible unit with a reso­
lution of 640 by 400 pixels and a 
bright-yellow viewing space of 5 
by 8 inches. The EL8358HR 
consumes from 5 to 10 wans . .. . 
Scientists at TBM's Almaden Re­
search Center (San Jose CA) say 
tbey've produced 31/z-inch disks 
that can hold a mighty 10 gigabits 
of information , which a spokes­
person told Microbytes is equiva­
lent to 620,000 typewritten 
pages . IBM also says that 's more 
than 50 times denser than any 
disks on the market today . That's 
incredible, but several industry 
watchers said they'll get more ex­
cited when they see devices that 
can read those disks . .. . Turbo­
Power Software (Scotts Valley, 
CA). which produces an add-on 
tool ca.lied Overlay Manager for 

conri11ued 

with and integrating data from multiple 
applications . The core of NewWave is 
the Object Management Facility (OMF) . 
which enables users to produce com­
pound.,documents that can contain data 
from multiple sources and of different 
types, including text. graphics, voice. 
and scanned images . Each type of data 
is an ' 'object" in the document. New­
Wave keeps track of the. objects' source 
applications. 

While Microsoft's Win ows 2.0 and 
Dynamic Da a Exchange (DDE) allow 
linking of data from different applica­
tions. NewWave extends his capability 
by making the integration,, "seamless, " 
or invisible to the user. Using "hot con­
nects '' between applications, any mod­
ification of an object automatically 
updates other related objects . Modifi­
cations performed within an application 
appear simultaneously in the com­
pound document . 'The important d,istinc­
tion between OMF and DOE is that 
NewWave " remembe.rs" the links. It 
maintains "persistent links ," in the 
words ofRP' s Bill Crow. 

At a demonstration, HP representa­
tives illustrated " seamless integration '' 
with a docume t that contained text 
from word processor, pan of a spread­
sheet from L-Otus 1-2-3, and a graph 
from HP s Drawing Gallery product , 
which graphs the 1-2-3 data . All these 
data types are oojects that can be manip­
ulated or mocffied directly in ttie docu­
ment. For examp e, to change the data in 
the spreadsheet. you move the mouse 
pointer to the spreadsheet image in the 
document. After ron double-click the 
mouse. Lotus 1-2-3 appears m;1 the 
screen with the spreadsheet data . You 
modify lhe data, exit 1-2-3, and you ' re 
back in the document with ilie i;nooifi­
cations automatically integrated. The 
Drawing Gallery graph is lso auto­
matic.ally updated. 

called "encapsulation," of whicn there 
are three levels . At the lowest leve~ the 
MS-DOS application can simply be run 
from within Ne.wWave. This leve.I re­
quires virtually no additional software 
development. The application Is simply 
added lo the NewWave DOS applications 
menu. 

At th_e next level, the data from a 
DOS application can be represented as a 
NewWave. icon that you can place in 
any compound documenc An icon 's 
data can simply be "dropped" into a 
compound document by dragging the 
mouse. An important feature of sec­
ond-level obje<Sts is that they can be 
" browsed " without the source applica­
tion be.ing loaded . For example, you 
could browse or inspect a si>_readsheet 
0[ graphics image simply by selecting 
the object 's icon . This capability could 
be very useful in a network environment 
in which some workstations may not 
have access to the source applications. 
This level of encapsulatfon requires "a 
few hours ·· of work for the software 
developer, according to HP 
representatives. 

An example of the second level of 
encapsulation is a voice-mail system 
developed for NewWave by Forum Sys­
tems (Sama Barbara, CA). An electronic 
voice-mail message appears as an ob­
ject in the NewWave envjronment. 
which, while mainly useful for e\ec­
trQ.n1c mail. could also appear as an ob­
jccLwithin a compound document. '(ou 
could, for example, include in a docu­
ment an icon rep~esenting a voice-mail 
message that could be " replayed" by the 
reader of the document. 

At the highe.st level, the application 
is fully integrated into New Wave by " hot 
connects" and automatically updates 
related NewWave.objects, as in the earli­
er spreadsheet example., This level re­

conrinued 

FEBRUARY 1988 • BYTE 

http:highe.st
http:remembe.rs


MICRO.BYTES 

~ 

I 

t. 

I 


t 


Borland's Turbo Pascal 4.0, is 
working on a debugger for that 
language implementation . It will 
be called TDebug 4.0, a spokes­
pe,rson said .. . . Power R (Seat ­
tle, WA) is selling a video adapt ­
er board and a " specially designed 
monitor" that looks an awful Jot 
like an Apple IIGS monochrome 
monitor. That ' s because it is a 
lIGS monitor. But it's been modi­
fied io conform to Macintosh 
\'ideo. The $499 Macl..arger mon­
itor/board retains the-512- by 
342-pixel Mac resolution but at a 
larger size . Power R says the 
board can be used with multiscan 
video projectors .. . . fdeas 
might be as easy to find as black­
flies in New Hampshjre in the 
springtime, but venture capitalists 
aren 't. lnfoprobe (Sunnyvale, 
CA sells the Venture Capital Di­
rectory on disk (for MS-DOS 
machines). It lists more than 100 
venture firms in California and I 
what kind of ventures they like to 
spend their mqney on (89 per­
cent say they ' re interested in com­
puter- related projects, but only 
9 percent are into real-estate en­
deavors) . ... "The Micropro­
cessor Report" is a newsletter 
"for designers of microproces­
sor-based hardware., " says editor/ 
publisher Michael Slate.r, who in 
his spare time wrote a book called 
Microprocessor-Based Design . 
Subjects Slate( and associates 
cover include coprocessors, 
slave processors, controllers, 
RAMs. FIFOs de.velopment 
tools and buses. Annual subscrip ­
tion price is $195 . Contact 
MicroDe.sign Resources (Palo 
Alto, CA) at (415) 327­
9273 . . .. You're the Unix ace at 
work. All day long you 're an­
swering questions about vi and 
grep and awk . Well , y9u might 
want to point out to your col­
leagues that UniPress Software 
(a Unix software vendor) and 
Concentric Associates offer 22 
courses aimed at helping use(s and 
organizations learn Unix . The 
Unix Training Center offers 
classes, at your site, for $100 
per student per day (but there.'s a 
minimum of$1300 per day) . For 
more information, phone (2011 
287-2130 . . . . The Computer 
Musician's Source Book covers 
products such as computers 

continu~d 

quires fa~rly extensive development 
work, comparable to iniegrating an ap­
plication jnto Windows.2.0. 

NewWave also includes a built-in 
help facility 1ha1 can be accessed by any 
integrated application. The developer 
needs only to write the text for the help 
facility and specify the appropriate 
context-sensitive index pointers . 

The other main component of New­
Wave is an "automated t,ask manager" 
called the Agent . The Agent is similar 
to a macro processor but can record 
commands applying to dif(erent MS­
DOS applications. The Agent uses 
scripts written in the NewWave Task 
Language. You can use the Agent to 
schedule automatic e.xecution of repeti ­
t.ive tasks at a particular date and time, 
for example. 

The NewWave developers' toolkit 
will be available this month for $895, 

HP said. A five -day training class cost 
$1100; three month~ of telephone tech­
nical support costs $1000 . The end­
user run-time version of NewWave will 
be priced at $195 and will be available 
in the second half of 1988 , according to 
HP . The NewWave system requires 
Windows 2 . 0 and al least 2 megabytes of 
RAM . 

While NewWave furt,her complicates 
the marketplace for software developers. 
HP believes it will be fairly easy for 
developers to build ex.isting appl ications 
into NewWave. The big question, 
though , is whether developers, already 
faced with se.veral enviromnents to 
work in, will design programs for New­
Wave . HP spokespersons stated that a 
version of NewWave is in the works for 
OS/2 and that HP is working closely 
with Microsoft "to bring DDE and 
OMF closer together." 

~lgorithm-driven co'mputing Speeds"Up . 
·01d, Slow Hardware 
Just about every young computer com­
pany wants press coverage. But few get 
the kind of ink received by Saxpy 
Computer Corp. (Sunnyvale, CA , 
which recently made the news when an 
employee was arrested on espionage 
charges for allegedly selling secret<; to 
the Soviets. At first , many technologists 
were skeptical of the government 
charges, believing it was just another 
attention-getting ploy on the part of the 
feds . As details about Saxpy and its Ma ­
trix I supercomputer architecture be~ 
came known, however, those skeptics 
began 10 express concern. " aybe the 
Russians really did get something after 
all , ., one engineer said to Microbytes. 

What is so surprising about the Ma­
trix 1 supercomputer, and what makes it 
ideal for Soviet applications, is that it is 
based on "old" hardwarer technology. 
hardware that is close to where Soviet 
supercomputing currently is . Conse­
quently1 the information the Soviets 
bought may enable them 10 squeeze 
higher performance ou1 of their old 
hardware. 

"We make no bones about it ," 
Saxpy vice president Joe Straub said. 
"Our hardware technology is old and 
slow. It is really amazing that we arc 
able to attain such speeds with rela­
tively slow technology ," 

What Saxpy has focused on and 
what the So iets may now have access 
to, are advanced algorithms that enable 
slower architectures to perfom1 at super­
computer speeds of up to 1000 million 
floating-point ope.rations per second 
(MFLOPS). Saxpy claims, for in­

· · · 
stance,, that the Matrix 1 can perform al 
the same rate as a Cray-2 and up to I0 
times faster than a Cray X-MP/24. But 
because the Matrix I hardware is based 
upon commercially available compo­
nents (unlike the Cray), the price is 
much Jower. A Matrix I is priced at be­
tween $900,000 and $1 .8 million , 
while a Cray-2 runs from about $8 mil­
lion to $25 million. The Matrix 's stan ­
dard TTL and ECL components not only 
contribute to a lower price tag, but they 
also enable a smaller size. lou'er power 
requirements, and an air-t ooled design 
that does not require special 
refrigeration. 

"In designing the Matrix I, we In­
tentionally tried to limit the hardware 
technology and tried to use off-the­
she)f components ," said Straub. "Most 
of our work is in the algorithms." 

By focusing on the software instead 
of the hardware Saxpy is able to imple­
ment a computing sti:ategy called '' ma­
trix computing." in which structured al­
gorithms are used to process large, 
multidimensional blocks of data. The 
Saxpy approach links up to 32 parallel 
pipelined processors, creating a single ­
instruction, multiple-data (SIMD) ar­
chitecture to work on up to six dimen­
sions of a problem simultane-0usly. 
The processor can perform up 10 32 
floating-point multiplications and 32. 
floating-point additions or subtractions 
simultaneously, The system runs under I,the VAX/VMS operating system and is 
programmable in FORTRAN-77. C. 
Pascal , and Ada. 

conrinued 
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M ix ~re presents PtM'ef C ... Ournew cost­
efficient a1ternati'.£ to high-priced C compilers. 
Now you can create high -performance programs 
without spending all your hard-earned money. But 
price Isn't the only reason to choose P<Mer C~r 
the competition. 

C ompare the performance. Pov.oer C's integrated 
i\4ake SIMS you time and effort by automatically 
managing your large programming projects. And 
with PO">ver C. your programs can be as large as 
available memory. As for speed, the performance 
chart speaks for itself. PO\ver Cexecutes most of 
the benchmarks faster. And P~r C creates 
smaller EXE files, out-performing the competition. 

Pertormance Chart 
(9"ecutlon times In seconds) 

Power C MSC Turba C 

1) fib• 23.8 47.0 26.4 

2) sieve· 'Zl.6 40.2 25.5 

3) !dbl" 3.5 9.0 9.6 

4) dlskio' 13.5 14.2 14.3 

5) repo11·· 11.0 86.3 60.7 

6) drystone.. 36.6 38.2 31 .8 

Compile/Link 73.9 187.6 81.4 

EXE File Size 25120 29008 27184 

Benchmarlci from Dr. Dobb's Journal" & C-Omputer 
Language••. First lour programs tas! 1) !unction calling. 2) 
loops/integer math 3) llOatlng point math. & 4) disk VO Pro­
grams 5 & 6 simulate typical appiicalions. Tasts compiled 
lrom command line using Make supplied with each ccm­
piler. Tests run on 8 MH7. AT wllh medium model of f'oiover 
C 1.0, MS (Microsoft) C 4.0. & Turbo C 1.0. 

Circle 159 on Reader Se,,,ice Card 

The $19.95 High-Performance C Compiler 
Technical Specifications 

Power C includes: Power C compiler with Integrated 
Make, Power C linker. Power C Libraries. Power C 
book. and support ror... 

..- ANSI standard 

..- IEEE float ing point 

.,, 8067160287 coprocessor 

..- aute>sensing of 8087180287 
.-L automat ic register variables 
2:'.... mi~ed model (near & lar pointers) 
-!:'..... CGA. EGA, & Hercules graphics 
Oplions are... 
_..;:::_ Library source code 
~ eco business math 

O roer Pu.Yer CnCM- bi' call ing our toll free number 
or mail the coupon to Mix Software, 1132 Com­
merce Dri'A:, Richardson, TX 75081. 

1·800·523·9520 
For technical support and for orders inside Texas 
call: 1·214·783-6001 
Minimum 5't1nem Aequiremen11 : 

MSOOS or PCOOS 2.D or lllier. 256K memory. 2 floppydrivas 
or hanl drMI recommended. Runs on IBM PC, XT. Al: and 
com~tibloo. al!d IBM PSl2 mOdel 25. 30. 50, so.or BO. 

60 day money back guarant&e 

Name 
Strem 
City 
Siate " Ip 
Telephone·--- --------­
Paying t:ff: O Check D Money Order 
D MC/Visa.~-------- Exp __ 
Computer Name Disk Size 

Product(s) (Not Copy Protected) 
0 Pl:mor C ($19.95) $ ___ 
D Library Source Code ($10) $ ___ 

l 1neludH An l!Ll.!.1tmbU1 rJ 

0 BCD Business Math ($10) $ ___ 
Texas Residents add BD/o Sales Tax S ___ 
Add Shipping ($5 USA • $20 Foreign) 
Total amount of your order $ ___ 

Power C Is a trademarl< of Mix Soltware. 
Microsolt C tS a registen>d lrndomar1< ol Microsoll Corix>ratioo. 
Turbo c IS a rug[Slcroo lrademar1< cl Borland lnterna!ional. B 
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C ompare the functions. With <Mr 400 functions, 
the P~r CHbrary is vastly superior. Our library 
is a superset of Microsoft Cand Turbo C. Plus. 
we·~ added an extensiw. set of graphics functions 
for drawing lines. boxes circles, pie charts, 
and more. 

C ompare the portability. Power C supports the 
latest features of the proposed ANSI Cstandard. 
Plus, Power Cis compatible with both Microsoft 
C and Turbo C. Ali of which makes it easier to 
move programs to and from Power C. 

C ompare the documentation. Our competition 
assumes that you're already a Cwizard. We don' t. 
POY.!er Cincludes a step-by-step tutorial and sam· 
pie programs with every function. With our com· 
plete documentation, programming in Ccouldn't 
be easier. 

P~Cis factors less expensi~ And the source 
code to our function library is available at a 
fraction of their price. 

Price Chart 

C Compiler 
Power C 

$19.95 

MSC 
$450.00 

Turbo C 
$99.95 

Library Source 
Code Option $10.00 NIA $150.00 

Total Cost 
with Source $29.95 N/A $249.95 
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software, keyboards (like on a 
piano), and o er music hard­
ware; runs arucle.s like "Ethical 
and Legal Use of Software "; and 
lists user groups and dealers and 
manufacturers. The book is put 
out by the Computer M'usicians 
Cooperatin (Peoria, IL) and 
costs $75 . Phone (800) 342-5246; 
in Illinois, dial (309) 685­
~843 .... Analog data-acquisi­
tion interfaces for personal 
computers is a big-bucks busi­
ness , according to Venture De­
velopment Corp. (Natick, MA). 
The consuhing firm says total 
shipments of such intei:faces were 
worth $141 million last year . 
Demand for analog D/ A plug-in 
boards will be gre.ater than for 
add-on chassis and modules. the 
company projects, because of 
their lower cost . . .. And for our 
finale this month. some hyper­
quotes from hypertext piont er 
Ted Nelson: 

On the Macintosh : "The Mac 
intosh is simply a paper simulator. 
Think of all the virtual forests 
w~·ve cut down to supply ,Macin­
tosh screens. We have deforested 
the American mind , my friends." 

On CD-ROM: "Information 
lords offering information to infor­
mation peons." 

On his own foresight : " In 
1960, rwas sure sere.ens would .re­
place paper publishing by 1963. 
I was always in the forefront but 
that was Q7 years ago.'' 

On what it takes to be a good 
programmer: Programmers wfio 
prefer to drive a shift car are not 
' positioned to design interactive 
systems. Shift cars are an inane 
complication in the process of 
going forward and backward." 

On the concept of databases 
and spreadsheeis: "Compartmen­
tal iJ.ed and strati fied fie~ds pro­
duce compartmentalized and strat· 
ifie<l minds.,. 

bn user-friendliness: "I have 
enough trouble socializing with 
people. I don't need some object 
saying 'good morning' to me.'' 

Definition of the "chipmunk 
mentaJity " : " People rushing to 
the next copy of' BYTE to find 
the nexr table of instruction sets. 
There is very little importance in 
instruction sets." 

• 


So far, th.e Matrix I supercomputer 
has been used primarily for solving 
complex scientific and engineering 
problems, most of which involve signal 
processing. The federal government , 
for instance, is using the Matrix I to si ­
multaneously process several radar sig­

nals to more accurately determine the 
speed , location, and size of an object 
that's being tracked. 

"Matrix computing is a new type of 
computing," said Straub. "and we be ­
lieve it wjll move th,e technolog 
forward ." 

Will Hypertext Save Mankind? 

Calling ,hypertext ' 'the next step in lit­
erature," the man considered the con­
cept's creator urges software develop­
ers to adopt his approach, In a recent 
rambling presentation to the Software 
Entrepreneur 's Forum in Palo Aho, Cal· 
ifornia, Ted Nelson offered his Project 
Xanadu as a "back end" for soft are ap­
plications using his concept of "nonlin­
ear. nonsequential'' text. linked in a 
global 1 docuverse" that will eventu­
ally store millions of documents accessi­
ble to mill ions of users. Nelson· s Proj ­
ect Xanadu presently consists o[ about 
I 35K bytes of compiled 68000-based C 
code. which runs on Sun and Apple 
Macintosh machines . 

Hypertext. said Nelson. "is a liter· 
ary concept and a cultural watershed. 
Hypertext is an ongoing parade of 
documents, linked to previous docu ­
ments and pointing to future nes. " 
Nelson envisions an enormous local area 
network linked to " Xanadu file 
servers," in which millions of people 
can partjcipan: writing and reading in ­
fom1ation at "mom and pop Xanadu 
stands" all over the world. 

"The present·day computer world 
stinks," aid elson. "What we see out 

there is an unholy mess; thousands of 
incompatible file and programs created 
by artificial distinctions between pro· 
gram types. " In Xanadu, there is no dis­
tinction between text, databases. 
spreadsheets, or any other data struc­
ture . Xanadu is a ''write-once" system 
in which e ery entered document is as­
signed an address in a huge. virtually 
limitless address space. The Xanadµ ad­
dress str cture consists of document 
addresses and document " spans" 
(groups of documents). which are 
linked by a new mathematical system 
called Tumbler' Arithmetic , Nelson 
said . 

Not on y does Nelson propose to 
revol utio~ize the. way computers are 
used; he proposes to save the human 
race . "The objective is to save humanity 
before we send it into the garhage pail. 
We must remove the TV -induced stupor 
that lies like a fo across the land." 
Nelson said he wants to '' make the world 
safe !Or smart chiJdren . .. 

" Xanadu is not a conventional proj­
ect," Nelson safd. "This is a religion . 
The proper person is one whose mind 
is free to roam . (For more Nelsonisms 
see toi month 's N'anobyte . 

What's a Company Like Lotus Doing at a Sho'W: 

Like Wescon? 
Despite all its talk aboUL Corporate 
America, Lotus Development (Cam­
bridge, MA) was the only major main· 
stream PC-related company exhibiting at 
!.he. recent Wescon , a sho ~nown foi:: 
the latest in components , subsystems. 
and testing equipment used in the elec· 
tronics industry . Because Lotus is more 
closely associated with MBAs in three­
piece suit~ than engineers with pocket 
protectors. the software company 's 
presence surprised many Wescon 
auendees. 

Lotus' modest booth was certainly 
unlike the glitzy exhibit it hauls to expos 
like COMDEX and w.:1s probably u ­
like. any Lotu exhibit in recent years . 
When was the last time yqu .saw a Lo­
tus booth crammed witq oscilloscope,s 
and function generators? 

The company was promoting the us~ 

... .1 

of several Lotw~ products-Measure. 
Symphony , Manuscript , and f reelance 
Plus- in automated electronic test envi ­
ronments. Lotus had connectccl a PC 
AT to a series of electronic test equip­
mem multimeter voltage source, os.., 
cilloscope, and funct ion generator), 
which was in turn connected t(i an am­
plified low-pass filter circuit that was 
being tested. 

~n the demonstr.ition , Measure, 
which supports- IEEE-488 bus and RS ­
232C serial communication protocols, 
was being used for both control and data 
acquisition . Measure was used to sec 
up the.voltage. source and measurement 
instruments by applying various volt­
ages and measuring the voltage and cur· 
rent . A macro was used to determine 
the saturation limit for the transistor by 

w mim1ed 
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!NORTON 

UTILITIES 


DATA RECOVERY 

DISK MANAGEM ENT 
l1•Lf11.·r •.11~t• llU I l"f [~l,.,g,l , ,,.r;I l tl • 

• " 01111 '1 rn1111mt<! wit/10111 it." 
- • ew York Tlmtl!i. • " Higlt/y 
rt.'f:Vmnr~11d,'(f. for /111si11cs.< 11 'r.<" 
-Timt .. l.I~ Ace ss Nl'\vsle\lcr. 
• "/11disp11 11 st1blc."- ?C Mn~u· 
zine. • "Es.1;1111/a/ i11 dr11• t1Hinv 
pcrro1111/ co111p111i"H-"- Person~I 

Comp.~ 1 ing l\taa-utr:~ · • Tim:~ ~ll'Ors 
w.'d lVorld Class &:st Ut1/11 1c·s~ 
-PC World. • "A p i<'CISll llJ 
to 11s,>."- PC Week. 
• " \'i:w '//bless this d sh.' ' 
- Peter M!;\' ill lruns/ 
11tt: Personal Compuler Book. 

Alife saver for your data. 

owitSnotso 

at 


At last to your files. of brand new technical features 
After five long years alone at Not to mention the Norton and functions. 

the top of the best-seller list~. Integrator, which lets you con­ Like Speed Disk, for tighten­
the Norton Utilities '" is being trol everything from a single ing up disk space and optimiz­
challenged by another software program and gives you on-line ing access. 
package. help for each function. And Fonnut Recover, for 

Which is no small feat, In fact,The Advanced Edition unformatting your accidentally 
considering that Version 4.0 is of the Norton Utilities i_ncludes reformatted hard disk. 
selling even faster than its prede­ every single one of the features. As well as a FAT Editor.a Par­
cessors did. functions and enhancement~ tition 1able Editor.a Directory 

Unfair competition. that have made Version 4.0 Editor and access to absolute 
Of course, in order to compete so _p9pular. disk sectors. 
with the Utilities, this upstart Right down to the user inter­ All of which explains why 
new package first had to copy it face which, according to the Info World called the Advanced 

It had to include the famous Info World Review Board makes Edition "a !,'Teat program that 
UnErase;"which has rescued the Advanced Edition "as easy has gotten even better." 
the denieres of thousands of to use as possible:· Vile just call it good company. 
grateful PC users. And that's not all. 

As well as the unique File The more the menier. 
Info, which lets you attach de­ Because the Advanced Edition '3!.ehrN~ 
scriptions of up to 65 characters goes on to include a wish list COMP TlNG 

Ut...signe tl for l b ~ IB~f' PC. PC~AT and DOS com pal ibks. Available a1 mo~t ~oft¥t71 n~ d,!alcn;, nr dirc·c1 from l'c: tr r No rron Computln P.. lnc.l ~ IU \Vil s.hm- Bl"¥·d. " !Hti. San1.1 Monica . Ct\ 904tB. 
' fo r.r<l"r: 8(~J- 451 ·0'.IO:l Ex1..10 (V ISA and Mast<:rCnr<l wckomc) . . \Kl \fail : !'NCI. Fux 21:!·•153·6398. 0 1987 1' ·t<-r No n ori Co 11 111u1 ing. 
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setting the voltage, then reading it 
using the signal generator and oscillo­
scope. Another test determjned the fre­
quency response of the low-pass filter, 
while a third test determined lhe char­
acteristic curve of the transistor. As data 

was acquired, it was dumped directly 
to a Lotus spreadsheet for analysis, a 
process that was automated by macros. 

Once the testing was completed, re­
ports were generated using Manuscript . 
The sample reports included data, such 

as the sample number, the raw data, and 
lhe converted value of the data gener­
ated from the oscilloscope and taken 
from the spreadsheet. That information 
was presented in tabular as well as in 
graphic form. 

One of the biggest bottlenecks for geo­
technical and related engineering firms 
has been creating graphic-intensive re­
ports tha! require text , illustrations, and 
standardized industry symbols. At 
times, graphic artists need to produce 50 
or more detailed diagrams of bore 
holes and wells for a single report, with 
most diagrams taking up to 3 hours to 
draw. Since late reports can result in 
government fines of up to $10 ,000 per 
day. engineering firms are looking for 
better ways to generate documents . 

GeoTechnical Graphics (Berkeley, 
CA) is attackjng this problem with its 
soon-to-be-released program, called 
GfGS (for GeoTechnical Graphics Sys­
tem) , which integrates database infer· 
mation and graphic output. With GfGS , 
highly technical diagrams and reports 
that take professional artists hours to 

create can typically be generated in 
less than IO minutes, the company said. 

"GTGS lets us go straight from the 
data to publishable-quality reports," 
said GeoTechnical principal Jodene 
Goldenring. 

According to Goldenring and devel­
oper Bruce Krumland, there is nothing 
about the program core that restricts it 
to geological reports. It could be used to 
produce any report that is technical in 
content and requires complex text and 
graphics. Although the initial versions 
of the program-which runs on a PC AT 
or compatible-work with Hewlett· 
Packard plotters, subsequent versions 
will support laser printers. Single-user 
versions of GTGS will sell for less than 
$2000, while a network version will 
sell for less than $3000. 

The program consists of two inte­

grated components, a database module 
and a report-generating module, both 
of which aie flexible enough to be cus­
tomized for virtually any application . 
In addition to standard storage provi­
sions, the database is optimized for 
data common to geology and hydrology . 
As with any database program, data is 
entered through forms, although it can 
also be imported from Lotus 1-2-3, 
dBASE, and so on . All data origina1ing 
from a single boring is kept in individ­
ual data files . ("Each file describes 
everything that comes out of the hole, .. 
said Goldenring .) 

At the hea.rt of the report module is 
an HPGL-compatible plotting language 
ca.lied GTGL. written by Krumland. 
that provides com.rel over plotter func ­
tions (e .g., pens. line types, and font 

conri11uf'd 
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Some nine-wire dot matrix printers hide from the competi­


tion. Not the new Citizen"'MSP-50. 

With the abili.ty to handle all types of paper, top or bottom feed, 


and a convertible push or pull tractor, it figured it was the best. How­
 \ 
t:ver, another printer had designs on the title. 


So the MSP-50 relied on its high speed, up to 300 cps, to crush 
 \ 
the competition. But it wasn't enough. Feature by feature these two 

contenders battled. Ouiet mode. 240 dpi graphics. Color capability. 

Choice of fonts. Front panel feature controls. Even compatibility with 

most major software.They were equal. Finally, the MSP-50 put its 

80-column print width.on the line. Unfortunately, the other machine 

offered 136. 


What was the oilier machine? The new Citizen MSP-55.Which 

just goes to prove that if you want to be considered one of the best, 

you have to be a Citizen in good standing. 


For more information call 1-800-556-1234, Ext. 34. In California 


call 1-800-441-2345,Ext.34. - ­ CITIZEN.. 
<0!987 Citizen Ama1ca Corporation. ~ 

g::;:W.~:I."~;'.Ltl '""'= "'"'"""""' Printers thatrun like clockwork.r / 
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HARMONY COMPUTERS 
2357 CONEY ISLAND AVE . (BET AVES T & U) BKLYN. NY 11223 


ORDER DEPT. ONLY 800-441 -1144 OR 718-627- 1000 - INFORMATION 718-627-8888 


NO ADDITIONAL CHARGE IBM PS II MODEL 30 (20 Meg) S1699.00 PANASONIC 1091 I II $179.00 
FOR CREDIT CARDS EPSONLXBOO $184.00 COMMODORE 1280 $449.00 
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MICROBYTES 

designs . Reports are generated via plot­
ting 1empla1es 1hat contain the graphics 
rou1ines necessary to create a rei;i,o rt. 

The program has no on-screen 
graphics . The plotting modul for in­
stance. uses a texl interface and con­

vemional WordStar-likcdot commands. 
Da1a can be entered and modified 
using a buijt-in 1ex1 edilor . For previews, 
GfGS has a "dry run " feature that 
compiles the plo1 and checks for errors . 

"This is not a CAD system, .. said 

Krumlaml. " We are trying 10 get away 
from CAD. where data s1ays with the 
piciure because ii is 1he picture and you 
can \t do anything else with it. With 
GfGS~ once you, enterthe data . you can 
manipulate it any way you want." 

Twelve Volumes of English Words Now on Two CD-ROMs 
11 took 44 years to publish it on paper. into the ranges A - N and 0 - Z. Users Iha! many of the dietionary entries ca,n 
b 1s ignificanlly less than 1hat fo ri i1 to can, of course, search for an dictionary be rather long-some run longer than 
appear on a shiny CD-ROM disk. Tri entry as !hey would in the paper ver­ 60,000 words. 
Siar Publishing (Fort Washington. PA) sion. but the CD-ROM edition will also Don't count on being able to look up 
has released a CD-ROM version o the allow user~ 10 search for specific words words such as "compacl disk, " or even, 
mammoth Oxford English Dictionary. i.n the definitions . the etymological de­ "comp ter." The OED . as litera,ry 
originally publis ecl by Oxford Univer" scriptions. or the many quotes that en types call it , is so massive that it ha~ not 
sity Press between 188 and 1928. hancc the definitions . bee re.vised since the. last volume was 

According to Tri Sia , every word of On.e examplequery: Find eve~y en· finally published back in 1928. .Supple­
OJe 12 la ge volumc.s of the dictionary. try that includes quotes by both Shake­ ments have appeared since then, but 
plus- index, has been installed on two speare and Milton that conlain either they aren ' I included in the CD-ROM 
CD­ OM disks , t king u 800 of the the words 'education' ' or "knowledge." vcrsio . 
1200 possible megabytes available on This Bool · n searching capabiliry may The CD ROM OED is ava.ilablei al 
the 1wo planers. The disks are divided come in handy, especially considering an introductory price of$) 250. 

TECHNOLOGY NEWS WANTED. The news staffat BYTE is always imeresred in hearing about 11~w tecl111olo. •ical and 
.1·ci~mific ~evelopments that might have. an impact 011 microcomputer~ and the people who use them. We also _wan to ke~p traok 
bf 11111ovauve,. uses ofthat technology. Ifyou know ofadvances or pro1ec1s that 111vo/ve research rele vam to m1crocompurmg and 
want to shm'e char information, please contact us. Call the Microbyres staffat (603) 924-9281, seriiJ mm'/ rm BIX to Miao'b tes , 
or write to us at One Phoenix Mill Lane, Peterborough, NH 03458. 
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Now you can find a needle in the 

haystack in three seconds flat. 


With MemoryMate:· 


I magine tossing all 
your notes and 

files into a huge desk 
drawer. Then magically 
discovering that every 
time you want some­
thing, it's right there 
on top. 

We call it MemoryMate. A 
new breed oi data manager 
that reduces your paper clutter 
and takes the me s off 11our 
desk. ·· 

Unlike structured data bases, 
MernoryMate is free-iorm and 
works intuitively. Once you 
enter a record (up to 60 lines 
each) every single word,,hrase, and date is automatically in­
dexed. And cross-indexe . 

Which means that MemorvMate can find that record later 
by using any word, date, or 'phrase in it. And MemoryMate 
does it last. You can search \80K on a PC XT in three 
seconds! 

And since Memorylvlate is memory-resident, it's always 
there. You can access it while other programs are running. 
You can even cut and paste between MernoryMate and other 
programs. And vice versa. 

just enter your memos, notes, tables - anything - using 
the built-in word r.rocessor. You can forget designating 
"keywords:' Just hke you can forget where you stashed that 
important scrap of paper or yellow Post-ir. 

You can even forget all your to-do lists and deadlines. 
Because MemoryMate reminds you. Tickler messages pop-up 
on screen automatically on the days you select. 

So how complex is all this to operate? MemoryMatC' has 
only 15 simple commands and they're always on screen. So 
you can access all that power easily - without having to 
remember a thing. 

Find what you need using a single word. 

Or a sentence. 


Let's say you want to call an attornev you met playing ten­
nis last May. Out you can't remember his namr. All you 
remember is that you put a note about him in MemoryMate. 
So you type in the word "tennis" and hit the search key. In 
seconds, all records containing "tennis" begin to appear. But 
let's say you also manage a tennis league. You've got tons oi 
"tennis" entries. "fo narrow your search, you type "tennis 
and May and attorney". Bingo! You've got his name and 
phone number. 

~ 


Is a 
better memory worth 

$69.95? 
Much more, accurdm~ to 

Mich"d J. J\1illcr. lnH.\orld: 
"If you've got lots of unstnu:· 
twv1i infomm tion ro urp track 
of. Me111ory1\.faIt is a wonder.. . 
1!.ul ell 569.9.'i, it's a bu111ain." 

PC Wee~ agrees: '"On«( 
qou'1.'f u11/11Cktd MemoryM11te 's 
pma·r, yo1• '/I 11 •v1ulcr haw you 
f!}fT got hy wit/rout it ." 
SyndJC<lt~d rnlumni I 11.>b 

Sdiwal>ach is e< sto:il ic: ··11hm ·I 
knmt• quite haw they did 
it.. .l•ut this tliing is lixhl11ing 
/i1s/... 

With all this praise and all these incredible features, you'd 
expect MemoryMate lo cost a lot more than $69.95. But it 
dOt'sn't. 

And, right now you can get a demo disk for less than six 
bucks - which can be rebated when vou buy MemoryMate. 
So fill in the coupon below and send 'it in . And be sure to 
do it now, before you iorget. 

After all, you don't have Memorylvlate to remind you. Yet. 

DYES ~nd rn~ the Menv;ayt'Y!ate demo disk lor ju.st 
, $.?.95. tax and shippmg mduded. 

me the Memorvlvlate pl\}­DI'M SOLD ~d ~-'15 plus $3..'.() shipping.• gr.im for 
CA ll'S. add 6% sales tax. 

l r !--I 

~c... 61!Nt-

Order ToU-&ee. 24 Hours. 

1-800-624-9000 Ext. 171 
Order by Mail: P.O. fk.,,, 129-17, San Rafael, CA 94913-2947 33BY1 

Allow 4 V.'l'fk.s for delivery 0.-mo 
tful olfe.r good w nile sup 

0

plics Io.>1 . BrrJderbund0 
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Introducing the twc 
on eartf 

The new COMPAQ DESKPRO 386/20T" 


The world now has two new 
benchmarks from the leader 
in high-performance personal 
computing. The new 20-MHz 
COMPAQ DESKPRO 386/20 and 
the 20-lb., 20-MHz COMPAQ 
PORTABLE 386 deliver system 
performance that can rival 
minicomputers'. Plus they intro­
duce advanced capabilities 
without sacrificing compatibil­
ity with the software and hard­
ware you already own. 

Both employ an industry­
standard Intel' 80386 micropro­
cessor and sophisticated 32-bit 
architecture. Our newest porta­
ble is up to 25% faster and our 
desktop is actually up to 50% 
faster than 16-MHz 386 PC's. 
But we did much more than 
simply increase the clock speed. 

For instance, the COMPAQ 
DESKPRO 386/20 uses a cache 
memory controller. It comple­
ments the speed of the micropro­

cessor, providing an increase in 
system performance up to 25% 
over other 20-MHz 386 PC's. It's 
also the first PC to offer an op­
tional Weitek™ Coprocessor Board, 
which can give it the performance 
of a dedica ted engineering work­
station at a fraction of the cost. 

They both provide the most 
storage and memory within their 
classes. Up to 300 MB of storage 
in our latest desktop and up to 
100 MB in our new portable. 

It simply works better. 



most powerful PC's 
:ind off. 

and the new 20-MHz COMPAQ PORTABLE 3861 

N 

Both use disk caching to inject 
more speed into disk-intensive 
applications and both will run 
MS' OS/2 . 

As for memory, get up to 16 MB 
of high-speed 32-bit RAM with 
the COMPAQ DESKPRO 386/20 
and up to 10 MB with the COMPAQ 
PORTABLE 386. Both computers 
feature the COMPAQ Expanded 
Memory Manager, which supports 
the Lotus·11ntel"/Microsoff Ex­
panded Memory Specification 

to break the 640-Kbyte barrier 
imposed by DOS. 

With these new computers 
plus the original COMPAQ 
DESKPRO 386"; we now offer 
the broadest line of high­
performance 386 solutions. 
They all let you run software 
being written to take advantage 
of 386 technology, including 
Microsoft. Windows/386 Presen­
tation Manager. It provides 
multitasking capabilities with 

today's DOS applications to 
make you considerably more 
productive. But that's just the 
beginning. For more informa­
tion1call 1-800-231-0900, 
Operator 43. In Canada, call 
416-733-7876, Operator 43. 

Intel, Lotus, Microsoft , a.nd Weitek are 
trademarks of their respective companies. 
© 1987 Compaq Computer Corporation. 
All rights reserved . 

l'DlllPAlr 
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Shift)' CRCs 
Jerry LeVan's article, "A Fast CRC,' ' 
(November 1987) could be made a bit 
less shifty. While I t.horoughly enjoyed 
the 1ext. I made three observations while 
melding the technique into my modem 
control. 

If an odd 8-bil packel is sent, a zero 
byte must be padded to orient lhe cyclic­
redundancy che.ck correctly. This pro­
cedure is necessary only at the transmit­
ting end. 

Table value (0 he,.;adecimal) XOR 
1088 is table value 128 (80 hexadecimal). 

Table 1: Code for one 8-bit shift. 

Old code New code 

@1 move.b (a}+d1 ,get char @1 move b (al)+d1 
move w do.d3 :crcnow eaJ wl8.d0 
1sr.w N8 ,d3 ,pos111on 
eor.w d1,d3 
add.w d3.d3 .indexer add w d1 .d3 
move.w O(a0,d3 .w).d3 .tbl val 
isl 18.dO ,po~tion 

eor.w d3,d0 :new ere ear w O(a0.d3.w).d0 

All other values follow this format. A test 
for sign bit on the incoming byte could in­
corporate this factor. It shortens the table 
but will add extra time to lhe code loop. 

Finally, the electrical analog uses only 
one 8-bit shift. I could not see why the 
program analog needed two . The follow­
ing tables show that the program , too, 
needs only one. 

Table -, was generate-0 using CRC­
CCITT format X 16+X12 +X5 + I: 
equal to I021 hexadecimal. The CRC of 
data bytes 07, 08. and 09 (70e7, 8108, 
and 9129. respectively) is shown below. 

The Spirit of C 
I found Matt Trask's re.view of Meta­
Ware' s High C 386 cornpile.r (November 
1987) only partially accurate, and I think 
the conclusions were completely 
mislead ing. 

I have used High C 386 (versions 1.3 
and 1.4) extensively. and I agree wilh 
most of the negative arguments: It has 
poor support for Unix-style file 110, un­
intelligible compile.r error messages, and 
differences from Unix C. 

However. the review states lnat High C 
386 can be used only with Phar Lap's 
Run386. High C does not require Run­
386. It requires a 386 linker (Phar Lap's 
is the only one I know of) and a 386 run­
time environment (A.I. Architects· 
OS/386 , IGC's VM/Run , or Phar Lap's 
Run386, aka the DOS Extender). More­
over, Run386 fully supports High C 1.4. 

Optimization is listed as one of High 
C's main fe.atures . Unfortunately, a bug 
in lhe optimizer hooked to the Auto_ 
reg_Alloc flag generates bad code. 
MetaWare just se.nt Viewlogic a fix that 
solves the problem. 

As far as conclusions go, the review 
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completely misses the issue. No one I 
know considers High C 386 an alterna­
tive to Microsoft C (which doesn '1 sup­
port lhe 386) . It would be more reason­
able to compare it to the Xenix 386 C 
compiler. Developers of large applica­
tions need High C to access the large ad­
dress space of the 386, while coexisting 
with DOS applications. Memory, and the 
speed and grace wi1h which you can ac­
cess that memory , is the real reason for 
using High C 386. Source code generally 
needs some minor modification. and the 
compiler takes some getting used to , but , 
overall, High C is an immensely useful 
product for lhose who need it. 

Dan Smiley 
Viewlogic Systems Inc. 

Marlboro, MA 

No one I know considers High C 386 
an alternative to Microsoft C, either. 
Since there is no comparable product 
against which to measure High C. I chose 
to use Microsoft C for comparison be­
cause most C programmers are familiar 
with ir. This way, a potential High C user 
can get a feel for the rime it takes to com­

0000 hif1ed left 8 is 0000. so: 
XOR 70e7 equal s 70e7 

70e7 shifted left 8 is e770, so: 
XOR 8108 equal s 6678 

6678 shifted lefl 8 is 7866, so: 
XOR 9129 equals e94f 

The odd packet must be shifted left 8 to 
equal 4fe9, lhe final transmittal data. At 
the receiving end, 

4fe9 shifted left 8 is e94 f: 
this XOR 70e7 equals 99a8 

99a8 shifted left 8 is a899; 
this XOR 8108 equals 2991 

2991 shifted left 8 is 9129; 
1h is XOR 9 l 29 equal 0000 

In !he 68000 assembly code, with which I 
am not 100 familar, I opted to use "eal" 
as the end-iJround-left shift mnemonic. 
Then the old code becomes the new code 
listed in table I . 

This variation works only for even-byte 
packets. Beyond these observations . I did 
not g(>. 

Gerald M. Jesse 
Port Washingto11 , WI 

pile typical code and some insighr into 
the qualiry of the code in Meta Ware's 
rim-rime library. As you can see from rhe 
published benchmark. Microsoft's [/oar­
ing-point /1111c:tions are more efficient 
than Mera Ware's, and the compiler wkes 
longer to translate the same source. 

Your siaremems that "rhe compiler 
tukes some gelling used to " and "source 
code generally needs some minor modifi­
cation ··sum up the essence ofmy conclu­
.rion in the review: This product misses 
out on the spirit ofCprogramming. 

-Matt Trask 
continued 

LETIERS POLICY : To be considered for 
publicotion, a /mer m1w be t}ped double­
spaced on on<' stde ofrbe papu ond nr1.s1 in­
dude your name and addre.rs. Commen/5 and 
ideas .<hould be t!xpressed as clearly and con­
ciuly as pouible. Li:rtings and rabies may be 
pn.nted along with a IWt'r if they art' .rJ1or1 
and legible. 

Because BYTE recei,•es hundreds of/el/er.< 
each momh, nor all o/1he111 con be pubUshed. 
L>111ers cannot bt> relllmed lo uu1hors. Gener­
ally , it ralu.t[our monrh1from the rime BYTE 
rccei•·es a letter u111i/ ii is published. 
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Upgrade your technology 

The software technology available to Noncommissioned Staff. Our courteous 
programmers of IBM-compatible per­ salespeople are always ready to help 
sonal computers is truly amazing. And you . And if you aren 't sure about your 
newer, more powerful development needs, our knowledgeable technical 
packages appear all the time. But until people can give you sound. objective 
now, finding out about these important advice_ 
products has been a difficult and time 
consuming task. Experience. We've specialized in de­

velopment software for IBM-compatible 
FREE Buyer's Gulde. The New Pro- personal computers since 1984 and 
gramrner's Connection Buyers 
Guide contains individual des ­
criptions of over soo titles of 
programmer's development 
software by over 150 manu­
facturers. Each description 
covers major product features 
as well as any software or
hardware requirements and 
version numbers, In the box on 
the right are some examples of 
the types of descriptions you 'll 
find in our Buyer's Guide. 

No Hidden Charges. The low 
discount prices in our Buyer's 
Guide are all you pay. We don 't 
charge extra for domestic UPS 
Ground shipping, credit cards, 
COD orders, purchase orders, 
sales tax. (except Ohio) or 
spec ial handling (except for 
non -Canadian international 
orders). 

Guarantees. We otter FREE 
30-day no-risk return guaran­
tees and 30-day evaluation 
periods on most of our 
products. 

Latest Versions. The products 
we carry are the latest versions 
and come with the same man u­
factu rer's technical suppon as 
if buying direct 

Large Inventory. We have one 
of the largest inventories of 
programmer's development 
products in the industry. Most 
orders are shipped within 24 
hours. 

The 
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List $100 Reg $89 
Special Introductory Pri.ce $79 

through 02/28/88 
Peabody is afast and flexible on-line reference utility with databases 
for Mic1osoft C. Turbo Pascal and MS-DOS. Peabody spares the 
manual and spoils the progr-ammer by providing instant accurate and 
complele information in pop-up frames at the touch of akey. Whether 
you need a simple remlnde1 or a lull description and useful examples, 
you'll find tt with Peabody. Each database has been designed and 
assembled l:1y' seasoned programmers:their applied experience is ob­
vious In the concise and practical lnf01mation that unfolds at your re­
quest in overlapping frames. Peabody gives you two w-aits of finding 
that information; select general topics from astructured subjeel menu 
or use Peabcxfy's unique Hyper-Key to get instant help forthe keyword 
closest to the cursor. Olher special features that make Peabody an 
outstanding value are Its ability to reference multiple databases with 
a single keystroke: Its Sticky Frame feature, whieh lets you :iaste in· 
formation on screen for reference when you return to your editor; and 
display functions which list on screen the contents of disk files and 
computer memory in text or binary formats (ASCII or EBCDIC). 
Peabody can run as astan­
dalone program, in tan~m 
w~h your text edHor, or as 
a memory-resident utility. 
The Peabcxfy disk includes 
a setup utility for customiz· 
ing Peabody and a com· 
piler for integrating your 
own subject categories. 
keywords and reference 

Peatxxfy database. 
Requires as Utlle as 85K 


memory. Comes wilh •lull 

uncondilion1I 60 -day 

money-back guaranlee. 
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are experienced at providing a full 
range of quality products and customer 
services. 

How to Get Your Copy. There are three 
ways for you to receive your FREE 
copy of the Programmer's Connection 
Buyer's Guide: 1) Use the reader service 
card provided by this journal : 2) Mail us 
a card or letter with your name and 

address: or 3) Call one of our 
convenient toll free telephone 
numbers. 

If you haven't yet reGeived 
your Programmer's Connec­
tion Buyer's Guide, act now. 
Upgrading your programming 
technology could be one of 
the wisest and most profitable 
decisions you'll ever make. 

CALL TOLL FREE 
USA: . .. .. . . . . 800·336-1166 
Canada: . . . . . . 800-225-1166 
Ohio & Alaska 

(Collect): . . 216-494-3781 

International : 216-494-3781 

Telex: . .. . .. . .. 9102406879 

Easylink: . . . . . . . 62806530 


Programmer's Connection 
7249 Whipple Avenue NW 
Nor1h Canton, OH 44720 

material directly into a tC:.====~=';!/J 

Cirr:lt 188 011 Readtr Suviu CQrrJ 

Programmer$Connection 
...____~u~er$Guide.B~
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NOW! 
SHIPPING ( FOR 

OS/2 )
Utilities for Advance users 

OS/2orDOS 

'I MaxWare ONLY: $179 for OS/2 & DOS. 
11111 MAXJmum Values SoftWAAE $99 for DOS 3.X, 2.X ~ 1265 Payne Drive. 

1 (415) 960-1150, FAX (415) 966-1786 
,, 

. 

I Jll 1 Los Altos. CA 94022 

NEW 
VERSION 4.0 

I
For IBM'Kpc ·s. XT's , AT's and other DOS machines. 

This is the one you 've heard so much about - with fast 

compile times. small object code modules. no roy·a1­
1ies, and clear error messages. Version 4.0 is based 

upon ANSl-74 standards with new features including : 


•Multi-key Indexed fi les with up to 24 keys. This advanced feature requires the sol1ware 
package Btrieve ~· hich 1s optionally avai lable . 

•Windowing , pop-up's, color and overlays . This advanced feature requires the solrware 
package Saywhat?ll ' 1 which is optionally available. 

•ACCEPT numencs with decimal poinl alignment. numeric checking , AUTO-SKIP, SECU· 
RITY, LENGTH-CH ECK, EMPTY-C HECK . 

• Fast memory mapped DISPLA Y's (1, 5) ERAS E. BE EP. A TIRIBUTE. 
• Level 88's - READ INTO - WRITE/REWRITE FROM - and DELETE . 
•An easy to use. COBOL source code EDITOR with auto line numbering, A-margin. 8­

margin tabbing with lull screen cursor contro l. 
Current customers can receive the new version by sending m their original d1skelle and 

$30.00. This ofter expires Dec. 31, 1987 
Also available: Utah FORTRAN . Utah BASIC_Utah PASCAL, Utah PILOT, Btrieve and 

Saywhat? !. Used by 50,000 professionals . students and teachers m 40 countries. 

YEsI NOW. no wailing, the same program runs on OS/2 (PROTECTED and REAL 
• modes) and on DOS 2.X or J_)( without modificat1on 

--I Help you port the DOS appl ica11ons onto OS12. Great for C. MASM. PASCAL, YEs• DBlll + , BASIC programs and others. 

YESI Includes the programmer's favorite screen editor-VI COMPATIBLE. More than 
• 1,000,000 UNIX programmers now use VI. 

-I No need to do CROSS development on UNIX any more: with 0512 and ADOS .YEs• you can develop and test programs on the same Machine. 

YESI Many sman leatures are added. making ADOS + becomes the most power1ul 
• uti lities for OS/2_Yet it's still compatible with UNIX tools_ 

• EDITOR: ex, edlt, view. ctags and vi: New ADOS · ENCHANCED FEATURES 
features includes 25/43/50 lines . . bak, • Copy files with: subdirectories. multiple 
oolor, etc. volumes. only the new files , verbose. 

• FILE MANAGER: cp, head, Is, mv, • List the files and display the free disk 
pwd, rm, sum, touch. version, which spaces in many formats. 
and whereis. • Remove multiple tiles or subdirectories. 

• TEXT HANDLER: cat, cmp, ditt, grep, • Show subdirectory ditterences, support od. strings. tail , and we. large texi file comparison. 
• MULTl-TASk: kill, log, nice, tee and utlme. • On-line help and examples. 
• OTHERS : cal, pr and printer spooler. • Easy lo use and fast 

Workstation Identification 
In Phillip Robinson's generally good an i­
cle "A World of Workstations, .. (Novem­
ber 1987), table I has several errors. 

For lhe IBM RT PC, lhe unit shown as 
model 6160 is a model 6151, and a.II of 
the units shown have been superseded by 
the units 6151 Model 115 and 6150 
Model 125, introduced in February 
1987. The performance figures (given in 
MlPS) arc correct for the new model 
numbers. The new models come standard 
with 4 megabytes of memory and a 6888 l 
floating-point unit (FPU). The 10-MHz 
NS3208 l FPU shown W-dS never si.andard 
and is still available as an option, ! be­
lieve, but many of the other products in 
the table have optional floating-point 
boards that are not listed. RT PC memory 
ell;pansion is to 16 megabytes of memory , 
not to 4, as shown . 

For Sun Microsystems, the Sun-311 60 
is a 16.67-MHz CPU arnl 16.67-MHz 
FPU system . The numbers shown in the 
table seem to belong to lhe Sun-3/ 260. 
which is not l isted in the table . The 31160 
and 3/260 are similar but distinct product 
lines. For the Sun-4/260, the ri::duced-in­
struction-set computer (RISC) chip is 
commercially availablt: from Fujitsu, so 
ii probably should not be considered a 
"proprietary RISC chip." 

AJthough lhc chart has only so much 
room, some oflhe sys1ems are shown wilh 
their rnini.mu.m hard disk capacity , while 
others are shown with their maximum ca ­
pacity, and the number of hard disks also 
varies with the system (Apple Mac has 
one internal hard. disk drive, for ex.ample, 
while the IBM RT PC can have three) . 
Most d.iskless systems have optional hard 
files. and most systems can have floppy 
disk drives, while only the Apple Mac 
listing shows a floppy disk drive. 

David WiJ son 
Humboldt . AZ 

APL Fibonacci 
The letter from Douglas Ross .. Forth 
and the NC40J6, " Leners, December 
1987) caught my eye lhis monlh, as I have 
been learning Forth. However. I am writ­
ing in regard to another language and its 
Fibonacci Benchmark Program (FBP) 
results . 

The language is APL , specifically 
STSC APL*PLUS version 7.0 run on an 
AST Premium 286. Please refe r to listing 
1a for a "conventional" version of the 

SINCE 1977 

tt 
FBP. By "convt::ntional, " I mean one that 

ELLIS COMPUTING·1M loops through the main program 100 
limes.To order cal l: 5655 Rigg ins Court , Suite 1O 

While the times compare favorably to(702) 827-3030 Reno. Nevada 89502 
those gjven in Mr. Ross's table, this ell;er­

IBM is a reg1slerad lrademalk ol lnteniahonaj Business Mac:::hu1es. Int B1ne'lo'& Is & registered lf.ademark af Sof1cralf_lrrc cise has reduced APL w just Another 
SAYWHAT?' •S a 1<ademark of T~e ReS8arch 0 roup U111 h COBOi. 1 s a !l'ad&marl< ol Elhs Compu11ng. Ir>e • !987 Ellis 
ComP<JIFng Inc Programming Language. Where APL 

comi11ued 
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Now you can take advantage of every last bit in your 386. 
All 32 of them. With Microport's System V/386.' Devel­
oped specifically for the 386 by AT&T, Intel and Micro­
port, System V/386 is a real U IX® System V Release 3. 
It's the 01lly industry standard, multi-user multi-tasking 
way to push your 386 to its absolute limits. And deliver 
aImo t unlimited speed and power to your desktop in 
the process. 

You get 80386 protected mode, 80286 protected 
mode, and fully compatible 8086 emulation. There's 
direct access to 4 gigabytes of RAM with demand paged 
virtual memorv and more. 

All of which prepares your PC for some of the most 
powerful software tools ever to run on a micro. Like 
32-bit Microport/Green Hi lls C, Fortran, or Pascal com­
pilers that help you develop 386-optimized softwa re of 
your own. Full streams network support (NFS, RFS). 
And DOS Merge, Microport's fully PGDOS compatible, 
multi-user, multi-tasking environment that runs PC/ 
DOS, and PC/DOS applications (like 1-2-3, Sidekick, and 
dBASE) transparently under UNIX. On both 286 and 386 
computers. Run UNIX on one machine (so you can keep 
all that power for yourselt) with one or two users, or 

connect 10, 20, 30 or more programmers on a single 386 
in what may be the world's most cos t-effective software 
development environment. 

Better UNIX. Best P1ice. 
That's the kind of thinking you've come to expect 

from Microport. Real honest to AT&l tJNlX systems. 
Only $199 for either the 286 or 386. DOS Merge starting 
at only $149. All warranted and with technical support . 
Plus, a full line of off-the-shelf UNIX applications. 
Call today for free info and a real UNlX discount 
coupon . Microport. We'll make your 386 sweat. 
So you don't have to. 

(800) 722-UNIX/(800) 822-UNJX in CA 

Real UNIX,* $199. 

M I CROPOR T 

Microport Systems. Inc. 

10 Victor Square• Scotts Valley. CA 95066 


(408) 438-8649 •Telex: 249554 MICR UA •FAX: (408) 438-2511 
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LETTERS 

D BUSINESS 1-EZ-FORMS business f0<mI 	 IgE!flaralion, complebon and p-mlin!;) pn:>gram. 
D CAO 3-Tne PC -Flow 1.0 compu1er nl<lM llow­1 chan genera1lon program Color graphics required. I 
[[] COMM 4a b,c,d,e-(5 disks) Join the world ofI Isysops wl!h R88S Bulletin Board System 14.ID. 
~ DATABASE 1a,b- (2 dlsl<s) File &pre"" 3.a 

menu driven QE!fleral purpose da.IW>as.e mannge< I
D EDUCATION 1- 1n1eraclive DOS 1u1011aJ Im new I 

PC u...,rs. Makes 1ea.mlrrg DOS pa101es0. 
@] FINANCE 1a,b---12 disks) PC Accoun1en1 2-0 I 

pe<sonal booi<l<eeplng and hnance managemenl.

0 GAMES 1-J·D Pac:man, Kong. Spacewar, Janft · I 
Joe. ru1U1 18~c Flig h1mare and m0< , COior r.,qulred. 

D GA.MES 2-0ubell. Panao. Canllp!!de. duo- I 
goons and dragons style Zoarre. elc. Color req . I 

0 	G·AMES 3-alaCl<~CI\ wlin cus1om1 zabk; ru les. 

,\r rnchai r Ouanerback (you call plays), and more. 
 I 

0 	GAMES ~1ar Tr ek, Ille Gasde adventure 
game, ond the original Colossal C11vos Aclven1ure . ~I

0 GA.MES ~The Hae~ advenlu rtJ garne lrom Ille ~ I 
un1vari;111es. l.Jke Rogue. Only mucti rkllier. "' 

0 GAMES ~inbaJI, Olhallo. Dr agons. Sopwith I 
(Uy "Sopw•Vi Camell nd mom. Col0< roqulred 

[I] INFO 1&,b---12 d1SkS) Cooking recipes dalabase I 
w~h ke;owordlingredlenl r e~leval Add your own. 

IIJ MUSIC 2a,b--(2 disks) f' lanoMan 3 0 polyPhu<•;c I 
music iocordlng und ~a)'bad< p rogro.m. 

D ORGANIZE.A 1- DeskTeam, a Sldeklcll clone, I 
nno lhe Judy personal calendar piogram 

D PRINTER 1- Aesiclen l prin t conlrol and font I 
uUfi ly, 1n1e11rge01 spoo ler, banner mak-Or, and more. I 

0 	SIMULATION 1- Maze making progra.m. MIT's 
Life sim ulation. s1arfields, etc . Color graphics req . I 

D UTILITIES 1- A colleclioro ol 1nve.luable geoeral 
purpose DOS ul1ht1es. An atlsokile musl lor all. I 

D UTILITIES 2- More lm1aluaole DOS L/llllJJes In· I 
dud ng seteen bumoul. tam d·~ a/Id more. 

0 UTILITlES 3-A comprehansllie sat ol debugging I 
und diagnostic ul«ltles lor monHoring you<comptJter. 

NEW RELEASES UPDATES 
0 BUSINESS 2- E•p< essgrttph t>usiruiss g raphlcs. 

Chari your «:lalFl a0\1 lino trones, Color grophles req . 
[II CAD 1a,b- (2 disks ) Flngarpa lnt t .2 advanced 

p nting e.nd Al1amira cbfect or1" nted O<!Slgn. ColOf. 

~ CAO 2&,b---12 disk!!) OanCndJd, an advanced 
2Df.l0 drafting program wl anlmallon 640!<. color. 

IIJ COMM 2a., b-\2 diskS) Procom01 2.42, nn OXC(ll· 
lent modem program wllh terminal &mulfll ion 

D EDUCATION 3-PC-Fa51ype 1.20 iyplng tule<. 
Ideal 10< beginners and advanced students alil<e. 

@] FINANCES 38, 12 disks) Expro"" Cale J. 12. 
a powerful and user lr/enel!y spteadstiee1program.

D GAMES 8-Slr1i<e• neicoptB1 auaat< Ql)(J Risk. the 
game cl world doml011Jlon. Color mqvi'lld­

0 GAMES 1 2- i3<'.lok()ammon (play 100 computer) 
and Wheel ol Fonune based on the gameshow. 

0 GRAPHICS 1- Aacord ond play bac~ scr&en Im­
ages I E.J<cellent for demo. e1c. Col0< r&qu~lid , 

@] GRAPHICS 2a,b,c-(3 d' kG) A n oxcenon1 3-D 
~urtaoo modelling and shading p1aoram. Color. 

@] INFO 28,b-/2 cbsks) Zip·Phone. national 
aroaeodo/pro~ ~ to Zif»Ood9 cros.s roieroneo, 

@] LANGUAGE 3a,b-(2 disks) The AB6 3.0G 
mecro assembler a11d debugger lor 00Slll8612.86s . 

j]] SHELL 4&,b-(2 dloks) Autorl1<!nu nd HDM 11 
4.04 ha n;J disk prog. lor C!.15 100' h~l . si;rc~n manus.

Cl UTILITIES 5---Hard dl~K ulillllo~ tor verllY lng , 101­
mBlllng, parl.lng and optirnlzmo your <11.-.k drill.is 

C UTILITIES 6-M '<!need uulities lnd uding 
Mer Release (remove ras!Qonl progs w/o reboOll l 

C UTILITIES 7 - Moru advarn:oo u" i tles Including 
Ma!ila1<:ey (undeletes lllos lrom ha,d dis!<sl

IIJ WORD 1a,b---12disl<s) PCWr"e2.71 , apower1ul 
worn processing sys1em wtspell checker, laser supt. 

MoSI sotrware ris1ed Is shareware or us.er-supponad 

:J 5 lo rm~r add SI d•s~ 125 a c director .111<1 S:! 

I MicroCom Systems Cost of Items __ I 

3673 Enochs Street Shipping s;i oo 


I Santa Clara. CA CA res tax I

I 95051 Total enc:I. I 


gains a deci sive speed advantage is in its 
ability to work on vectors or arrays of 
numbers. Please refer to listing Ib for an 
"APL " version of the FBP. By "APL," I 
me.an one where the main program is exe­
cuted only once but operates on I00 rows 
of numbers al one time. 

Both versions are quite similar, save 
for these three differences made to the 
"conventional" version to arrive at the 
.. APL " version. Lines I and 5 are re­
moved, since looping is not required. 
Lines 2 11nd 3 set up and execute 100 rows 
of numbers at one time. Line 4 is modi­
fied to check for 24 column~ rather than 
24 numbers. 

The end result is a program that runs 
10 times faster and is 40 percent smaller 

(note that the "APL.. version may be 
smaller, but the value calculated (SEQ) 
will be 100 times larger than the "con­
ventional" version). Refer to table 2 for a 
complete set of timings. 

An interesting side point is the use of 
the. 80287 math chip. Since the only 
arithmetic involved is addition, its pres­
ence does li11Je to increase speed. How­
ever. change line 2 in listing la from" I" 
to ''0.1" and line 3 from " +-" to ·' *" 
(raise 10 a power), and the speed advan­
tage becomes more apparent . 

What started out as purely a machine 
comparison lllld moved on to a machine/ 
software comparison has now ended up 
as a software comparison. I certainly do 

cofl/inut•d 

Listing I: A conventional implememation ofthe Fibonacci be11chmark (a). 
An implementation more rypical ofthe way APL operates (b) . 

(a) 

v fUIC;CTll 
( 11 Clfto-1 • ft SET ITEJ!RTIOHS co.tfTER CClll} TO 1 
(2] LI :SE)o-1 • ft SET rHITIR. SEQl.EJU (SEQ) TO I 
C3J U:SEQoSEQ,•r2t$Ell • " fDl U6T no lR.t.ES <F SEQ, anettTE 10 SEQ 
(1] •(21>r$[Q)l\.2 • 11 O£IX TO Sll IF 21 IU1lERS HU: llEDt C0£ 
(5) •(lll>CTR-ClR+O/l.l • fl om TO SEE IF 188 JTEMTICHS HU: llEDt OCK 

" 
(b) 

v FIIWI 
(I] SB>- 188 1 rl •fl S£T IHITlfl. SE~ (SEQ) TO 188 fU!S a;· I 
(2} L2:~1•tt• -:Z tsa) • fl fOO UIST 1W IRJ.ES (F SEQ, CATEKl'IE TO SEQ 
(3) •(2'Wlt,sEQ)/!.2 • 11 QECX TO Sll IF 21 CU..lntS HU: l!EEJt OCtE 

" 

Table 2: Fibonacci results for APL. 

System using ··conventional" APL 	 Time (seconds) 

AST Premium 
AST Premium 

AST Premium 
AST Premium 

AST Premium 
AST Premium 

System using 

6-MHz80286 
6-MHz 80286 w/8-MHz 80287 

8-MH2 80286 
8-MHz 80286 w/8-MH2 80287 

10-MHz 80286 
10-MHz 80286 w/8-MHz 80287 

"APL" APL 

24 91 
24 72 

18.35 
18 24 

14.63 
14.56 

AST Premium 
AST Premium 

AST Premium 
AST Premium 

AST Premium 
AST Premium 

System using 
with •·. 1" and 

6-MHz80286 
6- MHz 80286 w/8-MHz 80287 

8-MHz80286 
8-MHz 80286 w/8-MHz 8028 7 

1O·MHz80286 
10-MHz 80286 w/8-MH2 80287 

"conventional" APL 
" · " modification 

2.47 
2 45 

1.83 
1.81 

1 47 
1.46 

AST Premium 10-MHz 80286 30.87 

AST Premium 10-MHz 80286 w/8-M Hz 80287 16.05 


I ; W$;4 ~~~!!32:~~2 lll1 
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let the Evercom Family of modems open your doors of communications. Talk to an old friend in the .Far 
East or send information to Europe. Evercom doe.sit fast. .. up to 2400 bps. And whether you have 
IBM~ PC/XT/ A 'J'!> compatible or lhe newer PS/2 machine. Everex offers internal and external modems co 
suit your needs.Why Wait! Go on line and make the world a smaller place today. 

Th e Everex Way... Quality,Features Price,and Performance. 

Evercom 12/24 
• 	 300/1200/2400 bps speed 
• 	 Hayes0 AT compalible 
• 	 SIW Vol .. comrol 
• 	 AdapUve djaling 
• 	 Auto data w voice 

switching 
• 	 Phone off-hook detect 
• 	 Auio Dial I answer 
• On-line help 
• 	 Free BltCom software 

Evercom 24E 
• 	 Stylish package 
• 	 Goes International 
• 	 push· button 

peakerphone 
• 	 2400 bps max.speed 
• Status and activity 

indicator 
• 	 MUie button 
• 	 ON/OFF switch 
• 	 Includes features of 

Evercom 24 
• 	 Free BhCom software 

Evercom II 24 
• 	 lmemal modem for PS/2 

machines 
• Goes International 
• 300/1200/2400 bps speed 
• 	Uses Machine's speaker 
• 	 Auto data to voice swlt· 

ching 
• 	 Phone off-hook detect 
• 	 Easy installation 
• 	 Free Bitcom software 

For compalilive pricing 
or the name of the 
nearest EVEREX dealer. 
call us toll free at: 

1-800-821 -0806 

(in 1SA) 

1-800-821 -0807 

(in Calif. ) 

e~(.~ 

~~VERE-----
4843 l Mllmont Dri ve . Fre mont .CA 945 38 

°'f.'VUl:D,fVlJI IDf B~..._. ll!!!ftmmll ,.,. t~ al f.'llM'll1 S,.l9flla,.INC.H..,.•.tlMl..axTlA1.Pftn ,. ... lmlmmillt.• .,_.. P11119*1t....O lfllCMfN.dl_• 
Dwlt ,,IMC'i... llPOlllPJlllllM 
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THE FASTEST 
TOAN 

250 cps 

I -
:ALPS P'Jtf('KJ 

If you want a fast, versa.tile, 
reliable printer with superb output, 
you can do one of two things. 

Get an ALPS. Orget an ALPS. 
The ALPS P21001 is ourM 

fastest, flying through drafts at 400 
cps, memos at 200 cps and letter­
quality docwnents at 80 cps. 

And the ALPS P2000;·· one of 
PC Magazine's "best products 
o.f 1986:' is no slouch, either. With 
print speeds of 250, 125 and 50 cps. 

So both printers will speed 

through most any kind of work. 
From letters and graphics to 
six-part forms and 16-inch-wide 
spreadsheets. 

But these aren't just high­
speed printers. They're also 
highly efficient. 

Each has multiple font car­
tridges, to let you change type 
styles quickly and easily. A 4K 
print buffer-expandable to 
256K-that frees up your PC for 
one job while you're still printing 



THING NEXT 
ALPS. 

400 cps 


ALPS n1m 

\ 

another. A built-in, push/pull 
tractor feed and bottom feed, to 
save paper that other printers 
would waste. Plus full compati­
bility with most leading PCs and 
software. 

Running these ALPS is as 
easy as pushing buttons on their 
front panels. And once they start 
running, they may never stop. 
With basic care, in fact, they'll per­
form flawlessly for over five years. 

Now the best thing to do is 

see them perform live. For a free 
demo or more information, call us 
at (800) 828-ALPS. In California, 
(800) 257-7872. 

You'll discover there's only 
one printer that can compare to an 
ALPS. Another ALPS. 

ALPS 

AMERICA 

IT'S TIME YOU SAW THE ALPS. 

Circle 7 on had~rMnice Canl (DEALERS: 8) ?2100 and P2.000 •re crad<>marluo ol ALPS Eleclllc C-0., t.rd c 19B7 Al.PS Am~nc~ 
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Ifyouthink f.OU canbuya 
better Ccompiler, don't. 
We'll buy it for you. 

Buy Lefs C® with csdt• 

for just $75. Ifyou're 

not satisfied, get 

Turbo Cor QuickC. Free.* 


Wliy are we making lhis Incredible offer? Because we 're absolutely l'tT· 
t;iin L('ti; C and ,-scl C Soun:c- Dcbu~cr arc lhc best C prugramming tools 
\'Oll can own . ~ · 
· Rest assured that. like Us com1x:llt!on. l.ct:S C feat ures Incredibly fast 
In-memory compilation a nd produces c:xu-cmcly t113ht. high quality code. 
The differences lie Jn how much fa ·ter .vo•scan pcrlonn other programming 
chores. 

Our debugger. for example. can cut developm ent time ln half. But thats 
not all: 

"csd is dose lo the Ideal debugging enulronmenl . . . a definite aid lo 
learn Ing C and an Indispensable 1oolfor program deuelopme111... 

-William G. Wong. BYTE 
And comparat lvcly speaking: "No d ebugger is Included in Ill~· Turbo C 

package .. . a S('rious s/Joncom Ing... 
-Michael Abnish. Programmer's Journal 

Unlike our competition. Let's C lm:ludes its own full-featured assembler. 
Ieatures documenl<!Uon with complete examples and lechn teal support with 
t:omplete answen;;-ttu:jlTSI llmt" yuu call. 

LET'S C AND cad FEATURES
LffS C: CJd: 

• Full UHIX com[\.'J[Jbillil>' ilnd C&lllpie'li! • ~ in CWUICf! a:xh!. n"Jt .&!.:k.00:~~NQl~:r~~-l=n:: ~~- ~1" t.tor-es • Pr~ 54!pari11 IP> soorte.. rvalu.ilOI .. 
Ltl\MUllll'..l~ JlOH'\!!>i lfl ~ rLW -!> • M.i fl'f' p(lwt:01 IUI 1,.1 11hl1 t=.. 11tCk.lllillC mllr, ""OIJlldffi .Ind t'llS!iYy ~ 

• I~ ~~11 .:,,1 n~n oul(l l.u{Jlel 1111!:11~ • !l~~~ ll!I lfltt! poi 11l~ AM ll'lcrtl10f 
mod<! • t~~~~~~tei!A t.d1 tor wnn 

• ll'l ~~J ~1eot1 tnYlf Ol'li~nt 0t tOIY'Q'ntf'l(I ~1Ui:tidi!'rnt.lud1HJ • Q.nlllW3G1 1'! 1:-0M!\r.n i:"i.nyC t1*1i'B~ 
Jl'IT~l.Ke • Supl)Ofl;:\3 tr,' do;_tAf. ~ Uhli::l !UrlY • C-l..i~.ecure .lnyC h1ricll'!)n ln.,.o.Jt twt'1Qt.3tfl 

• sr:H57 .S~"'Q .Ind 5Uf.ipDf l ld.ltlrd • fr .ia: t.ilO.fiJ~Wlfl 

Sn if_vou ·re thinkll 1,g al_Xlul l.>uying any o the r C compiler. think again. But 
yo11 only have unt II F'cb- 29 to order and take advantage of th is special olfer_ 
So think fast. And call l-800-MWC-!700soon. ( l-3 12-472-6659 In llllnots.) 
"Oll,,.-r.w::1 llabll.> nn IClol"phr.mt o r•h:'.ni o nl~· l ro n1 Feb . i . 1'088 t•Jf~b . 29. l f)HS. l l;t t'"li C:l ,a1114(j l,.A ·f "'IC11rnl•~i fur 
l \1dto1 ) C 01 Q u it:k C . rc-:mn n :(lKlr.1lluu L"ft:ni wJthl11 15 dli.v~ t1r pun":h.L~ da te. nouf~ Mruk WllU.in1:-ii Com p.1 n_y 
1l m1 \'r 1u HI"!' n :!u rn111H p nlf luc·1.s .1ml r"1"'f"h.·r:.- r ie-1un1 J111[l1pr-t1.;i1tot1 1\mnbcr_ P11"\d 1.1tlS rn u,1 'bit: f1:'1llnteic l 
"'-'1lt1i11 ~m<l,•)~ rro1n ~ h l r1pingt1.111; . 

fl Mark 
Williams 
Company 

1430West Wrightwood. Chicago. lllincis60614, 312-472·6659 
Cl !988 Mark W!lli•ms Company 
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sufficient memory with more efficient 
code generation and memory use. As a 
result , version I. I provides 90K bytes 
more room for users than version 1.0 did_ 
In a standard installation. over IOOK is 
available to run other Windows applica­
tions. Under the small (run-time) image. 
approximately 200K is available for the 
application. This gives users plenty of 
room to use device drivers, such as net ­
works, along with Ac1or. Version I. 1 has 
been tested and runs on Windows 2_0 and 
386, which can make use of extended 
memory. 

To some extent , Actor's speed depends 
on Windows's ability to draw graphics 
images quickly. Windows 2.0 has im ­
proved the performance of grnphics oper­
ations by severaJ hundred percent. In ad­
dition, Ac1or' s imernaJ speed has been 
improved via peephole oplimization up to 
50 percent over version 1.0 . 

The reason for the caveat regarding 
cleanup ( ) and dynamic memory rnen­
tione-0 in the review has been eliminated. 
Actor now uses the disk for cleanup. so 
users can safely use Actor with a much 
lower dynamic memory setting (typicaJly 
25K 10 30K bytes) . 

The so-called user interface inconsis­
tency claimed in the review is there be­
cause we felt that people had different elt­
pectations of an interpretive workspace 
window (immedi.ate feedback) as op ­
posed to a file editor (new line) . Overall, 
our design decision seems to have been 
confirmed by feedback from our users . 

The display window now retains a log 
of all text printed in it; consequently , 
messages can never be lost. The problem 
mentioned with scrolling of window cap­
tions is a bug in Windows, not Actor. and 
it has been fixed in Windows 2.0. 

On the documentation front, our man­
ual was virtually rewritten. We have also 
implemented a new site-license policy for 
universities whereby they can purchase a 
single copy of the software for $99 and 
then purchase a manuaJ for $35 through 
an authorized representative. 

Version I . I also has a number of new 
features. For instance , Actor now in ­
cludes a debug window to examine stack 
frames, browse messages, inspect vari ­
ables, and resume any me sages cnt. C 
structure objects are now available for 
communication with C libraries or DOS. 
We also have incorporated many suggcs­
tions from our users to im prove the 
usability of system tools. 

Actor I. I is ava.ilable for $495 to non ­
academic customers. 

Chuck Duff 
Preside/If 

The Whitewater Group Inc. 
Evanston . IL 

<'<'lllinued 

not want to start a ''my software is better 
than your software'' contest (we have 
enough of those with 68xxx vs_ 80xxx 
challenges). My intent is onJy to pass 
along these thoughts: 

There is always one more way to skin a 
cat (and if you are in th.e cai-skinning 
business, it doesn't hurt to try a new way 
every now and then). 

Not all cats look like cats. and just be­
cause it looks like a cat doesn ' t mean it is 
a cat (so be sure you really have a cat be­
fore you start skinning) . 

Unless somebody is paying you to skin 

all those cats, why worry how you do it or 
how Jong it takes (unless, of course, it 
makes you feel good)? 

John Hamilton 
Des Moines, IA 

Reviewing Actor 
Having read Leonard Moskowitz ' s re­
view of Actor 1.0 (September 1987), we 
would like to make your readers aware of 
changes in version I. I_ 

All known bugs in 1.0, including those 
cited in the review, have been fixed. Ver ­
sion I . I also addresses the problem of in­
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Making the right connections. The decision is yours. Now 
that most companies have multiple leve ls of computing 

power, you need more than just a short-term answer to your net· 
working demands. 

You know what you need ... DOS program compatibilit y, 
mul ti· tasking, expandability, filelrecord Jocking with pass\\ Ord· 
protected security, remote access, and ease of use. Jn short. you 
need LANLink'".. . the complete ne tworking solution. 

Network Board Free... Network Operating System 
Complete. In 1985. LA Link"' was the first ne twork to be free 
of network hoards. All of the network logic was on Server and 
Satelli te diskettes. l b this day, all it takes to set up a LAN Link '" 
ne twork is inexpensive cable , network software, and the very 
same communications ports most PCs & PS/2s already have. 

And now, LA Link"' comes with its own network operat­
ing system . .. PC-MOS/386'.... So you're no longer dependent on a 
system designed for single users and stand -alone computers. 

The First Network You Buy...The Last Network 
You'U Need. Designed to take full advantage of the newest 
80386 machines, LA r Link"' provides a true muJti-user system 
which supports the complete line of PCs, PS/2s. and PC­
compatibles. 

It lets you expand as your office networking needs grow. 
Each user gets multi-tasking capabilities, and you ca.n network 
di fferent ty pes of computers. If desired , you can have multiple 
servers. And with the tem1inal support upgrade. you're able to 
use tenni.nals. or PCs, as sate llites in multi-user "work group. '.' 

DOS Program Compatibility...Complete 
Connectivity. dBASE Ill , WordPerfect , Lotus 1·2·3, and 
Symphony, are among the thousands of DOS-programs that are 
LANLink'" compatible. The network enables securi ty-cleared 
users to access and share everything from programs and data· 
bases to high-speed laser printers and large·capacity hard disks_ 
R-LAN'." or Remote-LAN. g ives you the abil ity to access the 
LANLink'M system. via modem. whether you're across the stree t 
or across the country. 

A Platform for YOUR Future. The choice is clear: You 
can pay more than you want. fo r a stack nf network boards. You 
can get less than you need with a Cheap LA N-t.hat 's file 
transfer software which masq_uerades as a network. Or, you can 
gel LAN Link'." And install a SOLUTION tha t will take you fa r 
into the future. Its pr ice of $495 includes a server and a sate llite 
module plus the network operating system. For complete de ta ils 
and the authorized dealer nearest you, call The Software Link 
TODAY al the toll-free number listed be low. 

CALL: 800/451-LINK 
In G1corgfa : lmcrnationa llOE M Sa k ·: 


40.ll•M l-;{r. 0 •IUmt;~- 1006 


Circle 220 on Reader Stni(t Card 
(DEALERS: 221) 



LETTERS 

3-D Solid Modeling on a PC 

ing-poim format I recently designed for a 
hand-he-Id da1a-col lecLion device. Like Mr_ 
Oreran's, my precision rcquirements were 
modest (four decimal digits). Unlike 
him. I needed to deal with numbers rang­
ing over several orders of magnitude. 

I used a standard 16-bit two· s comple­
ment ioieger for the mantissa and an un ­
biased 8-bit integer for the exponent 
(power of2)_ This scheme has the advan ­
tage that 8-bit microprocessors easily 
manjpulate these quantities . AJso, since 
the implicit binary point is at the far right 
of the mantissa, you can float any integer 
by simply suffixing a zero exponent by1e 
(the routines do not require that numbers 
be maintained in normalized form). 

The range of quantities that can be rep­
resented with full precision is from ± 
32K 2•-m. •1m. or roughly from 10-,.. to 
HrJ. Actually , this was far more range 
than l needed, but packing and unpacking 
smaller exponents would sign ifica nt ly 
slow arithmetic operations . 

Ozeran's choice of a power of 10 expo­
nent is curious. since it drastically com­
plicates the prl-x:esses of normalization 
and alignment. Indeed, if. as he says, 
"values you might compare all have the 
same exponent ." then why bother storing 
it with each value at all? Simply stick it iu 
a data table header and let the analysis 
routines deal with it post facto . 

Rob Lewis 
Hollywood, CA 

Information Source 
When I recently decided to buy an IBM 
PC-compatible computer, I also bought 
all the MS-DOS books at my local book­
s1ore . One of those books happened to be 
a BYTE book-lnrroducing PC-DOS and 
MS-DOS: A Guide for Begin11ing and Ad· 
11a11ced Users by Thoma s Sheldon 
(McGraw-Hill , 1988). This book is ex­
tremely well written , with very clear ex­
amples to explain the various commands 
and how to use them. 

I'm still not an advanced user, but, 
thanks to the book, I now feel more at 
ease with my PC. I highly recommend 
/111rodu ci11g PC-DOS and MS-DOS to 
any beginner who feels that his or her PC 
is resisting au effom to understand it. 

Pat Hollin 
Florence. flal_\' 

FIXES 


Price Fix 
Letraset USA alerted us to the fact that 
lmageStudio sells for $495 rather than 
S49.95 , as stated in What's New. De­
cember 1987, page 96. • 

- Circle 55 on Reader Seniice Card 

Riding the Tiger 
Regarding the December Editorial ("The 
' B' Word ") , I 'm happy to hear that BYTE 
has grabbed the tiger (computer bench­
marks) by the tail in an auempt to bring 
some sense into these (';so important") 
computer system performance rest and 
evaluation programs. 

I hope BYTE doesn't rush into devel­
oping a oew series of test programs and 
that there is some period of time allotted 
to evaluate the te-st programs (bench­
marks) themselves. These test programs 
must be impeccable. So often I have 

found benchmarks that are flawed in 
some manner or another (even those de­
signed by experts of the highest caliber). 
It is very frustrating, because one is never 
sure what is really being tested or if a 
comparison of one system to another is 
even valid . 

Al Aburto 
San Diego, CA 

Shifted Integer x x 2 

Larry Ozeran's proposal (Leners, No­

vember 1987) for a new ' 'shifted integer" 

data type is similar to a modified float-


Mode!MATE is a true JD 
>olid modeling software 
packas~ with th~ power oi 
th.- more expensive pacl-­
ag~s at a fra tion of the 
cost . By providing a low 
cost , high quillity packai.;e 
we plan to make 3-D mod­
eling capabili ties available 
t,> all serious users-nL'l 
iu~t a privileged few. 

If you arc an enginl-cr. 
designer. draftsman. archi­
leC!, or just interested in 
JD, Mo<lelMATE is for 
you. It has th., power you 
need, at a price you can 
afford. 

ModelMATE's poweriul 
"'lid modeling techni4ue 
(B-rep I r l3ces It a class 
above point line Iwire · 
frame I CAD softwa ll'. This 
capability is further 
"nhanced by the following 
fealur.-s _ .. 

for Only $349 


• JO Ct•rsor 
• Primitit,es 
• E.tlrn~io•1~ 

• Co11slruclio11 Planes 
• 51,rfares of Rr.vn/r,rinn 
• Srnling 
• 	Mult iple Display 

Wi11dows 
• 	Ftill Feature Macro 

Language 
• Automatic Sectioning 
• Obi<?ct Duplirntion 
• 	Error Detection 

Reporting 
• Interference Checking 
• JD 5pline5 
• 6 Stlludard Views l:f 

lsomelrir 
• Perspective 
• Roaring Point Accimicy 
• L11<ltt So ..ra Rendering 
• Hrddrn Line Removal 
• 	Unlimited User-Definable 

Views 

An optional print packa~e 
whid1 supports over 100 
dot matrix and laser 
printers, is available 
tor $49_ 

A file exchange module 
which includes DXF and 
!GES . permits the trans! ...r 
cit 30 moclds from 
ModelMATE 10 AutoCAD 
an<l other popular CAD 
p.1ckagcs. is also available 
fo r $<19. 

L!IJRARlES are avJilablc 
to further enhance the 
design capabilities o f 
Mo<l...!MATE : 

Mechanical Design 1-559 
Structural Steel - S89 
ArchiteClure-5149 
JD Font' -549 

Control Automation, Inc . 
P.O. Box 160100, Altamonte Springs, FL 32716-0100 

For immediate information, call (305) 682-7077 
IBM PC f XT I AT are registered tradcmJrks of IBM Corp. 

,;\utoCAD i> o trademark of Autodesk Inc. 



Print Master 

lets people share printers 


Get the most out of your 
expensive l'esources - your 
people, your computers and you!' 
printti i-:;- wilh Prinl !\fos te r by 
Baylech. Not only does it let your 
people and computers share all 
of you!' printers . its huff er keeps 
the m wol'king ins te ad of waiting . 

Easy to set up, 
easy to use 

Initial setup is menu­
prompted and allows you to 
confi1;'1.11-e P rint Master l~> your 
application . You dec:ide which 
ports arc input and which arp 
output. You also set such 
functions as haud rates, 
handshaking. t imeout, how 
you select a printer. <'tc. 

After se tup, you simply 
cable Print Master between you r 
computers and printers. and 
you're ready to go. BayTech's 
Memory Reside nt Program lets 
your PC users select printer.;; via 
function keys that. correspond to 
a menu window. 

Circle 20 on Reader Service Card 

Non-bu ffered models from saa9

r ~ t. 

f't-• 111 i\'.1Ul'r ;r(lf_,,___ 

Prin t Master keeps 
everything running 

All u~ers can send data 
simultaneously to Print Master's 
dymi.mically alloeuled huffor. 
keeping your people and com­
puters working. This first-in ­
firsl-oul buffer also sends rlat.a 
to a ll printers simultam:.'Ously 
to keep them running at full 
capa ei ty. The buffer s ize'? A big 
5J2 K tha t 's expandable lo 
one mcgabytt'. 

Eleven models with 
serial and parallel 

An a<lvanla.~·e of Print 
Mas ter is its fle xibility : Any 
port can be a computer po1t 
or a printer port. Choo e from 
eleve n mode ls with different 
combinations of serial and 
parallel ports . Print la ter 
interna lly converts serial to 
paralle l and vice versa on 
combination ser ial/parallel 
models . Six ports, $7$15. Eight 
porL.;;. $89:). Ten ports. $995. 

. 
GSA pricing avai la ble. 

Want details? 

l,C)nt.ac t. .vour dealer or 
Ba.v Technica l Assoeiates fot· 
informat ion a houl Print Mas t t•r 
and BayTech's com ple te line of 
data ..:ommunical ion8 prnducti<, 
proudb1 mnde in the ·.s.A. 

BayTech 

Bay Tedmiwl Assfl(iates. Im:. 

Data Co1111111miwtio11s Pmducls Dii i.1im1 

200 N Seamd SI., /~ O. Box ."187 
Bay Saini Lo11i -. Missi.~sippi 39520 
Telex 9J0..1JJ .J618 RA Y TECH 
Phone 601·467-8231 or 

800-523-2702 
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Create Po,,verful 

Pro~ ·ains \Vith 

Blai: cTOOLS 


--------· ------- ­
Whi:thcr you"re an expert or a novic<'., you can 
l">cncfi1 from using special tools 10 cnham;e yuur 
programs. make th..:m rdiabk. and gi"e them a 
pn fes.~ional look. With windows. menus. pop-up 
memory reside nt progmms. and communk·mions 
·upporl. Blaise Compt11ing o ffers rn1 a wide 
range of programming 1ools to let you take full 
advan1age of che Microsoft and Bo rland pro· 
gram ming cnviro nmenls. All language support 
packages include fully commented source code. 
cumplcce co mprd1ensive manuals and sample 
programs. 

C TOOi ~ Plll '/. . $129.00 
Full spectrum of general service utilit )' fum:ti<ins 
incluJing: windows: mt.mus; memory re~ident 
upplicat.ions; interrupl service routines; in1crven· 
cion code: and di.re<:t video access for fasr ,;(:rccn 
handling. Spccifical.ly de.signed for Microsofl C 
5.0 and QuickC. 

Turbo $129.00 
Windows ;mJ menus; lSf~s; i111crvcrnion code: 
s..:rcen handling including EGA 43-lin.i text mode 
"1pport : dirccc screen acce.-;s ; and memory r si­
dent applica1ions. C:1rdully cmht:d specifically 
to co mplement Turbo C. 

lurho POWl~H ' E · 
COMING SOON! Genera! screen munag..:mcnl: 
paint scrci:n. : hlock mode darn entry <!f fie!J ·by· 
field nrnlrnl with in ~wn1 screen accc'i'i . For 
Turb<> Pascal . 
Turhn P \\ ' R TOOi ~"; 1'1 l ' $129.00 
NEW VERSION! Now supports Turb<.1 Pw.ci1I -1.0. 
Screen. window, am.I menu management includ· 
mg EG..I. su pporl : DOS 111emo1, control ; IS I~~: 
>ch.:dulcJ incervemion code : and mm:h more. 

l urhc . SY1' II PU "'i $129.00 
NEW VERSION! Now supports Turbo Pa.o;cal -1.0. 
Interrupt drivi:n support for the COM pores. 1/ 0 
hulf<"rs up to l:HK : XON/ XOFF; up ru9600 haud: 
111 km and XMODEM l ' 1n1r01. 

\ ' NCfl f N (;I P. $175.00 
Full fca1ured in1crrupt driwn ~uppon for the 
COM ports. 1/ 0 buffers tip 10 64K : XON I XOFF: 
up lo 9600 bau<l: modem con tml and XMOOF.M. 
For Mi~~rnsuh C. Turbo C or MS Pascal. 
h.evPbner $49.95 
··super-batch"' pr,,grom. Crcat<· batch files which 
c:m invoke programs and provide input to chem: 
run any progrnm unutlenc!ed: create demons!ra· 
1ion progn1ms; anal}rLc keyboarJ usage. 

PAS A oo v roo1 i.; 2 s115.oo 
Expanded string and screen handling: grnphic~ 
rou1ines; memory mam1gcmcnt; genernl program 
control: DOS file suppon and mort:. For MS­
P;iscaL 

.XE $95.00 
N -w VE RS!O ' Program chaining CX<'Cllliw . 

hain one program from annchcr in different 
languages: spccifv comnmn du!a arcrL~; kss 1h11n 
2K of overhead, 

IWNOfl~ S49.95 
Tex! formauer f,>r all prugramm.:r·. Wriucn in 
Tlirlx > f\c'l(:;il: tlc~ihlc primcrc:ontml: uscr-..lcfined 
variabk~: imk• gcneratio11; and a gencrnl m~cr 1 

facility. 

TO ORDER CALL TOLi. rRFr 
ROO-JJ3-ROR7 ! 

----~.~---
BLAISE COMPUTING INC. 
1560 inth Stre,cl , Suite Jl6 Bet~<ley. C:A 9-1710 1415) S40·5"UI 
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CHAOS MANOR MAIL 


Jerry Pournelle answers questions about his column 
and related computer topics. 

Missing Manuals 
Dear Jerry. 

In your August 1987 column. you 
mentioned a growing serious problem 
that I hope you will continue to give 
prominent attention to. You noted that 
Kaypro no longer provides technical 
manuals with its products, and that this 
has caused some grief. I was disappointed 
that you did not more stridently take Kay­
pro to cask for thi s omission. It is a very 
serious problem . Whenever I purchase a 
piece of equipment that does not come 
with schematics and other technical de­
tails. I immediately write the company 
for that material (agreeing to pay, of 
course) . Alas. J am finding more compa­
nies unwilling to provide the information 
many price. 

Two recent cases: Datavuc would pro ­
vide only barely readable ·chcmatics 
(with a missing page yet), nothing else, 
after I signed a 11ondisclosure agreement! 
Can the company really be serious in be­
lieving that thi will prevent copies? So 
far. Western Digital has ignored my let­
ters tor information on its Portafile hard 
di ·k drive with SASl-SCSI port. As your 
experience with Fast Kat indicates , sel­
uom does the equipment l.lpcrate as <iu· 
vertised. and without schematic and 
manuals , there is often no wJy to know if 
the equipment is faulry or ome hand­
shaking is mis ing. It took a technician 6 
hours to get the Portafile to talk to a Com­
paq . The step-by -step setup procedure 
was tor a genu ine IBM PC. and somehow 
it choked when applied to the Compaq. 
The Daiavue s1till goes off into hallucina­
tions in terminal mode , apparently be­
cause some garbage is stored in bauery 
RAM, which the manual does not . ay 
how to clear-or for that mauer does not 
even mention directly. 

I trust that vou will continue to aid the 
consumer by complaining loud and clear 
about the hick of technical documentation 
for hardware. 

Robert W. Harrington 
A1111 Arhor, Ml 

You 're right, of course. Full-service 
m<111uals ought to he a\'ai!able ro any 
usn. Both Kaypro and Ze11ith used lo 
provide 1he111 rowinely. which is one rea­
son rhey became 1wo ofmy favorite com­
pmiies. Now rhey don 't. They say most 
people don '1 want them. and some peoph· 

11re intimidated by them. 
My own 1·iew is that 1he companies 

ought to have an option mi the registra ~ 
rion card: Fill in a credir card number. 
and for $20 the manufacturer will send 
the schematics, service mamwls , and 
other hard 1ecl111ical data. The fee would 
discourage cas1wl requesters. -Jerry 

Greetings from Europe 
Dear Jerry, 

Why do the makers of MS-DOS lap­
tops insist on putting 3 \Ii-inch disk drives 
in their machines? Now I either have to 
get a 3 'h-inch drive for my home com­
puter or do without a laptop. 

About a year ago, in a fit of Gadget 
Lu. t. 1 bought a Panasonic Executive 
Partner, a nice machine with 5 1A-inch 
disk drives . It has performed , as you 
would say. yeoman service during 1he 
past year. But. between the permanent 
grnoves in my shouluers and the 3 inches 
that my right arm has stretched (all from 
the machine' s 30-plus pounds}. I have no 
love of ii as a traveling companion. It 
doesn "t even fit under my airl ine seat-
1:ontrary to the promises of the sales rep . 

Toshiba used 10 make its Tl 100 (now 
1he Tl lOO Plus) with 51A-inch drives. 
But, along with the nice. new display. the 
company put in those nasty 3 'h -inch 
drives. I cannot find a plain T 1100 (or 
any other laptop with 5 1A -inch drives a! 

any of the mail-order houses . 
ot much to report from this hemi­

sphere. The Bundcspost just raised the 
cost of data-transmittal services. Instead 
of pricing transatlantic data communica­
tion · just beyond !he reach of mortals. it 's 
priced it so only !he heirs of Howard 
Hughes could currently use the . ervice. 
So. between the data fees and the BIX 
foes, J am not likely to become a BlXen 
anytime soon. Frus1ra1ion abounds. 

International marketing faux pas: Th.: 
Soviets try to buy tht:ir American technol­
ogy from thi.rd and fourl.h partie whenever 
possible. My company cooperate with 
them In two ways . First. there is an inde­

('l>nti11r1~{-t 

Jerry Poumelle holds a doctorate in psy· 
clzology and is a cie11ce fiction writer 
who also earns a comfortable living writ­
ing about computers prese111 and f11111re. 
He can be reached clo BYTE. One Phoe­
nix Mill lane. Peterborough. NH 03458. 
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10 Important Reasons 

CProgrammers Use 


Our File Manager 

1. It's written in C. 
Clearly the growing language of 
choice for applications that are fast. 
portable and efficient. All of 
db_VISTA's source code is wri tten in C. 

2. It's fast - almost 3 times faster 
than a leading competitor. 
Fast access that comes from the 
unique combination of the 8-tree 
indexing method and the "network" or 
dire ct "set" relationships between 
records. A win ning combination for 
fast performance. 

3. It's flexible. 
Because of db_VJSTA's combination 
of access methods. yo u can program 
to your application needs with ultimate 
design flexibili ty. Use db_ V ISTA as an 
ISAM file manager or to design 
database applications. You decide 
how to optim ize run -time 
performance. No other tool gives you 
this flexibili ty without sacrificing 
performance. 
db_VISTA is also well behaved to 
work wi th most any other C libraries! 

4. It's portable. 
db_ VISTA operates on most popular 
computers and operating systems like 
UNIX. MS-DOS and V MS. You can 
write applications for micros, minis. or 
even mainframes. 

5. Complete Source Code 
available. 
We make our entire C Source Code 
available so you can optimize 
performance or port to new 
environments yourself. 

6. It uses space efficiently. 
db_ VISTA lets you precisely define 
relationships to minimize redundant 
data. It is non-RAM resident; only 
those functions nece.ssary for opera­
tion become part of the run-time 
prog·ram 

7. Royalty free run·time. 
Wheth~r you're developing applications 
for yourself or for thousands, you pay 
for db_VISTA or db_QUERY only 
once. If you currently pay royalties to 
someone else for your hard work. isn't 
it time you switched to royalty-free 
db_VISTA? 

db_VISTA'· 


10. Upward database 
compatibility 
Start out with file management in a 
single-user PC environment - then 
move up to a multi-user LAN ora VAX 
database application with millions of 
records. You 'JI still be using db_ VISTA. 
That's why so many C programmers 
are choosing db_VJ STA. 

Featu~•• 
t Multl· u• er jt1ppor! allow~ Qeio.l!)lll!Y IO r1l11 oo 

loail erea networks 
• Fiie • huoture I~ baS<ld o,n !he B-tree 1nde:>1l"9 

method 
t Tranuctlon proce.alng a ure multi-user 

w nill!tency 
•File locking Juppo11 provides read dud wrl ti1 

Ive ks 
t SQL·bueddb_QUERV Is linkable 
• Fiie tHnafer t1Ulhl~ Jn lud d fo r Asen. 

cl BASE opllonal 
• Roy•lty·freerusHlrne.dlsh1bu~on 
•Source Code avallable 
• D•t. DeflnlUon Language fat specifying rhe 

on~enj o>nd or:ganlmtlon of ycur hf~s 
• Interactive darabH e acceu utlllly 
• Dat•~•e con• l• lency check ullllly 

Fiie Management R..cord 

andFlleSlus 
 30-day Money Back Guarant.ee! 

• Mll~imum r1;1c;<;rd length llmlt~d only by acces· Try db_VISTA in your environment 
sibleRAM 

t M'axlmumrecorrlsperlll• s 16,777,21!'1 for 30 days and prove ii to yourself. If 
•Maximum lile sl21! llm led only by d\lil1lhblt' d >k not completely satisfied. return it /or a 

S'l!Jra\}4!. 

•Maximum of 256 lndl!X and da1<1 Ill"> Price Schedule db_VISTA db_OUERV• K.?y length ma~lm11m 246 byr~ 
t Nu hmlt Qn 11um~r ol key heldsper r<?C.ord 0 Sl rigle user s 195 s 1% 
• N1;i llmh on maximum number ol fields per 0 S1r1glc u•cr w/Sourc c $ 495 .s 495 


record 
 0 Muhl-use r s '1% s 4% 

Oper•tlng System D Mul11-use rw/ So11r•e s 990 ;; 990 
& CompUer Support NEW: 

•Operating system•: M. DOS, l!INJX , D VAX Mul11 ·u•• r $ 990 $ 990 
X1' IX. Ul.TfllX, Microport , VM . 0 VAX Mu!li·u>er w/Source Sl980 Sl980 

M~dnto h 


•C compilers: Liluro:- . Mt r ooh , IBM. Order Now.Allee , Turoo c XENIX , UNIX 
·•ncl LIJlhtspeed C Put db_V ISTA to work in your 

application program . Ordering is 

8. db_QUERY & db_REVISE. 
Add theSQL-based, ad hoc query and 
report writer for a rela tional view of 
db_VISTA databases. 
Use db_REVISE to re-design your 
database easily and quickly! 
Both royalty free! 

9. Free tech support. 
60 days of free technical and application 
development support for every Raima 
product. Of course, extended support 
and training classes are also available 
at your place or ours. 

easy-simply call toll-free. We'll answer 
your technical questions and get you 
started. Call today. 

Call Toll-Free Today! 
1 (800)db-RAIMA 

(800n27-2462) or 
206/ 828-4636 

[N~~~~~ll 
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pendent marketing and support group set 
up espe..:ially for the "East Block.·· Sec­
ond land more amusing to those of us 
who get !O watch). a firm in India has an 
interesting connection to ours. It seems 
that the Indian gentleman who wholly 
owns the firm was able to pu~h through 
some sort of executive. lifetime agree­
ment to market our products in the sub­
continent. Our company has no rights 
;.ind many responsibilities, while the lndi­
;ins get to run thing. their own way. 

So, business being what it is. a lot of 
high-tech equipment gets to the East 
Block through the Indian firm ~and India 
in general. but that is another story). The 
Soviets <1re tickled 10 he. able to p<1y for 
their shiny new gear with rupees. which 
the government of India is happy to get 
back. because India has about the same 
balance of trade problems with the 
Soviet:-. 1hat the U.S. has with Germany. 

Back to the faux pas. The Soviets 
wante.d to buy a 101 of laser printers . Bue 
common Soviet paper is barely adequate 
for typewriters. much less Canon engine­
based throwaway printers . So, they de­
cided chat one of our rugged printer. 
would suit their needs. And the market­
ing boys (Americans on "assignment " to 
the Indian company) went nuts with the 
·ales proposal. The Soviets declined to 
buy. and no one could figure out why . In 
the mcontime. a Japanese firm beefed up 
its laser printers to handle the Russian 
paper and sold about 5000 units . 

What happened? Well, the nearest th<it 
thMe of us who care can figure out is 
chi ; The Indians had set up a very nice 
pack.age for the Soviets: a fully optioned 
laser printer with lots of image memory, 
parallel and serial ports, the latest inter­
nol ROM s, and spare parts. It also in ­
cluded a photocopy capability. integral tn 
the printer. 

In a society that controls copy ma· 
chines like other societies control pluto­
nium. you can imagine the horror that ran 
th rough some bureaucrat's mind when 
someone tr ied to sell him small, possibly 
portable copier. . The requirement for 
' ' la se r printer" was overridden by 
··copier." To the few of us who heard 
about the fia sco. 1his w<1s not an irmnedi­
;ttely obvious answer. But a fow cool ones 
nosse.U the table one night and (ils they 
often do) assisted the intellectual process. 

What does this have IO do with any­
thing? Well , I believe that the main reasl;n 
that American firms do so poorly in the 
world market is that American marketing 
styles are too narrow-minded. If you a~k 
me, American sales reps. for the most 
part. do not take the time to get to know 
their market. What mav sell a leather 
jacket in Peoria may well get a sales­
perso n landed in jail in Malays ia-or 
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laughed righ1 back to the airplane . 
With few exceptions, most non-Ameri­

can firms set up 1heir sales force5 in the 
local economy and in ~ ist 1ha1 their people 
get to know local practices and priorities 
before Starling out. Provincial American 
business allituues preclude this. Rather 
than studying the competition and doing 
their jobs better. U.S . businesses. ii 
seems. prefer to cry "Foul'' and hide be·­
hind the skirt· of government - childish 
and. in the long run. dangerous. both for 
the cowardly firm and us consumers_ 

If our planet is to run it economy in a 
free market system, everyone has to play 
by che rules. The European community is 
beg.inning to show its stugnation in I.hat 
re peel . When the European Economic 
Community was formed 20 years ago. <J 

series of protective tariffs and quotas was 
put into effect. These measures, des igned 
to ease Che transition to a truly European 
economy. were to expire in 1992. But in 
1he European parliament, a great move is 
afoo1 to e.>:.!end that d;ite indefinitel y. 
Everyone is deathly afra id 10 compete on 
equal terms with the other guy . 

Chuck Kuhlman 
Mannheim, West Germam· 

Thank you . I always enjoy your repol"fs 
from Europe. 

As for porwhle:i, I have never liked 
5 !4 -inch disks; for my money, they ought 
to put at least one 3 Vi -inch dri ve in e11ery 
ne1" deskrop computer. You can s10re 
mon: small disks than large mies, and 
the v hold more. The y 're also a fol more 
rugged. With Traveling Software '.1· Lap­
/ink. there '.1· no problem gelling from 
desktop to portable anyway. - Jerry 

Prolc1g for Sundog 
Dear Jerry. 

Jn your September 1987 column , you 
discussed using Q&A to build a databtise 
ior Sundog, pointing oul Q&A 's flexibiJ­
iry for this appl icat iun but lamenting its 
lack of ctip;ibility to help with infomm­
tion such as estimates of commodity 
prices and determinaiion of the best trip 
to make. 

You and your readers may be interested 
in knowing th<.it Prolog provide~ the flt::xi­
bility that Q&A eems to have in storing 
dtita while also offering the computa­
tional abilities you desire . 

My program is wrillen in Turbo Pro­
log . Prolog directly implements rela­
uonal databases. and two are used in the 
program. The firs! is l oc ation. which i~ 
used to record the plane! and solar system 
where a city can be found. The second re­
lation~hip is ac t ua __price, which holds 
the prices found in the t~xchanges . The 
program doesn't include them. but you 
could easily add relmionships to record 

Che location of exchanges. the availability 
and prices of ship and computer parts . 
and assorted information. With !he inter­
acti ve environment pmvide.d by Turbo 
Prolog. setting up these database.s and en­
tering the data would be easy-possibly 
as easy for Q&A. although !he screen Ji s­
plays and reporting would be less fonc y 
without some real programming. 

You can see the advam<1ge of using 
Prolog for Sundog support when you try 
to get help in figuring out the most profic­
ahle deal s . That" s where esti ate "_ 
pr i ce comes in. This portion of the pro· 
gram estimates lhe pri,·e of a commodity 
of ;i specified grade based on actual_ 
prices of the same commodity in the 
same city . Profit uses the estimated_ 
prices 10 culculatc !he profit that one 
could make by hauling a commodity be­
1ween 1wo ..:ities. Finally. bes t _ trip fig­
ures out the best of all possible trips by 
comparing the profitability of au poten· 
tial trips. As a bonus. the slight modifica­
tions of bes t_ tr i p that follow the main 
version (which is first in the lis1ing) allow 
you to determine the best trip given a 
specified starting city , ending city. or 
load . 

This example illumate~ the pov.·er of 
Proloi:; as a prototyping tool: It lets you 
create databases easily. and programs 
that you· ve written for one purpose c<1n 
be used for others . Thus. unlike a con­
ventional prog ramm.i ng language . a fu nc­
ti0n can be used to derive its outputs or 
inputs. For example, pro f it ..:alculate ~ 
the return from a proposed trip and al so 
generates all trips meeting specified con­
ditions. The ability to reu se function s nin 
greatly multiply the effectivenes~ of your 
programming effort . 

Roy E. Lowrance 
New York, NY 

By coincidence, I haV<' brim n·ading 
Dan Shafrr 's Turbo Pmlog book and 
plari11g abow with tl11.' lm1guag1'. and I 
had coml' to the conch<simi rhm I could 
probably do \\'har you suggest. Thank you 
for thtc neat example. I ccm hardly wait to 
tr y ir ow. 

. I am fast concluding lh(lt Turbo Prvlog 
.l"lum/d he 1he first lmrg1m >e thm man1' 
/)t'O!Jfe learn. fl has considerable power: 
alas , if you ha11e leame<I 11 procedural 
!m1guagefirs1, you may run imo fl"m1ble 
gmsping Prolog concepts. I did. imril l 
got Shafer's book. -Jerry • 

IEditor' s note: Mr. LownmCP 's program. 
JERRY.PRO. is available 011 BIX. 011 

BITEnet. on disk. and in rhe Quanerly 
Li.\'/ings Supplement. Se£' "Program Lis1­
i11gs" in the ta/Jle of co111ems. ){iu will 
lll'NI an !BM PC or comp111ibfr and 
Turbo Prolog 10 run the program.] 
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ASK BYTE 

Steve Ciarcia answers your questions on microcomputing. 

dijference , yo11 ·u need to remember thut 
the numbers you 're working with are 
approximations. 

It may be worth ymir while to check ow 
some books m1 numerical analysis from a 
university library. The subject i.1· prell y 
trick y, and you would be well advised to 
brush up 011 your math first, hu.t there ':; a 
way aroun<l mos/ of these problems if 
you 're serious. -Sieve 

PC Security 
Dear Steve, 

I have a security problem . At my work­
place we have two IBM PC-compatible 
rnmputers. eacll one wiih a floppy di k 
drive an<l a hard disk dri ve . I must control 
the acce ss to the c.omputers in three 
levels. 

First, I have lO keep nonauchoriz.cd 
personnel from using the computer · . 
Second , I mus! keep people who arc 
authorize.d to use only the floppy disk 
drive from using the hard disk drive . 
Thi rd, I need to coatrol access to sub­
di m:tories on the hard and floppy disks. 

I need to do rhis without locks and keys 
if possible . The computers arc in service 
24 hour a day , 7 days a week . 

Samuel Bolanos 
Guatia!aja ra, Mexico 

Security in per.w11al compwer systems 
is becoming a fairly hig sofnvare indus­
try. A check of hiq er 's guide issues (If 
magazines will Rive you a list of many 
sources for password-protection and en-

continued 

IN ASK BYTE. Ste>·e Cimna . a ccm'f"ll"' <B t1· 
s11/1<1nl wul elt·1·1rm1ics e1111i11eer, mr.rwers <11w~ -
1ion.,· on uny url!u of m/cm compwing. Th!' 
mw1 repre.«!lllalive qu;·stiom - ,,.;// bt• an ­
,1wered 111ul published . .'frnd \'Oltr i11quir1•rn 

A.ikBITE 
clo Sre ve Ci1m:w 
/'.O. Bo.x 582 
Gla., fonbury , CT060J3 

Due w 1he high volume of 111<1uirre.<. '<'I! 

mmrm gi•urallll.'t' <1 perwnal reply. All leller.r 
mul photograph.~ become Ii«' properly of 
Ste"" Ciarcia uml cannot be returned. 

The A ·k BYTE, ·rllff i1u-lu de5 manager 
f/ur l' Wt'i1wr a11d re, eurd1erJ Eri<· .~/bert, 

7<m1 Cantrl!ll, Bill Curlew. Ken Dal'id.Hm, 
J11<11111c11e Do)ml. Jon Elson. Frank Kuech­
mn 1111. Tim /i,fcDonnugh. Edward Nisle.1·. 
Dick Sawyer. Rober/ S1ek. and Mark 
Voorhee:r. 

Disturbing Numbers 
Dear Steve, 

I am experiencing some disturbing ac­
tivities while using Borland 's Turbo Pas­
cal version 3.0l on my IBM PC done ~ it 
has an 8088 chip with no 8087). My 
problem concerns tbe. arithmetic func­
tions TRUNC and FRAG. For example, if I 
set Nl=ll. 0. Turbo Pascal tell s me that 
TRUNC(Nl)=ll and FRAC(N l )=O.O , as it 
should. However. when I then go and set 
Nl=2 .2* 5.0 . Turh o tell s me that 
TRUNC(N l)=-10 and FRAC(N l ) =l. 0. I 
tried the same example using FORTRAN 
?Ts INT function. and it worked fine . 

I am sure the problem is in the accu­
r<1cy of the multi pl i~·ation of the two num­
bers. but the que$tion is. how can I avoid 
this unac:cep1able result? I m~ed to use 
these functions on a regular basis . Should 
I write my own muhiplication algorithm? 

Douglas Jones 
Fort Walton Beach, FL 

Welnmze 10 the wonderful world ofnu­
merical analysis, \\'here things are never 
quite what rht•y seem. Consider tht' sim­
ple elaboration ({f your: problem in Turho 
Pascal 3. 02A (no marh coprocessor) : 

PROGRAM Tes t Nums; 

VAR 
rl,r2: REAL; 
rlt,rlf : REAL; 

BEGIN 
rl :=2.2* 5.0; 
rlt ;::TrW1c(rl); 
r lf : = Frac ( r1) ; 
r2 ;==1.0-rlf; 
Writeln(r1:15:11); 
writeln(rlt:15:11); 
~riteln(rlf:15:11); 
Writeln(r2:15:11); 

END. 

The r~suhs are: 

11.00000000000 
10.00000000000 
0.99999999999 
0.00000000001 

Surprised ? 
It tums out that the number 2. 2 does11 '1 

hare 0.11 exact represemation as a binary 
fra ctio11; the 0.2 part is a nomenninating 
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fra ction when e.1pres.1·ed in hinary. Turbo 
Pascal maintains abow 11 decimal digits 
of precision. so while the exac1 value for 
rl is really 10. 99999999999 . .• , it dis­
plays as l I . (){)()()()(X){))(X) because forho 
Pascal ro1111ds off its imemal represema­
tirm w I I digits and fills with trailing 
zeros. 

The binary-coded-decimal (BCD) ver­
sion of Turbo Pascal may be some help, 
because ir use.1· decimal base encoding 
f or f ractions. The fraction 0.2 has o ter­
mina ti rzg decimal represe111urio11 
(0.2000 . ..• tJf cou.r.re), Jo you 'ii get the 
right answer in this case. 

B111 all is 1wr roses. Even w11h the BCD 
version, guess what happens when you 
try 

:rl : = 1.0 I J . O; 
r2 : = rl ~ J . 0; 

Rl is 0. 333333333333333333 a11d H2 
rums out to be 0. 999999999999999999 
i11s1ead of J.(X)() • .. because the BCD 
I'(' rs ion holds only 18 digits of pred sion 
and iht' fraciion 113 isn 't a terminating 
decimalfra ction. 

If you have a pock.et calculator, you 
might try :>'Ome simple operations such c1s 
3 x (1 13) and see wha1 comes out. 
They 're all done in BCD in 8 to JO digi1s , 
so you 'II he ahle to figure out whar 's go­
inf{ on j(1irly quickly. Erpet1sive calcula· 
tors (notably .from Hewlett-Packard and 
Te.xas Instruments) go to great lengths to 
handle tlzese problems . hut you can force 
1he issue to show 11p by i11teger suhtrac­
tio11s at 1hc righ1 poims. Try l - (3 >< 
(113)) a11d wince. 

There is no way around this . simply 
because there are no "real " numbers in a 
compuier. Th£' real numbers you declare 
as REAL are onlv approximations to the 
actual vallles . limited by the number of 
bit.1· assigned to them in RAM. In some 
languages, you ca11 have "lnng reals " 
wirh more dig/ls, but that simply post­
pones the problem. 

FORTRAN 77 has. I believe, longN 
reals and ruund ti littlt' differently tha11 
Turbo Pascal. You might wa111 to try re­
coding rhe example the way l did and see 
what happens. I suspect that you will get 
similar results. 

Now, to be fair, the difference between 
0. 999. , , and 1. ()()() . .. is prelly moot. if 
your application rt!al/y cares about rhe 
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Nabadv Beats The Fax 
dBASE Users/

lnde11endent Reviewers Sav: 


• .Nabadv's Even Clase 

FoxBASE+ /386 

FoxBASE+ 

Clipper Clipper 

dBASE III PLUS 

Data Based Advisor BYTE Magazine 

FaxBASE+ Fastest Bv Far 
BYTE* benchmarks show that 
FoxBASE+ takes only 14 minutes to 
do what dBASE III PLUS needs an 
hour to do. The others are even 
slower. Clipper needs an hour and 17 
minutes. Quicksilver needs an hour 
and 40 minutes. 
Nobody beat FoxBASE + in even one 
of the 'Z1 BYTE benchmarks. 
FoxBASE+ zipped through the 
eithaustive Data Based Advisor** 
benchmarks in just 15.5 minutes. New 
FoxBASE+ /386 ran them in only 7 
minutes! By contrast Clipper took 53 

minutes, Quicksilver took 59 minutes. 
and dBASE III PLUS took an hour and 
18 minutes. 

Whv Waste Your Time? 
BYTE's data shows FoxBASE+ is up 
to 7 times faster. DBA 's benchmarks 
show FoxBASE + is over 5 times faster. 
You c<in run with Fox . ..or you can 
crawl with them. 

FoxBASE+ oe1111ers Now . .. The 
Others Onlv Promise 
We' re totally committed to insuring 
that Fox BASE+ will always be fastest 
... now and in the future. Hw can 't bu\! 
a faster product. · 

But that's not all ... 

Fox BASE + offers other great features 

like: true compatibility .. . familiar 

interactive commands like BROWSE 

and EDIT ... "dot-prompt" program­

ming .. . major language extensions ... 

idea] development environment . . . and 

a money-back guarantee. 


So call us for the details. After all ... 

Nothing Runs Like a Fox. 

FOXPASF ·~ 


FoxBASE. FoxBASE+. and FoxBASE+ 1386 are trademarks of FcJx Soft1•rMe. 

dBASE 111 PLUS is a trademark of Ashton-Tate. Clipper is a trademark of Nantucket, 

Quicksilver is a trademark of WordTech Systems. 

· Using the benchmark timin~ published in BYTE. September 1987. 

-- using the suite of benchmarks published in Data Based Advisor. March 1987. 


Cin:le 81 on Rladtr Stnicr Card 

Fox Soft11.<1re 
JIB W. South Boundary. Perryi;burg, Ohio 43551 
1419) 874-0162 Tdcx; 6503040SZi FOX 
FAX: (419) 874-80il:l 
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Cirr:le 146 on Reader Service Card 

CIARCIA FEEDBACK 

- TURBO G ­
Graphics Programming 


Environment for C 


Powerful commands with 

easy-to-use syntax. 


Device Independence allows one 

program to run on VGA, EGA, 


CGA, or Hercules without 

modification. Full support 


of each adapter. 


No memory intensive device 

drivers required. 


Direct video memory access 
for speed with software switch 

for BIOS option. 

Labelling with any AutoCAD** 
font. Two fonts included. 

Hidden li.ne suppression 
automatic for 3-D surfaces. 

Multiple graphic viewporls. 

Available for most popular C 
Compilers. (SpecHy wben 

ordering) 

Source available for 
c uslomi zalion. 

No Royalties!! 

Comprehensive Manual. 

**AutoCad is a trademark of 
Autodesk, Inc. 

Library $79.95 

Source $149.95 


Order Today! 


TXM, Inc. 
Box 5142. 


Cary, NC 27511 


(919)467-6855
(919)481-9452 

Master Card, VISA, Choice 
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U)ption softll'are. 
Most security software seems to be of 

tht' daw-encryptioll type, where anyone 
cw1 acct'.ss tire file. b11.t you 1wed a code 
key to make the con/el/IS readable. This 
probably dot's not mee1 your require­
mems. There are. however, some pro­
grams rluu pm11ide for password protec­
rio11 ag<1i11st unauthorized access to hard 
disks and directories. 

Here are se11eral compa11ies whost' ad­
\'t'rlisemems !'V!' s<'en rl'am/_\': 

Computer Security Corp .• 2400 West 
Devon , Chicago. IL 60659. (312) 761­
1764_ This company produces rhree pro­
grams: Ciradel , Sentinel, and fsr Guard 
Security Sysrems. All three programs of­
fer /nJfh password pro1ec1io11 and 
e11crypt ion. 

Data Resources Prorection Inc .. 3663 
Arnold Ave., Naples. FL 33942. (813) 
774-3282. Soft lock is for password pro­
1ec1im1 and enayption. 

H-F Compwing Services Inc .. 191 Eg­
limon Ave. £. Suite 302. Toromo, Omar· 
io CD M4P 1Kl, Canada, (416) 485­
5403. HFToo/s For File/Directory 
Sec11.ri1y offers passwurd protection for 
individlialfi/es and sudirectories. -Steve 

Just a Few Million Pixels 
Dear Steve, 

I have an idea lhat I would like you to 
consider . I use my computer to generate 
mathematical graphics-fractals and the 
like. I currencly output these to a ploner, 
driving it back and forth as though it were 
a raster device . I would like 10 create 
higher-definition color output, ideally 
onto photographic film. The commercial 
services that do this sort of thing (some 
use the Matrox system for business pre ­
sentations) have high enough resolution, 
but they will accept only the output of the 
software that thev use . 

Assuming tha1 all the photographic 
stuff was taken care of. all I would need 
would be a small monochrome flat-faced 
CRT and whatever it take~ to transfer the 
informalion a color at a time. I presume 
you get different intensities of the RGB of 
each pixel by lighting up the pixels for 
varying times. There are issues of expo­
sure linearity and po_ sible reciprocity 
fa iIure that I would have to con · i<ler, but 
it seems to me that they would be 
manageable. 

I would like such an object to accept its 
data via a generic serial link, since I am 
in transition between an IBM PC compat­
ible and a Mac II. This project sounds as 
though it needs on-board memory. al­
though I am not sure if I can create entire 
pictures at once or if I can do a part at a 
time. I would like to shoot for resolutions 
of 2(1()() by 2500 pixel . 

Do you think this is something !hat an 

amateur coul<l rnnstruct for a few hun­
dred dollars'? 

Henry Casson 
Portland, OR 

You've ~ot exactly the riglu idea }Or 
how the high-reso/11tirm slide film ma­
chines work: a 11ery ltigh-resohitio11 
monochrome displa_\' and a set of color 
filters. A11d. yes. gumma correction and 
reciprocity failure problems crop up-all 
those ugly real-life issues that we'd lm•e 
10 gloss over. 

Unfor/111u1tely, there isn 'r u cheap way 
10 get high resolution; it requires preci­
sicm elect rallies, custom optics, alld fussy 
mechanico/ ccmtmp1io11s. 811.r perhops I 
ca11 meet you ha(fway. 

If you 'd likt: to play around with tht' 
idea just to see how ii works, gel an 
Image Wise receiver and a good NTSC 
monitor (see the May 1987 Circuit Cel­
lar). It's got somewhat fm,· resolutio11for 
your purposes (244 lines of 256 pixels 
each), bw you could get really famasric 
color renditions: 64 shades for each of 
rhe red, green, and blue exposures, for a 
roral ofa quarter-mil/ion colors (less any 
lost to reciprocity and so forrh). It would 
gi1·e you a refutively inexpensive set of 
electronics to let vnu worrv aboM the 
color filters. opric~. and Jlim cameras. 
Best ofall, /mugeWise is c1 :;erial device, 
so it ll'il/ work ll'ilh vour IBM PC or \'Olir 
Mac. -Steve · · 

CIRCUIT CELLAR FEEDBACK 


Switching Supplies 
Dear Sieve , 

Thumbing through olJ BYTEs. I came 
upon your article entitled "Switching 
Power Supplies: An lntrouuction" ( o­
vembcr 1981). 

l have ~en out of electronic design for 
some years, but now I have to return to 
the study of it, and one obvious problem I 
am facing is the design of adequate power 
supplies for my equipment (some of 
which is battery-backed). 

Your article ·brought me partially up lo 
date again, but I won<ler if today you 
would use the same components as you 
<lid over 6 years ago. What's the news on 
the latest devices for this application9 

Uwe Brunjes G. Gerentc 
Chihuahua, Mexico 

My article on .1wi1chin1-: power upplies 
was wrirten as a tutorial, intended to ex­
r1lain and illustrate the essenrials of 
switching supplies ' '.from the gro1111d 
up. " The power-supplv design fearured 

c"!!/lll/IUed 
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UNLEASH YOUR 80386! 

Your 80386-based PC should run two to 
three times as fast as your old AT. This 
speed-up is primarily due to the doubl­
ing of the clock speed from 8 to 16 MHz. 
The new MicroWay products discussed 
below take advantage of the real power 
of your 80386, which is actually 4 to 16 
times that of the old AT! These new pro­
ducts take advantage of the 32 bit reg is· 
ters and data bus of the 80386 and the 
Weitek 11 67 numeric coprocessor chip 
set. They include a tamily of MicroWay 

mW1167 Numeric 
Coprocessor Board 

MicroWay 80386 Compilers 
NOP Fortran·386 and NOP C·386 are globally 
optimiz ing 80386 native code compilers that 
SUPP«! a number of Numeric Data Processora. 
including the 80287, 60387 and mW1167. They 
generate mainframe quality optimized code and 
are syntactically and operationally compatible to 
the Berl<etey 4.2 Unix 177 and PCC compilers. 
MS·DOS specific eJCtef'lsions have been added 
where necessary to mal<.e it easy to port p~ 
grams writ1Efl with Microsoft C or Fortran and 
RIM F-ortran. 

The compilers are presently avallable in two 
formats: Microport Unix 5.3 or MS·DOS as ex· 
tended by the Ptiar Lao Tools. MlcroWay will port 
them to olher 80386 Qperating systems such as 
OS/2 as the need arises and as 80386 versions 
become available. 

The key to addressing more than 640 kbytes 
is the use of 32-bit Integers to address arrays. 
NOP Fortran-386 generates 32-bit code which 
executes 3 to 8 times laster than the current 
generatioo ot 16-bit compilers. There are three 
elements eaell of which contribu1es a factor of 2 
to th is speed Increase: very efficient use of 
80386 registen; to s1ore 32-bit entities, the use of 
inline 32·blt artlhrnetic Instead of library calls. 
and a doobling in the effective utilizatioo of the 
sys1em data bus. 

An exampleof the beoefii of excellent code isa 
32·bit matrix mulUply. In this benchmark an NOP 
Fortran·386 program is n.m against the same 
program compiled with a 16-bit Fortran. Both 
programs were run on the same 80386 system. 
However. IM 32-blt code ran 7.5 times faster 
than the 16·bit code, and 5a5 limes faster than 
the 16·bi1 code execu!ing oo an IBM PC. 
NOP FORTRAN·386'~ ..............•$595 
NOP C·386"' .............•••••......$595 

80386 compilers that run in protected 
mode and numeric coprocessor cards 
that ulillze the Weitek technology. 

The benefits of our new technol­
ogies include: 
• An increase in addressable memory 
from 640K to 4 gigabytes using MS­
DOS or Unix. 
•A 12 fold increase in the speed of32 bit 
integer arithmetic. 
• A 4 to 16 fold increase in floating point 

MicroWay® 
80386 Support 

MicroWay Numerics 
The mW1167"' is a MicroWay designed high 
speed numeric eoprocessor tl1at w~s with the 
80386. It plugs Into a 121 pin 'Weitek" socket 
that is actually a SUP01' set of the 60387. This soc· 
ket is available on a number of motherOoa.rds 
and accelerators including lhe AT&T 6386. 
Tandy 4QOO, Compaq 388/20, Hewlett Paci<.ard 
RS/20 and M lcroWay Number Smasher 386. It 
combines the 64-bh Wei1ek 1163/64 ftoatlng 
Point multiplier/adder wilh a WeiteMntel de­
signed "glue chip ". The mW1167 '- runs at 3.6 
MegaWhelslones (compiled with NOP Fortran· 
386) whk;h is a factor of 16 taster !han an AT and 
2 to 4 limes laster than an 80387. 
mW116716 MHz . .. ........ . .. . ... $1495 
mW1167 20 MHz •••••. , •...... • ••• $1995 

Monoputer '~ - The INMOS TB00-20 Trans· 
puter is a 32·bit computer on a chip tha1 features 
a boilt·in floa1ing f)Oint coprocessor_ The TBOO 
can be used to build arbitrarily large parafiej pro­
cessing machines. The Moooputer oomes with 
either the 20 MHz T800 or the T 414 (a T800 
111ithout the NOP) and indudes 2 megabytes of 
processor memory. Transputer language sup­
port from MicroWay inctudes Occam. C. Fortran. 
Pascal and Prolog. 
Monoputer T414·20 with 2 meg• ., .$1495 
Monoputer TS00-20 With 2 meg' ...$1995 

Ouadputer1
• can be purchased Wit'1 2, 3 or 4 

transputeis each ot which has 1 or 4 megabY1es 
of memory. Quadputers can be cabled together 
to build arbitrarily fas\ parallel processing 
sys1en1s that are as fast or faster than today's 
mainframes A single TBOO is as fast as an 
80386/mW1167 combination! 
Biputer '• TBOO!T414 with 2 meg' ....Sa.495 
Ouadputer 4 T414-20 with 4 meg• ...$6000 

' lnctl.Jde.s O<xarn 

speed over the 80387/80287 numeric 
coprocessors. 

Equally important, whichever Micro­
Way product you choose, you can be 
assured of the same excellent pre· and 
post-sales support that has made Micro­
Way the world leader in PC numerics 
and high performance PC upgrades. 
For more information, plea&:l call the 
Technical Support Department at 

617·746·7341 
After July 1988 call 508-746-7341 

80386 Multi-User Solutions 
ATS•• - This intelligen1 serial controller sefies Is 
designed to handle 4 to 16 users in a Xenix or 
Unix erwironmEOt wilh as little as 3% degrada­
tion In speed.It has beel'1 tested and approved by 
Compaq, 1n1e1,NCR, Zenith,and the Department 
of Defense tor use In high pert~ 80288 
and 80386 Xonix OI' Unix based multi-usef 
systems. 
AT4 - 4 users ....... . ............. . . 5795 
ATS - 8 users .. .. ...... . . . , . .. •. . . . . $9.95 
AT16 - 16 users ... .. ...... . .. ... ..S1295 

Phar Lap'• created the first tools that make ii 
possible to develop 80386 applk:a!lons wtilch 
run under MS-DOS yet take advantage of the full 
f)O'Ner of the 80386. These indude an 80386 
mon~ori1oader that n1ns the 00306 in protecied 
linear address mode, an assembter, linker and 
debugger. These tools are required for the MS· 
DOS version of the MicroWay NOP Compilers. 
fltlar Lap Tools .. .. .... .. . .. ... ... ... $495 

PC/AT ACCELERATORS 

28TTurbo-10 10 MHz.. .. .. •.........$450 

2871\Jrbo-12 1 2 MHz................$550 

2871\JrboPlus·12 12 MHz ...........$629 

FASTCACHE·286 9 MHz ...... . .....5299 

FASTCACHE-28e 12 MHz .•••.......$399 

SUPERCACHE·286 • ...• •• •... . .....$499 


MATH COPROCESSORS 

80387·20 20 MHz ...................5895 

80387·1616 MHz .............. . .... $495 

80287·10 10 MHz ............ . . . ....$349 

80287·8 8 MHz ....... . ... • ••...••.. $259 

80287·6 6 MHz . . ..... . ... ..... . ....$179 

8087·2. 8 MHz .................. . ...$154 

8087 5 MHz • • • • ........••..........•$99 


The World Leader in PC Numerics 
P.O. Box 79, Kingston, Mass. 02364 USA (617) 746· 7341 

32 High St., Kingston-Upon· Thames, UK, 01-541-5466 
St. Leonards, NSW, Australia 02-439-8400 
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was intended ill 1his spirit. If I were de­
signing a power supply intendedfor mass 
produc1io11, I might have selected some­
what different componen/J, based 011 

mo11ufacturi11g considerations and the 
economies ofscale. 

If I were writing a rutorial 10 illus1rare 
the same 1hings, I might or might not 
make some minor changes in the design . 
With many 11ew and exciting imegrated 
circui1s available with various features 
and fu11ctio11s. I would swdy what is 
available i11 rams offunctional specifica­
tions , then make a decision according to 
what I found. The essential principles re­
main the same regardless of the specific 
design employed. Switching regulators 
are a11ailable from seve ral manufac­
turers, i11c/11ding giams like Motorola as 
well as smaller companies, and each has 
its je(l.fures from an engineering or prod­
uct-design perspective. 

You can obtain components for rhe ex­
pe rimt•nter's supply described in rhe 
1981 tlrtic/e from several sources. al­
though the core for the hand-wound in­
ductor is difficult lo obrai11 in small 
quanriries. Adverrisers in BITE such as 
Jameco Electronics and JDR Micro­
de vices ccrn ofren supply parts-rlze 
78S40 switching regulator, for example. 
is available from Jameco. Inductors of 
various values are availablefrom Mouser 
Electronics (2401 High way 287N, Mans· 
field TX 7(1)63! and DIGl-KEY Corp. 
(P.0 Box 677. Thief River Falls. MN 
56701 -9988). 

For newer variations on uses for 
switching suppUes with EPROM pro­
grammers , see the serial RS-232C pro· 
grammer (February 1985) and tht! 8052­
based intelligent programmer (October 
1986) fearured in Ciarcia 's Circuit 
Cellar. 

The following books contain d.erailed 
rreatmenrs ofrhe subject ofswitching reg­
ulators and power supplies: Switching 
and Linear Power Supply , Power Con ­
verter Design by Abraham I. Pressman 
(Hayden Book Co., ISBN 0-8104-5847­
0) and Electronic Principles hy Albert 
Paul Ma/vino (McGraw- Hi/I, ISBN 0-07­
039867-4). Also. mamifacrurer 's darn 
and application sheets are usually good 
sources of borh general information and 
specific circuits. -Steve 

Help Convert Me 
De.ar Steve , 

In "Build an Analog-to-Digital Con­
verter" (January 1986) , you included 
plans for a 16-channel , 12-bit high-speed 
ADC board. Can this design be readily 
converted to operate on an IBM PC 
(8086) bus? I can envision many home 
uses for such a board if I could adapt it to 
my AT&T PC 6300 using something like 

a JDR Microdevices prototype board 
with decoding layout as a start. 

I'm a chemist, and l"m familiar with 
analog electronics and Turbo Pascal. 
However , I'm not too good at digital de­
sign. Any help would be appreciated . 

David W. DeBerry 
Austin , TX 

Adapring the 16-chamzel 12-bit ADC 
board design ro an IBM PC can be 
done-11ery easily , in fact . You can use 
most ofthe design as is, or nearly so. The 
only area that really needs to be changed 
is the host CPU imerface. reflecting the 
difference between the BCC-52 and PC 
buses. For example , you could dri ve the 
ADC1205 RD* and WR* signals by the 
PC bus /OR* and /OW* signc;i/s. 

One additional option you mighr con­
sider is to exploit the IBM PC's direcr­
memory-access (DMA) capability. This 
would allow you ro access the ADC al 
maximum con ve rs ion speed-abo ut 
IO.(XJO samples per second. 

However , OMA would complicare the 
circuitry somewhat-you have ro gener­
ate a PC DRQ (DMA request) from the 
ADC sra111s bir that in<iicares conversion 
is comp/ere and rum tlze PC DACK (OMA 
acknowledge) illlo an ADC data read. 
Acwally. you would have to account for 
the fact that a DACK calls for two ADC 
readJ·-one for the most significam birs, 
and another for rhe least sig11ificam birs. 
Finally. I doubr BASIC could keep up 
with 10,000 samples per second-you 'd 
probably need assembly language (or a 
compiled language like C or Pascal) . 

Since you mention home 1'Ses. which 
rypically won't require such fiw sam­
pling, I'd ignore DMA the first time 
around. Later. after you ha ve go11e11 a 
non-DMA version working, you could 
consider a modified desis n including 
DMA. 

You could also use rhe PC's interrupt 
capability insread of th e polling ap­
proach I used. However. this involves 
many ofthe same considerarions as DMA 
(hardware and software comple.tity) . 
Polling is fine for most applications. 

With one ofrhe many ''/111erfaci11g the 
PC" books and a National ADC/205 
data sheet , you should be able ro get 
somethi11g working fairly easily. Also. 
when you ralk to National , ask for a11 
ADC0808 data sheet. The 1205 's 12-bir 
resolution is acwally overkill for mosr 
home applications. Instead. the 0808 of 
fers only 8-bit resolution bw combines 
eigJu channl'ls 011 one chip. eliminating 
rhe need for the mulliplexing logic on the 
BCC-30. 

A diagram in rhe article entitled 
"Computer-Contmlled Wood Stm·e'· in 

comi1med 
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When Your Computer Sends An S.O.S. 

It Can Cost You Plenty. 


·SECTOR NOT FOUND 
·FILE ALLOCATION TABLE BAD 
•DISK ERROR READING FAT 
·DISK NOT READY 
•INVALID DRIVE SPECIFICATION 

A revolutionary, new way 

You can successfully attack 


The costliest problem 

In business computing today. 


No matter whal lhey say, every one of 
these messages usually means: data 
loss due to hard disk failure. Part of your 
business is suddenly miss1ng-1.n-act1011. 
So you call technical suppon. 
Pay for unnecessary repair or mplacemen1. 
Pay overtime atrempting to recover or 
reconslruct as much of your scrambled 
information as possible. Spend your 
valuable time soothing customers· ruffled 
leathers because one of your computers is 
"down • Again 

Thinl< about it a moment: how much have 
these d1sgu1sed hard disk error messages 
already cost you in unrecoverable data. time 
and torture? 

Now for the •lloclcer: your average 
business user sees these disguised hard disk 
failures many rimes each year/ But it 
doesn't have lo be that way anymore ... 

The good news is: 
Disk Technicianlm and Disk Technician+lm 
A~1omated Al Software Systems virtually 
eliminate these DOS error messages by 
eliminating the hard disk problems that 
caus9 them. Both are designed 10 work with 
IBM PC, XT , AT and 1rue clones. 

Disk Technicianlm is 

prevenllve maintenance so1tware 


lhal repairs and ma1nta1ns hard disks 

by predicrmg and correcting failures 


before and after they happen 

- w1/llout removrng pro.qrams and data ! 


Can you imagine the time. torture and money 
you will save yourself? Your department? 
Your company? Plenty_ 

There is simply no otf'ler program /hat can 
deliver what Disl< Technician!-"' Claes. Over 
7 years' painstaking R&D were needed to 
bring 1nis revolutionary system 10 you. 

It's easy to use: requires absolutely no 
1echnic1al skills and less /han 60 seconds of 
operator time daily , II runs automatically .~nd 
unattended. Anyone who can press ENTER 
can use it. Easily. Read our reviews 

The Power of Disk Technlcianlf!I 

Disk Tcichnrcianrm predicts, detects. repairs 
and recovers hard disk data problems on the 
most fundamental level possible: that of the 
smgle occurance. single b1/ soft error_ 

Th•s unique ablhty 1s used as an early 
wammg mechanism that allows Disk 
Technician'"' to accuratelr predict wh•ch 
areas of the hard disk wil eventually cause 
problems - problems unknown /0 you until 11 
is too late. 

Only Disk Technician1mis able to find and 
correct marginal areas before lhey affect 
your valuabTe data And your bottom line 

·DATA ERROR 
·GENERAL FAILURE 
·ERROR READING 
·WRITE FAULT 
·BAD SECTOR 

·NON-SYSTEM DISK OR DISK ERROR 
·READ FAULT 
·BAD DATA 
·ABORT, RETRY, IGNORE 
·PLUS HUNDREDS MORE!!! 

Disk Techn1clan!m keeps a history 1n its 
database of failure panerns it detects. The 
astounding accuracy of Disk Technicianu 
a~d the long-term reliability ot your hard 
disks depend on decisions reached by its 
art ificial intell igence (Al } considering data 
gathered lrom previous tests 11 l1as perlorrned 
on your system. 

Million-dollar mainframe reliability 
For PCs? 

Disk T echnic.;in1m uses special propnetary 
wr ite and read test ing to identify marginar 
bits and/ or cont inual dynamic changes. 
Then . comparing current test results with its 
database ol previous failure pa!tems, Disk 
Technician rn Al makes an early warning 
decision as to whether or not 1hese errors 
will cause data loss. 
The power of Disk Teclln iciani!i1 daily 
tes1.ng , Al , precision accuracy and history 
database virtually assures million dollar 
mrnnframe reliab1l ily for PCs 

All this and "glitch' ' protection, too? 
SalePark m memorx res ident so1tware 
program (included.) works with ;;II of your 
programs all of tt1e time to preven1 
destruction ot your da1a from s1atic 
electricity , 1urn ing power on-and-off. 
brownou1s. surges and spikes. Wl1en these 
"glitches" occur they can write garbage into 
anything the disk t1eads happen to be 
localed over - sometimes wiping out an 
enl ire disk I 
Af1er 7 seconds user adjustable between 
·t ~ t5 seconds) of hard disk Inactivity. 
SafePark1"' automatica lly moves 1l1e tieads 
over a ·safe rone" crea ted by Disk 
Technician1m. Once the heads have been 
moved - wl1ich will almost always be the 
case - and a power glitch occurs, any 
damage wil l be conl ined to the afe zone: 
protecting your valu.~ble data and programs. 
If reliabllity, cost l)nd downtime are 
important to you - dally use of Disk 
Technician mis a must. Because the time 
to prevent disasler is before ii happens! 

Ctioose your hard disk 

Reliability assurance: 


' -Choo SI! DJU.. Ti0ehnlcl.ilinliT'1fo1 Choo.. Disk T<H:hnlc/Ml~ 
hard dl1kll up lo 32 mega for hllJd disks OWif 32 meg1, 
wllh MFM c.onlrnlle>r'I... sgg_gs loglc-.ll Of parflllonod drfvM, 

or ALL eontrollers. $129.96 

The following new fealUres have been 
a.~. to both Disk Technicianlm and Disk 
Technician+rm, For complete leature and 
technical specifications. 1usl call or wn'te us_ 
•NEW! Built- in. non-destructive (no need 
to remove your programs or data) fow-level 
formatter tor AT -1ype systems. wilh adjusta· 
ble Interleaving to maximize sys1em speed. 
•H£W! 	Will print a complete. permanent 
record of each test. or store ln file - your 
choice. 

•NEW! Built-In low-level lormarter wl:h 
adjus\a.ble in terleaving for AT and XT-type 
machines . 

•HEW! 	Hardware Servrce! Repa1r section In 
expanded Technicial Users Manual. 
•HEW! Runs on eJ ther Aor B tloppy drives . 
•HEW! Retains or ignores herd disk 

manufacturers' bad track data - y our 

choice. Can add bad :racks or sectors at 

any lime, non -destructively (no rieed to 

remove your programs or date), w1thou1 

retorrna!ling. 


•Works wtt h 2 physical hard disk drives on a 
single system. Can be reset 10 ope a10 on a 
new machine or hard disk by calling the 
factory. 

•Even works on finicky 1.2 megabyte AT 
type lloppy disk dr ives. 

•OuikstaJFm installalion guide and 
60 Second Instruction Manuafm get you 
golng_fasl and are i!ll you will need to run 
Disk Technfci-an1m 

Press Reviews: 
He•w Yo'" Times: "Disk Technician 
seems like a prodl.lcl every owner of a hard 
disk should seriously consider buying and 
using daily lor preventive maintenance. 
Think ol it as dental !loss for your con1pw1er • 
Tof(yo PC Newslefte': ' Hard disks are 
basically temperamental little beasties lhat 
1nL1st be te nded to regolarly. Othen.vise, pool 
goes lhe data! Dis.~- Technician does the 
same ming 101 hard disk preventive 
rnaintenance and protecl•on that Genera.I 
Ct1uck Yeager did for aircraft flying ; 
A radical expansion of lhe possible These 
boys lrom Prime Solutions are breakin' some 
new ground here • 
PC Magazine: 'Pr ime Solu1ions claims its 
Disk Teclmician can prevent 11arcl disk 
errors. repair even left. for-dead hard disks_ 
and recover las! data - all automatically 
and without any technica l skills on yo1J r part_ 
Sound too good 10 be true? I 1ho119hl so . too. 
Bu i altar wi tness ing lew rmnor miracles and 
a major miracle or two, I'm a believer, This 
$99 so1tware may be the b st mvastrnent you 
could ever make .· 
John C. Dvor11f(: ··11 you're one ol 111ose 
souls who are plagued by hard disk prob· 
lems, then take a look at Disk Teclm1cian 
lrorn Prinie Solutions." 
New Yorlr: Law Joumal: "Be prepared 
fo r an experience . The software Is ch ildishly 
simple 10 install and start Pr ime So1u11ons 
says i t takes 60 seconds. It certainly doesn't 
take longer But then _ oh, boyl" 

EVALUATION COPIES & FACTORY REBATES 
a11a1/able to volume users through 

participating dealers. call now for details! 
ORDER NOW from your part1cipatmg Disk 

Technicmn- Dealer or factory direct! 
- Visa. Mastercard. Eurocard accepted ­
800 847 5000 or619 274 5000 

li\l~-
1940 Gamet Avenue· San Diego, CA 92109 
TOIOphono:619 214 ~ TaaMIQal s upport:6 I B 271 •Ollll 
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Circle 166 011 Reader Service Card 

OKIDATA 
1200 and 2400 BPS Modems 

To most people our name says 
reliable PC printers. But the fact is, 
we've been in telecommunications for 
over 100 years. 

Hayes compatibility, and a 5-year 
warrantv. 

The Okite)TM 1200 and 2400 modems. 
The only modems born 

And our new PC modems are all 
you'd expect from that experience. 
With all the right diagnostics for a 
clear signal over "noisy" lines, 

with a century of expe1ience. 
See your OKIDATA dealer. 

Or call 1-800-0KIDAT..\ for 
the dealer nearest you. 

Rc:.gi•tcrcd Trnd~mark.•: OKIDATA. Old America . Inc.. Marque 
depo!l<!t d~ Oki Am<rka. Inc. 110)'01. Hayn Microcompo ter Pro­
duct> Inc. Trademarks : Okitel. Oki Elcruic lndu•II}' Company. u d. . 
PC Oige•l. Nationol Soft~-.... Tcslinfl Labor.nories. Inc. Rotod ' I by 
PC Dige•t Augusl 1987 is•ue cOl'Cr\ng 1200 bps modems. 

Ol(l~AT~ 
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CIARCIA FEEDBACK 

Ciarcia·s Circuit Cellar, Volume II, 
shows 1ha1 co1111ecti11g the 0808 tu the 
IBM PC wuuld be 11erv easy. 
-Steve · · 

More Conversions 
Dear Steve. 

I recently obtained a copy of your arti­
cle entitled "Build an Analog-to-Digital 
Converter.·· and I want to learn n~10rc 
about AI D conversion and applicacion. 

I am an embryologist who wants 10 
monitor environmental conditions during 
development of marine turtle eggs. How­
ever, I cannot afford to purchase an off­
the-shelf system because they typically 
cost too much. I would like to buv com­
ponents lo assemble a more rea;onably 
priced system. hut I don't have the knowl­
edge necessary to select the e.lectrical 
,~omponents. I should state that I am a 
computer user, but not an advanced 
programmer. 

Can you recommend a book that would 
fill the ne.ed of the " Dumb Biologists' 
Guide to Electronic Sensing and AI D 
Conversion "'1 I know that many of your 
articles hoive been collected into books. 
but they arc not available here in Saudi 
Arabia . Ifyou believe they would provide 
some of the guidance that I need. I' II 
gladly purchase them. 

Some of my needs are as follows: 

• A system that is rugged enough io sit in 
the sand for up to 3 months and collect a 
darn. set without disturbance. I would also 
use the unit in the laboratory. where con­
ditions are usually betcer. l might need to 
be able to pul it in a wo.terproof box. Data 
~torage wuuld require a memory module 
of some sort. 
• The ability to collect data at set inter­
vals. The shortest would be about I min­
ute (on an oxygen probe) , and the other 
probes would collect at about 5-minutc 
intervals. I am willing to trade off time in­
tervals for cost, if necessary . I would Ii kc 
to be able to select other. longer intervals 
(up to 6 hours) if possible. 
• The ability to sample oxygen. tempera­
ture. moisture , salinity. and pH. Does a 
difference in probe output require differ­
ent amplification? 

Jeffrey Dean Miller 
DJwhran Airpurr, Saudi Arabiti 

U11for1ww1ely . I can't n'a/ly recom· 
mend a book for you. I get must ofmy in­
format io11 from Trade joumals . manufac­
llirus 'dara sh11ers, and so on. The books 
I read years ago in college tended to be 
long on theory and details. and shon 011 

real-world applications. 
Acrnallv. I've written manv articles 

over th1• );ears related ro AID ~orn•ersio11 
continued 
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A high performance display adapter for PC/AT class micro·cornputers offering: 
1024 x 768 resolution I Texas Instruments TMS34010 Graphics system 

processorTIA I DGIS'M software support I 16 colors from a palette of 4096. 



DATA ACQUISITION COMMUNICATION 

Circle 121 on Reader Se,..,ice Card 

CIARCIA FEEDBACK 

PowerStationT,\f 

A Complete VT220 I VT241 Work Station 

Upgrade for the IBM PC/XT/AT and PS/2 


"Now true 800 
pixel wide VT241 
display and 
VT220NT241 
support for 
VMS Services 
for MS-DOS." 

f'owrSllllon 260 Wl5 EG.1.m11r Sl9 
VT240 Style keytioanl a<IO ZSTEM VT2~0 Emulaoon SVl\Ware 0.uQti(orb03rd ~Pl! ()rl '"' 132 co11inv1.1 afld 800 01•e1 
()glional WPS labelled k,eys (GOLD KfV MOOE Li add $30. AeGIS on smfldard EGA adaoiors 
zm:M pc · Vl240 Emulllol EmulallM Sonwaro 00/y. $M PS22W2 519 
Vl241lr.?4\ Er1111iatlot1 sortw.ire With aj] the llli.IUll!S ol ZSTEM V1220 p l~s KcybQ.;rO O<lO!>ll)< <>Ille IQ< PS200 °" PSl2 •Y>l••IS 
ZSTEM 4014, sil:•I afld FloGIS grapl>cs ZSRMpc -'014 Emulllor H9 
~Ion~ 220 S189 Use wiih ZSTEM VT 100, VTZ'O or stand·al()ne 
VT220 •tylo ~rd aoo ZSTEM VT220 emul•\loo So rtv.~r• lntera,IM room and oon. S.velrUc3~ ""'~e s horn 
Ool!OOal WPS belled f(oy; (GOLD KEY MODEL! 3<1!! $30. d•SI:. Keypod. mouSI!. dlgi1izer. prm1~1 . P'onor. aro 
ZIITTMpo~· VT220 EmullllOr Emulatioo Sohw:11~ only $150 Tiff S<Jppart 4100 C1llof J/11 1no <IV"' to!l1' maµpmo 
All lh• f!lalures ol ZSfEM VTIOO plus S-bil mode. downloadalllo ron1s. &40 • olOO •nd 6.&0 " J80 on some adao10tlrl'OOtors 
user IH!fned •evs. flJI na nn.>Vrm11t1.,,..11ona1m00es ExienOed mocms- ZSTEMpe ·VT100 Elllulllor $119 
/scnpt langu"lje True 132 colum"' on Hcre111Cs, VGA>. SIJper EGAs, afld H1gl1 !)0'10tn1ance COLOR \!T100 True aoonle 
sian<lard EGAs uSi"Q 111• EGAmalo option 128 columns oo CGAs 43 i n< Nqhlw1(!e. smoo;h St1olllnq 150 3lXI illll\llJI~ 
SUP90'1 on EGAs En~oo ~C',00.lrd SUPIXllT Ungermann Sass NeVOnc ~ CO!OI XMOOfM and KEAM[l, S<Jlll<ty!MAC· 
and VMS SCM:es IOI MS·OOS SU{IPOI\ ROS. 005 -= 

KEA Systems Ltd. 
f412 • 2150 West Broadway, Vancouver, B.C . Canada V6K 4L9 

Support (604) 732·7411 TELEX 04·352848 VCR FAX (604) 732-0715 
Ord1tr DHk (800) 663-8702 Toll Fr1te 
• JO ._, """"')' bo<lc "°"'""'"' ~MEM.ICNISA 

Analog 1/0 8. 12. "bll A/0. 

GPIB (IEEE-488) 
CONTROLLER 

BUA TECH 478 E. Exchange St., Akron, Ohio 44304 
(216) '34-315.4 TUC: 5101012726 
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and e11viro11memal se11si11g. These are re­
printed in my Ciarcia 's Circuit Cellar 
hooks, volumes I 10 VI. /11 all. about a 
dozen ofthe articles are re/med 10 AID­
(' verythingfrom a "Computer-Controlled 
Wood Stove" (see precetling letter) to a 
"Computerized Weather Srarion " (right 
11p your alley) . In my new pu.blicarion, 
"Circuit Cellar Ink, " I presem a series of 
prajects to receive and di.1play satellile 
weather maps. 

Tlw WESDATA recorder looks pretry 
good, but you could save a lot ofmoney if 
you br4iId yo11 r own. For example, take an 
HD64180 CPU, £PROM, eight 6264 
static RAMs. and mi AID chip (s14ch as 
the ADC0808)-and voilii, vou have a 
1011 -power, 64K-byte. RS-23lC data re­
corder. Ofcourse, though the chips only 
cost abow $100. whether it is worth it de­
pe11ds 011 the hardware and sojiware de­
sign a11d debug lime you 'II have to put 
i1110 it. 

The issue you memion -sampling rare 
versus cost-has two facets. In general. 
increasing the st1mpli11g rare will in ­
crease the power consumption, which a/­
jeers ba1rery life . Bw 11si11g all CMOS 
chips practically eliminates 1his factor 
(just remember to use the HD64180 
SLEEP mode betwee11 samples). /11 fact. 
because of the low power required and 
.l'ince ii sounds like your system is out­
doors , you mighl consider a battery-I 
solar-powered dwrger setup. This would 
have a polenrially unlimited life , as long 
a. rhe sw1 keeps rising evny day. 

However, the real potential problem is 
storage capacir). You menrion sampling 
five factvrs , one every minute and the res/ 
l!l'ery five. You also stare that the sample 
period C011/d be up 10 3 months. Wi1ho111 

cro11ki11g rite math in detail. that add up 
to about 250.000 samples in 3 months. If 
each sample is a byte, you need 2 56K 
byres. The 64180 can handle this (ir has a 
I-megabyte address space), but now you 
need 62256 (i.e .. 32K x Hsta1ic RAMs) . 
which al least doubles 1lze chip cost. Or 
you could use dynamic RAMs. with the 
1mders1anding that power consumption 
goes way up. 

Don 'r overlook ways you cun reduce 
the amv11111 ofstora •e required. Take 11d­
van1age of the inrelligence of 1he CPU. 
For instance , do ymi need to store e1•ery 
sample, or can 1he CPU compwe (and 
only need to store) an average for a peri­
od? Does everything need to be sampled 
wirh full (say . 8- or 12-biI) resolution ? If 
11 01, have the CPU pack multiple samples 
in a single byte. Many samples may have 
small changes in value for sequential pe· 
riods-have the CPU just store the tem­
pera/Ure change from t/1(' last per iod (4 · 
bits) rather than the absolwe value (7 or 
8 bits). You get the idea. -Steve • 

DIA. 72 Clgltal 0 

Digital 1/0, Power Control 

Synchronous/ Asynchronous 
RS422. llS232. 
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WAVEFORM 
SYNTHESIZER 

Albllro.JY Waveform 
Generation 
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Call For Details and Other 
System ConliguraHons 

~ Up to 640K on Mother Board Brand 
'-1 '-1~-- Name Floppy Drives, 135 Watt Power 

......e~ Supply, Slide Case, AT Style Keyboard, 8·10 MH2 Clock 
Speed, (Keyboard Selectable), 8 Expansion Slots. 

lllUNTEllS 

Alp$ 
AU models .. .. .. .. .. • .. CIH 

BiOilier Prml er&. • • • • . • . • • • • tell 

NEC 

BOARDS 

S1lenrwnter .•• , , , • • • . . . 850 
P-6.P-7.P-9 Senes , ••. .... • Cel l 01her Mooels . • • • • • • • • • • Call 

rt.ST 
Hol Shol ............. $ 330 
$J, Pac~ Plu~ . . • • • • • • • • • 109 

INTEGRATIVE SOFTWARE DATA BASE lllANAGlllENT TRAiii iNG 
Abil11y ...• ••...•••.... $ 52 C11pPQ! . • . • • • . . . • • . • • S 388 Fhghl Simura101 . . . • • • • • • • • S 27 
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12MHz EGA Sy9tem 

Basic System Features: 
• 90286 l(»bil CPl / • '; 12K Mochcrboard llxplllRlllble lo l'MB 
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ters Is ready ror OS/2 ™and OS/ 3~ 
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ymphony and a host of all t 
think of. 

tB-~---
8MBzBGA9jlltem $1399 

,.......
j ,.... JC Uiollld OOWIOllodll Ill 

'-: 90288- 12 80286-10 80286-12 80286-12 80286-10 
-°"'*­

1'111111111 0 1 0 1 0.. 11.515.3 10.1 13.3 I 11.5Slllll l --~ 

Man · 'Frl '~-~1'&'.. c..mt) 
~an-Fri 10.'lll ­ '>-Ill (EMICmon 

Saru- , IOi.'O - .HlO {WC>I C.-)

'"°­S-rdll)' l>DCJ ( !:oN C".-) 

ln!Cf!ll(lonal sak:5 de!k "°"'open 
Corpomc Buyer all for eoq,ar,tcDe* 
Un~ty P,0 ) $" on: wdcomc 
DtllttS and Quantlty'Dlllcoums UC ...n.ble 

TedtSuport(415) 490-2201 (41S) 683-6SSO 

4.'1/8MBzBGA.Stwa$1150 .::$300 

.......-.....
., ..... ..... 
IJ .....:wiiiliiiiiP' 

~-

,-- --. .. . 
- •• • •• • A a 
~ 

American Technologies, Inc. 
3401 W. Warren Ave., Fremont, CA 94539 
FAX (41S) 490-2687 (24 hn.) 
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STATG ICS® 


Select the points you want to remove from your .. . Then press F6 to refit the model and 
regression model . .. recalculate the statistics. 

Because "Statistical Graphics" 
Is Better Than Just Statistics and Graphics 

Most of today's PC statistical 
packages give you all the statistics 
you'll ever need. Some even give 
you a few graphics. But only 
STATGAAPHICS from STSC gives 
you integrated statistical graphics 
in an environment you control. 

Unique "What lf11 Interactivity 

STATGRAPHICS lets you explore 
data relationships fully, producing 
higher quality, more timely 
solutions. Define your data and 
assumptions, run the procedure 
and review the resul ts, modi fy 
data and assumpt ions repeatedly 
and take another look - and 
another. All without leaving the 
procedure or making permanent 
changes to your data. 

Integrated Statistical Graphics 

Coupled with STATGRAPHICS' 
interactive environment are over 50 
types of graphs - trad itional pie 
and bar charts, histograms, 3-D line 
and surf ace plots, quality control 
charts, and more. All are integrated 
with the procedures so that they 
can be displayed instantly and 
modified repeatedly. 

Query data points, do on-screen 
forecasting and model fitting , 
overlay graphs, or zoom-in on any 
area for a closer look. With 
flexibility like that, you can spot 
and investigate visual trends in 
your data-trends you may have 
missed if you looked only at the 
numbers. 

Over 250 Statistical Procedures 

• Di rect Lotus' and dBASE 
interfaces 

• ANOVA and regression analysis 
• Experimental design 
• Quality control procedures 
• Multivariate techniques 
• Nonparametric methods 
• Exploratory data analysis 
• Forecasting, time series analysis 

and more. 

STATGRAPHICS-

The Best Way to Do Statistic.! 


Put the power of STATGRAPHICS 
to work for you today-al l for only 
$895*. For our free convincer kit or 
the name of a dealer near you, call 

(800) 592-0050 ext. 400 
In Maryland, (301) 984-5123; 
Internationally, (301) 984-5412. 
Telex 898085 STSC ROVE 

STSC, Inc. 
2115 East Jefterso n S 11ee 
Rockville. Maryland 2085STSC 

·suggested relarl p11ce m U.S. and Canada. lnternalianal 
D"ces vary. Available through dealers and d1stnbutors 
worldwjde. STATGRAPHICS. PLUS• WAAE. Lotus. 11nd 
dBASE are regls1e red 1rademarks of Statist ical Grapnoc~ 
Corporal•on. STSC. Inc., Lotus Development Corporatiar" 
and Ashton-Tale, respect ive ly. 

A wide variety of graphs supported on over 100 displays, printers and 
plotters, including the new IBM PS/2™ Series. A PLUS*WARE"PRODUCT 

Cirdt 228 0 11 Rtader Serviu Cani 



BOOK REVIEWS 


A PROGRAMMER'S 
GUIDE TO 
COMMON LISP 
Deborah G. Tawr 

THE SCHEME 
PROGRAMMING 
LANGUAGE 
R. Kn11 Dyb l'i8 

THE LITTLE LISPER 
Daniel P. Friedman 
mui Mallhias Felleisen 

THE THIRD APPLE: 
PERSO 'AL COMPUTERS 
AND THE CULTURAL 
REVOLUTION 
Jean-Louis Gassee 

A PROGRAMMER'S 
GUIDE TO 
COMMON LISP 
Rel'iewed by Alex ume 

Digital Press. Bedford, MA: 
1987. ISBN 0-932376-87-8. 
327pa,~es. $23 

I n its lon.i; lifetime. the Lisp 
programming language has 

heen implemented in a num­
ber of dialects. each with its 
own se! of adherents and dc­
t racto rs . The differenc es 
among these implementa­
tions , notes Deborah G.Tatar. 
author of A Programmer's 
Guide to Common LISP , range from the. annoy ing (the user 
finds that common operations are called som.:thing slightly dif­
ferent ) to the seriously 1roublesome (variable scoping is done 
differently in different Lisps). 

The lack of a standard language resulted in the slow, painful 
fl ow of ideas from one Lisp center to another. and it was clear 
that a st an<lard was needed. Over the course of 30 months. soml: 
60 Lisp experts debated the merits and demerits of standardiza­
t inn, and, for better or worse., the Common Lisp specification 
(which has since become a de facto standard) was born. 

In 1984. Digital Press published a complete Common Lisp 
language specifica1ion called Common LISP: The Language. 
Written by Guy L. Steele Jr.. !he book includes descriptions of 
some 800 functions. Although Common LISP is an indispens­
able book for Lisp programmers. it is dry reading and not much 
of an aid to those new to the language. Happily . A Program­
mer's Guide to Commo11 LISP complements Steele· book by 
providing readable explanations .and examples keyed directly to 
chapters and s~ctions of Steele's book. A Programmer '.1 Guide 

11luma11nn by Rot> Cnl"in 

to Common LISP can be 
viewed as a companion vol­
ume to Common LISP. but it 
is robust enough to be read on 
its own . 

The aim of Tatar's book is 
"'lo guide programmer s 
through the di fficu I1 fir st 
stages of learning Lisp ." A 
secondary goaJ is to provide 
gu id a nee for programmer' 
who arc moving to Common 
Li sp from an older dialect. 
Although it admits to being an 
int rod ucto ry book and 
assumes no knowledge of Lisp 
on the part of the reader. it is 
not a book for the neophyte 
programmer because it deal s 
in depth with advanced com­
puting cone epts 1ikc data 
structures and bindings. 

Lisp with Flair 
A Prog rammer's Gu id<' ro 
Common LISP is neither 1he 
firs1 nor the only book 10 ad­
dress the Common Lisp lan­
guage . Most of what you ' ll 
find here can also be found in 
other volume s. However. 
what distinguishes this book 
from several other texts on 
Common Lisp i s that the 
author. who taught VAX Li sp 
while ·he .,,,.as a enior oft ­
wa re engineer at Digital 
Equipment Corp., manages tn 
pre s ent the language with 

flair. Where other authors might use apples and oranges in their 
examples, Tatar uses quotes from Shakespeare and T . S. Eliot. 
While this alone says nothing about the quality of the examples. 
it does help hold the reader's attention through what mherwise 
could be a tiresome learning process. 

The examples, by the way, seem 10 have been well thought out 
and ordered in the text. For instance , in a discussion of dynamic 
scoping . the first example in the text shows how a variable de­
clared to be " special" in funct ion A can be used by funct·ion B 
without being one of B's formal parameters. The next example 
refines this concept by showing how a call to function C can be 
placed between functions A and B without affecting their 
operation. 

The book' s more substantive examples do interesting and 
sometimes amusing things . Starting in !he first chapter. three 
simple program examples- a filter. a simulation. and a program 
hui Ider-take you on a hrief tour of what you are ahout tn learn 
without requiring that you understand what's going on. Later in 

<'Ollli11u.·J 
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BOOK REVIEWS 

A Programmer's Guide to Common 

LISP provides exercises at the end of 

nearly every chapter, and the 

solutions are in the back of the book, 

a welcome change from other texts. 

the book you are confronted wi th among others, a program tea ­
turing a ' 'cybeme1ic " animal 1hat "ea1s" the ls in a one-dimen­
sional world of ls and Os, an animal guessing game. and a te.-.;t 
formatter. The book's piece de resistance is a toy expcn system. 
complete with explanations and source code. 

Detail and Depth 
Tatar's detailed explanations are notable. For example, in a dis­
cussion of numbers, characters. and strings. she tells lhe reader 
that "* is treated as a number. bu1 under most circumstances 
3g4b is not. ·· In a footno1e , she explains that 3g4b could be a 
number if the base were et sufficiently high. Then again. in a 
di scussion of a li st-building function. the author deliberately 
uses poor s1yle 10 wrilc a funct ion 1ha1 creates palindromes: 

(de fun almost-a-palindrome (list) 
(list list (reverse list ))) 

Notjng that using the same name for both a function and a vari· 
able is considered poor style , Tatar nevertheless reminds the 
reader of the different bindings a symbol may have and of how 
the appropriate binding is retrieved, depending on how the sym­
bol is used. 

The author treats her subject in depth, taki ng up such ad­
vanced constructs as catch. throw, and unwind- protect, the 
mechanisms of package and modul e, and the concepts of pro· 
gram commems and documentat ion strings. A quick glance 
through the indexes of Patrick Winston's LISP (2nd ed ., Addi­
son-Wesley. 1984) tu ms up none of these subjects. 

A Programmer 's Guide to Common LJSP is visually easy to 
read. Different typefaces are used to distinguish Lisp code from 
explanatory text. Diagr.ims are used with effect to supplement 
tbe text in a number of places. I found the diagrams thal accom­
panied the discussion of shadowing part ic:ularly effective , since, 
prior to reading this book, shadowing was for me a puzzling 
Lisp concept. Separate indexes of defined procedures and 
macros and a general index make finding lhings easy. 

Each chapter is divided into sections and subsections, with 
appropriately fonnatted section headings . Chapter highlights 
are listed at the end of each chapter and consist of a li st of major 
concepts presented in the chapter. a summary of new syntax , 
and the previously mentioned suggested reading that refers the 
reader to Steele's Conu11011 USP . The author also provide.s exer· 
cises at the end of nearly every chapter, and lhe solutions to all 
exercises are in the back of the book, a welcome change from 
the "solutions to odd problems only" provided in most texts. 
Tatar's Stated purpose in <loing this is to allow Lhe reader to 
compare his or her working solution to the model solution and 
decide whether the differences lie in function or only in format . 

Lisp is currenlly enjoying a surge in popularity due in part 10 

a revived interest in artificial intelligence (Al) and in part , I 
th ink, to the acceptance of Common Lisp as a standard. Despite 
interest and standanJiz.ation. however. the ranks of Lisp pro· 
grammers could not increase substantjally without good intro­

cnminucd 
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Now 
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for 5.25" drives! It's the Ideal solution for exchanging data 
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Disk format is compatible with IBM, i:oshlba and Zenith 
portables. The Model 853W drive kit contains everything you 
need, including interface adapters, premium SONY drive, and 
complete documentation. Uses your exist ing disk controller 
(no additional slots required). Requires DOS 3.2 for maximum 
performance. Ask about our Moqel 873W (1.44MB). 

$$ SAVE$$ $159.95 
SONY DISKS + FRT. & TAX 

400 Daily Lane ­
P.O. Box 5210 VIS.A 

Grants Pass, OR 97527 ­

~~~t~\\ IMMEDIATE DELIVERY! 
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BOOK REVIEWS 


ductory books like A Prof(rammer 's Guide 10 Common USP to 
se~ them th rough the first stages of mastery. 

Alex Lane is a registered professional engineer for Technologv 
Applications Inc. (6621 Southpoim Dr. N. Suite 3/0, Ja ckwn­
ville. FL 32216). He has a strong !merest in Al and is the moder­
ator of the prolog conference 011 BIX. where he can be reachi•d 
as "a.lane." 

THE SCHEME PROGRAMMING LANGUAGE 
Reviewed b.\' Eva White 

Prenrice-Hall. Englewood Cliffs, NJ: 1987. ISBN 0-13-791­
864-X, 242 pages, $22 

Scheme is a simple yet powerful dialect .of Lisp based on a 
small set of concepts: procedures. continuations, engines, 

conditionals. and assignment statements . Because Scheme is in­
teract.ive and involves so few concepts, it is easy to become ac­
quainted with the building blocks of the language. but it's diffi­
cult to understand how to use the language 10 its full potential . In 
The Scheme Programming Language . R . Kent Dybvig attempts 
to impart a mastery of the language to the reader . 

The book is written for people who have some programming 
experience . though not necessarily with Scheme. Dybvig be ­
gins with an overview of the language and a tutorial introduction 
for pe.ople not familiar with Scheme . The tutorial takes the 
reader through the fundamentals of the language with code ex · 
amples and exercises (answers to the e;i;erciscs :ue not pro­
vided). The examples are written in an implementation called 
Chez Scheme, but I had little trouhle running the code on Texas 
Instruments' PC Scheme . 

The reference ection of the book. some six chapters. groups 
functions together according to the ir purpose .. for quick refer ­
ence , an index i11 the back will direct you to the function you 
waat : binding forms, control operations . and so on . The text 
describe.s the syntax for each function . clearly explains what the 
function does . and then uses the funct ion in a short example . 

In the final chapter , Dybvig gives the reader a good idea of 
how to write Scheme code. He presenti; six nontrivial applica­
tions. describes the programs. and follows lhe source code with 
exercises designed to stimulate thought and sugge cpossible ex ­
tensions . The examples range from a matrix/vector/scal!lr 
multiplication package to a small abstract object facilit y that you 
can use !IS the basis for designing an object-oriented system . 
Happily. the author devotes an example to both continuations 
and engines. I found these concepts difficult to understand be ­
cause they are not found in programming languages with which 
I am familiar. One example shows how you can use procedures 
as continuations to implement a pattern-matching technique 
called the unificat ion algorithm, and the other shows how you 
can implement engines in terms of continuations and timer 
interrupts. 

The Scheme Programming Lm1g1wge is not meant to be a 
standard language reference. While. the author lists a summary 
of lbrms that are part of the standard subset. he refers the reader 
to other -'')urces for the standard definition of Scheme and in­
cludes a useful bibliography. 

The book's purpose is to give the reader an introduction to 
Scheme. That Dybvig ach ieves this goal and does it in a slim 
242 pages is impressive . 

Eva White is a technical editor for BYTE. She can be ca11tar1ed 
at One Phoenix Mill Lane, Pe1erborough. NH 03458 or OTI BIX 
as "n'a. 
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Welcome to Paradise. The microcomputer software source that caters to your projlramming n ......ds. 

Discover the Many :\drnnta11:es of Paradise ... 


1.1:-o.1 Olk~ 

l'HA'L. l""l°'"S..\!iF..f.f 
XQL 
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M L' l.IS~ · 87 1~TfRl'REHR JOO 19~ '"' 19f. -Z f'.\GF. ~95 :LS9 	 PROFESSIO~AI. PASCAL $9S ('.\LI. 

t.I ST Uli HS 

MULlsr.g7 l.'ITERP COMPU.ER 100 !It MICHIJ FOCUS 	 11 1oe t-.1 u1 t.•:llll l\ h1 11 1u1ru.""t•C scttt:ME 9,\ (15 CO DOl...2 SN :Cl L 00<.• 729SMALLnl.IV\' s.;·w·1· i 0 99 s:; CODO ! TOOLSET NE W •.m-O 12:) &~?)~U°ARK I.tiSTAR SArPlllRt I.IS!' <9$ m COMMA ND l' LllS i10T RU OJ•ROLOC lW 6S I' · ICS 1"°'' c,u .1. 
LEV Ei. ii CO !! OI. J .f l 2-i'!t u1sKrwmuzr.R uaT KBO PROLfJG ·1110LROX 100 61 

\ 111 T~ :<Pf..k1' 100 !iL t l'E R."ON I. COl\OI . 1.. g I l'!,11 FANSI GONSOl.E .~;;w ~; 
OTll ERS CALL ALL t-'ASTBACK l i5 

\;'-0 ..., 1' , ' 11 0 t~ h."' J.f'\. l\t' H MI CRO OFT COIJOL 100 rC-9 t:A5T f'Ok"tl,',UUJ rn 
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PC f"UkTI! \ SQ 10~ MS MOUSE SF.klAI. OR l\ US 1;o 9, rOl.YXRF.F .ll~ l a5 
PERSON l. RH~ \Z5 H WIMS Wl ~UOWS 20V 1)6 Pvc;s COHl'()R,\n'. ;ig.:, 3!'9 
PLLM i!;O 676 w1 r: As ~· AD 115 11 5 P\' • PERSONAL 1,0 u:. 

---------Special Sal'in.q . ..; 	 fi·o1n l'arculise--------­

VJ1/.'l86 	 1-/ .··-1/,l) 
Turns \'our :1116 l'C into .~Janv l'C s. Mult1W$k Ynur f)OS l'rngram~ l./uicklv ~nd Eas1lv. HAI.<) l~ a device 1mkp<mdl•n1 hbran u( l!•ll )(raphl•'> 'ubruut nws. li 1> co111p~t1bl, , with 

VM :uiti 1s a control pro;:rnin for 386 Computer~ that create> \ '1rlual Mudune>. hke 11 vro;:r:mrn\\n)I ln11 ~un1:c ~ and 125 lwrdwarc dc·1·1(c> for the PC I'S~ :wd 

"t'Pilr~tl' PC~. t'\lt-h runnin~ tl :;. o\\'n t.1 .... k .5u11ult.ml'ou:-.Iy. Vinu~tl Madi i tlL'~ arc ,·11m~aublcs. 


prott•ct1:d from or1t· a11othcr. ,:;, aash in ont• wiB not l'r:i~h thl• ullwrs. 
 HALO pro\'lde~ !ht· sofl "are dt•wlopcr with a rkh env1mnmenl uf ~·1-.,phi1 ·s funr 1111ns 
l-lun" dific•n·nt [)ll~. l.'.01-W!{;,:;ys_ Al 'TOl·:XE(. B1\T, memory n·s1dt'nt prol(l'am and with re ha hie, w~ I\ dnrnm ~med tnol s. 
and appl1rn11on in C'JCh \'trttrnl Ma\hinr . Sill('<' i ts intr11duct1"n in \~>!2. I li\LO h;i · rlevr:lop«d ,m lnst;•lhl h~ s~ of 6u,Ullli -i. 

lfo n an)' 0 OS application and n1em11 I')'-...,$ id cnt pro~ram in dudin~ EMS apphcattons, 	 cnd·11 "rs. hundred~ oi Sil <:' l1< c11scd .:orporm1 nns. gm·1.,nm.-n1 ag<:ndc :;, unil'cn;~\1c>. 
wnhoul mochficauons. 	 a111I na1101rnl laborn1nm·s. Must impnrlantly. HALO'~ hi~h per· 

forman.:e, wid<:' d•'vk<:' S\IPP•lrl .rnrj pr:..: 11 ;ii hc'.<·n~m!( te rms ha:<1-1._.,·aln1la1<· a l-~-:i $1) readshet•t, $Ml :1 rlH,\SE lJJ fil<> and r1-.·c"'" 
made 11 th e choice oi over 21111 lndr11cnd1•nt Soft ware I levdop· )'11ur E·ma1l ·all at th..- ~ame time. °HAW. 
crs <l::i\l'sJ whn market applkatiuns wril l<'n wnh l-L·\ LO.IffCf~u11 E< i:1 i!ppl1c:oilicms pt~rlt"Ctl; 111 t1n~M,rnund 1111d back,L!ruund List $300 Special l'rkc $ l99

Li ~I S195 Specittl Pric" SJ 19 

M::i Ma~ro .-\sscrnblcr puts a ll the ~ peed and power of as,;embly l ;rni.:u;i~c pmw-;,111­U' in <IOLL s ft>r J)a ta 
mHl!o! witlH11 c·a s ~ · r('.nch. Nt'w "'· 5. 1 liKludc:-; i1 broad rau~t! of L~x.:mipl(."s u1 tht' ft'\.l"i.t:d 

lluild a ~ talc -of-the -a n user inwrfare inr,1 vom user prn).!r:nn. Complcl<' syst<'m lor a11tl expanded documeni.it io n tn m~k1· ;1s -.•mhl~· l;m~ua~c· t'a""'" lo k::m1 ;md u s~ . It 
b1111rlill).!.111d man,1~m~ menu:;. data-<!nlr;- fnrn1,;. u"cr hdp ;md text rile" in ;1 wimlowini: featurc s11nphfird sc1,'lncnt direelt\'C8, .\o1S-!.JOS inll'r· 
c· 1wiw11mc111. f,h~~ins whcrt' ulhcrs. l'nd . Fcal urc·s indu,h:· fcit..' t' m;~ r.: ros . supprin fur lntd ~U3~0 in s lru,: ticm sci and M'~~'8VermontFir lrl cni ry frn111 tis ts nf <'h"kes, s<· rnll.lhlc r.,~inn < for emry 	 :i-lU2 ~t) ·e~n,enf;Jfinn, IW\'' r~l:1l :11ul prnlt~ t'!£•d mndt~ ~II

Creativenf a v:trn1b l1 · m1rnhl~ r ol lmc it e ms. nt""~ tlng and hranduni.: of 	 1n;<trnc 1u>n, . Include• LlNK ullbty and (lllkVicw with• Software
forms and me nu , . 'niquC' buil1-in dc-lrn~u?in;.? ·y ' ll! m. 	 on -line (utori.11 and hdp ~It: . 
I.i •1 $295 Sp<•r ia 1 Pri~e $229 	 tist S 1 ;;n Sp~dal l'ricc $89 

J>J ~~ditor 	 P'or(c 1 · H pn:-..:ndot.:"d nptirrnzl'd nhJ~·rl·urLe11tl'd toolkit or u\•t:r .mo r11111me ~ !Or C 
prot!rammer~. h mdt•dm:. dat:1 h:1se~ wnh H·tn.·l' ~ . wmdow~ . 1ntt·1 rupl .flr1\.·... ·11 com · 

Turlmch;•q!t' your prucluctint y \\·ith PL tht: only t."dit•ff lhJt atH~1rn;H1G1ll} lu~hh~hl~ mum....:auon:;;, :o;trmJ,r lmmtlmi.:. mcnu':l. nll nf the b(1s1c lJOS int(·rfo t es , .ind ."I ._·ompl1•h•
\•our ~·crnptl:nuw t' rron• ;mcl d1spby~ error nu:s saS?,1.."~. Slash de\•elopmc-nt iimt." 

~t·t oi li1w~ lcve:.•l fum.·1 tu11=- lo inkrf:u~t: <111 t" ~ l Ir to [lu: hitrdw;irc . Pfr-,r(.\· l·om c-~ {'Omp[e h.· 
111:-.tjmtl v with Pr~ intuit1 ...,. nmt.•Jlloni e' c,:ummand -::. . c-nh.1n cc:t! pOp·llfl I 

with mdcxcd rdcrc11c<: 11l;urn;1I. 1111 line rcmknl hdp. tfA~·1lW11u ~. ·1.· c111 tt:x tu.1I ht_•lp .mu ~Jn-Ji.nt- m.mu;ll, HrrnJ,! nut ynlJl' hc:-:i1 \\'Hh 
mid quKk rdcn:11c'<.' "ml. l11 d u.Jc • full 511 1ircc· ,ndo:.!'J·" hlazmi: • pcc:cl, untlo. mac'l'U>. "Frnu All." rci:ular expr<-5 ·ic >m;, . 
No· "l''.1111~'- Li~ t S295 Sp.-cia l Prict: SIH9lm11:uagc •upport. and lull !l()S ac'cc>o. The ulti111a1c· cdiiini: ..-1wiron­

m~n1 w>lh bu1lt-m s 11c~d. I.isl $195 Spccin l Pri~<' $J.19 

i\ U ., Lsi11n or Hud!l.011 TL-ch.Ml clifit!'li, Il\l 

S2 Rhrtr S ll"("cl. Tr.tr):~ 'l)..-.'l"I, ~,. I 0591 

FEBRUARY 1988 • B Y T E 57Circle 189 on Reader Service Card 

http:TL-ch.Ml
http:l11du.Jc
http:utori.11
http:documeni.it
http:5u11ult.ml'ou:-.Iy
http:i'RO!.OG
http:COMPll.ER
http:COMPll.EK
http:COMPll.ER
http:DHF.UJl')lr.ST


---------

or yo uroe.If_ why dB Fut I 
·Blggesi Bang ior 

ou bet :ill these features for such · ""'· 
~ 

..~. ~ 
~ 

1 

dB Fast™ 
-vs­

Ne\V dBase Ill PlusTM Compiler 

Clipper'" 
• Smaller EXE's • Faster compilation 

• Faster execution Lower price! 

OPERATION dBFast Clipper 
Minimum .EXE flk s!ie 111.b l20kb 

Complllngil.lnking 2 Sttonti 4 Minutes 

F.xeculion lime 6 s~conds 17 Seconds 

PRICE SH9 $695 

d-Smallest' Wlth Clipper'." the smalle<>! prol1fl!11 
• you can cre;11e is 12Uk. And il g!li!s up 

from 1h~re~ dBFa1l1'" Cl'l'ales progruns i1s small as lk with 1ypical pro~m 
sl1.(~ from I !O \Ok . Jusl 1hlnk. now it'~ po....~lblc to fil all ·our programs on 
nne nappy disk. And lf you ~nd fil\'S ''la modem - IOClk what happens to 
your modem phone hill. .It almost d1sappe-m! 

d-Fastest ' dB Fast compiles and links In a blislt'rill!( 
• 3seconds. Clipper slul!,S along at 4 ml11u1es. 

dB Fut compiled prol1fl!11S :il.10 run fas1er -~ progr.tm tha1 cook ol'er 1 full 
minute Ill run using dB:ise Ill Plus and an :Jddluon:JJ 17 seconds using 
Cllp(ll!r, rA11 in lust fi Sl'(nnd.s wJth dA F:cst l 

d-Cheapest'
• d

Ser r;'

d-Bud;I Nowhere can 

a tow price 

• d811>e !fl Pluscomp:nlblc • LA compatible 
• Unlimi ted ru mlme • Prmecced source 
co<le • o netd to modlry your PRG files 
• Speed, ef.licicncy, price 

• 60 d~ Guarantee 
Tr dB Fut ror 60 days. If you're not catally satisfied fur 1n. rC'll()n, I

I jus1send h back ror 2 rut! refund (less S!O handling fee). 

I Call today! 1-800-356-6356 I
I u les Information call 1· 206· 392..()368 I 
I Dealer inquiries welcome Qlr subini.i I 
I IVISA dH f'L<I --- @ 114'1

•• [ i-S:-·J Shlppln,;.Jt~;~·,:.,!~1~.~:!l<I,;,~·, •• 
ll'A ll><idtnl~ add 8 I ':-. sal~ IU 

I • ~ ~ (U.S filn4' only) 
III i"illlrlf': _____________ 

I Company. I 
I IMldress'
I cuy- _____ s1, __ 'l.Jp,__ I 
I Phan~'' I 

~men I Ici rd• nn•)- \'I.SA !11.C A'it X Check 

I ~~ I 
I Explia: iiiiiiiil I
I INtme on C.rd , 14?0 Gllm.1.0 lhd . 2U 

8 l'Ul . , t HHllDJ~ al d f'U1 hK S•J llll!' J:8S 

L OaM" m~ l.lhll Cll flfW'.' lrf l'f1'1lUN • · ..,.u~ 1.ama ~.. rap li.t.aqn•b. 1fA 9802 7· S'9:.I 
l /Mlo'( lJ.LI lf'I Cofll rtt?'f(l.J~1'h 

B Y T E • PEBRUARY l 988 Circlt 63 on Reader Ser..ice Card58 --------------­

BOOK REVIEWS 

THE LITTLE LISPER 
Re1•ie1\1£'d by Gregg Williams 

MIT Press, Cambn'dge, MA: 1987. ISBN 0-262-56038-0, 
186 pages, $12. 95 

M ost people would be ha.rd-pressed to a. sociaie chis new 
edition of Daniel P. Friedman and Matthias Felleisen's 

The Liule l!SPer with ancient Greece. though it is possible. 
The book teaches Lisp problem-solving almost entirely by the 
Socratic method-that is. teaching by asking the student ques­
tions. Although such a book requires more e.ffort from the read· 
er than other books would , the re~ult is worth it : I learned more 
about Lisp from this book (greatly expanded from the 1974 edi ­
!ion) than I have from any of the olher Lisp books I've read over 
the vears. 

One of Lisp's greates1 strengths- and a major problem for 
those of us who know languages like P..i.scal, C, and even 
COBOL-is that it is designed to attack proble.ms in a way more 
akjn to mathematics and inductive logic than tn top-down struc ­
tured programming, While. other books will tell you the me· 
chanics of Lisp. they can leave you largely uninfonned on the 
style of problem-solving for which Lisp is optimized . The Liule 
l!SP1:r te.aches you how to think in che Lisp language . 

The first wurds ofchapter I set the tone with the quesc ion. ··1s 
it true that atom is an atom?" This question is followed by the 
answer, "Yes, because atom is a string of characters beginning 
with the letter a. " From !here, !he authors build by example an 
understanding of basic Lisp operators. the multiple usc!s of re­
cursion, lambda functions. expres ·ion manipulation . and even 
some very advanced topics. The chapters are set in a two-col· 
umn question-and-answer format, and the book asks you co 
write literally dozens of small Lisp programs . 

Along the way, Friedman and Felleisen generalize wh<:1t 
you 'vc Jeamcd into Ten Commandments and Five Laws of Lisp, 
but this happens only after you have understood the same mate ­
rial through concrete examples. The dialect of Lisp used is dos· 
est to Scheme. but the authors list the corresponding operator 
in other dialects. Its interactive style helped me understand Lisp 
far better than simply reading about Lisp would have . 

At $12 .95, The liule LISPer is an ine1tpen .<;ive . enjoyahle in­
troduction to Lisp. 

Gregg Williams is a senior technical editorfor BYTE. He can be 
l'o11rac1ed a1 One Phoenix Mill lcme, Peterborough, NH 03458 
or 011 BIX as "greggw. ·· 

THE THIRD APPLE: PERSONAL COMPUTERS 
AND THE CULTURAL REVOLUTION 
Re1·iewed by Jack D. Kir\\'an 

Harcourt Brace Joranovich, Sa11 Diego, CA: 1987. ISBN O· 
15-189850-2, 211 pages, $14. 95 

T he firs! apple referred to in the title of The Third Apple is, of 
course, Eve.'s. The second is the one that hit Isaac Newton 

on the head , and the third is (no surprise) the personal com­
puter. The author , Jean· Louis Gas ·ee. worb for Apple Com· 
puter. and he has written a delightful collection of essays on 
"these modern household gods ... 

Gassec is an unabashed computcrphile. and his book is a 
lovesong to those amazing machines. In fact. Gassee oftl!n 
writes more like a poet than a computer executive: "If main­
frame.s are associated with Pluto and the Underworld (implying 

ctmti11tutl 
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As long as we1re talkingd that's the way Control 

success , there's something Data wants it. And a host 
else you should know. Right ofother big and not-so­

big software developers who now, our engineers are putting the finishing 
use our Software Sentinel. To 

m.ake sure their successful software is pro­

tected. So it stays successful. 


We've become used to being seen with top­
notch software. A lot of the reason is 
how our engineers designed the Software 
Sentinel family. For the developer and the 
user. Th make it the most technologically 
fool proof yet easiest to use software protec­
tion key you or Control Data can get. 

For users of ED-Router and the thousands 
of other programs we're protecting, it's a 
cinch to get up and running. They simplv 
plug the Software Sentinel into the PC's par­
allel printer port. That's it. How much easier 
can it get? Users can even make unlimited 
backup copies. And run them wherever and 
whenever they need to-as long as they 
have the Software Sentine.l key. 

ff 

touches on a new microprocessor that we'll 
use in a whole new generation of software 
and data protection products . With the same 
high-performance and high-reliability of our 
past successes but with many new features. 
Which no doubt is going to make life even 
easier for you and Control Data. 

The Software Sentinel. Making sure soft­
ware developers stay successful with the 
successful software they 've developed. 

For more information on the Software Sen­
tinel family, contact Rainbow Technologies 
18011-A Mitchell South, Irvine, California 
92714; or call (714 ) 261-0228. 

Software Sentinel Features: 
• Runs under DOS and Xenix 

• Uses algorithm technique, never a fixed response 
• Minimal implementation 

• Higher level language interfaces included 
• Transparent operation 

\ ' 1;> l RAINBOW TECHNOLOGIES 
18011-A. Mitchell South , Irvine, CA 92714 • (714) 261-0228 •TELEX: 386078 •FAX: 714J 261-0260 
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• Emulates a diskette. adapter and disk drive-SSDD 

11 SOK). DSDD 1360K). or High Capacity (1.2MB or 786K). 
• Standard and Cassette models for both EPROM and SAAM 

technology . Interchangeable EPROM and SAAM cassenes. 
• Two Autoboot modes. file moae and EPROM 


programm ing mode. 

• Up to four units may be used in one computer oy 

switch selection. 
• No special sol't\vare required - simply copy a Master Diskette 

to program the EPROMs or copy data to SRAMs. 
• Operation at memory speeds on a OMA channel. 
• 	1 / 2 high disk drive escutcheon for loading cassettes 


from front . 

• Prices with memory ICs from S295 to S995 . 

£PROM MODELS SRAM MODELS 
- On-board programmable and Read r:- Banery backed up 

Only models Read and w rtte w i t ~ 
Single board models - I BOK . DOS commands 
360K. 786K and t.2MB =si ngle ooara ana 
Casserte models- I BOK, 360 K Casse tte models-1 BOK, 
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CURTIS, INC. [63· ­
VISA' 10 Anemone Circle • $1 . Peul. MN 55127·6242 L..:,.__., 

612/484-5064 ~ 

--IBM PC® COMPATIBLE--. 
SINGLE BOARD COMPUTER 

From 

Quark/PC~ s32s. 
q uonf/fyone 4" x 6" 

• Low Power - Less than 3 Watts 
• Optional on-board Video LCD Driver 
• Ideal for any PC compatible OEM 

product which Is not a personal computer 
Includes: 1. Powerful V40~CPU (Foste r than o PCJ 
2. Moth Co-Processor Socke t 3. S Vol! Only Ope1otlon 
(3 waMs) 4. Speaker Port 5. Keyboard Port 6. Paralle l 
Printer Port 7. PC Bus8. PC Corn pollb le BIOS ROM 
9. 1 Seria l Port 
On board Options Include: 1. sMode Video 
Controller Option (Monochrome. Hercules.Jl Grophlcs. 
CGA, High Res CGA. LCD Driver) 2. Floppy Disk 
Controller (3.5"15.25". 360K/720Kl1.2 MB) 3. SCSI Bus 
Interface {Hord Disk etc.} 4. Up to 768K RAM 5. Bottery­
Backed-u p Reol-Tlme-Ciock 6. 2 Add/I lona/RS232C 
Serial Ports 

To order or enquire call us today. 

Me~atel Computer Corporation
. 

(416) 745-7214 FAX (416J 745-8792 
174 Turbine Drive, Weston, Ontario M9L 252 

U.S. Address: 1051 C linton St.. Buffalo. N.Y. 14206 
Distributors: 

Norlhern Europe: Mecom GMBH (Germany) (06071) 5"195 
Southern Europe: NCS Electron ics (Italy) (0331) 256-524 

U.K. : Densi tron (0959) 71011 or (0959) 71015 
A.uslra llo : Asp Microcomputers(02) 500-0628 
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BOOK REVIEWS 

the death-deal ing power of institutional wealth), microcom· 
puters evoke the world of Apollo, of light and lightness, of 
buoyant individuality." 

As a man of two cullurc~-Francc and Cali fo rnia-Gassce­
offers some insights imo their differences: "In France , failure is 
u no-no; if you go bankrupt. it proves you' re a deadbeat , and no 
one will trust you. In Silicon Valle.y. if you fail 1he fir st 1.i.me , 
they think you learned something and will be more careful ne:\t 
time around ." For all iti< "brassy hetlonisnL" Silicon Valley of­
fers infinitely more fertile ground for new ideas than the 
Champs-Elysees. 

··Jn the Labyrinth," the chapter that takes us into !he. internal 
workings of a computer chip. is one. of the most fasc inae ing parts 
of the book . Gassee' s guided tour of this minuscule bit of silicon 
opens new avenaes of understanding anu appreciation . But in 
the last analysis. the personal computer i neither a god nor a 
superhighway . It is a kind of mirror; along those lines. Gassee 
confesses, "Computers fa scinate rne bi: t:ause they teach me who 
lam." 

Re\'Olutionar)' Thinking 
For many readers, the important part of The Third Apple is 
probably not the personal computer essays but Gassee 's '' cul ­
1ural revolution" thinking. If history teaches us anything abmu a 
cultural revolution stemming from techn<l log ical change, it i. 
both that the revolution is a lot slower than 1he enthusiasts hl)ped 
and that it usually zig-a gs in odd direct ions nobody would have 
predicted . The same holds true with computers. For a while (es ­
pecially during the oil crisis ). there was a Im of press coverage 
about people working a1 home in electronic cottage indusiries 
and revamping the work.place. 

Congressman Newt Gingrich wrote eloquently in his book 
Window of Opportunity : A Bllleprint fo r the Future (St. Mar­
tin 's Press. 1984) about the advan!agcs of computerized home 
education. Yet in April of 1987, the \Vu!/ Street Journal ran a 
feature abnur the unfulfilled promise of "collage electron ics.. 
(mostly becau e old-<;chool manager.~ are uncomfortable not 
. eeing their ubordinates). College students still troop into 
classrooms to take notes from live lectures- just like. in the dev­
enih cemu ry. 

The reason for that tiofulfilled promise is. of course. that 
the re is a cultural lag between technology and its social appl ica­
tion. Technology is comparatively easy to predict ; the social ap· 
plications-as anyone who is interested in good science fiction 
knows-is tough . For example , Gassee says . ··computers will 
not find the cure for cancer or hypertension by themselves. But 
they will definitely make their contribution. simply because 
they have made the information that already exists available to a 
larger number of people . o that researchers will not have to re­
pt:at c:>;perimcr.ts ." The book is salted with similar insights into 
how the computer has changed the nature of the operator' s 
world. 

In a way , The '111ird Apple is like the elephant in the fable of 
the blind men. Different readers- enthusiasts. futuri sts. busi· 
ness people. and so on- wi 11 read di ft'erc nt parts of the book and 
claim tha1 theirs is the totality. But Gassee' s apple may not be 
fo r everybody 's i:yc . Computer professionals might have wanted 
a bi! more technical information. and seeing the name " Apple" 
on almost evi:.ry page gets 10 be a bit much. 

My biggest objection to the book had nothing to do with 1he 
word.'i ; the pages kept falling out of the binding. But , halanced 
against the insights. elegant writing, and overall charm of Th<' 
Third Apple. chis was a minor annoyance . • 

Jack D. Kirwan is assisUlnt editor ofThe Energy Journal, pro· 
duced by the Deparrmem ofEconomics, University ofAri;::mw. 
Tucson, AZ 85721. 
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THE NATION'S LARGEST CORPORATIONS DEPEND ON US! 

AIM f';l111r/Qx 2.0 ....... .. ... ... ...•• 

ASllTIIHAR Ob<1$8 Ill PIU$ ,............ •.IO' 

A81l"fM.1lft Ft!111u1wot/I • .. ••• 
MllTCll'Tlln Mm/rm~ Ml'8tlr11D111t •::• 
ME• IJbji/ng Gran~ 0 - --- • • 
............ OWi~ « 1;., ..... •......... 1..... 
--"'· Sfdt/tfd( P!US' . ....... ··:·
·..-11t. S11fllJfli'/l'I ,~.,, ....... il. • 

-..M. Tullio c·01 1urllll tlaslt . 11.1111• 
--Ill. !li/170 PJ$QJ 4 ,() 17.•• 
....~ .,,, n~llfli 2.0 ..... ••· canw. PGlin PC Tao($ Oil~ .......... f/M'

C8lilf!tlTBI Ullic:. su,,,r a.it& J _ s.•· 
llAC sr. ~v~n~1111 a.•· 
MYIMAI Tllllm.WI SJ/fl ... 1&2S' 
OElJll ~ Olleot ~ss .• •.a· 
wtwnvl ~ llf/1 SiO " ...... c.ze· 
fjJl8 ....... flJ$lOICli -~· ·-· ­ n.•· 
All U'TIMi fQx/1/t$ Pius io .. :re.•·Ami.,,_ Sld~r& .. .. MM" 
IW PC DOS ..... _.............. ....... .. M.a• 
llTUIT 0Ufl!/icf1 ... . .. • ~I · 21.m• 
t.anJI, llftBllflllllT ~~nee lllU5 ... Zit.a• 
U11111 llEVBllPl81 IDlrl! r-N -.•• 
lllllllWI 111:11. Clroon Copy Piii$ -· • .1111· 
lllCMl'M lll'a. l\tllii"$T.tr P1ol. ....... 1211... 
MICll8llM Fjibilse ~st1m V ... .......... 311.•· 
MICIWllllFT llao/1$he/I ·••...,., 1'11.m•==&~·s=i::r~,::z:.:: 
Mlt:MSllflT Kb/If"" ...... :.,.,,., ... ........ ..... 

MJC:lllllllfT W<lllls , ....... i-i a21• 
IUJQCUT 0//p{W .. • ••• 
l'rilll. IMCI Ml1C1J UU{11/~$ '"'W"""""".. ' 47.W
PUCll1lft liPt. g Sys II . . ... Ml.•• 
l"Hlll moll ".AdviJllCed •.. •.. • 71.71' 
~ m. Offi/V/tlW ...,.......... ... ....
~ 
Uliill CW. S.nrr1a (d IV .. ••• 
IOmillll ""' Pf; !Yrst P.ll/Jlf6n,, .., ••· 
~ .... PFS. Ptof ~I! ... ._•• 

IYIWIJIC O&A "'· 2.0 .,.. ... ... -··n-11 NIU.Nofe /I 01 502 - ... .... 
Wlll'll CIWE S'fl. 8100/dyn Btf~1 . II.Iii' 
WlllllPlfi01 ""'111111'1!1:1 6 0 ' .... 
WllllllTICll smm o s x t ..... . .... ••• 
1111111 CllllP. \911/Ur.1 Pu/Jl /18( ... .• ....•• 

E 
liMlllOM'ES D!W E<'.t.ROS. ! taPE BACKUP 

rJ{E '• ZOMB Hd Disk card ................ '319.0G' 
THE " 20MB Hd. Disk Kil .... ............ .. . m.oo· 
Tll E .. 301.18 ffLt Hd. Disk Kit _, .. 291.00' 
THE" 301.18 H~rd Disk Cflrd .... ... ... .. . 349.00' 
MIQllV! 60M8 lnlern~J ... .. .. ... .. .. . .. 51$. 00' 
!OMEGA Dua! 20MB Dnm w/Clrl. ........ 1,789.DO' 
!OMEGA &irnoulll II 20M8 In/ ......... 90%.1111' 
lllWlll 1200 20MB 1nrerna1 T/Joe ........... m.1111· 
lllWIM 145 JOMB //ol~mal Tafl<' , . . .. .. ... 3'11. 00' 
MUlOll 380M8 Im ESOl llJ((f Orlv8 . u•.oo· 
M'*5CIU8f 3850 40M8 112 HI ......... 389.DO• 
llllllJCIUIE 5053 42M8 Full HI ....... 5411.00' 
lll111SC11W 6ll8S 11 MB Fut/ Ht ·- .. .. __ 719. DO' 
MflllSC1118E 5128 11/)MB Rlt Full Ht m.oo· 
MOUllTlll SIJMB Oril'llC.llrd ........... ..... 670. llO" 
MOUIJTAlll 20M8 Oriv8Cilrd ................. .t7UO' 
Pl.US DEVEL Hardrard 20 ... ..... ....... .. ... s.tl.DO' 
PWS DEVB.. Ha!l!c;ird 40 ............. ....... 11115.IJO• 
PRWrl 230M8112MS Hard Disk ........ 2,100.00' 

.. ...... . 319.00" 

AIHIH 

11111. 

COMPl/TEfl SYSTEMS 

All Model (J(J . ..M ........... .. .... '1,:AI.•' 
Al1 Modal120 . • . .. 1, ... 00. 
UT Model 110 _.. .....,................ 2,1111.ao• 
AllT 6300 S.WI< I Drtvt .... . •oo· 
AJAT 6300 64(11( 2 Dn-.es ,,. ,.. , 1J7UD" 
..... !MsKJllO 286 w/401.18 _ 2, • .•• 
ClllRQ OoSkf)IO 381WJM8 ... , 5,4'0.ll' 
COllNQ l'llriabi.t 111 MD<!~' 40 -· a.• .1111· 
.. PSrt AIOl!tl 30 , .. .•• , 1,• .11· 
11111 PSl2 Model 50 .. . .. ~- .. 2, ... 80' 
.c Mufi/~'*'. ......, .,...... 1,m.ou••c Ma/ti S{JMI EL ....... ... .. 1,9111.80" 
'THE .. PC;//0 :?OMB w/6401( ,.,.,,.,. ?Jt.80" 
'I HE'" 288/12 W/65µ8 l/d_ DlsA 1,-.111• 
TH E., 386.lt6W.171 M8 Hd D!Mt 2,7M.OO' 

DISPLAY CARDS 

A.T.I. VIP VGA .......... ...... .. .... ... .. .. ...... '2!16.111' 

A.T.I. EGA Wondot ... .. . . .... .. • ....... 1ee.oo· 

~t!fnics SD/utio11 .. .... .. ... ..... ....... 109.1111' 


Graph!~ carr1 Plus ....... .. .. 1'2.oo• 

llUICULU CDfor Cera .. ...... ...... ..... .. .. ... 1at.O!I' 

HOCUUS lncolor Card ... .. ................ Z59.DO • 

OllQID ruroo EGA ....... .. .. .. ...... ........ .. . 399.00' 

~Auto 480 ................. Mt.DO' 

P1U1AD1$1: VGA Plus CsrrJ ................. .. .. 23&.oo· 

QllADMJrl U/1"1 VGA ..... ................ . S39.llO' 

QUADllAM Prosyqc EGA .. ,...... ............. 257 .oa' 

m VGA E.xlra ....... ............ ... ... .. zu.oo· 

:P~f: ~'1$~(/:~.,.'Cj;d/Pp :· :: ·:::·::: '::~: 
THE~ Color C1fd .. .. .. . . .. . . .. '. 59.00. 
VIOfD 7 i,\lqa Oalux8 . . .. .. . _ ...... 2111.00' 
V1DU 7 l/eOJ VGA .... . , , ... tll.OO· 

LAPTOPS PORTA au.s· 
COllNll POltf. Ill ltlOllfl. 20 

W/640K, t.2M8 Oriw, 20M8 HO, '3,Q0.00' 
C01r1H11 PORT. Uf MODEL <la 

W/6401<, 1.2M8 OtM!, 40MBHD, 3,11115.00'•c 11111.TISl'WI 
Wll>10K, 2·3.5M 120K Roppy Ot. 1,m.00· 

KC MUl.TISPEEll EL 
W/6401( 2·3.5' 720K Disk Or. ...... .. 1~550.oo· 

TOSlllU 13100 LAl"TOI' W/640/i', 3 5" ltOI< Or . 
TOMB /ID, MS·DOS. Gas Plasma .. 2,5'9.llO' 

111SllllU1000 l.Af10I" W/512K. 3.5" l20k Oriw. 
MS-DOS. Su{lilr Twist .. ..................... 719.00' 

1llSMllA moo + l.Af10I" WJ54/JK, 
2·720K Or. IS. IP, tCO Scroen. ..... 1,Stt.00' 

TOSlllllA moo 1»101' Wl lMEG, 3.5" 120K Dr 
20M8 HD. MS·OOS, Supor !Wist ... 2.225.DO' 

TOSlllllA J1100/20 W'TOI' W/5401( 3.5' 120KOr 
ZOMB HO, MS·DOS, Gas Plasm• .. Z,950.00' 

lilWIP z-so copir!! ....................... •w.oo· 

lilWIP Copier camldge ,!Black) ....... ...... . 51.oo: 

i;MW UX·SO Fi1X Mach111e ........ ........... !IM.00 


PIJINTER 
CIT1ZEI 1800 i80!46 CPS 10' ., .. , 'IH.1111' 
ClnzD Premiere 35 ...... ...... ..... .. .. ...... . 425..00' 
CIT1ZEll TRIBUTE 2N ZOGl66 CPS . . . . 519.00" 
CIT1lEll MSP·50 250/5IJ CPS 80 Col . .... U9.DO' 
CIT1ZEll MSP·S5 25()15() CPS 132 Col. "45.00• 
CIT1ZEI MSP-45 200!40 CPS 132 Col, .. 115.00" 
CITllEJI MSP-40 200!40 CPS 8(/ Col, .... 219.oo• 
Dl$COll.. 150 Par 150/50 CPS .... ....... 2911.DO'
EP1011 L0500 18(}18()(;PS .. ...... .... .... ... .... CAU 
El'IOll l0850 264 CPS 24-Pln 80 Col. <lff.oo· 
!I'm LO 1051} 264 CPS 132 Col. .. .... .. " Nt.oo·
EP1011 fXSOO 300 CPS 80 Col. .......... 319.oo·
EP1011 w2500 324 CPS 132 eo1. ..... .... ns.oo· 
Ef'SOll FX86€ 160 CPS 80 Col. ...... ... .. ztt.oo· 
!IN PffOPffllflER 2(}()1100/40 CPS .... . 419.00• 
IBM PROPRll'/1'£ff XLl4 24 Pin 80 Col, 766.00 ' 
llEC Pti ro· 21F>'1~5 CPS ... .. . .. .. .... •.oo·•c Pl 218118a/65 CPS 132 Col. ..... .. . 1119.0ll' 
llEC 1>2200 24 Pin 17CJIS5 CPS 80 Col. 335.1111'•c P9Xt W0/331)1140 CPS 132 Col.. .. . .. . 
llEC lC860 8PPM Lilsoqel ...... ..... . 1....00· 
llEC L~90 8/l;PPM l'Ostscr/p/ LaSOt .. 3,1GO. 00" 
llEC Splnwrirers·All Moadls .. ... .. .. ...... .. .. .. CAU 
O«IDATA 192 + 200 CPS 80 Col. . . .. ... . 2811.oo· 
OllDATA 193 + 20() CPS 132 Col. _.... '19.00• 
OKIDATA Z92€ 240 CPS 80 Col, .. , .,,.. :Mt.1111• 
OllNTA ML 393 45/J/120 CPS ...... ..... 111111.00' 
OICIOATA Ml 294 40()/100 CPS 16" ....... H0.00' 
OllOATA Ml 182 .,. 1&1/30 CPS 10• .. 209.00' 
OllDATA ML 293£ 24(lll00 CPS 15" ... 479.011' 
HUSOlllC KX·P/0911 160 CPS ... 175.00' 
PAUSOlllC KX·P10921 180 CPS ... . . 219.00' 
PMUOlllC KX-P1592 18() CPS . . ... 385.00' 
NMSOlllC 10801 M2/44 CPS Pilr. ........ . IM.00' 
SEJIUISl!l SK·3000 10' 300/50 CPS PIS . 329.DO" 
Slll!OlllA SK·JOOS 15 . 300i30 CPS PIS . 4SUO ' 
SllllOSllA SP· 180AI 10 · 100/20 CPS Par 131.00' 
TOSMIU P32/SL 216 CPS 80 Col. .. .... .ia.oo· 
TOlllllA P341£ 216 CPS 132 Col. ....... S15.0Q' 
TOSlllllA Pilgelaser 12 12PPM .... _.. . 2,315.0U' 
TOSllllA P351 SX 36(J/120 CPS 15 ' ..... 925.DO' 

M ONITORS 

.IMllH Color 122 .................... ''•·80' 

.1M1111t Color 6005 ,.,,. ....... , ...,..... it0'.08' 

.llrlCIU 41/JA, ~IOW. 01 ~IOG "" ui, DO'..... /~ ....................... ..... 
lllMUVD'. MultJ.l.lode ................ 436.DO• 

....,.. f<i4 ~................. - -· ·· ·
ltbllWllD Ct>lot RGB ., ,., ............ 2!IO. m• 
llaAVllll Iii~Amber TTl .. .. 15.80' 
•c fo(ullfsync JI JC-14()1 ........... 111. m· 

•t Mulllsync XL .................. Ull!l.111" 

~fi.j\'i!C Plu; .................,. ... 172.18" 


Ullra·Syna '" ., 465.111' 

~ /:jX·l2E .................... 411.llO' 

l"llllCt1tll llX· ·12 Plus .... ........ .... :Jiii. oo· 

~ MlX·l2E .....,.............. 121.IO" 

l'llll:f1'0I LM·3()() ...................... 4111.80" 

SOWT All Models - tlU•11 , 11 WI 
Tii t;" ~ 11111 lllNI ..... , .... ,,, 19.00' 

SlllrlllAGIW'llCS 
Summ3skerch Pius (12< 12} ... .. .. ... . 'lff.1111 • 

SUllllUlllW'llCISEA&ATE ST·2St J2M8/40MS HD 
SEAllATE ST·211 55M8/40MS ........ .. .. 5411.00• 
SUBATf ST-4051 40MB Full Ht ........ .... 541.DO' 
SEMIATE ST-4096 BOMB Full HI ........... m.DO' 
SEAGATE ST·225 2(JMB Hd. Disk ,...... m.1111· 

AMOIEK IMeQ -132 14" /1n;l/Qg MQn tor 
(Wh.' Id or Am/Jo!(} , . .. " ... 

AlllllO GQlor 732 trAna!og Monirot 
cmnr 13{}1/ r~· ltiA Anm1111 

~fOfll!Df ........... •• 11•1•1 ""' 

8512 rJ ' Cl!tor Olsplay .. .. ... 
11111 Q5!3 12' flihJnoO(I Gfipnl<s 

Displav .._... _ . . ..... , ... 
Pll*(JDll llllAP1lldl P.SC·2S 12• ~ 

Col<ir Monlior ,,. , !II.OD• 
Pll!Cmill 8IWlllCS PSM--03 12" B&W 

.AtrafiJ(} Mon//or W/Til/ & Swfliel ....... 1•.•• 

8Wll' Fax PiJpot F020PR6 BIM or 6 Rolls ZLDO. 

llOUSTOll llillRUllUT1 Ari Mone!s . .. .. CAU 

Summa>Jt.~rch (12xl8} ,.. ,.. 

A CCESSORIES 

carMl POffrl CofiY /I Opllop Bn1 • '71.1111'=r Plus w/Fax ProtlQl'or IUO" 
. M1me1plecf PIO$ ..... .,. •.OD• 

~ l.Qgjfr/0µ$, I " " ,. 7•.0D• 
~ l.ll 'Mseh 1/ .Jo)'Sllt* ........... 11.211" 
MICMIOIT Bu~r !rfOllSI 

~wlitslse;:MQi,5~ ' ....... " '111 
• 

.WlE_d_S}W.d 1111,_,. , .... 1 '" · ... •~DD• 
-1 BuSIS6r:f.folJ5e 

w!Vl1noows .....,......-.... ...... 11t.DO' 
PC 111W11111! Prlntpr ~111' . 10&· 
I'll OillSSll/OJd S85 .. " • ·· · 
l'TI 0a1asli/tld SI{}{/ ~ - 52.110' 
Ql;AlllWI /,/1croiaM1 Pu/Pa/ •.. .•. 1111.1111· 
gy s 112.- DSIDO Box 01 ro .......,11.ao· 
toll' s 112• DSlllD B@ 01 10 .. • ·oo· 
rus~ 101-koy l<i/YllDJrd • _, , "·°"· 
TH£'" IU·Ke-,: llailxWrJ... , .. , , ..,Ill' 
'fHE" 15() wau Jleptacomenr 
nfi~~~lt R'Ciiideetiieiii ..... ..••• 

(bWl!r Supply ~··--·--~ - ­ • .ii• cwn Se/ orff 64K nsm;s1 . .. , tur 
CHIPS Sal of 9 2SSK {15(JNSJ .. ... ft.SI' 
C8WVflll QWllllP ~WI' 

lllSl~1~fisoj 5:,14·5SiJa· ~::: 
DISUTTU_ PIJck (25) S· 112 DSIDD CAU. 

OEMS 
AST s1sr-11 1 .. ...... . ... .. "84.oo· 
HAru Smarimoaem 1200 281.1111• 
HAl'U Smartmodem 12008 

w!Smaricom . ...... . . 219.00' 
llAYU Sm:mmodem 2400 .. . 389.00' 
KAYU Sm3rtmod~m 24008 

W/Smartccm .... ........ ............... .. ...... ltt.00' 
THE " 1200 BAUO fa1ornal , .,. .... ,, , . iii.OU' 
THE .. 1200 &IUD Int. w!Soltwars .. .. . . 71.00' 
THE " 2400 BAUO Extern•/ .......... , .. 199.00' 
THE.. 2400 8AUO Int. w!Sotrwm .... . lei.Oii. 
US llOllOflCS HST 9600 ...................... M!l.00' 

UT Al/VJ/JIJ{H P(lfll/Um . , · ­ , '171.M" 
UT 8/X Pl~ .Prlmlum . , , .. , -..· 
""8. Abo'11 8Q1rrl AT '111/'1281( /JI 2MB nl.••
lli1a ~ fJ04rr1 Wr'fJrlK or 2"'8 ... .. ma· 
._ Tiny 'llirllll 2M .. .. .....,_ ..... ma• 
_.. IWlnllirtlO 12 ...,.::ii.-.:.;,..-..-·... m.•· 
ll'H.I!. '" f,ljll/l 384 11/Uf)i( p,,,,~KIGIL rr.W 
nu~ · · M~/rl )SMB W/Ok P,'$/G • .... 
1'Ht '" Mvfr, /If) Af rWP/516 . .. .. aw 
THE' Mu/111!0 Wtf/S/Git'U(ll;roU , ·-· .. •a• 
rue .. 2MB Rim c.m '*'OK ot 2"8 ••· 

AllllS t..ser Orivrl I CD·ROM ,. '91.•• 
1;111 Int. 20MB Haro Disk wiCon110 //1r /01 

PSl2 Mod!/ 25 ......,.. ., .............. 291.•• 
'W Same as~ Wf4(Jfo1ff·-·..-. Sii.Gii' 
DIAK 6.Bj.18 Roppy Dr/le """"" 312.111' 

llll111IMISlll 3 '12" Flo{JW Otfllt 

..Q J6i)ii"ial1Cii1~;;;~·..:: : ::: 
TITE'" 11211/, A/Jq-1)µ FfobW ...... 75,0D' 

http:2,315.0U
http:111111.00
http:Z,950.00
http:2.225.DO
http:1,Stt.00
http:1~550.oo
http:3,11115.00
http:1,9111.80
http:5,4'0.ll
http:w/401.18
http:2,100.00
http:1,789.DO
http:l\tllii"$T.tr
http:Tllllm.WI
http:MotllerOO.nl




In the beginning, there was 
power. Wh~n Wys~ engin~ers set out to create 
a new PC family, therr obJective was not merely 
to design a new system, but a new design. Criterion 
one was power with total compatibility: higher 
Q_erlormance for industry standard software. 
Todays and tomorrow's. 

The results are . four uniquely upgradeable 
Modular Systems Archjtecture™ Wyse PCs that 
make up the most powerlul PC fainily in the 
business . . 

At the top, the new WYSEpc 386 has one of 
the highest benchmark ratings yet for a personal 
computer. Our unique design achieves exceptional 
memory speed as well as processing speed for 
zero wait state perlormance on multiple op~rating 
systems. Such as MS-DOS~' OS12:~ and Xenix~ 
For CAD/CAE, heavy duty spreadsheets, or 
multi-user applications, it delivers power to satisfy 
the insatiable. 

And it's only the beginning. Our 8MHz AT 
compatible, 12.5 MHz professional desktop 286, 
and 12.5 MHz zero wait state 286 provide more 
power for every level of user. 

Introducing System Wyse'."Our PCs form the 
core of a comprehensive system for creating solu­
tions. They link effortlessly with our terminals, 
monitors, and expansion modules in solutions of 
exceptional quality and value. And SystemWyse 
is backed by the company that makes more termi­
nals than anyone but IBM. 

SystemV\Tyse. It's a power structure you can 
build on. Call for 1800 GE'f'tlTV:SE 
more information. - - • vv l , 
WYSEpc 386 driving our VGA color 11wnitor. Actual scrre11 ima,f!e. 

V.\"St: • •~a l?'glSlen:d tradcmiJrk nf \\~ Trchnolngy, ~~rstem~\~e. WYSE.~ ;~86. ~md Mmhil4U Sy:?.frtu~ 
AntuU..'(1Lltt! an· tmd~nt1trks.. or \\)'51L Tcchnfl~r~v. Other tr.u:~m..-.rh. t•l ....'f'lt'f'S. .. Ji.1S 0•15=.. Xenix.- 1'.1ll-n~Llft. OS .i 2. 
IB~lllntcm•limi.il Buom= Macbim-,,, 

WYSE 

We make ii better, or we just don't make it. 

Circle 260 on Reader Service Cord 

http:IB~lllntcm�limi.il
http:tr.u:~m..-.rh


Screen stars with TheVisible Edge. 


What gives Princeton's new generation of screen starS the Visible Edge is a screen 
image of incomparable clarity and resolucion . Where brilliant colors and infinite 
shades of gray, with striking contrast and dimension, are commonplace. 
The versatility of the Princeton family of monitors gives the new generation (and 
present generation) of computers, the greatest autosynchronous horizontal/verti· 
cal scan range combination available (ULTRASYNC and MAX·15). The clarity of .28mm 
dot pitch (ULTRASYNC and PSC-28). 1024x750 display resolution (MAX-15). And the 
entire spectrum of color, with the ease and comfort that can only accompany an 
ergonomically designed monitor. 
Experience a world of unlimited vision. And the technology that's made our high 
level of quality, service, value and performance, second nature. Experience the Visible 
Edge. And see what we do best. For more information call (609) 683-1660 x JOO. 

MAX-15ULTRA5YNC PSC-28 PSM-03 

IBM PCJXTIAT Ii PS/2 Macintosh ll COMPATIBLE IDM P.512 COM PAT IBL. f. 

GRAPH I C SYST E MS 

THE VISIBLE EDGE 

60• Ew1ngS11eei1. 8 wld111.g ~. P'1nce1on. Ne'W'Jer!ill!l}"085"40 !609) M 3-,6Ei0 

Circle 185 on kadtr Stniict Card 
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IT'S TIME TO DO SOME 

SERIOUS 386 BUGBUSTING! 


f'ROBE '.~ men11 -----.: 
bar and pull­

doK'n menus set a 

ne"' standard for 

debugger 
imerfaces. 

PROBE fras--- --r 
so1trce-/evd 
debugging to let 
yqu "C" your 
program. 

W
ekome to your nightmare. Your company has bet 
the farm on your product. Your demonstraLion 
wowed the operating committee. and beia ship­

ments were out on time. Then wham! 
Al I your beta customers seemed 10 call on the same day. 

"Your software is doing some really bizarre things·:· tncy say. 
Your credibility is at stuke. Your profits are at ·1ake. Your 
sanity is at stake. 

THIS BUG'S FOR YOU 
You rack your brain, trying 10 figure so1nething out. Is it a 

ra ndom memory overwrite? Or worse. an overwrite to a stack­
based local varia ble? Is it scqueru:c dependent? Or wor ·e. 
ram.Jomly caused by interrupts? Overwritten code? Undocu­
mented ··features" in the software you're linking to? And lo 
top it off. your prograin is too big. The software debugger. 
your program and it's symbol table can't fit into memory at 
the same time. Opening a bicycle shop suddenly isn't such a 
bad idea. 

THIS DEBUGGER'S FOR YOU 
Annc.'mnci ng rhe 38'6 PROBE1

" Bugbuster, *from AtrOn. Nine 
of the rop-ten softw<1rc developers sleep better at night 
because of Atron hardware-assisted debuggers. Ilccau ·c they 
can set real-time breakpoints which instantly tletect memory 
read anti writes. 

Now. with the 386 PROBE. you have the capability to set a 
q1wlified breakpoi111. so the bro.::.akpoint triggers only if the 
events are coming from the wrong procedures. So you don'r 
have to be halted by breakpoints from legitimate areas. You 
can even detect obscure, sequence-dependent problems by 
stopping a ~reakp<:>in. t only after a speci~c chain of events bas 
occurred in a specific order. 

· ' 


POP regiJters 11p 
a11d dow11 with a 
single key. 

This i.~ un 
OIJl·Of-rtmge 
menwry-oirerwrite 
bug . Si11cc it is 
i11terrupt related, 
it 011ly appearr i11 
real time. 

Then, so you can look at the cause of the problem. the 386 
PROBE automatically stores the last 2K cycles of program 
execution. Although other debuggers may ti)' to do the same 
thing. Atron is the only company in the world to dequeue the 
pipelined trace data so you can easily understand it. 

Finally. 386 PROBE 's megabyte of hidden, write-protected 
memory stores your symbol table and debugger. So your bug 
can't roach the debugger. AnC: so you have room enough to 
debug a really big program . 

COULD A GOOD NIGHT'S SLEEP 
PUT YOU IN THE TOP TEN? 

Look at it this way. Nine of the top-ten software products in 
any given category were created by Atron customers. Maybe 
the.Ir edge is - a good night's sleep. 

Call a:id get your free. 56-page bugbustfog bible today. 

And if you're in the middJe ofa nightmare right now. 


give us a purcha~e order 

number. We'll FEDEX 


you a sweet dream. 


, r;Ui-:;u 
BUGBUSTERS 

', i,j 

...:t.J 

A division of No11hwes1 Instrument Systems, Inc. 
20665 Fourth Street • Saratoga, CA 1}5070 

4081741 -59<KI 
~\11.'.'["IL111f1. .. h,f COMPAQ. rs. 1 ~~8.(]\. ct,1 ,.J 11.Ll•n!rl..:l;!Jhll!'lo- t"t•11) rl ~ln I 1~nn b> •.\1ttit1 '>th PRcJDl-.. I!- J tr~m..JJL .,( Arroo r JU -14 - ~ S55-!UC:lli. Hl the lJ K aotl -liQI :-t,.\!:-oi;'i .xn:.•o U1. \\h1 lkmw.n~ TRBA 
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WHAT'S NEW 


-
I megabyte of RAM. a 40­
megabyte hard disk drive , and 
a 720K-byte W2-inch floppy 
disk drive that's compatible 
with TBM PS/2 drives . 

Other new features include 
a pair of internal IBM-compat­
ible expansion slots. One is a 
full-length 16-hit slot, and the 
mher is a half-length 8-bit 
one. There's also a rnckel for 
an 80287 coprocessor. Ami if 
you never seem to have enough 
memory in your system, 
Toshiba has an optional 
3-megahyte memory card that 

The MP 286 is al'ailablt: i11 si.x different flavors. 

Mitsubishi Zips 
to 12 MHz 

T he MP 286 Series 300 is 
Mitsubishi· s collection of 

80286-based AT cor11patibles, 
al l of which run at \2 MHz 
(wi th one wait state). For 
those in less of a hurry , or for 
software that requires slower 
speeds. the Series 300 can be 
throttled down to 8 MHz with 
zero wait states, 8 MHz with 
one w.iit state. or 6 MHz with 
one wait state. 

With a footprint of 15 by 
15 inches. all Series 300 
models arrive with 640K 
hytes of RAM that you can ex­
pand 10 4 megabytes without 
using any of the system· sex­
pansion slots. Or. by adding 
Mitsubishi's 2-megabyte RAM 
expansion boards. you can 
l·xpand the. system memory to a 
maximum of 8.64 megabytes. 

The Series 300 computers 
have six full-length expansion 
slots: four of the 16-bit vari­
ety and two 8-bit ones. 

Systems shipped with a 
hard disk drive use one of the 
slots for the controller. A 
controller that will command 
dual floppy disk drives is 
standard, as is a clock/calendar 

and a socket for an 80287 
coprocessor . 

The six available configu­
rations range from a Series 300 
with a single 1.2-megabyte 
floppy disk drive and no moni­
tor. all Lhe w<1y up to a loaded 
system with a 40-megabyte 
hard disk drive and an EGA 
monitor. 
Price: From $1995 to $4095 . 
Contact: Mitusbishi Elec­
1ronics America Inc .. 991 
Knox St. . Tornmce, CA 
90502, (213)515-3993. 
Inquiry 751, 

One Step Up 

T he T3200 is Toshiba· s 
step up from i1s currem 

flagship portable. the T3 l00. 
The T3200 acids a variety of 
features. including an 80286 
pmces~or running at 12 MHz. 

SEND US YOUR NEW PRODUCT RELEASE 
We'd like to co11sider your product for publication. Send us f ul/ in­
formation abow it. including its price, .1hip date, and an a&/ress 
and telephone munber where readers can ger further information . 
Send to New Products Editor, BYTE, One Phoenix Mill ume. 
Peterboro11gh. NH 03458. /nfonnation comained in these items is 
based on manufacwrers · wrimm sta1emems mid/or telephone illler­
views with BYTE reporters. BYTE lws not formally reviewed .:ad1 
pruduc1 memio11t'cl. 

plugs into its own dedicated 
slot , leaving the standard 
slots free for other uses. 

Last , but not least, rhe 
T3200 has added an EGA 
display system. including a 
high-resolution gas-plasma 
screen and an EGA monitor 
port. The screen shows colors 
as four shades of gray and 
displays 25 lines by 80 chardc­
ters in a resolution of up to 
640 by 400 pixels. 

Weighing 18li:l pounds. the 
T3200 mea ure.s 14 1h by 4 by 
15 1/2 inc.hes and runs on AC 
power only. It also includes 
pons for a par.ill el printer. an 
external disk drive, and an RS­
232C device. On the software 
side. the unit is shipped with 
MS-DOS 3.3 and the Lotus 
Metm desktop manager. 
Price: S5499. 
Contact: Toshiba America 
Inc .. Information Systems 
Division . 9740 Irvine Blvd , 
Irvine, CA 92718, (800) 457­
7777. 
Inquiry 752, 

Up to Eight 16-Bit 
CPUs in One 

Running Concurrent ~OS 
XM 5.2, CompuPro s 

MP 200 series. a parallel pro­
cessing multiuser system, in­
corporates up 10 eight 16-bit 
processors. The series' modu­
lar architecture lets you ellsily 
upgrade the system's memory. 
storage, and pro,·essors. 

The MP 200' s main pro­
cessor is an 11.25 -MHz 
80286. On each of the sys­
tem · s SP 186 slave processor 
hoards there's a JO-M Hz 
80186 processor and 5 I 2K 
byte of RAM . You can ex­
pand system memory up to 
7. 25 megabytes and add as 
many as eight processor 
boards. each of which han­
dles two users and executes ap­
plications in parallel with 
hoth the centrid processor and 
other users · processors . 

CompuPro says more than 
700 multiuser business applica­
tions are available for Digital 
Research's Concurrent DOS 
5.2 . Many MS-DOS applica­
tions will run under it as well. 

The MP 200 series is avail­
able in five configura1ions. dif­
fering mainly by the number 
of slave processors. Besides the 
basic 80286 proc.essor, all the 
configurations include a 16­
slot enclosure. an 8-port 110 
processor, I megabyte of 
RAM. 2 megabytes of cache 
memory. an 80-megabyte hard 
disk drive, a 4.0-mcgabyte 
tape backup unit. a 1.2-mega­
byte 5 1A -inch floppy <lisk 
drive, and a parallel primer 
port. 
Price: S!3,700 Lo S19,000. 
Contact: Viasyn Corp .. 
CompuPro Division. 26538 
Dami Court. Hayward. CA. 
94545-3999. (415) 786-0909. 
Inquiry 753. 
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WHAT'S NEW 

PERIPHERALS 

A Complete Hand 
Scanner 

T he Complete Hand Scan­
ner (CHS) scans a 2'h­

inch-wide image at 200 doLS 
per inch . After you've scanned 
your images , you can use a 
program called Soft Stationery 
to merge the graphics from 
you r "'urd processor. You can 
also crop, scale, rotate, or 
overlay images . 

The Complete Hand Scan­
ner interfaces directly 10 1he 
company's The Complete 
FAX and supports Dr. HALO 
n. PC Paintbrush. and 
Microsoft Windows. It's com­
patible with mos1 dot-matrix 
and laser primers, a.nd it lets 
you view your scanned 
images directly on the screen . 
Price: S249 . 
Contact: The Complete PC. 
521 Cottonwood Dr .. Milpitas , 
CA 95035. (408) 434-0145. 
Inquiry 754. 

New Technology 
Graphics Tablet 

C hargc R.aiio is a iechnol ­
ogy developed by Sununa ­

graphics for its new Bit Pad 
Plus graphics tablet. Charge 
Ratio uses ratios of sensed 
areas in generating the coordi· 
nates of the stylus or cun;or 
position. According to the 
company, ii eliminates poten ­
tial variation errors caused by 
changing the distance be­
1ween rhc bit pad and the pick­
up. You can, for example, 
trace through document· and 
drawings lha1 are up 10 half 
an inch thick. 

The Bit Pad Plus has a 12­
by 12-inch active. area and 
comes with both a four-but· 
ton cursor and a one-button 
stylus for input. Its bit-pad· 
fonnat compatibility is sup­
ported by most popular CAD 
and graphics softW'dro 
packages. 
Price: $495. 
Contact: Sum.magraphics 
Corp., 777 State Street Exten­
sion, Fajrfiel.d . CT 064 30, 
(203) 384-1344. 
Inquiry 755. 

Commodious Storage 
for the PS/2 Model 25 

-
I f you own an IBM PS/2 

Model 25, its maker left you 
with limited mass-storage op­
tions. But options do exisr. 
Western Digital now has the 
PS25120i , a 20-rnegabyte hard 
disk <.lrivelcontrol\er kit for 
!he Model 25 . 

The PS25/20i kit includes 
preconfigured cables and com­
plete installation instructions. 
The controller uses one of the 
Model 25's two available ex­
pan ion slots. The hard disk 
unit nioums inside lhe Model 
25 chassis and consumes 12 
watts of power. 

The hard disk is prefor­
rnaned and comes with diverse 
softw.ire, induding an auto­
matic installation program . 
There's also WDPark. for 
parking the heads, and a disk 
caching program called 
SpeedRead that lets you select 
1he amount of RAM you want 
to u ·e for caching. According 
to Western Digital. Speed­
Read reduces the effective disk-

access Lime co be1ween 30 

auc..140 ms . 

Price: $495. 

Conlact: Western Digital 

Corp. , 2445 McCabe Way. 

Irvine, CA 92714, (714) 863­
0!02. 

Inquiry 756. 


A Couple of 2400-bps 
Laptop Modems 

H ighcr-speed (namely, 
2400-bps) modems for 

laptop computer systems are 
quickly becoming the norm. 
Here are two cases in point: 

NEC now has a 2400-bps 
internal modem for its popular 
MultiSpeed laptop . The unit 
is called, not surprisingly , the 
NEC MultiSpecd modem. It 
switches automatically between 
300, 1200, and 2400 bps . It 
will also auto-answer, autodial , 
and support both answer and 
originate modes . 

The modem uses an Intel 
80C97 d.igital signal processor 
an<.l is fully compatible with 
the industry-standard AT com­
mand set. It also has a built-
in speaker whose volume is 
conirolled by softv,;are . The 
NEC MultiSpeed modem is 
both Bell 212A- and l03A­
compatible , as well as compat­
ible with the European 
CCITI V.22 2400 and 1200 
standards. 

Weighing a tiny 3 ounces, 
the modem fits inside NEC' s 
MultiSpeed. MultiSpeed EL. 
and MultiSpecd HD. 
Price: $499. 
Contact: NEC Home Elec­
1ronics U.S.A. Inc., 1255 
Michael Dr.. Wood Dale, IL 
60 J91. (312) 860-9500. 
Inquiry 757. 

Meanwhile. if you own a 
Toshiba portable. you 

might be interested in a 
modem called the Adapta­
Modem from a company 
called Product R&D Corpora­
tion. Zooming along at 2400 
bp8. the unit, officially named 
the M24/Comms , is an inter­
nal uuit that fits into the 
ToshibaT\100+, Tl200. 

to install; all you need to do is 
to slide it into the computer·~ 
internal modem slor. The 
modem has low-power 
CMOS circuitry and con umcs 
only a half-wmt of power. It 
also includes a single RJ-1 IC 
jack, and ic uses 1he com­
puter's own speaker for call­
progress monitoring. The 
company says that it' s fully 
compatible with the AT com­
mand set. 

For those 1imes when you 
doa ' t need a modem but do 
need a second serial port, 
there's a slide switch on the 
M24/Comms that switches ic 
between modem and RS-232C 
serial port operation. 
Price: $499 . 
Contact: Product R&D 
Corp., 1194 Pacific St., Suite 
20 I . San Lu is Obispo, CA 
93401, (805) 546-9713 . 
Inquiry 758. 

Half-Height CD-ROM 
Player 

CD· ROM players are get· 
ting smaller. An e.~amplc 

is the CDR-3500 from Hjca­
chi, which takes up only a stan ­
dard half-height slot in aa 
IBM PC , AT. or conipatiblc. 

With a standard capacity of 
552 niegabytes. you can install 
the CDR-3500 either hori­
zontal ly or vertically, It uses 
the same supply voltages as a 
standard floppy disk drive. and 
!here 's a daisy-chain connec­
to r on the drive tha1 lets you 
hook up to four of the drive.s 
together. 

And if you want to use the 
drive for musical pursuits while 
not accessing darn from a 
CD-ROM, the CDR-3500 can 
also play back s1andard CD 
audio disks. There' s a hClld­
phone jack with volume con­
trol on the front an<.l audio out­
puts on the rear panel. 
Price: $899. 
Contact: Hitachi Sales Cor­
poration of Americ11, 401 W. 
.~rtesia Blvd., Compton. CA 
90220. (213) 774-5151. 
Inquiry 759. 

cmrrinut!d 

T3 l00. T3200, and T5100.The Bir Pad Plus uses Charge Ratio technology. 
The M24/Comms is simple 
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\-Our pad orours? 

If you perform lext anywhere tu 

calculalions. lhe answer support your work, 
is obvious. and see and reco rd 

lalhCAD 2.0. every step. You can 
It's everything lry an unlimited 

you appreciale about number of what-ifs. 
working on ascratch­ And prinl your 
pad- simple, free-form entire cakula1ion as 
math - and more. More an integrated docu· 
speed. More accuracy. ment that anyone 
More flexibility. can understand. 

Just define your Plus, MathCAD 
variables and en Ier your is loaded with powerful 
formulas anywhere on lhe screen. MalhCAD 
formatsyour equations as lhey' re typed. 
Instantly Cillcul<iles the resulls. And displays 
them exactly as you're used 10 s~ing them ­
in real math nolalion. as numbers. tables 
or graphs 

MathCAD is more than an equation 
solver. Like ascralchpad. ii allows you to add 

built-in features. In additior1 to tl1e usual trig­
onometric and exponenlial funclions. it 
includes built-in slatistical functions. cubic 
splines, Fourier transforms, and more. It also 
handles complex numbers and unit corwer­
sions in acompletely transparent way. 

Yet, MathCAD is so easy to learn. you'll 
he using its ful l power an hour afler you hegin. 

What more could youask fur' How 
about the exciting new features we' ve just 
added to MathCAD 2.0 ... 

• Built- in etJuation solver 
• Full malrix operations 
• Two tu four times increase i11 

calcu laling speed 
• Easier full-page text proc~sing 

• Auto·scalffi plots 
• Memory enhancements 
• Additional printer and ploner 

support 
• And more. 
If you' re tired of doing calculations by 

hand or writing and debugging programs. 
come on over to our pad. MathCAD. The 
Elect runic Scratch pad. 

Call for adela iled specsheel and Ihe 
name of a MathCAD dealer near you. 
1-800-MathCAD(In MA: 617-577-101 7). 

Requi res ID Mre• or com pal ible. St 2 KB RAM. graph i~ e<1 rd. 
IUMrt•• u.l ietMOOn;d tl.us1ntl$ Md 11\eli Corp.;iu1ll(Jn. 

M~hCAa• ill>Oh~ In< Math CAD 
01"'1MlihSoll,lnc. !11&1hSof1, la< .. Oae Kendall Sq.. C.m~rldR•· MA 02139 
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WHAT'S NEW 

PERIPHERALS 

4 Gigabytes on 
a Write-Once Drive 

T o hiba ha - what it is 
claiming is the fastest and 

highest-capacity write-once 
optical drive available_ The 
drive, called the WM-5500. 
can store 2 gigabytes of data un 
each side of a 12-inch write­
once optical disk. 

The company says the 
Jrive's data-transter rate is 
from 4 10 8 megabits per sec­
ond. coupled with an average 
acces time of 150 ms. The 
WM-5500 operates in a modi­
fied-constant -a ngular-veloci­
ty mode where tbe spe-ed of the 
disk remain. constant (615 
rpm) while the d;ita clock var­
ies based on the disk radius. 
To further peed darn Lran~fer, 
the drive has. a 32K-byte 
buffer. 

The drive uses a SCSI in­
terface. which will support up 
lo four WM-S500 drives. 
You can moum the drive in a 
standard 19-inch rack . Car­
tridges load from the from . 
Price: $11.495 . 
Contact: Toshiba America. 
Disk Products Division. 9740 
Irvine Blvd., Irvine. CA 
92718, (714) 583-3108. 
Inquiry 760. 

Lower-Cost Sony 
Multiscan 

D esigned for al! rersonal 
computers currently avail­

able, from the TBM PC to the 
PS/2 to the Apple Macintosh 
II. the CDP-1303 is Sony's 
latest multiscan monitor that' 
switchable for either analog 
or digital input. 

With a 13-inch diagonal 
viewing area and flat- ·c reen 
technology, the monitor's 
vertical sync frequency 
sw itches automatically tu 
match your computer (50 to 
IOOHz). ThehorizomaJ 
scanning rnnge also adjusts 
automatically over a range of 
15.75 to 36 KHz. It 's compat­
ible with existing tandards 
from CGA and monochrome 
mode through the IBM 

Compaq's new monilOr hC1s Cl matching l'ideo rnrrl. 

PSl2 's 85!4A mode. 
Though far from a new fea­

ture, the Trinitron design re­
tains its unique points of a 
fine-pitch aperture grill instead 
of a shadow mask , and a sin ­
gle gun/lens system for opd­
mum color fide Iity. 

The CDP- l 303 weighs 32 
pounds and measures 14% by 
13 by 16% inches. A connect­
ing cable ror you r particular 
computer isn't included: and 
a swi ve.lftih st.and is optional. 
Price: $825. 
Contact: Sony Corporation 
of America. Sony Dr . . Park 
RiJge, NJ 07656. (201) 930­
1000. 
Inquiry 761. 

Mass Storage 
on VHS Tape 

GigaStore is a mass-stor ­
age device that uses 

videotape to smre data-up to 
2.5 gigabytes on standard T­
l 20 videotape using he!ical­
scan technology_ But the unit 
does more than just store data 
like a tape-backup device; it 
fully emulates a 9-track half­
inch streaming-tape drive. 

According to its maker, 
GigaStore has an average data ­
transfcr rnte of 120K bytes 
per second. Assuming 32K­
byte blocks and a full tape, 
you'll get an average search 
time of 3 minutes. and a 
worst-case lime of 6 minutes. 

GigaStorc uses true read­
aftcr-write, coupled with a 

proprietary error-correct ion 

technique _An internal micro­

processor control the inter­

face and all tape positioning. 

Besides the tandard interface 

for the IBM PC and compat­

ibles, the GigaStore is also 

available for DEC' QBUS and 

the UNIBUS . 

Pric.e: $5995. 

Contact: Digi-Daw Corp .. 

8580 Dorsey Run Rd., Jessup. 

MD 20794 . (301 ) 498-0200. 

Inquiry 762 . 


18 pins from Seikosha 

S eikosha America's SBP­
10 printer uses an 18-pin 

dot-matri"' primhcad and 
heavy-duty electromechanics 
for a combination of high­
speed and high-quality results. 

With a rated throughput of 
250 lines per minute (over 500 
cps), the SBP-10 includes a 
64K-byte buffer; rear. bonom. 
and front parer feed; and a 
built-in cut- heet-leeder cas­
sette with room for a second 
(optional) feeder. Also stan­
dard are parallel and serial 
in terfaces and a bidire<:tional 
push/pull tractor. 

You can select print modes 
from the from panel and sec 
what you've sele<:te<l on a 16­
charactcr by 2-line LCD 
display. The SB P- l 0 also ac­
cepts up to three Seikosha !(mt 
cartridges at the same time. 

with each cartridge holding 

two fonts. The SBP-10 emu­

lates the standard Epson Es­

t:ape-P codes. as well as the 

IBM ProPrimer. 

Price: $4495 . 

Contact: Seiko ha America 

Irle .. l 11 l MacArthur Blvd .. 

Mak.wah. NJ 07430. (20 l) 

529-4655. 

lnquir~· 763. 


New Monitors 
from Compaq 

C omp.aq Computer Corp . 
ha' mauguratcd new 

display options for its com­
puters and other IBM PC and 
AT compatibles. The Com­
paq Video Graphic · Color 
Monitor and Compaq Video 
Gr.iphic~ Monochrome Moni­
tor. when coupled with the 
Compaq Graphic Cnntroller 
Board. can display graphics 
resolutions of up to 640 by 480 
pixels and text resolutions of 
720 by 400 pixels . 

The color monitor, an ana­
log unit with a l 4-inch diag· 
on.al screen. can display up to 
256 sirnulla neous colors . The 
monochrome monitor dis­
play colors for up to 64 shad· 
of gray on a 12-inch diagonal 
white-phosphor creen. 

Both monitor.; inc:luJc non ­
imerlaced scanning to reduce 
flickering. diagnosti ·self­
tests. nonglarc screens, a tih ­
and-swivel base. brighmes> 
and conlrast controls, and 6­
foot power and signal cables. 

According to Compaq. 
when used in an AT-compat­
ible 16-bit slot. the ViJeo 
Graphics Controller Board 
runs graphics .oftware up to 
50 percent faster than the IBM 
PS/2 VGA. because ii works 
with 16 bits of video data at a 
time. The board al>o fits 
·tandard 8-bit slots in PCs and 
compatibles. but it runs slower. 
Price: Color monitor. $699: 
monochrome monitor, $255; 
video board. $599. 
Contact: Compaq Computer 
Corp. 20555 FM 149. Hous­
ton, TX 77070. (713) 
370-0670. 
Inquiry 764. 
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Paradox: the top-rated relational 

database manager in the world 


·;)-ti-Cl-{:; 8.7 Paradox 
\~1..t.- -tr-tr 8.2 XDB 

7.6t:' ~ i1 PowerBase 
7.0 Open Access 11tr r:r~ 

'(:rtdt 7.0 DataEase 
6.6 dBASE Ill PLUS-t< 1-r 

)~tl 6.4 R:BASE System V 

Paradox is once again 
the top-rated pro­
gram. wit.h the latest 

version sc:oring even higtn 
th an last year· s top score." 
(Software Digest's 1987 
Ratings Report is an iooe­
per-x:len t corn paral ivc ratings 
report for selecting IBM PC 
business software. Ratings 
Report tesLs were done by 
tlx~ prestigious National 
Software Testing Laboratory. 
Philudel phia . Peo nsyl vania .) 

The Ratiogs Report mes­
sage is crystal clear: there 
is no better relational data­
base manager than Paradox. 
NSTL tested 12 different 
programs and amongst other 
results. discovered that 
Paradox is 3 times faster 
than dBASE@ard ()times 
faster than R: BASE: on a 
two-fi!e ioin with subtotals 
test. t 

PARADOX 

by Ansa 

A Borland Company 

512K $4951.1 
320K $7501.10 
384K $3492.3 
256K $3952.0 
384K $600 
384K $6951.1 

••• $700512K1.1 

(On a scale of 0 to 1 OJ 

Overall Evaluation 

ti a~ ti-a- 9.0 or higher 


-a- trll'tz a.o . a.9 
-trll'-tr 7.0 . 7.9 

OP 6 .0 · 6.9 
... 5 .0 . 5.9 

All Other Ratings 
• 7.0 · 9.9 

5.0 . 6.9 
• UNOER50 

Paradox combines 
ease of use with 
power and 
sophistication 

Even if you 're a beginner. 
Paradox is t~ only rela­
tional database manager that 
you C<1n take out of the box 
cnx! begin using right away. 
Because Paradox employs 
st.atr.-of-the-art artificial 
intelligence technology. it 
does almost everything for 
you-t~ce pt take itsel r out 
of tl'K'~ box. 

{{ Paradox 2.0 will do for 
the LAN what the spreadsheet 
did for the PC 

{)avid Sc/wlnmn. 
/Jcmll.t Aem.~pact: j' 

Special Offer! 
We're making a Special 

Offer on all three vers ions 
of Paradox. Mail proof of 
purchase. dated between 
Sept. 15. 1987 and Dec. 15. 
1987 and your signed reg­
ist.ration form for any of 
the three. and we'll mail 
you a $100.00 rebate.** 
rt·s that simple! 

• Paradox I. l . suggested 
rctai I. $495.00 

• Paradox 2.0. suggested 
retail. $725.00 (each 
copy of Paradox 2.0 
supports one user on a 
network) 

• Paradox Network Pack. 
suggested retail. $995.00 
(each network puck 
supports up to 6 users on 
a network) 

611·/!ii.V Mom·y-Bark Guaranrr E' ff 

Vora broclwre 

or the dealer 


nearest you. call 

(800) 543-7543 
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WHAT'S NEW 

10-4 Wireless LAN 

I fyou·ve been puuing off 
inve.sting in a local-area net­

v.mk because the thought of 
ju.ngles and jumbles of wires 
gives you nightmares, Ray­
Net Communications Systems 
may have an answer. Its Ray­
LAN is a wireless LAN rhat 
communicates among com· 
puters at a data rate of 19. 2K 
bps. 

Ray-LAN consists of an 
add-in card that plugs into an 
expansion slot of any IBM PC 
or compatible , an RF (radio­
frequency) transceiver with 
antenna, and the company' s 
proprietary communications 
software , which is compatible 
with Novell's Advanced 
NetWare . 

The wireless network's 
transceiver sits next to your 
computer system and trans ­
mits at an output power of JOO 
milJiwdttS in the FCC's 72 ­
MHz business band. Under 
most conditions, the trans­
mission range is about 300 
foet. You'll need an FCC li ­
cense before you can use Ruy ­
LAN , but getting it is a sim­
ple matter of filing an 
application with lhe 
commission. 

The software included with 
Ray-LAN uses a proprietary 
packet technology and in­
cludes algorithms for data se­
curity. File security is pro­
vided by NetWare . You can 
also bridge Ray-LAN into 
existing NetWare LANs that 
run on wired topologies such 
as Token-Ring or Arc-Net. 
Price: $1995 per node. 
Contact: Ray-Net Communi· 
cations Systems Inc ., East 
12806 Nora Ave . , Spokane, 
WA 99216, (509) 924-2855 . 
Inquiry 765. 

Add Time to 
the Model 25 

T he lBM PS /2 Model 25 
computer doesn ' t have a 

built-in clock calendar, and 
Big Blue doesn't sell one. If 
you don't v.11nt to be bothered 
entering the time and date 

ADD - INS 

Ray-Net connects compwers via radio link. 

every time you turn on your 
computer. you can finu a solu­
tion in Microsync 's PS/2 
adapter, which Jets you install 
Microsync's slotless dClock 
II clock/calendar in the Mode! 
25. 

The dClock 11 with the 
PS /2 adapter plugs into the 
back of the Model 25'~ flop­
py disk Jrive and leaves the 
computer's l 111 slots available 
for other use s. The company 
says you can install it in less 
than 5 minnles. The PS/2 
adapter includes a special 
cable, and software on a 3 \l'.i­
inch disk . 
Price: dClock II. $49. 95; 
PS/2 Adapter. $14.95. 
Contact: Microsync Inc .. 
15018 Beltway Dr., Dalla ·. 
TX 75244. (214) 788-5198. 
Inquiry 766. 

TV on Your PC 

0 ne of the most unusual 
add-ins we've seen comes 

from a Tennessee company 
named Automated Time Equip­
menl. As its name says, the 
ATEC PC/TV video graphit·s 
card is both a PC graphics 
card and a television tuner. 

On the graphics side, the 
PC/TV is EGA-, VGA-. CGA-. 
MDA-, and Hercules-com­
patible . But when you switch 10 

the TV option. you turn your 
computer's monitor into a tele­
vision with tuning and vol­
ume adjusted through the key­
board. The board's built-in 
tuner receives all standard tele­
vision channels, including 
UHF and cable. 

The PC/TV requires a 
half-length expansion slot in 
any IBM PC or compatible. 

Besides a connector for your 

monitor, the rear panel of the 

board has jacks for both an 

external speaker and an 

antenna. 

Prke: $800. 

Contact: Automa1ed Time 

Equipment Corp .. 6219 Mill ­

brook Rd .. P.O. Box 1903, 

Brentwood, TN 37027. (615) 

377-1156. 

Inquiry 767. 


Making Music With 
Your PC 

A Boston company. Au 
Lib, says its Personal 

Computer Music System is 
the first add-in card for the 
IBM PC and compatibles to 
provide .. instrument-like"' 
sound fo r music training , 
composition, and playback. 
The system consists of the Ad 
Lib Music Synthesizer Card. 
Visual Composer software. 
anti a ~ong-selection package 
named Juke Box. 

The Ad Lib Music Synthe­
sizer card is a half-length card 
that lets you create and play 
back up to six melodic and fi ve 
percussive instrument~ simul­
taneously. For audio output , 
the card has a headphone jack 
and a low-wattage amplifie.r 
that will drive a small book­
shelf-type speaker. 

The Visual Composer soft· 
ware ls designed for those with 
\ ittle or no prior music expe­
rience. It lets you compose 
music by selecting an instru­
ment and drawing a line across 
the screen. The vertical posi· 
tion of the line denotes the 
pitch of the individual notes. 
while the horizontal length de­
notes the uuration. The soft­
ware comes with a variety of 
preprogrammed sounds and 
accepts mono MTDI input. 
Price: $245. 
Contact: Ad Lib, 50 Stani­
ford St., Boston. MA 02114. 
(800) 463-2686. 
Inquiry 768. 

cv11r1nueJ 
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The LOGITECH HiREZ Mouse­
the only mouse expressly designed for 
high-resolution screens. 

With a resolution of 320 dots-per­
inch (as compared wilh 200 dpi or less for 
ordinary mice), it covers 1.he same area 
on your high-res screen, but needs less of 
your desk to do it. More than 50% less. 
Saving you valuable desk space , and 
effort mouse maneuvers that used to 

require a sweep of the hand are now 
reduced to a flick of the wrist. 

Hi/IF.Z mnu" "'"'-' 
' IJ'J'i, 1'-ll dciA •pact 
/o <DV<T IN ><1mt 
nmmml 1Jf1t·u"'1 

arta n.1 a 2110 df>i 

Whi ch makes this new mouse a 
ha nd's best friend. And a more reliable, 
long-la.<>ting companion- fully compatible 
willi all po pular software, and equipped 
wi1J1 a Lifetime Gu arantee. 

Equipped, too, with other advantages 
exclusive to all Logitech mice: A unique 
lightwf'ighr ergonomic design . 1.nw­
angled buttons for maximum comfort 
and minimum fatigue. An exdusive tech­
nology that guarantees a much greater life 
span. An exceplionally smooth-moving, 
dirt-resistant roller ball. And natural 
compatihilicy with all PCs, look-a- likes, 
and virtually any software. 

So ifyou've got your eyes on a 
high-res sneen, get your hands on the 
one mouse that's agile enough to keep 
up with it 

The LOGITECH HiREZ t-.fouse. 
For t11e dealer nearest you. call 800­

231-7717 (800-552-8885 in California), 
or write Logite h, Inc., 6505 Kaiser Drive, 
Fremon!., CA 94555. In Europe, call or 
write: Logitech Swit.zerland, European 
Headquarters, CH-1111 Romanel/ Morges, 
Switzerland ( ++41-21-869-9656). 

~LOGITECH 
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Though most mice out there look pretty 
much alike, they're no1 all equal in performance. 
It pays to be just a little choosy to make sure you 
end up wiLh the right mouse for your needs. 

Starling with sofovare. Ifyou want full com­
patibility wit11 all of your sofrware, all you have to 
do is look for a mouse with the Logitech name. 
There are four in all, each one designed for dif­
ferent hardware needs. 

THE HiREZ MOUSE 
If you've got your eyes on a high-resolution 

screen, the mouse to get your hand on is tJ1e new 
LOGJTECH HiREZ 
Mouse. 

With a resolution of 
320 dots-per-inch (as 
compared with 200 dpi 
or less for ordinary mice), 
it covers tJ1e same area Th~ LOG/TECH 
on your high-res screen HiREZ Mm1.>1· 111·<·tis 

5(1 ~ /J:J.1 dt".Sk lfl(IU
but needs less of your In rour•r Uu amr 

11mo11111 nf.<crFnidesk to do it More than 
(lft'a a.s a 2UU dpl

50% less. Saving you mowe. 

valuable desk space, and 
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effort: mouse maneuvers that used to require 
sweeps ofthe hand are nmv reduced to a flick of 
the wrist · 

Which makes Lhis new mouse a hand's besl 
friend. And a more reliable, long-lasting com­
panion. And, like all Logitech mice, it's fully 
compatible with all popular software, and 
equipped with a Lifetime Guarantee. 

THE SERIES 2 
MOUSE 

For those who've chosen 
the Personal System/2,"' the 
most logical choice is the 
LOGITECH Series 2 
Mouse. IL's lOOo/c compati ­
ble with PS/2, and plugs 
right into the mouse port, 
leaving the serial port free 
to accommodate other 
peripherals. 
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THE ALL-PURPOSE MOUSE: 

SERIAL OR BUS 


Most people find our standard mouse is still 
the best choice for their systems. It's available in 
bo1h bus and serial versions, one ofwhich is sure 
to fit perfectly with your hardware. And with all 
your favorite software -whether mouse-based 
or nol. 

It's hardly an accidenl that only Loi:,ritech 
oflers you such a complete selection-we're Lhe 
only mouse company to design and manufacture 
our own produces. We make more mice , in fact, 
than anyone else. Including custom-designed 
models for OEMs like AT&T, DEC, and 
Hewlett-P.ack.ard. 

The three mice pictured to the left come with all 

And in comfort. With a unique lightweight 
ergonomic design. Low-angled bunons for maxi­
mum comfort and minimum fatig11e. An exclusive 
technology that guarantees a much gTealer life 
span. An exceptionally smooth-moving, din­
resisrant roller ball. And nalural cnmpalibiliLy with 
all PCs, look-a-likes, and virtually any software. 

All of which leads to an inescapable conclu­
sion: if you want to end up with the right mouse, 
start with the right mouse company. 

Logitech. We've got a mouse for whatever the 
task al hand. 

For the dealer nearest you, call 800-231-7717 
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tJ1e coupon below to: Logitech, Inc., 6505 Kaiser 
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Logitech Switzerland. European Headquaners, 
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this expertise built right in.Which explains 
an interesting paradox: while 
you may pay less for a 
Logitech mouse yo u'll 
surely get more in 
performance. 

(++41-21-869-9656). . 



WHAT'S NEW 

SDI Not Star Wars 

I n the case of this product 
from Ariel Corp. , "SDI" 

stands for Signal-to-Disk In· 
terface. SDI is a high-speed de­
vice that allows you 10 ac­
complish host-independent , 
real-time, full-bandwidth 
data acquisition 10 di sk. 

SDI consists of an Ariel 
DSP-16 Data Acquisition Pro­
cessor along with a high­
speed SCSI interface and 
DSPDJSK software. The ys­
tem lets you record and play 
back on up to seven high-ca­
pacity memory devices . 

With SDI. you can do <.li­
rcct-to-disk recording and play­
back of 16-bit data at sample 
rates of up to 50 KHz on two 
channels at the same time . 
Using the DSPDISK software, 
you can graphically view and 
edit the recorded signal. You 
can mark. zoom, move. re­
peat . anenuate. and adu special 
effects to the signal. 
Price: Starting at $3495. 
Contact: Ariel Corp .. l JO 
Greene St., Suite 404 , New 
York. NY 10012. (212) 
925-4155 . 
Inquiry 769. 

The Telltale Battery 

11can be a real pain when 
the batteries that power the 

CMOS RAM in your com­
puter suddenly go dead. It nor­
mally requires a complete re­
configuration of the systern­
assuming you can find tbe 
floppy disk with your setup 

SDI acquires data direc:rly w disk. 

program on it. But a new bat­
tery monitor can give you an 
early warning . According to 
itS maker, the Lifeguard moni­
tor can warn you weeks in ad­
vance of a dead battery. with a 
chirp and an LED that 
flashes every 45 seconds. 

Advanced Concepts Re­
.~earcb says Lifeguard detects 
not only the nonnal ebbing of 
power from an aging banery. 
but also low-vohage condi­
tions caused by corrosion or a 
defec;tive cell. 

Lifeguard is palm-size and 
easy 10 install. It 's compatible 
with all models of the Macin· 
tosh. as well as with the IBM 
PC AT and compatibles, and 
aU models of the IBM PS/2. On 
a Macintosh , it replaces the 
bancry-comparunem door; on 
other computers, ii mounts to 
the case with Velcro strips. 
Price: $49.95 
Contact: Advanced Concepts 
Research, 6 Pheasant Run , 
Newtown, PA 18940, (800) 
327-8068. 
Inquiry 770. 

Organize Those Forms 

I f you need to ke.ep chang­
ing several different continu­

ous forms with your printer. 
Feed-a-Form is a simple solu­
tion to keeping au the paper 
organized and ready to use. 

Using a rack with four sets 
of acrylic roller/holders, Feed­
a.-Form holds the end of four 
different paper stocks above 
and behind the printer. ready 
to use . Gravity keeps the 
rollers down and holds the 
form until it's needed . An op· 
tional take-up basket for com· 
pleted forms is also available. 
Price: $89.95; take-up bas­
ket, $39.95 . 
Contact: Feed-A-Form. 29 
Dover Terrace. Westwood, MA 
02090 , (617) 326-2171. 
Inquiry 771. 

Get Your Video 
Together 

A produc1 named the 
VideoShow Professional 

System from a company 
named General Parametrics lets 
you integrate photographic 
images and compu1er-gencr· 
ated images in the same pic­
ture . The system can produce 
presentations in video. slides . 
and overheads. 

The system contains an 
image-capture board, an RGB 
analog monitor, a video cam­
era, and two oewly developed 
produc1s: lmageprocessor 
natural image software. and the 
high-speed Jrnagelink inter­
face board . The sys1em v.·mks 
with 1he IBM PC AT and 
compatibles and requires mini­

mum sioragt: of a I _2-mcga­
hyte floppy disk drive . 

The images produced by 
the YideoShow Professional 
Sys1em are based on a propri­
etary technology called Macro· 
Vision ll . This pixd-free 
graphics display technology 
crea1es high-quality synthe1 ic 
images with up to 5000 colors. 
and natural images with as 
many as 100,000 colors. For 
professional s1udio applica­
tions. the system has a full gen­
Jock capabili1y that lets it syn­
chronize with mult iple video 
sources. 
Price: $8295 . 
Contact: General Parameiric 
Corp., 1250 Ninth St. . Berke· 
ley, CA 94710 , (415) 
524-3950. 
Inquiry 772. 

Another PC 
Prototype Board 

A!though there are plenty 
of prototyping cards avail­

able for the IBM PC and 
compatibles , the CANA group 
claims its Protosystem I is the 
first one to have its wircwrap 
pins organized as buses. The 
company claims this organiza­
tion reduces both time and 
errors in circuit prototyping. 

The board includes soldcr­
in-place wirewrap pins, capaci­
tors , and large labels tbat 
identify the bus layout. The 
standard board will hold 72 
16·pin ICs. It's available in 
both a 3-wrap standard pin 
size 1hat ta.kes up two full­
length slots , and a short-pin 
version that takes up a single 
slot. 

Protosystem I comes with a 
manual that includes bus ad­
dresses and 110 maps. It also 
describes ways of decoding 1he 
address bus and possible 
problems with timing and bus 
loading. 
Price: Starting at $49.95. 
Contact: CANA Group, 
Suite 402/ MS20. 100 Walnut 
St., Peoria , IL 61602. (309) 
674-9009. 
Inquiry 773. 

r:"ntinurd 

Lifeguard beeps when your battery is tem1ina/. 
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DTELL 

ltztrodudng The Complete Personal Communicatio11s "' family: ha11d ~·can11u, fo.x and puso11al voice mail for your PC . 

ow you can 
lia•e ruice•.-········••••• •••• • •• mail a11d 
facsimile 011 

1he same 
phone line. 

FAX IT 
For only $499 you can fi)rget transmission to 

1he dedica1ed phone line and distribution lists all over 
long walk 10 lhc fax room . the world- Aml CFAX is 
In1roducing your personal so sman. it can share 
facsimile machine: lne the same phone line 
Complete FAX "' board. when you ••. 

With CGA, EG A or 
Hercules-compatible graphic . TURN YOUR PC 
you can insiantly view 
incoming faxes on your PC' INTO THE
screen. Then ave them to di.sk 
or print them on mo ·t dot­ WORLD'S
matrix or l a~c r pri ntcrs. 

Create faxes with your SMARTEST
favorite word processor and 

I SCAN IT 
\ . .. ­
... • • • • • • • ' 

S
how and tell. They 
were the first 
communications skills 

you ur.cd. Isn't it time to get 
more from your personaI 
compu1er 1han word 
processing, spreadsheets and 
dalaba.~cs? Now you can pul 
on a SHOW with The 
Complete Hand Scanner'~ 
acce sory. 

Desktop publishing will 
never be 1he ame. For onl y 
$149 you can capture logos. 
sii;natures and photographs into 
popular graphic. programs. The 
Soft Stationery '" pn..lgrnm 
included with the scanner lets 
you merge text and gruphics a.~ 
easy as point-and-click. 

Scan a _~ inch wide image 
al a resolu1ion of 200 dots per 
inch. Merge. it. Crop it. Roiatc 
i1. Jnsen il. Scale it. Color it. 
'fben print it with your dut· 
matri x or laser prinler. You can 
CVl:n ••• 

computer graphics program . ANSWERING 
Send them to any Group Ill fax 
machine in the world. And you MACHINE 

The SHOW wouldn 't be 
complete wichout the TELL . 
We caned the whole 
personal communication~ 
revolULion with our 349 
best-selling Complete 
Answering Machine <Y 

(CAM '") per onal voice ••,
mai I ystem. 

Why irritate 
people by making 
chem talk 10 a dumb 

answering machine? Give 
frequent callers their c:rwn voice 
mailboxes. Tell callers your 

can srnn in your signa!Ure with computer will transfer them lo 

The Complete I-land Scanner. another extension or track you 
Background CFAX '" down to deliver their messages. 

software is alw-Jys ready to send Becau. c it runs in 
and receive foxes 1~i1ho111 back.ground. CAM won'! 
i111errup1i11g the other PC disturb anything cl c you're Use our new ProCAM '" 
programs you're using.. You can doing on your PC. And the dc.vc!opmcnl system to crcah: 
even schedule outgoing faxes to busine -s possibilitb for CAMs order enuy. catalog inquiry, 
lake advantage of lower late­ arc cnd!es~. customer service or other voice­
night phone rJtes for With up to four phone linc.s rcspon e applications. 

and CAM boards. you can tum Teach your PC to slzvw and 
a dedicated PC into your mosl 1t'I/, call (8<Xl)634-5558 for the 
dedicated employee. nam of 1hc dealer nearest you.• 

Tl- =<:<>M PLl:TEPC 

More from your personal computer 

521 Cottonwood Drive • Milpitas , California 95035 
(800)634-5558 • (408)434-0145 • FAX (408)434-1048 

"Th< Conrpk<c PC produci. •1t "'11l111blr 111 MkrnAp ('""'I''"" Sr,,... ud Olbtt qullty 
nml<n. To onlH h) pt,..w. <.Jl R < R Olrn1 or lllOOJliS4-7S8'7. 

n~shl C> !9S1 ~The Compln< PC, Ill< Th< Compn l'C.Compl<I• !'l<non.ol Commun1<M1on>. CPC, The: ColnJll«r FAX, d'AX . Ibo Compl<1< Hlli'ld ~...,.,,Soll St>llon<I) Th<Coorf"°'o: An>""""n~ 
Maoh1.., CAM Md Pr<>C AM ""' ondr::maru of The: Complclr PC The 0<l>cr .::ompu,.. mcnlMlrl«l """' nu,.,..,..... "'S""'ml '"""'"'""'" TR DA 
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WHAT'S NEW 

SOFTWARE • PROGRAMMING 

Allegro Common Lisp 
Updated 

Allegro Common Lisp 
I . I for the Mac features 

background processing under 
Mullifinder and offers new 
sample programs, including 
color QuickDraw. Coral Soft · 
ware reports that bugs found 
in 1.0 are now fixed. 

Allegro Common Lisp is a 
complete implementation of 
Common Lisp and features a 
programmable EMACS-style 
editor. a stepper, debugger. 
and a window-based inspector. 

Allegro I . I runs on any 
Macintosh, according to Coral. 
Price: $600. 
Contact: Coral Software. 
P.O . Bo>'>. 307. Cambridge. 

MA 02142, (800) 521-!027; 

in Massachusetts, (617) 

868- 7440. 

Inquiry 774. 


Program Tests 

WaveTest includes an in­
st rument library genera­

tor and an instrument data­
base library with over 50 GPTB 
(genera.I-purpose interface 
bus) instruments . Each instru ­
ment file contains a lookup 
table of an instrument's GPIB 
syntax and commands. the 
corresponding English-lan­
guage descriptions. and in ­
structions and . etup infomia· 
tion . You can a.I o add 
instruments to the database. 
The program runs under 
Microsoft Windows and en­
ables you to generate test pro­
grams in an icon-hased pro­
gramming environment. Wit.h 
WaveTest you have three ways 
of creating programs: flow­
charts, modular programming, 
or BASIC . 

The flowchart option lets 
you sec the flow of logic in 
your program design. You 
can also print a hard copy. 
With modular programming , 
you construct the program step 
by tep by selecting one of 19 
module icons. The program ex­
ecutes according to the order 
in which the icons appear in the 

Allegro Common lisp I. I has new :;umple programs. 

program window from left to 
right and top 10 bottom. Move 
them around, and you alter 
your program . The fl owchart 
and module modes are inte ­
grated and your test programs 
are automulically dcx.:u­
mented, not only with the 
flowchart, but with an En­
glish-language desc ription of 
each module as well as in­
strument setups and command 
strings. 

The Test Program Genera­
tor lets you link a serie,~ of in­
strument setups. program 
modules. operator prompt win­
dows , and formatting win­
dows to create a test progra_m. 
This is executed as program 
code. Debugging features such 
as set breakpoints. single 
step , trace variables. and moni­
tor GPIB transactions are 
included. 

Wavetek recommends run ­
ning WaveTest on an IBM PC 
AT with at least 64{)K bytes 
of RAM, a l .2-megabyte flop ­
py disk drive, a 20-megabytc 
hard disk drive, an enhanced 
color display, an EGA card, 
and a Windows-compatible 
mouse. 
Price: $3990. 
Contact: Wavetek San Diego 
Inc .. 9045 Balboa Ave. , San 
Diego. CA 92123. (619 
279-2200 . 
Inquiry 775. 

Access BIOS and DOS 
Functions from 
FORTRAN Programs 

E xtend is a library of sub­
routines that lets you write 

interactive graphics applica ­
tions in FORTRAN. transport 
mainframe FORTRAN 
graphics to the PC environ­
ment. and acce.ss BIOS and 
DOS functions from FOR· 
TRAN programs . 

The library' s 45 subrou­
tines control direct keyboard 
entries , PC monitor output. 
DOS file and directory opera­
tions, parallel and serial port 
110. and equipment status. 
Thirteen gr.iphics subroutines 
provide solid, dashed. and 
dotted lines, 1ex1 strings , and 
graphics symbols capabilities. 
allowing variable windows 
and clipping. 

You can display graphic 
output in CGA, EGA, or VGA , 
on any Tektronix 4010 de­
vice. or 1ranslate it to an 
AutoCAD DXF file or unfor­
matted database file. 

Extend supports Microsoft 
4.0, Ryan-McFarland. and 
IBM FORTRAN 77 com­
pilers . It runs on the IBM PC. 
XT. AT. or compatibles and 
PS/2s running DOS 2.1 or 
higher. 
Price: $149. 
Contact: Design Decisions 
Inc .. P.O .Box 12884. Pitts­
burgh , PA 15241. (412) 
941-4525. 
Inquiry 776. 

Debugger for 386 
Systems 

S of!· ICE i a debugging 
tool that has the capabili­

ties of a hardware debugger. 
including hardware-level 
breakpoints. according to Nu ­
Mega. 

With the software installed 
you pop up a window, set your 
hard breakpoint. and then re­
turn to the sofl debugger. As 
your target progrnm is execut­
ing. Soft-ICE recognizes when 
the breakpoint conditions 
have been reached and gives 
control back co your soft 
debugger. 

Soft-ICE let. you set 
breakpoints on memory-loca­
tion reads and write s. mem­
ory ranges , program execution. 
port accesses, and interrupts. 
It gives you memory prot~tion 
and lets you break out of hung 
programs even if interrupts an: 
disabled. Nu-Mega reports. 
The program's srntus line 
shows the on-line syntax 
checking that takes place a 
you type in commands. It 
soft-boot capability lets you de­
bug non-DOS oper.iting sys­
tems. loadable device drivers. 
or sel f-booting programs. 
You can also single-step 
through hardware interrupt· 
service routines. Another of 
the program· s ti:ature~ is that 
it works with other debuggers. 

The program is not copy· 
protected , comes on either a 
360K-byte or a 720K -hyte 
floppy disk. and includes the 
debugger. an optional load­
able driver. and a dcmonst ra ­
tion program. It requires a 
386 system such a.s the IBM 
PS/2 Model 80. It also re­
quires MDA. Hercules, CGA. 
EGA. VGA , or compatible 
graphics cards . 
Price: $386. 
Contact: Nu-Mega Technol ­
ogies. P.O. Box 7007, Nashua, 
NH 03060-7607. <603) 
888-2386. 
Inquiry 777. 

t·ontitmt!d 
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Now you can develop 

picture-perfect 


applications 

at lightning speed. 

It's easy with CLARION. 
Picture this: l!,)wision the conuenience and uersatility ofall 
the deuelopmenl tools you need. combined with a powerful 
new language that 's easy to learn and e1 en easier to use. The 
result is Cl.4Rl0 V. 

Instant development: From prototyping to source code in a 
flash. Generate screens and reporl5, and compile and test the 
complete range ofPC applications-many times faster than 
you do now 
CLARION. runs un any JBN PC, PS/2, or true compatible with 
320kb of memory and a hard disk drive 

The results are worth framing: CLARJOV gives you the 
power and time to create belier, n'cher applications for single 
users or networks. Without run.time cost. You can even create 
.EXE programs with the optional 1ranslator.. ff you can picture 
it in yuur mind, CIA RION can make it a reality. 

Get the CLARION advan"1ge: Give CLARION a nm tor the 
money. Pnced at just $3.95 plus shipping it:~ easy to switch to 
our picture-perfect development tool. Ifyou're not completely 
amazed by the results you get, simply return ii within 45 days 
for a full, unconditional refund. MasterCard. American 
Express and VI&l. accepted. 

7b order CLARJON or to receive a sample program,fjlAR1°" 
simply call toll-free: 1-800/354-5444 Q 

a~h1RJ2r.~t,s U\C. 

J.'XJ &1st Sampfti Rood 
Primpano &adi, f1on'da 33064·.J.597 
J()5/185·4SSS 1':4X: 1·3051946· /65() 

- - - - ~- - ... - - --- -- -~~...-= - -- ­
Cl.A HIU.\' isa n:¢.Jtr:r~d 1rod.m1arA' of BtmillJjttm . 1fJS/~n£. hh..- Cntrynyhr I 7 8arrur!)'ft)1J SysiL'1flJ Cl H/()8 i1 ,\ 'OT ropy pmt«.tr...YI and <:o,,.~ u"il.h 1-flEEnm·trrrw liu1ismg. 


JU'I n-u n111.<ten.'11 tmd1..PJ1111tk af /nl'-nwtwrwf Bu.si.rr'-"$..' >11Jt.hl'l "'~ Cvrporotimt. F\YWnul .'5.lf~ ,._1nr.!il i1 tradcrwril oflnli!malt0naf & .q,llLSl NlN'ltmc1'Cnrpornffon, 
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WHAT'S NEW 

SOFTWARE • SCIENTIFIC AND ENGINEERING 

Cadkey Introduces 
3-0 CAD Package 
for $495 

C adkey I is a smaller ver­
sion of Cadkey 3. You 

can '1 link to numerical con­
trol and finite element analysis 
programs like you can with 
Cadkey 3. but you can transfer 
Cadkey 1 files through Cad ­
key 3 co CADL format. 

Cadkey I complies with 
ANSI and ISO scandards, sup­
ports the standard cartesian 
coordinate system. has 256 
levels and 16 colors. and 
works with high-resolution dis­
plays. The program enables 
you to create a model and in­
spect it from any disuince or 
position. using its position 
menu . 

A set of eight predefined 
views include lop. front. back, 
bottom , right, left, isometric, 
and axonometric. Geometric 
drawing components include 
lines. arcs, points. circles, line 
meshing, fillets, and more. 

You can automatically di­
mension the angle between two 
lines; the diameter or the ra­
dius of a circle or arc; or the 
horizontal, vertical or paral­
lel dimension between two 
points . And you have control 
over the selling or changing of 
parameters and values for di ­
mensions. labels. or notes . 
Other features include entity 
Yerification and management, 
and file management. 

Cadkey I runs on the IBM 
PC, XT, AT. and compatibles 
with two floppy disk drives 
or a hard disk drive, 5 l2K 
hytes of RAM. MS-DOS or 
PC-DOS 2.0 or higher. and a 
graphics adapter card. Cad­
key recommends using a hard 
disk drive, an EGA card. 
EGA monitor. 640K bytes of 
RAM. two serial ports, a par­
allel port, a mouse or digiti1­
ing tablet, and a planer or 
printer. 
Price: S495. 
Contact: Cadkey Division. 
Micro Control Systems Inc .. 
27 Hartford Turnpike, Ver­
non, er 06066. (203) 
647-0220. 
Inquiry 778. 

A $495 version ofCadkey 3. 

Analyzing DC/DC 
Converters 

T.he Power Electronics 
Group at the California In· 

stitute of Technology has de­
veloped a Switching Converter 
Analysis and Measurement 
Program (SCAMP). The pro­
gram is an integrated system 
for analyzing. designing , and 
measu.ring switched-mode 
pulse-width modulated DC/DC 
converters and linear circuits. 

To begin, you draw a sche­
matic of the desired switching 
convener. using a mouse and 
stylized icons from the menu. 
After you enter the values for 
the elements of the schematic, 
SCAMP compures poles and 
zeros of specified transfer func ­
tions and offers a choice of 
Bode or Nyquist frequency­
response plots. 

SCAMP is made up of two 
preprocessor modules , GIM 
(Graphics Input Module) and 
NlP (Nodal Description Input 
Program), and eight program 
modules. GIM takes the sche­
matic and values as inputs 
and generates a net list file in 
the form of a nodal descrip­
tion of the circuit; NlP con­
verts this nodal description of 
the circuit into state-space ma· 
trices and vectors, which Lhen 
become inputs to the computa­
tional program modules of 
SCAMP. 

SCAMP employs state­
space averaging to calcu.late the 
small-signal frequency re­

sponse of the converter cin:u it. 
Outputs include poles, zeros, 
and frequency responses. 

The program requires an 
IBM PC . XT. AT. or compat­
ible with at least 640K bytes 
of RAM , a Microsoft. Mouse, a 
CGA or EGA board. and a 
printer. 
Price: $1500: program wilh 
site license. $5000; additional 
manuals, S25 . 
Contact: California Institute 
of Te.chnology. Power Elec­
tronics Group, Mail Station 
116· 8!. Pasadena, CA 91125, 
(8 l8) 356-4820. 
Inquiry 779. 

An Expert Sample 

·with answers based on 
user responses, Ex ­

Sample determines the opti­
mum size of a research sample, 
what type of analysis to per­
form , and how to interpret the 
results . The program includes 
procedures to determine the 
sample size required to per ­
form a wide range of statistical 
analyses including one- and 
two-sample comparisons of 
mean and proportions; one­
""<1Y analysis of variance , biv11r­
iate, and multivariate contin­
gency tables; regression and 
path analysis: comparisons of 
lWO correlation · ; log-linear 
models ; and factor analysis . 

The program a<ljusts the 

size downward to reflect re­
sponse rates. contamination. 
exclusions, and other factors. It 
then compares the resulting 
sample size with sizes required 
to perform specific analyses. 
The program outputs a report 
in ASCII, describing sample 
size recommendations. 

Some of the program· s fea ­
tures ini:.lude a change and re· 
run capability for sensitivity 
analyses, refe.rences and notes 
documenting procedure used . 
and clarifications and explana­
tions or question . 

Ex-Sample runs on the 
fBM PC and compatible with 
at least 384K bytes of RAM 
and one floppy disk drive . The 
Idea Works recommends two 
floppy disk drives or a hard 
disk drive. 
Price: S95. 
Contact: The Idea Works 
Inc., 100 West Briarwood. 
Columbia, MO 65203 . (31 4) 
44.S-4554 . 
Inquiry 780. 

Scientific Calculator 

The ELl-4 l emulates the 
HP-41. enabling you to 

run familiar programs and 
perform calculations on your 
IBM PC. XT, AT. or com · 
patible using HP-4 1 com­
mands. It provides 15-digit 
precision and lets you store and 
retrieve programs and the re­
sults of your computations. 

ELl-4 l displays all data 
registers, flags, aml the stack 
and ofter· you a hard copy of 
data and results. 

You c.ao pop up ELJ-41 in­
dependem.ly and input data 
from another applications 
program. The calcula!or up­
pons the 8087/80287 math 
coprocessor chip. HP-41 user­
solution libraries are available 
on disk for use with ELl-41. 

ELl-4 l runs on the IBM 
PC with at least l 28K bytes of 
RAM . 
Price: $99. 95. 
Contact: Eclipse Logic Inc., 
P.O. Box 2003, Hunt ington 

Park. CA 90255-1303, (213) 

569-6020. 

Inquiry 781. 
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A GEM ofa Deal 

Free Software from Genoa! For a limited time 
only, every SuperEGA HiRes+"' card comes with 
a FREE copy of GEM Graphn' -the popuJar 
business graphics package that nonnaHy retails 
for$249! 

What a combination-a quick, easy way to 
turn your spreadsheets and database files into 
stunning graphs, and SuperEGA HiRes-I; the 
only MuJtisync-compatible 16-color EGA card 
with 800 x 600 resolution! 

What can you do witb the graphics card 
that brings you a full-page. readable display for 
Desktop Publishing? Run your spreadsheets in 
132 x 60 columns. Run most VGA applications. 
Run Ventw-a;" Pagemaker,'" AutoCAD,'" 'Windows;" 
and more-all in dazzling 800 x 600 resolution! 

Get in on Genoa's GEM of a deal! For the dealer 
nearest you, contact: Genoa Systems Corporn­
tion, 73 E. Ttimble Road, San Jose, CA 95131 
FAX: 408-434-0997 Telex: 172319 
Telephone: 408-432-9090 

YI t\M. l·Nl> I Jr;lfJU:.'i 

• us. 100 

II 
n 

s.tll 5:11:f11r ( uU"" Uthn 

{ OlntTIV.JI l )' rr.,Ju<t •I " ' ' " t ol M C:nph 

Free GEM Graph Software with every 
purchase ofa Super EGA HiRes+ card 
from Genoa! But hurry-offerexpires 
March 31st! 
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When you want to talk computers.. 

ATARI COMPUTERS 

65XE 64K Computer..................94.99 

130XE 132K Computer .......... .. 129.00 

520STFM Monochrme System .. Call 

520STFM Color System ...... ......... Gall 

SF1224 Color Monitor. ............. 309.00 

SF124 Mono Monitor ......... , ... .. 149.00 


Atari 1040 

Color System 

Includes: 1040ST, 1 mb RAM with 31/:z" 
drive built-In, 192K ROM with TOS , Basic, 
ST language and color monitor. 

A~••• 
Leaderboard Golf ...................... 24.99 
Avant Garde 
PC Ditto (IBM Emulation) ... .... ... 69.99 
Batteries Included 
Degas Elite ..... ..... ................ ..... . 44.99 
DAC 
Easy Accounting.. .......... ...... ...... 59.99 
oss 
Personal Pascal. .. ... ... ... .. .. .... .....49.99 
Tlmeworks 
Wordwriter ST ................. .. ........ 48.99 
VIP 
Professional (GEM) .... .............. 144.00 

AMIGA SOFTWARE 

Aells Development 
Animator/Images ......... .. ............. 89.99 
Eleotronlc Arts 
Deluxe Video 1.2 .. ........ ...... ..... .. 89.99 
Gold Dl9k Softwa,. 
Pagesetter w/Text Ed .. ..... ... .... .. 89.99 
Micro lllu•lons 
Dynamic CAD..........................349.00 
Micro Systems Software 
Scribble .... ... ............ ...... ..... ..... .. 69.99 
Word Perfect Corp. 

_Word Perfect... .. ....... ..... . ... ..... . 199.00 


/ 

COMMODORE COMPUTERS 

Amiga 500 System 
Includes: Amiga 500 CPU, 1MB, 1080 
RGB Monitor, Amiga DOS. 
Mouse, Kaleidoscope 
Commodore 128 ... .. ..... ...... ..... . 239.00 
Commodore 1280... ... .. ...... ... ... 469 .00 
Commodore 64C .. .... .. ............ . 169.00 
64C, 1541C, 1802C Package ... 549.00 
128, 1571 , 2002 Package .. ...... 719.00 
1280, 2002 Package ... .... .. ...... 719.00 

HARD DRIVES 
CMS 
MacStack 20 .... ............. ....... .. .. 599.00 
Lo Down 
Low Down 20 ........ .. ................ 849.00 
Mountain 
20 MB Hard with SCSI. .. .. .... ... 899.00 
Pro App 
Pro App 20S ....... ..................... 699.00 
FLOPPY DRIVES 
Ehman Engineering 
BOOK External Floppy ..... .. ... .. .. 189.00 
MONITORS 
Network Speclaltles 
Stretch Screen 20" .. .. .. .... ...... 1599.00 
Radlu• 
Full Page Display as low as .. 1499.00 
sicma 0..1,ns 
Laser View Display System ... 1899.00 
MEMORY BOARDS 
Dove Computer 
Mac Snap Plus 2 .. .. .... ... ... .... ... 279.00 
Mac Memory, Inc. 
Max Plus Mega ............ .... ... .... 329.00 
SCANNERS 
AST 
Turbo Scan ........... .. .. ............. 1399.00 
SOFTWARE 
Ashton-Tate 
D:Base Mac .. .. .. ..... ........ ..... .. ... 319.00 
Microsoft 
Word 3.1 ................................. 239.00 

MS/DOS SYSTEMS 
AST Premium Computer. .... ......... Call 

Compaq .... .... ..... .. .. .... .... from 1699.00 

IBM.PS-2 Model 30 ............ ........ .. Call 

IBM-AT Enhanced ... ...... .......... ... .. Call 

Leading Edge .................. from 999.00 

PC-TOO 512K AT/Compal from 999.00 

Toshiba T-1000 Lap Top .......... 889.00 


AST 
Six Pak Plus PC/XT ................. 129 .00 
Hercules 
Color Card .. ...... .. ...... ........ ..... .. 159.00 
Graphics Card Plus ........ ... ... .. . 169.00 
Fifth Generation 
Logical Connection 256K ......... 299 .00 
Quadram 
XT-386 lnboard .. .. .. .. ............. .. . 899.00 
Video 1 
VEGA EGA Adapter ..... ... ......... 169.00 
Zuckerboard 
Color Card w/Parallel ............ .... 89 .99 

MS/DOS SOFTWARE 

Ashton·Tate 
d·Base Ill+ ................. ... ......... . 399.00 
5th Generation 
Fastback Plus .. .... .. ...... .......... .... 89.99 
IMSI 
Optimouse w/Dr. Halo ............... 99 .99 
Lolltech 
C& Mouse w/softwara ................ 79.99 
Lotus 
Lotus 1-2-3 .............................. 329.00 
MlcroPro 
Professional 4.0 w/GL Demo .. . 239 .00 
Mlcroatuf 
Crosstalk XVI.. ........... ....... ... .... .. 89.99 
Word Perfect Corp. 
Word Perfect 4.2 .......... ........ ... 209.00 

COMPUTER MAIL ORDER 
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........When you want to talk price. 

DRIVES MODEMS PRINTERS 

Atart Atari 
AA314 OS/OD Disk (ST), ........ '199.00 
 1020 XL/XE Plotter ... ....... ...... ...$31 .99 

AA354 SS/OD Disk (ST) .......... 129.00 
 XDM121 Letter Quality .......... . , 159.00 

SHD204 20 Mb ST Hard Drive 559.00 XMM801 XL/XE Dot Matrix ...... 185.00 
Commodore XMM804ST Dot Matrix .. ... ....... 179.00 

Amiga 1020 ... ..... ..... ... .. ... ...... .. 189.00 
Amiga 1010 3 112" ............. ...... .. 219.00 
1541C ....... ...... .... .... .... ... ... ....... 169.00 
1571 .... ...... """'""""""' .. ...... .... ..... 229.00 
1581 3112" External. .... ... .......... 219.00 
Indua 
GT Disk Drive Atari XUXE .... .. 179.00 
Racore 
Jr. Expansion Chassis .. ... .. ..... . 299.00 
Seagate 
20 mb ST-225 Hard Drive Kit.. 339.00 
Supra 
20 Meg Hard Drive (Amiga) ..... 739.00 
20 Meg Hard Drive (ST) .......... 549.00 
Xebec 
20 Meg Hard Drive (Amiga) ..... 799.00 

MONITORS 

Amdek 
Video 300 Amber Composite ... 139.00 
Commodore 
Commodore 2002 ...... ....... .... ... 319.00 
Amiga 1080 Hi-Res Color ... ... .. 299.00 
Commodore 1802 ... ....... ..... .. ... 1 99.00 

Magnavox 8602 
13"Composlte $169 
Ma1navox 
8505 A GB/Composite ... .. ......... 199.00 
8562 AGB/Composite .. ............ 2·49.00 
NEC 
JC-1402P3A Multi-Sync ... ............ . Call 
Princeton Oraphlc1 
MAX-12 12" Amber TTL ........ .. 139.00 
Tax an 
Model 124 12" Amber ............. 119.00 
Thom~n 
450 15" 132 Col. Amber ...... ... 159.00 
41.20 RGB/Composite .. ..... ....... 239 .00 

Anchor 
1200 Baud Ext. 
Anchor 
6460 C64/128 1200 Baud ... ... .. .. 119.00 
VM520 ST520/1040 1200 Baud.129.00 
Atan 
SX212 (ST) .. .. ..... .... ........ .. ....... ... BB.99 
Best Product. 
1200 Baud 112 Card w/soltware ... . 89.99 
2400 Beud 112 Card wJsortware .. 169.00 
Commodore 
Amiga 1680-1200 BPS .............. 169.00 
Everex 
Evereom 1200 Baud Internal. ...... 99.99 
Haye1 
Smartmodem 300 .... .............. ... 139.00 
Smartmodem 1200 External. .. ... 289.00 
NO\'atlon 
Parrot 1200 ...................... .... ...... 89.99 
Practical Pertpherah 
Telecom Package .... ... .. .... .......... 99.00 
Supra 
MPP-1064 AD/AA C64 ................ 69.99 
2400AT 2400 Baud Atari .. ...... ... 169.00 
U.S. Robotlc1 
1200 Baud External ........... ....... . 99.99 
2400 Baud lnternal. .... ...... ... .... 179.00 

DISKETTES 

Maxell 
MD1·M SS/OD 5114'' .................... 8.49 
MD2-0M DS/DD SW' ... .......... ..... 9.49 
MF1-0DM SS/DD 31/2N ... ..... ...... 12.49 
MF2-0DM DS/OD 31/2'' ....... .. ..... 18.49 
Sony 
MD1D SS/OD 5114'' ....... ... ...... ...... 6.99 
MD2D OS/DO 51!4''...................... 7.99 
MFD-100 SS/OD 31h'' ....... ..... .. 11.99 
MFD-2DO OS/DD 31/2'' ..... .. ....... 16.99 
Hewlett-Packard Calculatore 
28C Scien!Hic Pro ........ ... ... ... ... 199.99 
1BC Business Consultant ..... .... 139.95 
12C Slim Financial .................... 74.99 

Brother 
M-1109 100 cps, 9 pin .. ........... 199.00 
M-1409 180 cps, 9 pin ... ...... ... . 319.00 
Citizen 
MSP-15 160 cps, 132-Column.269.00 
Premier 35 cps Daisywheel. .... 479 .00 
C.Hoh 
315P 132 Column Prowriter. .... 549.00 

Epson UC-800 
150 cps Dot Matrlx$1 7 9 
Ep•on 
LX-800 150 cps, 80-cotumn .... . 179.00 
FX-86E 240 cps, SO-column .... ..... Call 
FX286E 240 cps, 132-colu mn ..... . Call 
L0-500 24 Wire. 80~olumn ..... .. .. Call 
L0-850 330 cps, 80-column ... ... ... Call 
L0-1050 330 cps, 132-column .. ... Call 
Hewlett Packard 
Thinkjet ..... ... ... .. ... ..... .. .... .... .. .. 379.00 
NEC 
Plnwriter 2200 24 Wire ............ 379.00 
Pinwrlter 660 24 Wire ....... ... .... 459.00 
Pinwriter 760 24 Wire ..... ......... 679.00 
Okldata 
Qkimate 20 Color Printer ... ..... . 129.00 
ML-182 120 cps, 80.column ..... 219 .00 
ML-192 + 200 cps, SO-column .329.00 
ML-193+ 200 cps, 132-column479.00 
PanHonlc 
KX-10801 144 cps, SO-column .. 179.00 
KX-1091 i 194 cps, 80-column .. 199.00 
KX·P3131 22 cps Daisywheal .. 269.00 
Star Mlcronlca 
NX-1 000 144 cps, 80-column ... 189.00 
NX-1000C 144 cps, C64 lnter .. 189.00 
NX-15 120 cps, 132-column .. ...319.00 
Toshiba 
P-321 SL 216 cps, 24-Pin ........ 539.00 
P-351 II 300 cps , 24-Pin ....... .. . 889.00 

In the U.S.A. and In Canada 

Call toll-free: 1-800-233-8950 

Outside the U.S.A. call 717-327-9575, Telex 5106017898, Fax 717-327-1217 

Educational, Governmental and Corporate Organizations call toll-free 1·800-221-4283 
CMO. 477 East Third Street, Dept. Al, Wiiiiamsport, PA 17701 

ALL MAJOR CREDIT CARDS ACCEPTED. 
POLICY: Add 3% (minimum $7.00) shipping and handling . Larger shipments may require additional charges. Personal and company checks require 3 
weeks to cleaJ. For faster delivery use your credit card or send castiler's check or bank money order. Pennsylvania residents add 6% sales tax. All 
prices are U.S.A. prices and are subject 10 change and all Items are subject to availability. Detective software will be replaced with the same Item only. 
Hardware wilt be replaced or repaired al our discretion with in the terms and limits o! the manufacturer 's warranty. We cannot guarantee compatibility. 
All sales are final and returned shipments are subject to a restocking fee. 
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WHAT'S NEW 

Personal Information 
Manager 

I nfo-XL, Valor's personal 
infonnation manager , orga­

nizes text and structured data. 
It features data-management fo­
c ilities. import/export capa­
bilities. free-form text process­
ing , and data links. 

Six menu-drixen windows 
appear on-screen, with the 
Manager window erving as 
you r interface window. The 
other five windows include 
Records, for entering struc­
tured data or records; Com­
ments, which lets you emer 
free-fonn text and perfom1 
search-and-replace operations: 
Daily and Monthly Scheduler 
windows, for cross-indexing 
events and dates; and the 
Search window, which shows 
the results of your queries . 
While you work in one win­
dow. the others reflect the 
flies, dates, and information. 
You can also switch among 
the six windows . 

Info-XL runs on the IBM 
PC or compatibles with at least 
384K bytes of RAM and MS· 
DOS or PC-DOS 2.0 or 
higher . 
Price: $265. 
Contact: Valor Software 
Corp., 1700 Don Ave .• San 
Jose, CA 95124. (408) 
978-)044. 
Inquiry 782. 

Small Business 
Accounting 
on the Macintosh 

S imply Accounting in­
cludes Genera.I Ledger. 

P..ayables, Receivable.s, P.ay­
roll. Inventory. and Job Cost 
modules an one disk. It Lakes 
au vantage of the Macintosh in· 
terface by displaying in­
voices, checks, and other ac­
c.ounting documents on­
screen. Sample financial 
re.cords are included to ge1 
you started. 

The General Ledger lets 
you produce reports on balance 
sheets. income statements, 
trial balances, charts of ac­
coun\S, all journals, or all 

SOFTWARE • BUSINESS 

Info-XL organizes rexr and srructured daru in six windows. 

ledgers . The program produces 
audit t.rails and leis you han­
dle accounts up to $20 million. 

The progrdm runs on Macs 
with I megabyte of memory. at 
least 800K bytes of RAM . 
and l28K hytes of ROM . It is 
noc copy-protected and sup­
ports AppleSha.re and Multi­
Finder . Bedford supplies tele­
phone support for a fee. 
Price: $449 . 
Contact: Bedford Software 
Ltd ., Suite 20 I. 4180 
Lougheed Highway, 
Burnaby, B.C. V5C 6A7. 
Canada , (604) 294-2394. 
Inquiry 783. 

The Daily Sales 
Routine 

F ir.it Phase calls Daily 
Routine a sales activity ­

mimagement software pro­
gram. It has a name and ad­
dress file. call and time re­
ports, expense and mileage 
reports, a daily agenda, a 
sales-call noce screen, a quota­
1ion screen, and a quick­
memo word processor. 

You can add names and ad­
dresses to the name anJ ad­
dress file with codes , so the 
program groups them for faste r 
retrieval. Then wheo you type 
a memo. you can pull the name 
and address from the file. and 
even have an envelope or mail­
ing label printed . 

The sales-call nolC screen 
is used as the basis for creating 
many of Daily Routine' s re­
ports . On the screen you enter 
information on quotations 
you've given. agenda items. 
and company hisiory files. In 
the quoiations file you can view 
all the quotes you 've made. 
or just focus on one competi­
tor. The program total s the 
quotes tor an activity period 
that you specify. The com­
pany history feature lets you 
enter the name of the com­
pany , and it returns infonna­
tion on your contacts there. 
orders made, deliveries com­
pleced, and so on. 

The quick-memo feature 
has limited \,l./()rd-processing 
features. You can write up to 
14 lines of code . print or save 
them. and print an envelope 
label. The program will store 
up to 64 memos. 

A pop-up rnlcndar shows 
the current month. or you can 
page backward nr forward to 
display past or future months. 
If your system bas a dock/ 
calendar, the program will 
display the date a! 1he top of 
your daily screens. 

Daily Routine runs on the 
IBM PC and compatibles with 
at lea t 256K bytes of RAM. 
You c.ao use a monochrome or 
color monitor. 
Price: $175. 
Contact: First Phase Inc . . 
P.O. Box 4504. Grcenshom. 
NC 27404 , (919) 855-8858. 
Inquiry 784. 

Hypertext Word 
Processing 

B lack Magic, a hypertext 
word processor. tin.ks 

your objects or thoughts to re­
1ated lhoughts, allowing you to 
build nonsequentially orga­
nized documents , or hypcnexc. 
Black Magic also allows }'!JU 

to integrate texl and graphics. 
To read documents created 

1 ith Black Magic. you can use 
Ntc rgaid's reader programs 
developed tor CGA, EGA. and 
Hercules modes. The com­
pany reports that it is develop­
ing reader programs for the 
Mac, Amiga, and Atari ST; 
and the reader progrnms are 
puhlic domain. 

Black Magic comes with 
sample files and a tem1inate· 
and-stay-resident screen cap­
turing util i!y . It runs on the 
IBM PC , XT. AT. and com­
patibles with EGA graphics. 
Price: Sl50. 
Contact: Ncergaid. 955 Con­
necticut Ave .. Bridgeport . CT 
06607. (203) 368-0632 . 
Inquiry 785. 

Designing a Schedule 

S chedule View is a proj­
ect manager that helps you 

design your schedule on­
>creen using commands such 
as hlock copy. move, or 
erase . You can perform basic 
calculations and print stan· 
dard reports. The Vaughn 
Group asserts tbat. unlike 
other project managers, Sched­
ule View creates the schedule 
graphically . 

The program runs on the 
IBM PC, XT. AT, and compal­
ibles with al least 640K hytes 
of RAM, a I 0-megabyte hard 
disk drive, and a floppy disk 
drive. 
Price: S495. 
Contact: The Vaughn Group 
Inc., 2915 LBJ Fruway, Suite 
l61-106. Dallas. TX 75234 , 
(2 I4) 484-0702. 
Inquiry 786. 

cmmnued 
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Perfect matches to DEC user needs. Hip. Hip. And Hooray. 

One-size-fits-all is an attribute best reserved for inexpensive socks. In the 
reaJm of PC-based emulation and communications software for DEC mainframe 
users, it's important to match specific user needs with specific product attributes. 
We have. 

Smatfe.rm• 240 features exact four-color emulation of a DEC• VT24 I terminal. 
Along with delivering full-screen ReGIS~ and Tektronix9 4010/4014 graphics. 
Smafferm 240 offers precise VT220.VTI02. VTIOO. and VT52 text emulation. 

For non-graphics applications. Smatrerm® 220 duplicates virtually every 
SmarTerm 240 text. communication. and ease--of-use feature.Three error-free file 
transfer protocols, including Kermjtand Xmodem. are provided. Downloading 
minimizes on-line time requirements to boost overall system efficiency. And an 
optiona l network package allows direct LAN access to shared modems. printers. 
as welJ as host mainframes. 1 

As Smafferm 240and 220 focus on graphics and text new SmartMOVE®makes 
PC-to-the-rest-of-the-World communica tions sharperthan ever Speed connect. 
auto redial. and background file transfer features make this VTI 00 emulator a loud 
and clear choice for advanced communications requirements. 

Graphics. text and cummunicacions. If you're looking for a perfect fit. seek the 
software sized and priced to match your needs. Persoft has it Period. 

• 
See us at DEXPO West Booth 1024. visit your dealer. phone us at 
608-273-6000. or use inquiry code 50. persnfr
:~.!~::f.1i~~;;-:1~-,:~~tt~'1~jc-~~-:~::;[1 ~ 1~~;: T~~:~~;,;·~~;~~~.~·;~?;";!~!·~!f~ :~~..,, r ,/~'1tc.,.,fl •n. r)t \ i ~ r o(! 



WHAT'S NEW 

SOFTWARE • BUSINESS 

Database Accesses 
One Record a Second 

GEN-Al can sea.rch 
lhrough databases of 

40,000 records or more, ac ­
cessing one per second, ac ­
cording to Logirex. You can 
enter records as sente·nces of 
any length , and you don't 
have lo predefine how many 
characters per field or how 
many fields per record . GEN­
A! can search on any charac ­
ter st.ring within your data, 
even if it' s embedded in text, 
Logireit reports . 

The program has an En­
glish-based parser that use.s a 
synonym faciJity to under­
stand the commands you enter . 
For instance , you could enter 
Store , Remember, Keep, or 
Add, and the parser will 
underslaJld them all to mean 
Enter. A built-in text editor 
lets you insert correspondence 
into your database, include 
ASCil printer codes, and for­
mat documents, You can also 
use it to anach notes to records 
in the database . It also in­
cludes a spelling checker . 

GEN-Al provides facilities 
for you to compute numeric 
and date arithmetic and Bool ­
ean relations , and adjust signiJ· 
icant digits . 

Using the program 's 
graphics capabilities , you can 
create. bar charts and graphs . 
A Form-doer lets you design 
you.r own database forms on­
screen using cursor-control 
keys and ASCII characters . 
The program queries you for 
defi njtions of each element . 
Tbea the Fonn-doer perfonns 
checks and vaJidations on 
data. 

Other features of GEN-Al 
include a se.cnrity system, 
which enables you to use the 
program in stand-alone mode, 
if you prefer. The program 
leL~ you rec.all up to 32 of the 
last screens, which it main­
tains in a conti.nuous loop. At 
any time, you can save a 
screen in the editing buffer and 
store it as a data record. An 
Undo command will get rid of 
your last operation, what you 
did in an entire session, or all 
your work from one day. 

The program comes on 
three 360K-byle disks. To run 
it , you need at least 2 mega­
byte.s of bard disk space aod at 
least 330K bytes of RAM. It 
runs under MS-DOS 2.0 or 
higher. A multiuser version 
wiU run with OS/2 . 
Price: $595 . (MuJtiuser OS/2 
version wm sell for $795 .) 
Contact: Logirex Inc . . 
20863 Stevens Creek Blvd .. 
Suite 330, Cupertino, CA 
95014-2187, (408) 257-5203 . 
Inquiry 787. 

Fiii Out Forms 
with Finesse 

U sing Fill & Fi.le. you 
create on-screen a dupli ­

cate of the form you have to 

fill out. You can import infor­
mgtion from dBASE, ASCII, 
Lotus 1-2-3, or other files, or 
you can tab from blank to 
blank and fill in ll:te form 
yourself. 

Pull-down menus assist 
you in de~igning the form. You 
have choices of solid , bold, 
or dotted lines ; text sizes; and 
automatic box drawing. Text­
editing capabilities let you 
write ove.r text, wrap words, 
underline, boldface, center, 
justify , and reformat para­
graphs. You can also use color 
and graphic symbols . 

Fill & File can perform 
malh functions and total col­

GEN-Al searches character stn'11gs in up to 40,000 records. 

umns . You c.an export DOS­
compatible extended ASCil 
files from Fill & File. The 
program also lets you save data 
to data files rather than to 
just the form file . 

The program runs on the 
IBM PC and compatibles with 
at least 512K bytes of RAM 
and MS-DOS or PC-DOS 2 .0 
or hjgber. It doesn ' t require a 
grnphics boanl. FormWorx 
reports . 
Price: $J49 . 
Contact: FormWorx Corp. , 
Reservoir Place , 1601 Trapelo 
Rd. , Waltham, MA 02154, 
(617) 890-4499 . 
lnqulry 788. 

Need Help Making
a Decision? 

Using a technique that 
breaks possible solutions 

to a problem into a series of 
pairs , BestChoice helps you 
make decisions by statisti­
cally rdting and ranking the su­
perior choice. The pairs can 
be e.valuated by one lo five de­
cision maken; using up to five 
criteria . Blank questionnaires 
for each of the five criteria 
are printed. 

The program outputs a 
Fina.I ResuJt report with the 
name of the problem and the 
decision makers involved . It 
shows each criterion and its 
weighted factor. 

BestChoice n:quires an 
IBM PC with at least l 28K 

bytes of RAM. You can use a 

color or a monochrome 

monitor. 

Price: $49. 

Contact: Sterling Castle 

Software , 702 Washington St.. 

Su.ite 174, Marina del Rey 

CA 90292. (800) 722-7853 ; in 

California , (213) 306-3020. 

Inquiry 789. 


Time Series 
Forecasting 

Wisard Forecaste.r. a 
Uitus 1-2-3 add-in, is 

base.cl on a technique that 
runs four forecasts and com­
bines them for a final fore ­
cast. You can use ii to project 
future trends , levels, and ea­
sonillity , based on the histori­
cal data stored in your 
l-2-3 spreadsbeet. The pro­
gram automatically determines 
lhe seasonal pattern , calculat· 
ing the season length and sea­
sona 1 factor . 

To create a forecast you de ­
fine up to 12 input ranges for 
one time series by pointing to 
or specifying the cell number 
or range name. Each range 
can be a row , column, or block 
of data. Yoo then set up your 
requirements, specifying what 
kind of data you have and 
how many forecasts you want. 
After telling Wisard where to 
put the output, you start the 
forecasting process. The pro­
gram performs 47.passes over 
the data and up to 250 ,000 
floating-point calculations. 

You have a variety of out ­
put options, including different 
kinds of reports and graphs. 

The Wisard Forecaster 
add-in runs on the [BM PC , 
XT. AT. and compatibles 
with al least 640K bytes of 
RAM , Uitos 1-2-3 version 
2.0 or higher, and MS-DOS or 
PC-DOS 2.0 or higher. The 
program also supports math 
coprocessors . 
Price.: $99. 
Contact: Wisa.rd Software 
Co. , 333 Main St. , P.O. Box 
19730, Gree.n Bay , WI 
54307-9730, (414) 436·2341 . 
Inquiry 790. 

continued 
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Aacle Corporation, the world'!!
V fastest growing soflwllre 
company,' bas just climbed past 
A3bton-Tate lo become the world's 
largut suppUer of database man­
ageme nt software end 11ervices. 2 

Why? 
• Because ORACLE runs on PCs. 

plus mainframes and minicom­
puters lrom IBM, DEC, DC, HI~ 
Prime. Wang, Apollo, Sun, etc. ­
virtually every computer you have 
now or ever will have. Ashton-Tate's 
dBASE runs only on PCs. 

• Because ORACLE is a true di.~ 
t.ributed DBMS that connects all 
your computers - PCs, mi nicom­
puters and mainframes-into a 
single, unified computing and infor­
mation resource. dBASE supports 
only primitive PC networking. 

• Because Oracle has supported 
the industry standard SQL language 
since 1979. Ashton-Thte promises 
to put SQL into dBA.SE sometime 
in the indefinite future. 

• Because ORACLE takes advan­
tage of modern 286/ 386 PCs by 
letting you build larger-than-640K 
PC applications on MS/ OOS today. 
and run them unchanged on 0512, 
once OS/ 2 is available. dBASE treats 
today's 286/ 386 PCs and PS/ 2s l ike 
the now obsolete. original PC. 

Don't go down in names. Bail out 
from dBASE. Call 1-800-0R.ACL.[I 
and order your $199-PC copy of 
ORACT.E' today. Or just ask and we'll 
send you information on ORACLE. 
the number one selling DBMS on 
minicomputers and mainframes. 

ORACLE® 
COMPAllllLIH • l'ORTlllLITY • CO•WCHllUTT 

Call 1·800·0RACLE1, 
ext. 149 today. 

Dear Oracle, 
PC ORDER PROCE.SSING 

- u1y Oracle Co rporationI 
I

20 Dav is Drive • Belmont. CA 94002 
main Iran~ 
PC.mini & 

I wanr ORACLE 10 be lllE l.1\ST DBMS 
for my 286/ 386 PC. Enclosed is my 

I 
~ I 0 Check or 0 VISA 0 MC 0 AMEX 

credit card authorization for $199 
(Calilorni.1 resident~ add 7% sales tax). 
I understand I his copy is for PC develop­
mcnt only. Oller valid only in Ihe S 
ancl Qinad a. 

· --•lllllllllt'1"-.~lllll•""!Siil_lo_'-'_',_l'C.......• l!llr. ....... •-l'C.-i-19-a11.-_,.- .-,.~ ..--~--'~a ·•• o~·ES NO
---··- 0•1r-C...ta11CU"ll1.........11--,-·•lll·.........-1.... - ·---"".-....~ 1 _., -~·--- A I 

All, 
PC Jrc 100 

~15/00S •641J K 
pn~im 

Mamfr"dmt:, 

1 

Zip 

~ IJI! 



WHAT'S NEW 

Draw It Again, Sam 

Aba Software's Draw I! 
Again, Sam is an object­

oriented drawing program for 
the Macintosh lhat offers 
graphics and text libraries 
that you can access by clicking 
on icons. You can add up to 
500 objects or groups of ob­
jects to libraries in this way 
as well. 

A layering capabiJity lets 
you divide a drawing into a. 
many as JO layers. You can 
use layers with colors to pro­
duce color separations or to 
extend one drawing into an ani­
mation series . Drawing 
modes included with the pro­
gram are opaque, clear, in­
ven, and e.rase. Aba Software 
report.~ that you can use 
colors on all Macintosh 
models, and if you don't have 
a color monitor. you can use an 
lmagcwriter Il or other color 
printer to see the colors. 
Price: SI 50. 
Contact: Aba Software Inc .• 
P.O . Box 850. 2 Davis Ave .• 

Frazer, PA 19355, (2 15) 

640-4770. 

Inquiry 791. 


Total Word 

Lifotrce Software cal ls 
Total Word a new genera­

tion of document processing. 
It offers word processing , 
graphics capture, over 400 
scientific and technical sym· 
bols. and a selection of 
primer drivers and HP LaserJet 
fonts. 

The word processor has an 
cd.itorial revision feature that 
lets you share a document 
with others, make revisions 
and changes, a11d attach com­
ments. Other fe.arures include 
automatic index, outline, 
footnote. and table of contents 
generation. Also included is a 
300,000-word thesaurus and a 
170,000-word spelling 
dictionary. 

Some of the de.sktop-pub­
lishing features include bo,; 
drawing and the ability to 
produce columns of text and 
graphics. You can also incor-

SOFTWARE • OTHER 

Draw Ir Again, Sam produces color separations. 

porate graphics from any pro­
gram, Lifetree reports. The 
program , however , does not 
contain page-layout features. 
kerning, the ability to wrap text 
around graphics, or high­
resolution graphics . 

To run Total Word. you 
need an IBM PC, XT, AT, or 
compatible with a floppy disk 
drive or hard disk drive, at 
least 480K bytes of RAM. 
MS-DOS or PC-DOS 2. 0 or 
higher, and an SO-character 
monochrome or color display . 
Total Word also runs on the 
TBM PS/2s. To display special 
sc ientific characters, you 
need an EGA , VGA , or MCGA 
adapter or equivalent or a 
Hercules Graphics Card Plus 
with RAMFont. Total Word 
also supports Postscript and 
works with Volkswriter 3 and 
Votk.swritcr Deluxe Plus. 
Prke: $495. 
Contact: Lifotrce Software 
Inc., 411 Pacific St.. Moote­
rey, CA 93940. ( 408) 
373-4718. 
Inquiry 792. 

Tree Structure Your 
Mac Flies 

MacTree is a hard disk 
organizer that creates a 

tree directory of fiJe-folder 
icons and operates with all 
standard Mac interfaces. You 

use the mouse to locate, open, 
close, or move files. When 
you move or change a file, it 
updates the entire tree struc · 
tu re. To reach a file or subfile, 
you move yonr mouse to the 
icon and double-click . You can 
view all the subfiles in that li­
brary or ask the computer to 
create a new icon tree dis­
playing that folder. You can 
create up to 255 sublevel 
branches with MacTree. 

MacTree runs on the Mac 
5 I2E , Plus. SE. an cl I]. Soft­
ware Research reports that it 
supports any screen size. 
Price: $69.95. 
Contact: Software Research 
Technologies, 22910 Mill 
Creek Dr. , Suite B, Laguna 
Hills , CA 92653, (7 14) 
472-0474. 
Inquiry 793. 

Pulling Knowledge 
from Databases 

IXL: The Machine Learn ­
ing System reads databases 

in dBASE II], Lotus, and 
ASCH formats and outputs 
rules based on statistical and 
artificial intelligence tech­
niques . The rules give you in­
formatio.o on relationships and 
knowledge that you may not 
have known was in your data­
base. Without any prepro­
gramming to analyze a data· 
base. the system can de.al 
with inexact or omitted data. 

according to lntelli­
geoceWare. You can define 
concepts, rules, and frames, 
and you can specify your own 
level of acceptable error. 

IXL runs on the IBM PC , 
XT, AT, or compatiblei; with al 

least 5 I 2K bytes of RAM and 
a hard disk drive. 
Price: S490. 
Contact: lntelligenceWare 
Inc. , 9800 South SepuJveda 
Blvd., Suite 730, Los Ange­
les, CA 90045 , (213) 
417-8896. 
Inquiry 794. 

Music Notation 
with a Graphic Twist 

Music Publisher. a Mac­
intosh music scoring and 

composition program. is 
available in two versions: one 
for individual composers and 
musicians and one for commer­
cial music publishers . 

The program set.s up a 
computer sc.reen as an elec­
tronic paste-up board, which 
you combine with design aids. 
typographical standards. and 
page-layout principles . 

One of the features of the 
program alerL~ you if you eater 
incorrect notation . Another 
feature lets you listen to your 
score through external 
speakers . 

Music Publisher accepts 
music notation from a MIDI 
source and can output to PosL­
Script-compatible laser 
printer.; . It also supplies its 
own PostScript-compatible 
music font. A. note aod lyric 
processor lets you integrate 
lyrics and music in a single 
pass. The program also accom­
modates orchestral and other 
scoring requirements. 

Graphic Notes reports that 
Music Publisher runs on all 
Macs . 
Price: $595. 
Contact: Graphic Notes Inc . . 
2-1645 East Cliff Dr. , Suite 
29, Santa Cruz CA 95062, 
(408) 476-0147. 
Inquiry 795. 
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Mac II power for the SE: 

Once you try ;111 acceleratl·d SE. you 
won ' 1 want to g-o back. Prodigy SE'" by 
Lc\'COgi\'rs you the highest perfcJrmance, 
1ru1· M::i.c'" 11 • ncl SE compatibilit ·. 
and cn11jidt11rr 1hat your system \vill 
expand prnpt·rly. Hnr's liow : 

High performance design­
no compromise. 

The Prod igy SE gives you the 32-bit 
68020 running at 16M 1-l z, with fast, 32­
bil memory. Like tlll' Mac I I. Not the 
slower, lf.i-bitmcmuryon the SE mother­
board that some an.:i-lcrators ust. 

The6RH8l copmcrssor chip thal 
speeds math operations up lo 100 tim~s 
now comes J/fmdurd. 

Your SE will run Mac II software 
faster than a .'V[ac JJ_ •nlikc some other 
accelerawrs, Prodigy SE lets you switch 
hack to 11atio·t SE mode. 

Thl' Prodigy SE can l'Xpand w -l- r-..fb 
of RAM now (with future expansion 

Cin:/1474 on Reader Slrvice Card 

uptu 32 ~·\ IJ ). nd , likcthi:M. c II. 
Prodigy SE inrludcs a socket for the 
Pl\·l l\ Il chip that is csscn tial lor 
App!c.s''° upcoming A/U X '~. Boards 
without the Pr>.Uv[U lock you out of 
Apple's ncxt-grnaation softv.-.:i.rt. 

Keep your SE expansion 
options-no compromise. 

T h · Prod igy SE' optional E expan­
sion --lot kt s vuu conm·ct rour choict 
o!'SE ex pansion pcripher:als. Like our 
SuperView l<1rgc sn ccn monitor. 

Some accckra w rs don ' r gi\'c you 

a true S l~ ex pansion slut. lin i ting 
your opuon . 

Superb support-
no compromise. 

Our thorou •h clocumenta1iun ­

rated highest by Inlo\\'orld-will 
answcr '.'Oil r Cl ll<'S t ions. Our high p('f· 

f( n·m;uice su ppon hod in e will solve 
ynur proI l1 ems. Period. 

~


For your nearest authorized 
SuperMac ' ~ dealer, call today. 

Find out wliy Byte Magazine. whl'll 
compari1w. E ;:iccclcrators, conclu c!r-d, 
..The Prodi~y SE wins on bot h per­
formance and periphera l c;.;pand­
abili 1,._..Or " 'hy Info\h irlcl ha giwn 
Procligv SE 1he hi.ghcs t rat in: nL II 
:iccekr~tor~ rc\"ic\\'cd . 

Supn Mat Technolog~ 
2~15 :\ . Fkrmirdo 
i\foun tain \ 'it'll". C:\ 9.J-O+:l 

SUPER..AlfA 
lftA~ 

T E c H N o L o G Y 

888(415) 964- 4 

11.p1rB ...'"'°'","""'""'<1.. ~l.nm•.J, 11.~t:. .,,.1 \ t '"" 

"'"k"'"''"" .\p~k t'""I'"'" 1., r,...,~, 'f. "• ""'1'""'''" 
l..('l(•tln! ,..a1h~l~!n~1iil ""~rn.1m1-· \iH'l.,\'-•L(m"'- '\u.....·:r\l.h 1~ ,, 

'"""'"''' '""1..,_11_,, ·1,.,1..,,1,,.,_, J~"'''"' ,.,.,,.,,,, 11 .... 
""'""'l("nlt, 
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WHAT'S NEW 


REGIONAL SECTION 


Multiscannlng Monitor 

T homson's 4570 is a 14­
inch color monitor rhe.1 is 


compa1ible with CGA, EGA. 

extended EGA, and PGC stan­

dards. The. multjscanning 

monitor provides a 0.3 1 milli · 

meter dot pitch and a maxi ­

mum resolution of 640 by 480. 


The 4570 includes a built-

i.n till-and-swivel base and a 

front panel with brightness, 

contrast, input type , and power 

controls. With the color se­

lection button you cnn switch 

between green. amber, and 

blue text. 

Prke: $695. 

Contact: Thomson lnfonna­

tion Systems Corp.. 5731 West 

Slauson Ave., Suite 111 , Cul­

ver City. CA 90230, (800) 

325-0464; in California , 

(800) 237-9483 , 

Inquiry 814. 


The 4570 monitor provides a 640- by 480-pi.~el display. 

80386 Supports 33 
Users 

Acer 's SYS-32/20 sup­
porL~ up to 33 user.; With 

its 20-MHz 80386 micropro· 
cessor and SCO Xenix V/386 
operating system. It includes 
4 megabytes of zero-wdit-state 
RAM on the motherboard . 
a.nd a 68000 mic.roprocessor 
with buffer memory co sup· 
port 1erminal 1/0 activity . 

The syslem also includes 
one 32-bit. five 16-bit. and two 
8-bit expansion slots; a l 4­
inch monochrome monitor: a 
10 I-style keyboard, and a 
graphics card. 
Price: $6995. 
Contact: Acer Tecnnologies 
Corp.. 40 l Cha.ri:ot Ave. , San 
Jose, CA 95131 , (408) 
922-0333 , 
Inquiry 815. 

co111i111ied 

Computers For The Blind 

Talking computers give blind and visually impaired people access to 
electronic information. The question is how and how much? 

The answers can be found in "The Second Beginner's Guide to Personal 
Computers for the Blind and Visually Impaired" published by the National 
Braille Press. This comprehensive book contains a Buyer's Guide to talking 
microcomputers and large print display processors. More importantly it 
includes reviews, written by blind users, of software that works with speech. 

This invaluable resource book offers details on training programs in 
computer applications for the blind, and other useful information on how to 
buy and use special equipment. 

Send orders to: 

National Braille Press Inc. 


88 St. Stephen Street 

Boston, MA 021 !S 


(617) 266-6160 

$12.95 for braille or cmsctrc, $[.1.95 for print. ($3 ..:xrra for UPS shipf1ing) 
NBP is a nonprofit l:iraillc priming and publishing house. 
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1-800-223-6925 
(In Conada 319/395-7300) 

Here It ts. You won't find software thars easier to use: r---------------, 

• Requires no accounting knowledge 
• Completely menu-driven with on-llne help 
• 93-page fully indexed tutorial manual (on disk) 

A Proven Track Record. Hard te believe the S'16 price? Don't 
worry. MoneyC0unts® has bee·n marketed for three years and 
is continually receiving rove reviews. There's no catch. This is o 
fully functronol system that compares with products selling for 
S99 and more. 

Same-Day Shipping. Order today and own MoneyCounts for 
only $16!Add S3 shipping and handling (outside North America 
odd S7). Iowa residents please add 4% sales tax. Send check 
or money order payable to Ftlrsons Technology. VISA and 
MasterCard orders VJe.lcome. 

Circle 469 on Read.er Sen-ice C'tlrd 

-~ 

1=------­' ~:.....:.;pi...d.u- ~rw-/flI 
IDll{ll, B 

373 Colli!I$ Road NE S16 + S3 Shipping 
ICedM RaPids. IA 52402 

I 
I MonevCounts • requ1res·tBM OJ compotib le compufer 

wifh two d isl; pnves (OI a hard dis~ drive). 192k or more 
memory. DOS 2.0 or Idler and printer. I . 


IName·-----------~ 

I Address ---- ------ - ­

1City/State/Zip --------- ­

' Phone:----------- ­
1Check _ Money Oraer _VISA _ Mos1erCora _ 

ICord • bp Date __

L--------------_J 
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WHAT'S NEW 

Smalltalk with Color, 
Graphics 

S malhalk-AT Plus and 
Color Plus are enhanced 

ver.;ious of Softsmans' 
Smalltalk-SO. Each p-rovides a 
compiler, interactive debug­
ger, and inspec!or.>. 

The programs feaiure bi1 ­
mapped graphics, windows, 
and text and graphics editors. 
Smalltalk-AT Plus also features 
user-defined primitives and 
asynchronous communications 
support. Small!al.k-AT Color 
Plus adds color capabilities. 
providing up to 16 colors 
from a palette of 256. 

Smalltal.k-AT Plus and 
Smalha.lk-AT Color Plus run 
on 1he rBM PC AT and com­
patibles with 1.5 megabytes of 
RAM and a three-button 
mouse. A hard disk drive is 
recommended . 
Price: Smalltalk-AT Plus, 
$995; Smalltalk-AT Color 
Plus, $1295 . 

Contact: Softsmarts Inc., 

299 California Ave.. Suite 205. 

Palo Alto, CA 94306. (415) 

327-8100. 

Inquiry 816. 


80386 Operating 
System 

VM/386 enables you lo 
run multiple programs on 

an 80386-based microcom­
pu1er by using !he chip's vir­
tual 8086 mode . It creates 
vi rtual machines, each running 
under a different operating 
system. Each virtual machine 
c.an also have it! own termi­
nate-and-stay-resident 
programs . 

YM/386 runs on 80386­
based microcomputers wi!h at 
least 2 megabytes of RAM . 
Price: $245 . 
Contact : IGC. 4800 Great 
America Pkwy ., Santa Clara, 
CA 95054, (408) 986-8373. 
lnquiry 817. 

Epson' s LQ·SOO 

T his un<.ler-$500 24-pin 
dot-matrix printer feamres 

a print speed of 180 charac­
ters per second (cps) in draft 
mode and 60 cps in letter­
quality mode. It includes a fric ­
tion-feed and pull tractor, 
built-in Roman and Sans Serif 
fonts, and automatic. single· 
sheet loading. 

01her features include bi­
directional printing in both text 
and graphics modes, an 8K 
byte buffer, a Centronics parnl ­
lel interface, and shadow and 
outline printing modes. 

Options for the LQ-500 in­
clude font modules, a ingle ­
bin cut-sheet fooder , 81xx in ­
terface cards, a.nd software for 
Microwft Windows. 

The LQ-500 measures 5 \tz 
by 15 \tz by 12 \tz inches and 
weighs 15 pounds . 
Price: $499. 
Con~t: Epson America 
Inc ., 2780 Lomita Blvd ., 

Torrance, CA 90505. (800) 
421 -5426; in California , 
(213) 539-9140. 
Inquiry 818. 

Roland's Rhythm 
Machine 

T he TR-626 is a rhythm 
machine that features 30 

mnable sound sources and 
eight outputs. Drum sounds i:n­
clude a five-piece drum set 
with rwo variations per drum, 
Lat.in ~rcussion sounds, and 
cymbals. 

The TR-626 provides a 
memory for 48 preset and 48 
progrdJJlJllable rhythm pat­
terns. It includes MIDI func­
1ions , a song posit ion pointer. 
and tape sync. 
Price: $495 . 
Contact : RolandCorp US, 
7200 Dominion Circle, Los 
Angeles, CA 90040-3647 , 
(213) 685-5141 . 
Inquiry 819. 

Important TIPS* for BYTE Subscribers: 

Receive Product Information 10 Days Earlier! 


IDENTIFICATION CARO 

John Sample 

785432189 ,__M 

All you need is a touch-tone telephone and your subscriber I.D. number. 

See instructions facing the Reader Service cards in the back 


of thi::; issue for outrageous time-saving opportunities! 


*BYTE 's Telephone I nquil'y Proce;;sing ServicP 
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NANAO IM_9 DEL 8060 

the multi-scan frequency monitor 

for multi-scan graphics adapters. 


41J/illllW1Uu.\Ulla. 
j I J p 

kinds of graphics adapters and personal computers ~§i~~~~ 
have now or may purchase in the future. This is just o .-... 
advantage of the multi-scan frequency system, but its greatest 
advantage is the flexibility it provides with the newest graphics 
adapters, which can output a wide variety of resolution modes 
in different scan frequencies. Don"! miss this opportunity to 
increase productivity in your office by taking full advantage 
of the most advanced technology available today. 

FLEXIBLE SCAN. 
COLOR MONITOR 
1 M00~ 8060~A.HGC 
e 18M PGA EGA CGA compatible 
• AT & T PC6300 compattble

AT&T PC6300 e 15.5KHz to 35KHz hO<izon1a1 scan; 
50Hz to 60Hz vertical scan 

e t4". 0.28mm dot pitch CRT !8060S) OTHERS 
e Newly developed Electron Gun 

Circle 467 on Reader Service Co.rd (DEALERS: 468) NANJ10 
NANAO USA CORPORATION 16M PC. XT. AT we f9Qi!il•@d ~ ol ln1emw11ona1 B141nas!i Madtilli!!I Ca'po'arioo 

Jt..T & T PC6:X.(I is rHgiSIOllOO t:radatr.IM'k of AT &. T lnformatiafl ~roms loc
23510 TELO AVE .,SUITE 5 TORRANCE, CA 90505 Horcum Gfaphk;.:s Card~ a hadem~k al Hl!ln::ulea Compuliif TtiC.~ 

PHONE (213) 325-5202 FAX (213) 530-1679 NEC MWlSYNC I• a h--k ol NEC Home E~ics ll>c. 



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

S U R A H a computer company ...Where Quality Counts 

WHOLESALE outlet direct from factory LOCATED m the Silicon Valley SERVES thousands of Satisfied Cutomers 

the 386 orig nale' 
16 MHz 32 bits 

IMIJ R.AM on 2MtJ board. expandahle up lo 16Mll 
1.2M tl Floppy & floppy/ Hara disk Con\Joller 

Cird.: .J75 on Reader Stnic.: Card 

286 AT 
IBM AT Compallble 

6 / 10 MHz 16 Bits 
512K RAM on 1024K Mother Boaro 

360K ·loppy & 2DMb HARO DRIVE Wllh Conlrolll!r 
Monograp111c Video Caro wllh Printer Port 
Tlli !'. Swivel TIL Monitor Amber or Green 

AT style Keyboard. Turbo/Resel Push 8utlons 

with40Mb 
Hard Drive 

$1429 
OTHER OPTIONS : ADO: 

XT 10MH7. Turbo Molher BDarcl , ..$ 30 

AT 38-'K RAM Upgrade to 640K ' .. ' . s 55 

AT 512K RAM Upgracle lo 1024K $ 18 

Aad lllonal 1.2Mb Floppy Drove S 95 

Additional 360Kb Floppy Drive . . . , $ 70 

Enh11nced Keyboard with 12 Function Keys . S 29 

In/output Mullilunct ion Card ......... . . S 61 

AGB Color Conversion . . . . . . .... , . . _ $300 

EGA Colot Convers ion . . . . . .... $.555 

Printer your choice for LOW LOW prices. CALL 


Full Software 

Compatibility 


RUN Lotus 1·2-3, PageMaker. Ventura, 
autoCAD. dBASElll. PTREE and all 
other similar programs. 

FULL
• WARRANTY 

DEALERS-OEM-GOVERNMENT 

SCHOOLS & UNIVERSITIES 


INQUIRES WELCOME 


•.\pple' 
Apple MAC II 

with 40Mb Hard Drive 
 $3973 
Apple MAC Pius $1 670 
Apple MAC SE w•lh 20Mb H:D 52712 
AnPIC llGS s 717 

Can rN Olher MODELS.ucgraae npt•on-, 

-----·-­
P/s2 Model 50 $ 

with 20Mb Hard Drive 
 2690 
P:s2 M oLlel JO - 2 FlODPv Onve> 51270 

P:s2 M oae1JO - 20Mo H.110 Or .. ~ Sl 721 

P:>2Mode• 60- ~4MtJHaroOr-.e $3890 

Call for o trie r MODELS1upgfade up11ons. 


-Aff­
_p1e11uitl'lt 

286 Premium 
Model 80 $1299 
286Prernoum Mo.J~l ll(l • 4-0MtlHD S1799 
386 Prem.um 20M Hl 5CALL 

Ca ll lor olher MODELS ,.pgraop 001.ons 

Other Famous Brand 

PRINTERS. MONITORS. PERIPHERALS 


AOO-ON-CAROS and SOFTWARE 

also ava•laol~ 


IBM PS2. XT . AT. ASl Pr!ln>\Jm. HP lawJel , Com!Jaa .Aoo~ MACH , 
Pk1s SE llGS>.r• ""J'<ll!!1•H1ademarl<.so!rll5ltOC 

~ 1:i1!C1111111111111111111 ­

~ 
SURAH 786 

IB M X:T Compatible 

4.77 18 MHz 8 Bits 
256K RAM on 640K 4 layer Mother Board 

360K Floppy & 20Mb HARO DRIVE with Controllers 
Monographlc Video Ca1d w1lh Prin ter Port 

TilT & Swivel TIL Monitor Amber or Green 
AT Style Keyboard and Baby AT Case 

with30Mb 
Hard Drive 

s799 

2 Senal & 2 Parallel Ports off Molh r Board 
EGA• on System Boord. Supports YGa, MOx480 

Graphic , CGA. MOA & Hercules emula11011 
AT Style Keyboa1d 1 • "'"'""" 'l(JT ""''""""! 

$1998 
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With MapUmiJ:.0, All These Ways To Map Your Data ... For S750* 


Pin Map. Maplnlo can find 
addresses and plot your entire 
database on maps with detailed 
street information. 

Database. For any point. call to the 
screen all the data behind the point. 
You specify the fields. Or use 
dBASE Ill files. 

Thematic. ShadeIX>undaries ­
ours or yours - based on fields you 
select from your database, or the 
number of points found inside the 
boundaries. 

Magntry. As close as 52 It. across 
the screen. For dense databases 
or to see details. 

Label Points. Pick any field in your 	 Boundaries. Town. county, zip 
database to label points. 	 available. Or draw your own - e.g., 

sales territories - and display the 
data witnin the boundaries. 

Ultra Dense. For multiple occur­
rences at asingle point. display a 
count of all the records behind the 
point. 

Highways. Overlay on local. state, 
or national maps all state. national 
or interstate highways. 

Customized Gra~hlcs. Add your own Draw Your Own. From floor plans 
titles, legends, and text. to organization charts, use Mapinfo 

for visual database applications. 

Zoom Out. As far as 5.000 miles! 
See your data across your city or 
the entire U.S. 

The U.S. Assign data to state 
boundaries. States may be auto· 
malically shaded based on data 
within. 

No matter what your 
application, if you need to 
display information on a 
map, Maplnfo can do it. In 
more ways than you've 
imagined possible 
on a PC. 

Runs on IBM PC or 100% 
~ompatih!es, with 6'101< memory. 
a hard dC.k. and graphic:s c<lpability. 

Highlighted Streets. Gives a nice, 
clean appearance to your maps for 
formal display 

Counties By State. The boundaries 
are already available. Simply load 
your existing data. 

By Town. Display your data IP/ town 
or boundary. Ideal for charting 
territories and analyzing sales data. 

•Maofnfo costs S7i)() rm the sottwille 
system. Maps 1or hundreds or metrooolltan 
areas across the U.S .. complete with street 
names and addresses are also ava11an1e Map&mf1w) Corp.
startino from S250. Maps ol Individual slates 
witJl co~niy lines. hlahways, or evef)' town 200 Broadway, Troy, NY 12180 
also available. startino from S95. 

To order, call I -800-fASTMAP. ( tliat's J-800-32 7-862 7) 
16U •Ii ul<leln.,;, ol tnt..........i 8'i<ine"5 U­

CCW!I. dEIASE g Is i ~lllema" ot Aslr!On·Tai&. 	 In New York State, wll 1-518-274-8673 (Telex 371-5584) 

FEBRUARY 1988 • B Y T E 88PC-7Cin:lt 464 on Rtader Senicit Can/ 



- --

l Totally New Concept in Digitizers 

That Offers You 


3 Unprecedented Benefits! 


-

Unbeatable Prices* 

(*'Includes tablet, controller, 


und i;.tylus or 4 button curaor.) 


11 x 11 ••.•.• $599. 

11x17 ...... $839. 

17 24 ..... $1999. 

20 20 ..... $1999. 

24 x 36 ..... $2899'. 

36 x 48 •.... $3499. 


All si7..es available from stock. 


DIGI-PAD PC brings high perform(l.nce and low 
cost, without the clutter, to your CAD work station . 

DIGl-PAD PC™ 

1. 	Lowers The Cost Of Digitizers, 
2. Eliminates The Power Supply 

& RS232 Cable And 
3. 	Features A New, Lightweight 

Tablet Design.. 

-

The New DIGI-PAD PC Controller goes 
inside your computer, replacing the RS2'12 
cable and the external power supply. 

SAVE Up To 33o/o 
GTCO's new PC compatible digitizers are as 

little as 2h the cost of competitor's tablets. And 
they're available in 6 popular sizes from 11 x 11 
to 36 x 48. 

Their lightweight design allows mounting to 
a variety of pedestals, tilt stands and wall 
mounted brackets. 

Call us to enhance your system with 

DIGI-PAD PC. 


Cin:le 478 on RNder Sen>iu Card (DEALERS: 479) 

~&TCOCorl!!!!f!.!!2.'! 
7125 Riverwood Drive. Columbia, Maryland 21046 
Phone: 3011381-6888 Telex: 898471 Fax: 301 /290-9065 



4.77/10 "'"' 

FUJ ITSU 360KB. floppy w/ control\er 
2 par.. t ser. & 1 game porl , cloc~/ca l endar ..,, S\ ~ •.a\\l. 
Baby AT case . turbo , reset. keylock ~1U~ '\ \ ,\l "' 
1 ~ watt power supply ; AT style keyboard "() t.ftf. ~ 
INCLUDED OPTIONS : \)."~1A
Mcnograp "lc card , He rcules compatible 
Casper HI -Res amber monitor w/ swivel bilse 
32 MB MINISCR IBE Hard Disk . OMTI Cootrollel 

No Hard zo Ill 32111 
Disk ~ Ml •l5c~bo Miniscribe 

g osU!!i"'W/ I but $595 $945 $975 

~A SYSTEM $775 $1 .125 $1,155 

EBA SY~ 
~·' °""' $995 $1,34 5 $1 ,375 

4111 1 
PT I lSMS 

$1 ,105 

$1 .295 

~(l. 
~~\)\: 

0®~~~Willl1~ ~~~®WD~0 LPW~0~~~0 

A COMPLETELINE OF PERSONAL COMPUTERS!! 

INCLUDING: SUNNYVALE MEMORIES COMMITIME'NTTOTHE FINEST OUAUTY CO PONENTS, EXCEPTIONALLYLOW PlllCINO, 

PROFESSIONALSUPPORT ANO counnous SERYlCE AFTER THE S11LE!I . 


10 MHzTURBO 
32MB HARDDISK 
COMPLETE!! 

$975 
BASIC SYSTEM : 

8081-1 
540K , 120NS RAM , Installed 

1 \ 

0®b~LIM '286~®ITill~ I 
12 MHz TURBO 

30 MB HARD DISK 
COMPLETE!! 
$1 ,565 

BASICSYSTEM : 
9/1 2 lll H1802M. 0/ 1 wilt 111.. 
1 1111 , IONS RA Ill . Insflllled 
FU JITSU 1.2 MB floppy 
Floppy/ Hard Disk controller 
Phoenix BIOS 
2 par. , 1ser.. game porls '\ 
Battery backup, clock/ calendar and naraware setup Included \~ " ~1. 
AT case. J hal1height exposed drive bays ~ \ 
Turbo , reset, turoo Hohl. keylock ~\ \'io ' 
200 watt power-supply ; En"3nred tacti le keyboard ':.\(/$ ~ 

INCLU DED OPTIONS : ~~ ....~ 
Monographlc card , Hercules compa tl ble n1 ,,.. 
Casper Hl·Res amber monllor wlswlvel base • t...~v 
30 MB PTI Hard Disk. OTC5280 Controller V-

No Hard 30 MB 4B MB 63 MB 
O\sk Orlve PTI lSMS PTI 35MS Sea g•I• 40MS 

MONO SYSTEM $1 .125 $1 565 $1 ,630 $ \.700 
~-"·--COLOR SYSTEM $1 ,305 $1 ,745 $1,810 $1,880CUl)tr 

EaASYSTEM $1 .525 $1 .965 $2,030- jll w/swlwl ba<ie 

~/386 
16/20 MHz 

80386 
ii~ :'4\1.

"~ $\ ~i,:1 \ft 

-· ---­ -; :. _,. ::... 

. ';~:--- ~ 

~"\v · .._ .:;.
~ii..\\" 

384K CACHE for system BIOS & EGA BIOS 
80387 16/ 20 MHZ. or. 80287 8/ 10 MHZ. option 
8/16/20 MHZ or 10/16/20 MHZ keyboard contrOlled 
132 bil 16/20 MHZ slot, 6 AT and 1 XT slots al 8/10 MHZ 
1. 2 MB FUJ ITSU tloppy drlve , Floppy/Hard Disk Controller 
EGA , CGA , MDA, Hercules Adapter, All ON THE MOTHERBOARD I 
2 par.. 2 ser. ports. ti ght pen port, ALL ON THE MOTHERBOAR D! 
Banery baekup, clock calender and hardware setup In ROM 

48MB·EGA I 
COMPLETECAD SYSTEM I 

$2,875 
FREE : EGA , CGA,AT STYLE CASE, w/200 wall Power Supply 

ENHANCED TACTILE KEYBOARD 
INCLUDED OPTIONS: 

D11te rs call !or prlclng 
on Math1rbo1rds 

MDA and HERCULES COMPATIBLE ADAPTER 
ON THE MOTHERBOARD! 

Relysls 14 " HI-Res EGA Monitor w/swlvel base 
48 MB PTI Rll Ha rd Olsk . OTC 5287 Conlrollar 

and bare Sysl1m1ll 

No Hard 311 MB '8 MS '3 MB 
Disk OrM! PTI 35MS PTI 35MS StagalJI 40MS 

MONO SYSTEM Sl.!195 $2,4:15 $2 ,495 $2.565
Cffpu w/ swn.!tl0$0 

COLORSYSTEM $2.225 S2.625 $2.685 $2.755 
Cnpoi 

EGA SYSTEM $2,395 $2.815 S2. 87~ $2 .945
RtoS)lf .,,.,.'Mii °"'" 

SYSTE M FEATU ~ES .

* ALL PORTS UN THE MOTH ERBOAR D
* ALL VIOEOON THE MOTH ERBO ARD
* I slots available IOI Olltlons 
"' l otal sys temc.icnlng
* 20 MHZ ln ter~~ve ~mory
* USES INEXPEN SIVE100nsORAM 

20 MHZ. 0 WA IT STA TE$ 1!
* 640X480 arlvm ror Au toc:aa, 

Mlcrosolt Windows. Lotus Prooucls. 
132X43. 

AdW>nU<I Option& :
* 20 MHZ 80387
* itBl 1BMB 32 BIT INTERLEAVED 

MEMORY EXP ANS ION
* 10 MH Z AT BUSS SPE ED* rowe r ca ses for mul11 us: er sys~if?l!i!
* Mul liuser soltware: 052 . PC-MOS . 

SGO XEN IX . CON CURRENT DOS 
NOVELL 

* 800X600 VGA 
OAUGHT ERBOAR O 

161211 II H1 18311, 0 Wiii atlll 
1111, HIONS DllAlll , lnslalled el(jlandable 10 2 MB on motner board. 
218/ 16 MB 32 bit Interleaved 20 MHZ memory board, option 
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LOWEQUITY I+ 
• 360K flO!Jpy 
• 20 Meg Haid Disk 
• 640K Ram 
• Se riaVP<traUel Purl 
• Mon ochrome Ca 1d 

LEADING EDGE.A 
MODEL "D"™ 

romPAa 
Desk Pro 20 meg . .. . . - .. ' . . .1495 
286 30 meg 2875 
386 40 meg .... . ....... ....... 4335 
386 60 meg/20 MHz .. ... . .. 5650 
Portable Ill 40 meg/20 MHz ... 5450 

CARD & MONITOR EXTRA 

-- ­ ----- ­- ­ -·- ­- - - ­- - -- ­- ­ - --­----- ­-- ­ · ­
PS/2 model 30/20 rneg .... , ....... _ 1695 
PS/2 model 50/20 mag ... ., ........ 2595 
PS/2 model 60/40 meg , ............ 3825 
PS/2 model 60/71 meg ............ , 4595 
PS/2 model 80/40 meg 

MONITOR EXTRA 
5100 

LAP-TOP 
Toshiba 3100-20 .•• .. 
Toshiba 1000 . . . . . . ., 

NEC Mul ti speed , '' 
NEC Multispe ed EL ... 

Call 
' ,,' .. Call 

1395 
..... '' .1695 

CITIZEN TOSHIBA PRINCETON GRAPHICS AMDEK PC MOUSE IRWIN & ARCHIVEWE STOCK OKI DATA NEC SONY HAYES MICROSOFT MICE TAPE BACK 

HARD DISK ~ 
 EPSON 
Seagate 20 meg . __•_• .. • . . . . .. . .305 
Seagate 30 meg •...•. 1• . . • . • • • . • .365 NOVELL PRINTERS 
Seagate 4038 . . . . ..•.• . . .. .. . .. .. .495 
Seagate 251 •..•..••••. _ 465 Authorized Dealer 

Epson FX86E • . . . . . . . . . . . . . . .315Netware Epson 286E . . . . .. .... . .. .. .. .448 
Epson EXBOO . .. . .. . . . . . .. . . . 425 
Epson EX1000 ••.• , •••...•.•. .499SOFTWARE Epson LXBOO .••••.• - •.•.•••• .210 

Microsoft Word . . ..... ... . ... _•.... 215 AST 
 Epson L0800 .. .. •.. • . .. .. 405 
Word Perteet 4.2 . . . • . . • . . • . • . • . .. 215 Epson L01000 . . . .. . . . . .. .. . . .549 

Lotus 1-2-3. . .. .. .....•.•......... 325 
 GQ3500 . .. .. . . . . .. .. . . . 1295

AST 286 model 80 . .. . . .. 1495dBase 111+ . . . . ................ 385 
 Epson L0850 •.•.••• , .• , . , .. 550
AST 286 model 120 ... ... . .. 2350Microsoft Works . , . . . . . . .... 135 Epson L01050 . . . . . . • . . . . . . . .ns
AST 286 model 140 . . . .... 2650ANO MANY, MANY MORE! HP LASER II ........... .. . .. 1750


CARD & MONITOR EXTRA 

WE ACCEPT LC, CASHIER CHECKS, MONEY ORDERS, VISA, MC, AmEx 
3% charge on VISA, MC & American Express 

COMPUTER LANE 

22107 ROSCOE BLVD.HOURS: 

CANOGA PARKM-S 10-6 (818) 884-8644 
 'h BLOCK W. Of IDPANGA 

• 

• Monochrome Monii01 
• MS DOS 
• GW Bask

EQUITY II PLUS S1295 PRICE• 360K Floppy 
• 20 Mov Han:I Ol s~ 
• 6'10!( Rarn 
• Serial/Parallel EQUITY Ill+ 
• 60286 CPU • 60286 CPU 6-6 10 MHz 
• Monochrom~ Monl1or • I. 2 MEG Floppy 
• Graplllc Can:I • 30 MEG Hard Ol!)k LEADER
• MS DOS • DOS 12 Mono Monitor
• rm Basic & Graphic Card 

Call for Prices s2595 

ALL Configurations In Stock! 
NEW IMS Bernoulli OuaJ Speed 


MOOH " O' ' IS A REGISITRED TRADEMARK 

Of LEADING EDGE PRODUCTS, INC. 


Author~d Dllaler Service Cerner 


CA 91304 
CORPORATE ACCO UNTS WELCOME Compaq 1s a Registered Trademark of Compaq 
CALL FOR VOLUME OI SCOUNTS Pn ces subiect to en ~nge w1tnou t notice IBM is a Reg istered Trade mark of International Business Machines 

SSPC-10 B YT E • FEBRUARY 1988 Circle 462 on REader Service Card 
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One Picture Is Worth A Thousand Words! 

Step up to state-of-the-art in EGA graphics generation technology. Our 2005 version is notjus1 
another paint program or another version of the "same old thing~ EGA PAINT 2005 is a 
complete restructuring of our 2001 program (itself the recipient of the PC TECH J0 URNAl 
award for excellence in program design). We believe the end-user comes first and instead ol 
merely patching on more features (as all the others do) we went to a whole new (much easier and 
faster) way to create truly startling business presentations & EGA color illustrations. Take 
another look at some of our features (some of which are available only on programs costing 
hundreds more) and decide for yourself. 

All this and more for j ust: 

Also avai lable from RIX: $99.00 
ORDER NOW!EGA SCREEN ENHANCER 

in CA - (800) 233-5983 out CA (800) 345-9059This easy to install device enables older EGA cards to utilize 
--~--.-.-.,.EGA PAINT 2005 in 640x480 & 752x410 resolution modes. -- .._._._.._ -­

Our ESE comes complete with a special test pattern diskette =~==~ 
RIX SoftWorks. Inc.for only $49.95 (+ $5 .00 for shipping and handling). 

18552 MacAnhur 111 . Suite 375. l l""\l inc. CA 927 15 
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• snort Slot size 

.3Yz." f/oppl.f kit 

!519 
Here's a hard dtsk card with a comt)nation of 
speed, capadtv. low power consumption. and 
extra features that define a wtde newv clas5 of 
value In PC mass sraage. 

SPEED A stunning 28msec. average access. 
with track to track access of Just smsec! Data 
transfer Is E.'!'lhanced by a high Speed 7.5 Mbps 
western Digital RU controller. 

SIZE A total of d9. 1MB formatted capacltv. It's 
preformatted into to 2'1M6 oartitlons with 
average access aroon(l 20TrSec.1 JuSt plug It In, 
transfer vour DOS files over and your PC, XT. or 
compatible Is screaming. 

LOW POWER Just 10 watts of JX)'Ner means 
less sua1non the oower supply and lower ooer· 
at1ng temperatures Inside the system. 
EXTRA FEATURES A 1 vear warranty, and 30 
day monev back guaranttie. We lndude a hmd 
parking program and TakeTWo, the baekup 
utmtv PC MAGAZINE has named Itseditors chok:e 
two ve.lrs in a row! 

PC/XT lt1trd disks 
• Drive & Controller pretested & rcmiatted 
• Genuine western 0 1g1ta1 Short slot 

tontrOller 
• 	 :io DaQe l~ta1"1tlon ~k:le & reference 

manual 
• cables. mounting screws. fun&half ·ne;gllt 

benlels 
• TakeTwo 	BaO:uo Sofrware. PC IAAGA· 

2lNE Edltors Choice 
• 1 vear oart-s and la oor warranrv 
• 30 Dav MOnev Badr: Satlsfaalon Guarantee 
• 	OPtlonal : iso watt. UL/FCC aooroved 

power supply S69 

Tandy 1cm ~It> add s20 

20M8kits 
• Seao3te ST225- 21 t1 8165 rnsMal f-helg hc/14 B Wam 

30Me ki'r.s •339 
• seagare sr.m1- 515 MEl/6 ) m$/Half-11e1g11tf1A. atts 

• Sei19ate sr2s1-a2 8 MBlkalf·Hetllntm warrs 
• Pre·formarll!<l lnm a paor of Z1MB oart1 t 10~ 28ms. 

s399 
, Ml1iSO'iOe 3650-dl. ;Ml/K!IHleg\t 118 \'lat 
• PrlHormatteo 111to a OOJ' Of ?'II.ti o.TT;1wis. •:zrM. 

65M8 k.its s599 

• Seagate ST27 7R-655 M8Aialf -Het<;hr111 ' tt3 
• Pr~fo<manea into a pair of 32MB parm lons. 28m~ 

• SOO or 1200 bo'5 s.Pff.<I 
• t l<rieS SmDrtmm II comoarlD 
• LJ ne-Ouw date-ct 1l nd Juto redial 
• Milll!OR II wftw.ire. • S69 \loluel 
• Made In U5'l by Fr.mt 11n T<*crlm 
• "'l ·JiJ:H vr.irranrv 
1200 El(temat wltn Mirror 11 S99 

768K tttiMi tMS 

• 768~ of 12(Jn; RAM 

" LCJtus ntel M1crO'§Olf comPdnb~ 


• c.in OiKVlll 10 &<IO>:. r(>fl'l~ 1n~r as 
fl,!$ 

• 'Shoft ~Ot C3fd 
• 1 MS PIQ\l~back ooaic oc110n 51 69 
• Poo-uo w1ri.OQ-.lo' vnnt soooler. ar.d 
~AM di Si; ~tw.irc 

Cirr:le 473 on Reader Sen •ict Can/ 

25248 Tow nsga t e Rd .. Dept s 
west1a1r:e v111age, CA 91361 

TOLL FREE 800-722·AT-XT 
California 805·373·7847 

No exrra for Visa/Mastercard 
Prices Include UPS Shipping & Insura nce 

30·Day Money.Back Guarantee 
c oroorate & 1nsrltional Pffs accepted 

2!9 
• ~....:s Coo1pac10le. 
• ~200:2400 5~ 
.. M NP le'olei 4 8fl'"Ot COl""fect!Cfi 
1rn:rea1"1 cnrougnout uo \Cl '°'*' 

.. AutomillK: ~aptlve Eo.ua.rtz.atico 
• Non·wlatile memo;v rera ln• 

conf19urotion 

WESrERN DIGITAL 

• 32 
Me<,ja 

ilv<E<. 6]. 
mitt A<tl?'.\S 

• l.1M D(MIEf 

(Ol11VfT!CtlOn. 
12 Wotts 

• Higo Speed 1110 ~LL 
Control IC< 

• J(T~E E. & 5°""1R,.J<l D '" 
C~e wflware 

"' Rl'Qu1res 1Y.i sloB 
• T• •Two n:.:k'up !iOf tWdfe 

• MIRf/OR ii SOf!ware. a St19 V"dlue 
• Internal f1t$ 1n 11'1011 Slot 
• PCl)rlIA I IPS2 Modem C.l:l•e 5, 5 

!5QeC1 r,. niooeu 

• 9600 00. ~ratlO!'I 
•con Group ; comwtlble 
• S.,oo ASCII or wora orocessmg fi le< 
• 8-iY.:k:arour\d rec.ruv1no 
• Uli.ill t tenCl eel s.end1~ & rece1 v1 ri9 
• Pr in~ on EP'iQn or l•seriet corn­

p.Jr1blc onntel)i 
• vo;e ~ 9600 Do> >Yrn:hronoo• 
mroem wlm ot~ FA:1196 ...-,oo.,ms 

• R"""""' S12K. Hard °'"'·DOS 3 '· • 
& Hercules mono or color 9·rJotuc 
ac:l~O<er 

instant Laptop & PSl2 compat1bihtv. All kits 
include bracket to mount m sv.· drive bav . 
black & grey face nlares, and mounting rails. 
144MB XT kits include replacement floppy 
controller that douDles the data transfer rate. 

NON included· ll!ket'WO. the backup utility PC 
MAGAZINE named as their Editors Choice. 
Now vou have a fast. affordable backup SDlu· 
tion that brings vou media compat ibility with 
t1'1e latest IBM PS/2 systems. 

720K Internal for PCfXTIAT, $119 
• Requires [:xJ'.i 3 2 or optional 515 driver 
~ftware 

1.44MB Int ernal for AT only, $149 
• Includes driver software 

1.44MB Internal for PCJXT. $249 
• Floppy Controller & cables with 500.000 

bit per second data transfer rate. 
Supports two dm1es 

External case tor XT ki ts add $99 

Mln15erlt>e SCrlbeC.>ra 32 lor r.inay 1000 S41g 

/(f' 

ftRrd disk d.-ives 
• Includes AT mounting rolls. & data cable 
• Speedster or omrack. large dnYe 


software 

• Formatted. Partitioned. & Tested 

Size Model 

HH Seagate ST251 <!Oms 42.SMB $439 
FH seagate ST d053 2Ems d4.SM8 $599 
FH Seagate ST4096 28ms 80.2MB $888 
FH Mlcropolls 1335 28ms 71 MB $849 
FH Maxtor 1140 27ms 117MB 51849 
FH Maxtor 2190 30ms 1SOMB 52099 

http:w1ri.OQ-.lo


Those fantastic Byte covers- and boy , 
do they look great on this stylish , :Y4 sleeve 
T-shirt from Robert Tinney Graphics 1 

The colored sleeves and neckline vividly 
complement the full-color design. 

And don't mistake this for a rubbery 
patch that cracks and peels off after 
a few washings. This is true four­
color process: the permanent inks 
are silk-screened into the fabric, 
resulting in a beautiful, full -color 
image that lasts ! 

I)ti You'll also appreciate the shirt itself : 

I 
a heavyweight cotton/polyester blend 

which combines tough washability with 
the cool , soft comfort of cotton. Each Human o · · 

•menslons Byte T-shirt is priced at only $12.50 
.,,,,---· ~------ - - ---..... .........__ -J - #n {$11.SOeach for3 or more). Be sure to 


$-'T 
include shirt size: C- (child 10-12) , 5 ­

TWO NEW _l (34-36). M-(38-40), L-(42-44). and 
DESIGNS! XL-(46-48) . Most orders shipped 

within a week. 

#T2- Sottware Piracy 

.llT1 -Computer Engineering 

#T4-Future Past 

i1T5 ­ Breakthrough#Tl-Inside IBM 

r s:: ;;::-hl=•~-s=i;:-$;:;0-:c:::=.-si::c;:r;:-0 - - - - - - - - - - - - .-:- - - •I more 1ha\19 included $2 0, shipping & handling ($S OV111&1as). I have enclosed U.S. check or money order. mall lh1s coupon ro: I 
0 C.0 .0. (Via UPS-stateside order!! only) Rober1 Tinney I

I O VISA O MasterCard D ,t,merlcan E•?ress Graphics 

I 
I Caid , . 1864 North Pamela Dr. I 

Balon Rouge. Louisiana I 
Expires: ___Slgnaiure: 70815 I 
Ship my ahln(•) 10: For VISA. MasterCard or II American Express orders. I IName' or 1or more inlormation 

I (Business): Call 1-504-272-7266 I 

I :.·- n, -=1§;1-1 
L----------------------------~~ 
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TCS 8000 

16 MHZ, 0 WAIT - STATE 


32 BIT. EXPANDABLE 16MB 


COLOR MONITOR 

MODEL RES. 

• CM 1322N 640 X 200 
• CM 1370A 720 X 400 
• CM 1380F 640 X 350 

• CM 1495 800 X 560 

6. 8. 10. 12MHZ 

MONO MONITOR TERMINAL 

MODEL RES. ET -10 SERIES 

MM 1222 800 X 350 
MM 1422 800 X 350 
MM 1295 800 X 560 

Circle 476 on !UaAtr Strv~t Card 



--

DESKTOP 

PUBLISHING 


-
LASER PRINTERS 
HP l..aler Jel D • _ .. . '1649 
KP I ~Ol>Y'e t.eemory i:rparwon cm<! '399 
HI' 1bneJ Cann <!ge To1 Above UnJI (Black) '&4 
01'1<!a1 Laler Wne . ... , ... . -'1495 
Denlny Lal<ll Act:I I 6.MB . '1~95 

I I 

MONITORS 
Am<1911. 410A Hl·R... Amber . 
Ambelt JIOA TTL Ambor --­
Am.dek 722 EGA Color 
t.111.rubLSllJ XC-1.w;I RGll CG.o\ 
MU.W>l:.1111371 EGA 

.'1'10 ... '14D 

···­ '465 
... '349 

... '5~'9·· ­
Princeton SR· / lP PGA .. .... .'649 
Pnnc•ton MAX- 12 ..... '170 
Pnnceton HX-12 .. ... .. ... '425 
Prlllceton KX- llE EGA_. ..... ,'495 
SOny Mullucan CPD I l02 '035 
SOny MUl!Uc:an TVIMonJtor IV131 IC11 . .'499 
Ma;navoz Color RGll CM-<>4J .. ~99 
5amsung 12• Amber rn. .. '!9 
LTI 12" Amber rn.. . ......... . '79 
l>IEC Mulluync JC-1401P)A ... '5SO 
'ltuan Color 6.!>0 .. ... '599 
Ta.zan Co tor '160- 14• .... . . '549 
Am<!.•k 12&o ... .. ... .. '795 
W,-S. '100 l'\Jll Pag1t .. .. 
CTX RGI! .. 
CTXEGA .. .. 
c;..mo11 <!OW 
Ptlncelon IM300 Ml Sc1e•m . 
Pcl1Cl$0nlc Mono Monuor Green 

. '799
•us 
'352 

'1410 
'1120 

... '75 

I ·I 
SCANNERS 
Pnnc•ton Glaph!ca '&95 
HP SCAN Jet wl lll!er!ace '1495 
MLLrulULb Twbo lOO" ··~'~ 

I I 

MICE 
!.og1 '19ch Mowe With Dr1ve1 sornoraJe 
IMSE MoUM WUh Dr Halo ti Graphics 
package .... • ' ~ I 

Summa.slrolc.h Mou.s.e .. 
GoruwMowe •.•.• ..... +••• 

... 	 '89 

'?'I 
•102 

"' 
I I 


SOFTWARE 
AUJUS Pagemaltor ···••4 .. "59 
l!IM 011p1arn11er rv '2.U& ...... ~ f ~ 

T'W'ln l.oru. look alill~ ... '4» 

POLICIES•°"" lll>tl °' Ile.~ 01)' O.l<ltl) ,\,i!lllllt 
.. u r1m ~ Crl!di'I ~ Corpor~~t ~w."'r~ 

..._--='"" 
.. \tit IC'.ct'Dli et·m~ ctiecl:s.. c.ilhc'· c'1iie -:: ...s 

'M!'l!'d'I~ 

* AIMW1'5~SSOlin.ts1 t9' P11:1 ~ 
~,lei d«X. 

"' fl.antm.lmOl'ott SI OO•"*"' l ­ llar Dl!f'lCllal &conmn1 
cnedl..~ (ft1.1Al«.nn ~rrv;,unt -1500'J 

• Prl'Ollia OllJ«S \IOI 1o;, ()i«;ooot 

• A<ld l'!I for"~·· C..<~ ~ 
·~~weei<!Ot~ 
• 15'!. At11..,..... r.. 

{)t II m lln IT'le:rcil~ 

CAD/CAM 


PLOTI'ERS &: DIGITIZERS 
Hnacl\i 11z1 1 'tablel . .. _ 
Mltachl 24 z JO Tigei Sort.,. 
Rllachl 19' 730 z 6J.5 Monllor 
llolan d OXY·800 8 Pin 11 z l? , 
Roland DXY-880 HP 
Roland DXY-8~ 
Rolan<! DXY-980 will\ OlQltal Display 
Roland DXY-990 • 
DPXlOOO Drafting 
Hourron tnruwnents DMP-29 . _ 
Howton lrutrumonts DMP·SlMP 
Houston Instrumonts DMP-56.A 
Swnmaokolch 1201 ps & stylu.o . 
Swnma&ketc::h !'To 181 2 . 
HP Plotter 7475A 
!IP 76ro 
!fl' Drallpro Plouer 
Calcomp 10..1 GT Plotter 
Calcomp lGO Gl Plonor 
IDL&MOGL + ............. . 
HP Draft Mosto1 !l 
Numoruc1 ~60 - . 

FAX MACHlNES 
il'larp Ult-80 
Cop!e11Toclll>lepl:lone 
Sharp C<:lp iei l!nl<Doe & R&<luc1l on . 

40 Seccnd 1'Tansmwto n 
8 le•el l'lall lonH 
Sl'larp IJX. 30 Q.l ' 599 
10 Soeond TraMmauon 
Sharp t'O· lSO . '139S 
e 1-1 1oco1d & scann.lng 
Sharp TO·l 10 . ~ '1720 
G3JG2/sil: m.lnute:s 
Nortl'l Amcncan TM 
commuruc01.1on 

5hmP FP-1!Ill .. 
ll:o!her 
W. c..,...,. Sharp Lap Top Compuhlrs 

LAP TOP COMPUTERS 
To•bJ.ba 1000 ... .. 
Toshiba Tl I00 Pl\JS ... ... 
Tosl\iba T3 I00-20 ... . ... .. 
TI:>lhlba 5V, Ezt Dr .. ... .. .. ..~ 

Modom 1200 Bau<! ~ ... ~ ~ 

N!C MUltb'peed.-El. ... 
Sharp 1000. I Dt . 20MB 

Nl.TWORKING 
Getaway 2No<!e Staner w/N.,rware , 
A<!vance Dig1tol Mulnuser Saayn Boar<! 
No•ell £\her Ne1 . .. .. .. 
NOV&ll 2116A Server Gt.Cl WIOOITWQTe 
Novell Ale Nel Sien ICU wlool!ware 

'SW 
'296() 

'3150 
...'670 

'1025 
.'1225 

- '1270 
•-LM.5 
'<1120 

.'1660 
'JMO 
'4J!IO 

-- .. .'427 
..~ 
'1325 
.'2975 
'4495 
'5295 
'7295 
'3190 
'!100 

•11.100 

'1050 

- . -°1­
'I :ISO 

'!50 
'11195 
'2'195 
~ 
•n5 

'1695 
'1995 

.'!Gil 
.•110 
1310 

. '6~70 

'2-4'° 

QUALITY MICRO 

(213) 474.3754 

V/S.4' 

800-553-3339 in CA orders only 
1-800-MICRO 86 (642-7686) in U.S. 

~t Coast Office 10551 W. Pico Blvd.. Los Angeles. CA 900>4 
East Coast Office 313 Pos1 fiwe . Westbury, NY 11590 516-338-4949 

For Technical Service Call \Natson Line (213) 47(}-8073 

38&SYSTEM 


386Tower 
SPKlal I : lnlel S8C-.l86 IJ 
moIlle rboar<! . desk!op cabinet 
!loppy <1rtn . lteyboa:z<!. W..ltem 
Dlollal du.al con!roUer _ ':I~ 
Special 3: iQ!wan 360 
molherboanl (*lmil<D 101n1el 
SBC-:leoArl <!eU'lop cabinet, 
noppy d!ln . keyboard. wenem 
01g11a1 <!ual con11011e1 .. .'2450 
SPK\al 4: itrtwa:n rnolherbomd. 
package simll<D lo Special 3. 
ncepl tower oablne1 . . .. . .~SSO 
Spec1al 5: itrtwcm 2-5 MHz ll0386 
Towe1 C<:Wlnel Inc ludes 2MBY'e 
ollboald RAM . ezpan<!a.bl• 10 e 
MDyle . . '3150 
Addiuonal AcceS60rtes: 
lnlel 2 MBylo 32-bil RAM boaJ<! 
!nlel 8 MByle l2-b!t RAM boar<! - .. 
Totwan 2 MByte 32-bU RAM boar<! 
ltllwan 8 Ml!yta 32-bll RAM boar<! 
Intel 80387- 16 rncrlh coprcx:essot 
Intel SBC-J86AT motherboaJ<! l'laa 90 <lays 
factory warran!y. 
il:Uwan 386 mothorboa:d has I voa:r !ac1ory 
..-cnanry 

HARD DISK DRIVES 
s.agcne Sl125 20 Mii wlc::onllol 
S..OQ<Jte STIJll 30Mll w tconnol 
Se<lgate ~I 40MI! A'1 
seagate ST403& &OMll A'1 
M!ntscrlbe 6053 .. M90 A'1 
MlnJJ.crtbe 604I> ? I Meg A'I 
MQ%1or 140 140 M90 
Alml ~ 3Q Meg A1 
Iomega BornoUlll l O • IO 
Iomega e.rnoulll Boz 20 
Iomega kmoulll Bo.z 20 • 20 _ 
lomOQa. a.mo\i.llL liO• PlU& . • . 
Mountain Drtve CCD<! 20MB. 
Mounlcnn Ort•• Caid 30!.e.. 
Plw Ha1<1co1<1 20Mll .. 

'2"79 
. .'330 

'425 
"975 

. .'69'0 
'9!!0 

•.• '2ll5 
- '395 

... .'125 

... 'l?lS 
'2.210 
'361!9 

'619 
'519 
'499 

TAPE BACK UP SYSTEMS 
Colorado Memones .OM!! 1n1ema1 . _. _.. "l79 
!nt'1n 1IO lOMll !nlemal '219 
Irwin 12010MB Internal . __ . .'l75 
trwtn 1~ 40MB Internal _ .~ 
Al clllve XIAO 41JMB tnlernal . . '-479 
Atcll.l•e 1160 WMB Internal. . - . . .~ 
A.zctu-.e STOOO 60MB lnlemal _. . . . . . • . "!.u 
JM DC-200 ~ CaJtrldgo . . . . , ':II 
1Undbe1g 3309 60Mll lntema1 . "5l5 
Jtmdberg 3309 WMB Eztemal ... .•. .. ... '647 
E'HtH 60Mll tnrernal ..... .. ........ . .... '665 
f:verer60M!!I F.Eema.J. . '69! 
ST1Q'en Int Dl-ST401 ................ '395 
SY1Qen D:i DI-SY40E 40MB . ... - . . ...... ... '&i7 
Syogen In! DJ-SYOOl.Q OOMB . '610 
svoaen Ell! Ol-SY60&.Q 60M! . . . . .'985 

DISK OPERATING SYSTEMS 
(BM DOS J .3 '100 
Compaq DOS l 3 • -- -- -- '60 
PC M01113116 ................... , .'I" 

""'""' IW!or:t "'~_, .. ­_ '"",__ I"*__ 
'"""'"'~·-.-us _~Scaong<a _ .,._ 
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1oolcing at !be complete
• ..., ,.muaa solution fiom alllleRl to 

When )OU add Publisher's JmageMaker 
.mblli"ve halftone technology to your work station, you 
l!l B/W Video Camera. Stand, lens, 9" Monitor, LaserPort, 
(a laser printer controller for AT compatible personal computers), 
with PicturePlus software (for cropping, scaling and placement of 
pictures) and QuickCapture software (for capturing images, 
modifying contrast and brightness. rubber-band box and rotation for 
cropping and printing various size images with screen density choices). 

Now you can print your photos in 64 shades ofgray, preserve detail as 
small as I 300 ofan inch, choose 70, 85 and 100 line screens. No more COSlly 
bills from a photographer or photo lab for sizing, cropping and screening. 

Add Publisher's lmageMaker. the simple inexpensive way to compose and 
print your own full pages. complete with offset-quality photo reproductions. Call 
or write for free information today. 

, 7p..Tt.:1<:-,1nc. 
(316) 269-3068 245 N. Hydraulic, Wichi~ Kansas 67214 __.. __.,___ 



Now You Have A Friend 

In The Computer Business 


Authorized Autocad and Novell Dealer 

6 Good Reasons To Buy 


COMPAQ 286-12 
640K, 1.2 floppy, 

40 MB HD mono<:hrome ~~irm 

$2895 
IN S"IOCK 
-~IW mh.z 

LAPTOP SPECIALS 

' . ...:...., 

NEW 
TOSHIBA 

T -1000 
$879 

NEC M uh1'pc.:d EL $1695 
NEW! ZENITH 181 / 183-20 

Sl64912.S90 

AST PREMIUM 286 

51:!.K R1\1'.1 , U Floppt·. 
40 ,vii\ F:m H 0, 
hi~rcs mr.M10 card 1 

mono m<micor , lX)S 
1.2, GW B.isio.'. 

$2195 
(',111 fn,,111 

ST pn:.o:lud>! 

SAMSUN G COM PU T E RS 

300S Full HD Mono System 
1 1195 

SOOS 286 Processor 
Call for Bcs1 Prii.:es 

WYSE 286 System 
512K RAM , 1.2 tloppy, 40MB HD 

full monoch rome sy stt~m 

IN ~TOCK ! 
WYSE 386 / WYSE Termin;iJs 

ACER 910/ 286 SYSTEM 

(Furrnt' rl\• ~follllC'\'h) 

c;12K ffit'mmy. 20 "4 B 
tH.J. 6 111)() W~ll >loltc 

r..11 mono >)' < l ~ m 

:su9s 
lN S"TO C K ! 

Acer 386 mx.hiOI" 

We carry a full line of HP, rBM, lntel, Diconix products at best prices in town. 

SOFTWARE SPECIAL AlITTIORIZED DEALER FOR 
11.1,nJ l'crl~'CI ,1 194 "''•'-•·O •. r ·'"" ()k irlillb 

M1c.rn;;olr \ \\.rd .. • ..... . , . •••• ••• , • 209 Epsor1 Con•put1·rs & Pri nter NEC 

~m .. . ~ .\'I Li u •ll 


( ..i11 hu rl'\' w1f h ,..., r l"' ~H· .. ... fl .. ,.,'' tu .. nu ui Sam.•ung U111 ot!rsal [);:110 System. 
lenoih ~P~R SPECIAL Tush ilJ.• ""Ashr' un 1l11e 

£pon LXSOO . •. .. •.. . . ... . .. . , •. .. . .. . . ' llS 
 \1.'ysc Comµul t'" P:1rndox IAnsa :X.ltw;uc)
t.poon f.X!IOO 11000 .. .. .. .. . • . .. , . . :199 1499 AT&T ~t H "" 0 
Ep•on 1.Q800/ 1000 ... .. . , . ..... , . ... . . 469/ 5'49 Aut0<:ml \.lmtura 
Ep..m l.QlIOO . • , .. , , . . . ... . .• , . . , ....... 899 


lu1" 1"'l-o' l'•·t11•11 11i1' 11 AldWJ (l'a!!<!M~k<•r Jf'..poon l..Q!\!IOl lOS() .. . ... . .. . . . . . .... IN ~"TUCK 

N EC: l'l' / l'7/ 2ZIHI ...... , • . .• .• , .. . 414161.S / 415 

ll,,.hoh, l'Jll.'>1..! 1'3S L'>1. . , .,, , , • . • . IN SlllCK Co111pu1ow11 l'k.t'<llll Hill 


l'i27 C..1111rd U.S. l!lvJ. 
l'l<-.u..ro Ho ll. CA Y4ill ....................... ,.....~ .... {__... t•11;i111-.....t . 1 • .,..........""'4•• pJ..,. ... 


c.1 ... t,m...U' ~..... ........_ 


(415) 634-IDWN 
We Sell, Deliver, (415) 634-8696 

Install, & Repai.r 
....... ~~ "'11 M"*"' it.~lllt- »:w.t.111;11_ L.AI 


..... Ill A~li....,_..~ 111111 limin-IUl.M..._._ ~ lj. ­


~ • • 11!..._...li. ""'-...-..~.Ii.~ 

~.,_.....\r;J(~ 


1.,...... 1,._......r~.Jllt~.ir,~1 ... COM UTOWN
All ,.~ ~. ""' ........ '"" -..i..1.1.i~ _...._ ..~ ... 


( ·ompulown-\1ounlai n \ ' it•\\ 
2455 "4 Old "41ddle!,.,ld Wdy 
Mounram Vo.,.,.. !"A !14ll-4:l 

(415) 962-TOWN 
(415) 962-8696 

( · u 111 1n1 l o\\ 11 -S<t11 Fr;uu·isco 
76/i "4drkt't Su ...,i. Suile 2 !9 
(Phd.m Ruildmg) 
S..11 f' r~JKI"""· CA 9-1 102 

(415) 956-TOWN 
(4 15) 956-8696 
FAX (415) 989-TOWN 
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$1995 
(List $2829) 

LTI BEATS mp lls Ill PERFORMlllCE TEST! 

''The LTI is ideal for running large spreadsheets and maintaining large databases. 

The lTI is also well suited for runnl,ng computer-aided design (CAD) programs. 
Not only Is It one of the fastest ATs we've revieW'ed, IT IS ALSO ONE OF THE 
MOST AFFORDABLE.'' - PC RESOURCE Nov. 1987 AT Comparison Tests 

Upgrade your present PC~ XTor ATwith our 
~wait-state 7.2, 8, 10 or 12V2 MHz motherboards 
GAIN 82·0% TO 1530% SPEED INCREASE. 
Prices start as low as $2591 

\ Call for your nearest dealer 

Circle 465 on &i;uhr Serviu Card 

• 30 Day Money-Back • 1 Vear Warranty on Systems 
Guarantee §g.!TtE!IT'I§, Inc. •2 Years on Motherboards 

9205 Alabama Avenue• Ch•sworth, CA 91311 • (818) 341-4227 •ORDERS ONLY, c:all 1-800-872-2898, In Callfornia 1-800438-2898 
PC, Xf, At .llfll u~~ Ol 'ln1()1nn,IQnD.I B.ut.~li ~· ~Coro 



THE VALUE LEADER IN COMPUTERS 

SELECTION: 	 We stock and sell products made by the world's 

largest and most trusted names in Computers, 
Printers and Software Manufacturers. 

VOLUME: 	 Since we have multiple locations and our overhead 
is low, we buy and sell an incredible volume. 

EXPERTISE: 	 Since we deal exclusively with EPSON. lOSHIBA, 
COMPAQ, IBM, we get special factory training 
giving us the know how nobody else has. 

ATTENTION: 	 Our job is not fin ished unless you are satisifed . You 

§.:°PREMIUM/286 
• 80286 ProoeS&Or 
• 1.2 MB Disk Drive 
• 40 MB HO 
• Enhanced Keyboard 
• Monochrome System 

_ 

Boards 

IBM Mono Adapter ... _. - . - . . - - - ..'99 
AST SiK Pack &4K + Sidekick .... . . 149 
AST Advantage Expansion Board for AT 
wfl 28K . . . . . ....... . , . . . . . . .349 
Vega Board by Video 7 Deluxe .• •.• .275 
Hercules Graphics Plus . . . _ .... .. 190 
Hayes 1200/24008 w/SW . _ . .. 349/399 
NEC EGA... .. . . . . .... .. . . . . . ..430 
Migenl Pocket Modem . . . • . . . . . . , 159 
Everex Evercom 112 ca.rd 1200B . . • ..90 
Everex Evercom Ill 24008 . . . ... . ..200 

Hard Cards 

Plus Development Card 20/40 . . '5991999 
Iomega Bernoulli Box IMS Disk Avallable 

Hard Disks 

20M8!30MBJ40MB . _ . . _ .. '259/3!91599 
40/80MB Hard Disk for AT . ...69911 099 
20M8JSOMB Tape Back-Up .....599(799 
120MB Hard Disk ... . , . ... ... .. .2600 

must be happy. 

• Free Radio Watch $19.95 Value • 

Buy 2 bOxes of Janus diskettes at $ 14.95 


and get a digital watch and rad io free 


• MACINTOSH TM 

•MAC SE 
2 Drives ...... .'2149 

•MAC SE 
1 Floppy 20 MB .2799 

• MAC PLUS . . ...1549 
• Apple Laser Writer . .In 

Stock 

MONTHLY LAPTOP SPECIALS 
NEC Mulllspeed EL/20 MB .. . .. ...... . ... . . ... '159912450 

Toshiba 1000/120013120 w/2 MB HD .. . . . . 18751245013199 


MONTHLY PRINTER SPECIALS 
IBM PAOPRINTERS TOSHIBA 
X24/Xl24 . .. . .. .. ...'599/840 3211341 SL . . ..... . '4991785 

Computers 

IBM AT 339K , .. , ••• , . , .... , . . , _ '3399 
IBM Sys2 Model 25 . ........ .94511190 
IBM Sys 2 Model 30 . . . .. . •. 1275/CALL 
IBM Sys 2 Model 50 10 MHz, 20 MB 2824 
IBM Sys 2 MOdel 60 10 MHz.. 44 MB 3499 
IBM Sys 2 Model 80 40(70 .......CALL 
COMPAQ Port 2 Dr .. . ... , . ... ... 1545 
COMPAQ Port 11 1 Dr/20 MB . • .... 2899 
COMPAQ Port 11140/20 .. . ..... , ,CALL 
COMPAQ 288 Desk Pro 12 MHz ... 1949 
COMPAQ 386 Mod 40(70 . ...44Hf5499 
AST Premium 
All Models Available , .. .. . , . Beat Price 

Software 

Lotus 1·2·3/1-tal/Metro . ... _. '309/120195 
Symphony ... . .... . . . . . •. . . . . .... 410 
Framework2 . ,, . , . ..... _. . , . .... . 385 
D Base Ill+ _. . _ . . . . .. _ . . __ . . _... .395 
WordPerfect4.2 ....... .. .. . .. .. .. 219 
Microsoft Windows ..... ___ ... .. ....69 
.XeroK Venture Publisher . , . ...... .. 499 

NOW HERE-IN 

STOCK 


comPAa3a6 

20 MHz SYSTEM 
Lmt. Quanties Available 

Aldus Pagemaker . . . . . . •....• 485 
Muttimate Advantage II......... . , .440 
Ability/Enrich by Migent ........ • . LOW 

Printers 

Okldata 2921293 . . . . .. . .. .. .. '425/599 

Epson 850/1050 ... _.......•..545n45 

Epson LOB00/1000 .• , . , , .. , • ,489}1549 

Epson LX86/FX85 .... ... ..... 1991349 

Epson EXB00/1000 . .......... 4981&49 

Epson l02500 .. .. .. _.......... , 1 ot9 

Epson FXB6E/FX286E .. . ... . . 35111475 

IBM Proprinter II • . . .• . , • , .. , , ..•. .309 

IBM Ouletwriter Ill .. . ............ 1299 

NEC Laser Printer .... __ ........ ,38115 

HP Laser Jet II ... . ........... . _ .18119 


Monitors 


IBM Color Monitor 8513 PS/2 .... . . 1512 
IBM Mono Monitor 850.3 PS/2 .. ... .200 
IBM Color Monitor 8512/8519 . . 48511198 
Princeton SR12P _. __ . . .... .. _.. CALL 
NEC Multisync II .. .. .. . ... ... . .. , .575 
Sony Multiscan . . .. .... . . ,,, .. . ...629 
Amdek410A/42.2 .. . ... .. . . . .. 15914811 
Samsung RGB/EGA . . .. • . . .. . . 2991369 
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SHORT TAKES 

BYTE editors offer hands-on views ofnew products. 

Share Your IBM PC Hard Disk Drive 
with a Mac 

I can't help ii : I"m hooked on QukkShare. I shouldn"1 be, 
bc.,causc it costs too much : $465 gets you a half- ize IBM PC 

board. some oft ware , and a cable. But the convenience this 
~ombination unleashes almost makes it worthwhile. 
particularly if you spend equal parts of your time on an IBM 
PC and a Macintosh Plui; (as I do). 

QuickShare's half-size PC board is a SCSI interface thal 
you plug into your PC , XT, or AT and into the SCSI port on 
the back of your Mac Plus via the cable included. Your Mac 
can then use your PC' s hard disk drive as a hard disk of its 
own. QuickShare accomplishes this with a terminate-and· 
~my-resident (TSR) program, whose name you add to your 
AUTOEXEC.BAT file so that it installs itself when you boot 
your PC (the upshot of this is that you musr boot your PC 
before boming your Mac, or the Mac won't see the 
QuickShare interface). 

It isn 't as perfect a it sounds . The Mac does not access the 
PC" s entire hard disk a. a Mac drive ; rather. vou use an 
instalh11 ion program to c reate a special file, a~d thi file is 
what the Mal' sees as its hard disk volume. Conse.quently. 10 

send files between the PC-DOS universe and t.hc Macintosh 
universe, you have to use QuickShare' s PCTransfer program . 

I tested QuickShare on an ITT XTRA (a 6-MHz AT clone) 
with 512K bytes of RAM and a 10-megabyt.e hard di sk drive 
running PC-DOS 3 . I , hooked to a Mac Plus with 2 mega­
bytes of RAM and an Apple HD20 hard disk drive (20 
megabytes) running Multi Finder 6.0 and System 4.2. 

J used the system m my day-to-day office activities for 
nearly 4 weeks with no c rashes (most of my time on the Mac 
was spent in MacWrite and Edit) . I found I could Jock the 
system up by using TYPE on a large file or by hitting Control-S 
in the midst of output (both on tht: PC side); the Mac would 
wait quietly until whatever logjam on the PC had cleared up. 
then continue as though nothing had happened . If I were in 
the middle of editing a do,·ument on the PC in WordStar 4 .0. 
however, the Mac had no problem accessing file s on the PC. 

Finally. I ran the Filcio benchmark from the Mac Plu on 
both the HD20 and the QuickShare volume (I ran programs on 
both machines to remove any fragmentatjon that might 
confuse t.he results) . Oddly enough. the HD2U completed the. 

Tne Facts: 
QuickShare 
$465 

Requirement.~: 
IBM PC. XT. or AT running PC-DOS 3.0 or higher: Apple 
Macinmsh Plu~. 512E (with SCSI option). or Mac II. 

Compatible Systems Corp . 
P.O. Drawer 17220 
Boulder. CO 80308 
(303) 444-9532 
Inquiry 853. 

benchmark in 155 seconds. while the QuickShare volume? 
took about 202 seconds. Not very impressive. espcciaJly when 
you consider that the HD20 is talking through the floppy 
port, while QuickSharc communicates through the SCSI. 

QuickShan: makes file transfer between lhe Macintosh and 
IBM PC painless. If you've already got a PC with a hard disk 
drive and you have a Mac Plus without one, Quic.~kShare 
almu!ir makes sense; you're going to pay around $475 for a 
Macintosh hard disk drive anywdy. 

-Rick Greha11 

The Personal Information Manager from Lotus 

A genda is a free-form database manager with artificial 
intellig.ence (Al ) capabilities. You begin by entering 

··items" - names. telephone numbers, addresses, and other 
text data up to 350 characters long. (You can also attach 
··notes" up to l OK bytes long to any item.) 

Items are assigned to " categories." Here' s where the 
magic- and for some, the madness-of Agenda come.s in. You 
can assign an item to severa.I categories and attach conditions 
to categories so that, for c:umple, the program aummatically 

insens items into the correct category . You can look at your 
database in any of several "views. " and information that you 
add to an item in ont" view automatically appears in other 
views. Keeping track of those categories and views is where 
tht: madness comes in. 

Let me give you a practical ex.ample. I worked out my own 
system for logging in books for BYTE book reviews : choosi ng 
an appropriate reviewer, keeping track of when the review is 

comimu·d 
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SHORT TAKES 

comple1ed , and so on. Transferring thai task to Agenda seemed 
like a natural application. 

Problem: Agenda Jets you import data from your currem 
text file s, but the process (at least as explained by the 
preliminary documentation !hat I re.ceived) is not for the 
faintheaned. (I previewed an alpha release of Agenda. Lmus 
promises revised and improved documentation by the time 
Agenda is rdeased .) I was finally able to import a li st of the 
books currently in house. I then created a category called 
Subject and began entering a keyword for each boo.k­
Maci.ntosb. Lisp, MS-DOS. Unix. and so on. Agenda 
immediatel y started showing off its Al smarts: The first book I 
entered v.<1s about the Macintosh. The next time I ran across 
a book about rhe Mac. I me.rely had 10 type Mand Agenda 
beeped to tell me that it already had a possible name-which 
it displayed-in its Subject list. I hit "Enter," and Agenda 
popped in the full name. 

You might have to type 1wo or three leners before Agenda 
can figure om what you 're after, bm you· 11 still save a lot of 
typing Wilh thi s foature. In fact. if the keyword was in the 
title. Agenda inserted it into the Subject category automati­
cally. Now. I'd like 10 be able to figure out how to enter each 
new book as I receive it and have Agenda provide me with a 
list of appropriate reviewers. I'm pretty sure lhc program can 
do that , but I haven ' t been able 10 figure out how. Lotus says 
that it is rede~igning parts of the user interface to make things 
easier to undersrnnd. 

Agenda bas a number of olher neat tricks. If you create a 
Date category and type " today, " the program will insert the 
correct date ; the same for .. yeste.rday, '· " tomorrow ... and "a 

week from Friday." You can also assign to categories 
"actions," such as "discard any item after it is a week 
old ." Agenda automatically saves your data as vou are 
working. Its menus are nested. much like Lotus 1-2-3 ·s : it let 
you create macros; and it lets you print reports in a variety of 
formats. 

With all these features, learning to use Agenda is not a 
trivial task. The folks at Lotus liken the. difficulty of 
comprehending this new product to the confusion that 
attended the birth of the electronic spreadsheet. Un fortunately. 
Agenda doesn't have the .5preadsheet metaphor to help you 
understand ic. Plan to spend a fair bit of time getting used to 
the program, and even more rime com·erring your current 
method of organizing tasks to Agenda . Like me, you may not 
become a true believer right away. but you may see enough to 
make you stick with it. 

-Ken Sheldon 

The Facts: 
Agenda 
$395 

Requiremems: 
IBM PC. XT. AT. or PS/2. 

Lotu. De.velopment Corp . 
55 Cambridge Parkway 
Cambridge, MA 021 42 
(617) 577-8500. 
Inquiry 859. 

Word 4.0 Revised with New User Interface and Improved Performance 

T he first thing I noticed about Wol"d 4,0 is that the Alpha 
command is gone , and you can now toggle the command 

menu on and off with the Escape l:ey . You can also remove 
the rectangul ar border from the screen if you are working in 
keyboard mode . which gives you two more lines for text. In 
the bottom left of the screen , there is now a column and line 
number counter showing the cursor position . 

It is a.lso easier to sc.lect commands from the command 
menu, In previous versions, you had 10 use the Tab key or 
press the first letter. In most situations. you can now use the 
cursor keys. Tstill find Word 's command interface somewhat 
confusing. I'm never quite sure what the result will be when 
pressing the Enter key versus the cursor keys. This is, of 
ourse. a matter of habit. 

In addition to the changes to rhe screen , Word 4.0 makes 
much better use of the function keys than previous versions . 
You can switch between graphics and text modes by pressing 
Alt-F9 . Each function key is now assigned four command 
functions. three of which are accessed in combination with 
the Shift. Control. arrd Alt keys . 

The most impressive change is the improvemeot in cursor 
speed , particularly in text mode. Word 4 .0 has the 
performance attributes you noCTnally get with an add-on 
keyboard enhancer like Cruise Control or Repeat Per­
formance . The Options menu includes an option for adjusling 
the cursor speed. Using lhe highest cursor spe.ed , it takes about 
l second to move the cursor from one cad of the line to the 
other. The same operation takes about 5 seconds in Word 3.0 
(using an rBM PC AT). Scrolling from top to bottom of a 
page takes about 10 seconds io Word 4.0 and about 15 seconds 
in Word 3 .0 . Search operations are very fast in both versions. 

The new macro facility lets you buiJd macros ranging from 

·imple keystroke macros to complete menu system with 
conditional branching. Microsoft also supplies a useful 
library of ready-to-use macros. In addition, Word 4.0 indudes 
a redlining and revision-marking feature; a facility for 
automatically importing spreadsheets like Lotus 1-2-3 , 
Microsoft Excel. and Multiplan ; and a line-drawing option 
for creating boxes and borders . 

Word 4.0 attempts to be the word processor for all users. 
from secretaries to lawyers to business executives to author . It 
is loaded with options and features. and learning your way 
around the. program is not a trivial exercise . For current users 
of Word. the $75 upgrade is well worth the price. For pro­
spectlve new users, Word 4.0 has everything you could po sihly 
wam in a word processor. for a price of $450. The. question co 
ask yourself is whether you need all those capabilities. 

-Nick Baran 

The Facts : 
Word 4.0 

$450 ($75 upgrade for current Word usen;) 


Requirements: 
IBM PC, XT, AT, PS/2, or compatible with 256K bytes of 
RAM, two floppy disk drives. and DOS 2. 0 or higher. 

Microsoft Corp . 
16011. Northeast 36th Way 
P.0. Box 97017 
Redmond , WA 98073 
(206) 882-8080 
Inquiry 858. 

rnntmueJ 
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____ 

For $199~ RS/I® will give you 

aworld ofunderstanding. 


Thousands of engineers and scien1 ists are you can perform all sons of data analysis in a 
using RS/ l® software 10 gel a bener understand· fraction of the time it would take with conven­
ing of their technical data. And now you can find tionaJ methods. 
out why. Experience easy-10-usc stati stical and curve­

For the first time, you can see .-R 11 -ta Anal__ S stem fini~g capubi~i1ies . And presentat_ion-5--0a-____ sis___-~ 

why the RS/ I package has become 1----------'-y---'y---l quahty graphics . Plots, graphs, h1stu ­
• Dato fllllnogeme nt : easy en1ry. im· Th" · I k d · IIan industry standard in data anal­ pon, torage, and retrieval o fdma grams. IS trta pac ·age oes J! a . 

ysis software. All on your own PC. ·A fu ll range of data analysis tools Before long. you' II discover how 
• Presenu11 ion11uality grnphic : graphs. RS/ 1 software can help you improve 

hi togrnms. 3Ds and more laboratory research. cut product de ­
• Easy-10-usc statistics: 

1-tes1s. 1- and 2-w-.1}' Anova. ve\opment costs, and increase manu ­
non-paramcrric. and other facturing yields. And that's just the 
standard tcsls 

, Spreadshceisand modds beginning. There's no telling what 
·curve-fitting: linear, poly- you can do with such a fast , powerful 

nomial , multiple stepwise . data analysis tool. 
und nonlinear - wi1h good· AnJ the $19. 9 5 you pay for the 
ness-<>f·fit statls1ics 	 • 

• A pov.-erful programming trial version can be applied to the pur­
language for cusmmizing chase of the complete RS/ I software 
appIica1 ions 

package for the IBM PC AT and XT."' 
Call 1-800-251-1717 for a credit card pur­

chase, or fill out the coupon and send il in . (ln 
Massachusetts l-617-873-8200.) RSI/ sojhvare displays results in 

wbular and graphical form.1·. And find out how much of your world you 
can understand. 

Just send for our new introductory trial ver­ BBN Software Products
sion of RS/l software . For $19 .95 , you get a spe­

cial demonstrntion version of RS/I software with 10 fawccn Strcc1 Camnridgc . Mt\ 02 2 3~ 


data storage limitations . With this trial package, A Su~1dl.l.') nt Ho lt 1Wr01~t. ,u-J Nman loc l!l!IiJ 


"()r Ml "l""'ll<"' "' " h lllMll tunl ~"' arw1 ~1 2 IUI "''"'~· 

RS... I o. ill ri:e 1"-f.c'~ 1~m.u.. l3f h8~ Si.1fl~ Ptnducu CLJlf'PlnUicm 


r---------------------1 
Enclosed find a check for $19.95 for the introductory version of RS/I 

. 	 forr.heJBMPC. 


AMEX II fap. Date 


Slgnaru~ 

Name 

Title 

Company 

Ciry Stale Zip 
L BBN SnftwJrc Pmduct~\O Fawce~Strec1..:_C~bridge, MA 02238 _ 
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Advanced Logic Research 386/2 Model 10 
'SOJ,% - 16~ (20 'J,(fiz Opt.} 
'1 tnD Of32·6it '.}(am {SO 'J.f!); 

'4P-To 2m6 On 'Bo11rtf. 

' l Sui.al/ I 'Paralld 'P<>rt 
' 'Iuippy Con.tr()flu 
• 1 1 21116 1"wppy 'Drir.!t 
• JOI 'Prefr..ssiunal '}(Jy6tf. 
' 'Pfweni:( 'Bios 
. sswu (1 J2 -6it} 

'80387 Soci;ft 
'386/2 Motfd 40 S2999 
'J86/2 'Motfd '1.._66 S2149 

• Ollitr Moati.s 'Tool 

Port.It -Mod 4 $2675 
Port.Ill-Mod 20 $3599 
Port.Ill-Mod 40 $4175 
Deskpro Mod 2 $ 1189 
Deskpro 286-1 $1999 
Deskpro 286-20 $ 2720 
Deskpro 286-40 $ 3250 

Please Call For Avail. 
Of The NEW 20mbz 
Deskpro 386 and 
Portable 386!!! 
Accessories Also Avail. 

~ 
Z-181 Laptop $1 599 
Z-183 10mb HD $ 207 5 
Z-183+ 20mb HD $ 23 50 
FEBRUARY SPECIALS! 

DBase 111+ $4 1 9 
Princeton UltraSync 

Monitor $ 5 2 5 
ATI EGA Wonder 

Card Enhanced $ 21 9 
Break the 640K Barrie r! 

t_-J NOW ~.vallable! 
136 , Month E1etended 
1Warranty ... At Your 
l.'"ocalllyl!! Call Now.,... -­
# ·- ·For .Details ! 

!'Jowl! 

W.P. Electronics, Inc. 

555 S. Palm Canyon Dr. #A 110-342 

Palm Springs, CA 92264 

61 9-320-6500 In CA. 


• Free Word Processor 
Th is Month On ly r 

r fjjW HEW LETT
&:a PACKARD 

LaserJet II $ 1695 
wi'loner cartrg . 

1mb Upgrade $34 7 
2mb Upgrade $69 7 
PaintJet(NEWI) $979 
ScanJ et 

w/PC lntrfc. $1395 

7475A Plotter $1 299 
7440A Plotter 0 7 
ThinkJets Ca II! 
OuietJets Ca II! 
Special HP RAM Upgrade. 

Our 0 t h r Qu a lity 
Brnn d s : 

Aldus Irwin 
Amdek Lotus 
AT&T Micrososft 
Ansa NCR 
Ashton-Tate NEC 
AST Novell 
Compaq Okidata 
Dest Paradise 
Diconix Plus Devlpmnt. 
Epson Ricoh 
Hayes Zenith 
Hewlett-Packard 
IBM 
Iomega 

Many Mo re ! 

(Outside CA) 

8AM·SPM M·F 
Pacific Time Zone 
Prices are for pre ­
p y; rnay cha r1 ge 
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SHORT TAKES 

A Solid Laptop 

The Facts: 
Por1able Vec1ra 
$2495 

Hewlett-P..i.ckard 
Portable Computer Division 
JO()() Northeast Circle Blvd . 
Corvallis. OR 97330 
(800) 367-4772 
Inquiry 856. 

Oprions: 
1200-bps internal modem , 
$450 ; Vectra DOS. $95. 

T he Por table V(!(!tra is a 16.6-pound laptop computer 
thal features an 80C86 proces~or running at 7. 16 MHz, 

640K bytes of RAM, a 12-inch supertwist LCD screen. and a 
25-pin parallel pon. The model that I reviewed had two 3 1/.i ­
inch 720K-byte floppy disk dr ives and an internal 1200-bit­
per-second modem. 

The disk drives pop up from the case just above the full ­
size keyboard , much like lhose of the Zenith Z-183. Hewlett ­
P.Jckard has provided room to store disks in the Portable 
Vectra in two fold -down holders next to the sc reen. The e are a 
good idea. but if lhe holders are not tightly closed. fl oppy 
disks come spilling forth from the rnmputer the next time it is 
opened . 

The layout of the keyboard is one of the Vectra ' - strong 
points. with 92 keys and a separate numeric keypad next to the 
standard keyboard . The feel of the keyboard is strange due to 
the dimensions of the key tops. A normal IBM PC AT- type 
keyboard ha.s key tops that arc 12 mm (.s ide-to-side) by I 4 
mm (front-to-back). The Portable Vectra reverses these two 
uimensions, and it bothered me . 

The display on !he Ycctra is not backlit . Thu . it is no! 
quite as readable as the Z- l83 or EC MultiSpeed EL dis­
plays. Without backlighting, the banery life is extended. with 
a rated lite of 6 to 10 hours on a full charge. When the battery 
doe~ need rechilrging, the external AC adapter/battery 
charger (6% by 2 15/ 16 by 2 Ys inches) must be used, adding one 
more item to the package that has to be carried . 

The Portable Yectrn is not the fa stest computer on the 
block . For example. in loading and recalculating a 100- by 25­
cell Multiplan spreadsheet, the Portable Vcctra was slower 
than the MultiSpced, the Z- I 83, and even the IBM PC. 

colllinm:J 



TimeWand® - Organizing I11formatio11 


r.10.t l tl 
OO <i l li <1 
UD,16~ 

00f1 '+. 
Olil'lll 1 

1)0 17.! 
0'1G1't 
DUfi)1 
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~(l edL!I..: 
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Ci1'1U 
QO t,lA • 
Qrt~ Ut 

DO,lel (
""" 

Dccumenl Conl<CI Reporl 

file Room •~ 


S1pt1mber ~. 1987 


Ji:moll' Jt.::-::01m L P•nrHe 'D•t.•a Ill/ 1Jl!1 .. 
tJ,!.. J;Qr; At:c.awit P111ul ln l!! ':'o " "'' 111 8. / )~I 
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l'U7 l«uo•U!c.h DLUl.->tl·U .!V.ana w tl~t"'t OJQ~lfll 

rr c .-br1diJ111 .-..pon K.atlf~• • H'l! tu:.: cu QJCI~/ l 
J.4Y"lt l•\l:•O ~L•n !:!UC H: lt-en .lfl2··tr 
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a... :c..n C:1 : n»p.:11".d•ri.=• t"•nn ~ • ht.•.s tl~:•f' 

Ji.: 'I c.~uur .l-t lH P6on. D1tH ~IUJt 
C')me4 r.i:o. l- t wsy l"e- tJ.nt • Rat•• no:t1 ...1

~e!l•r A"·O r H.)'t ~11• We.t:~t.~r if"OJlt' 
'"' - - - • • -- • -- x t · ' · · \\ /f!'ltll 

) /Ollf"
Develop Data Reports '""' 

Applications for the 1,ime Wand - Document Control 


Ever wonder who has that important file on the 
Jones accoum? There is no record of who took it from 
the file room and no one remembers who had it last. You 
spend your valuable time and patience tracking it down, but 
when you finally locate the file, it may be too late for 
timely use. 

Make it easy on yourself by tracking documents with the 
Time Wand. By simply scanning the bar code on the Jones 
file and you r employee ID number (or depanment name), the 
Time Wand records who has the file and the time it was 
taken. 

The Time Wand is simple to opernte. yet provides the darn 
necessary to create detailed reports. Gener.Ile reports by 
incorporating data collected with the Time Wand into your 
data base. The repons allow you to quickly find who has 
those important files, check a file's current activity. identify 
which items are 'slow movers', or show the amount of 
traffic the file room handles each day. 

No manual data entry or deciphering of your co-worker's 
handwritten notes is required. All Time Wand entries are 
made by scanning bar codes! It's fast, easy, and, most 
importantly , organized. 

Time Wand. It helps you keep up with the Joneses. 

TimeWand (2K version) - $198 
Single Recharger and Cable • $149 
TimeWand Manager Software (Macintosh)· $489 
TimeWand Communication Software (IBM)· $299 

1105 N .E. Circle Blvd .. Corvallis, OR 97330-4285 
503-758-0521 

Videx and Time Wand arc rcgistcrc<.l trndcmarks of Vldex, Inc. 
Circle ZS l 011 Reader Sen·ict Canl 
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SWITCHING POWER SUPPLY 

.i For PC-XT 135W. 155W 

2 For BABY AT 200W ,- ­
'~ 

. - ~ 
I 

'For TV GAME <> SV/7A. • 12V/ 1A. 5V i 1A 
b . · 5V / 10A. " 1.2.V ! \A , 5V ' 1A 

~ 
CHUNG YU ELECTRONICS CO., LTD. 
P.O. BOX 30- 535 TAIPEI, TAIWAN. R.0.C. 
FAX, 002-886-02-3971968 TLX. 24451 CYELEC 
TEL, 002-886-02-3918100, 3414596 

HIGH RESOWl'ION MONffORS 
Immediate delivery 
Best price 
Gc1.uff-lhe-&belf dcliv~ry on !he Hitachi morulfJft 

lalest Ritachi and Microvitec color 
 19" colcrr (1280 Ji 102~)
ro1>ni l0!:$. Pl us 1b.c best monitor· 1'i' color (1024 " 7611)
>Hid board prices in 1bc induncy­ 15' color (1.280 ~ 1024)

evcn in small quamicy. l.S" color (1024 1e 768} 


OtJ:u:~tllr &. monocllromc 

Utll for un-cnt pri''"' 1.chnical 

!Upp<1n, 1>r Ill~ r1pid rcs!M>D.!C 111:rv­ Mlcrovite4: ~1>lbr moni1on 

ic·es of our in·hoU>C rcp.L1r center. 
 .19" muJ1j·sync ( t5.75 - 361r.Hz~ Why sc11Je for less? O.r Jl8.Y more? W" mulu~sync ( 15.75- 361<.flz 

L?" rnulti-6}' ni: ( l.S. 7~ - .361r.fh. 
Oth~r$ 

Higb·resolution board& 

Wonaatioa Periplienl& c..._.1io11 12801( I024 

IIll Mid<llna Stm:t 1024 x 768 

Nonh Cbel mJon:I, MA 011163 PGA 

(611) 2Sl-27'12 EGA 
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SHORT TAKES 

Hewlett-Packard offers MS-DOS 3.2 and its Personal 
Applications Maaager with the Portable Vectra. 

All in all, the Portable Vectra is a solid-feeling, well-bui.lt 
portable computer with a few quirks (i.e ., the size of the keys 
and the Jack of back.lighting). Hewlett-Packard has come out 
with a computer that will be usable and familiar if you're used 
to I.he keyboard and software of the HP 150. 111 competition 
with the Z-183 , MultiSpeed EL. Toshiba Tl 100 Pius, and 
others, however, the Portable Vectra has little 10 make it 
stand out from the field. 

-Curtis Franklin Jr. 

A Big Chill for the PC and XT 
The Facts: 
Coldblue Requiremefll.\'.' 
$185 IBM PC or XT. 

Mandrill Corp. 
P.O. Box 33848 
San Antonio , TX 78265 
(512) 341-6155 
Inquiry 857. 

I fyou've added an accelerator card , an internal modem , or 
some expanded memory to your IBM PC, you may have 

noticed that it operates at a substantially higher temperature 
t.han ii did back in the old days when it had only 256K bytes of 
RAM aod monochrome and floppy disk controller cards. 
High temperatures (95 degrees For more) can affoct the 
service life aod reliability of computer components . To cool 
things down, Mandrill has introduced an add-on cooling 
system called Coldblue, which saaps on to tbe front of the 
system unit behind the cover's front ventilation slou . 

Coldblue consists of two small side-by-side cool ing fans 
that force air across the expansion cards at a claimed rate of 25 
cubic feet per mioute . Using less than 2 watts of power. the 
unit works in an IBM PC with a 60-W power supply. Mandrill 
claims that Coldblue reduces open1ting temperatures by 20 
percent or more . 

I tested Coldbl.uc in an IBM PC with 640K bytes of 
standard memory, I . 5 megabytes of expanded memory, and a 
TurboEGA accelerator card , all generating plenty of heat. 
Installation was easy . After you remove the PC's cover. Cold ­
blue 's plastic fan housing snaps e<isily into place over the left 
froot air inlel of the system unit. 

To finish the installation , you attach two screw extenders 
to the back of the cover (five· in an XT) and reinstall I.he cover 
with new screws supplied in the Coldblue package. When 
operating, Coldblue emits a blue luminescent light from the 
cover"s ventilation slots. 

The good news about Coldblue is that it definitely reduced 
the opcraiing tempcramre in my PC. The PC's cover was 
noticeably cooler to the touch . Using a thennal measurement 
strip provided with Coldblue. I measured a temperature drop 
of about 10 degrees F in the. left area of the PC's cover 
(where all lhose heat-producing cards are located). 

The bad news is that Coldbl ue is very noisy. Contrary to 
Mandrill's claims, the fans are noisier than the power supply, 
producing a high-pitched whine. If you work io a large. 
bustl.ing office environment, the noise may not be a problem. 
In a small, quiet room, hOY1ever. the high-pitched whine of 
the fans is extremely irritating; so much so. in fact. that I had 
to remove Coldblue from my system , 

conti1111t•d 

http:Coldbl.uc
http:well-bui.lt
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Imake it 
the calculator 
on your PC. 

SHORT TAKES 

Coldblue is 'W'Cll worth rhe S185 investmem if you can 
tolerate the noise. 

-Nick Baron 

Two Ways to Tackle Your 
1987 Taxes 

The Facts; 

Lascaux Graphics 3220 Steuben Ave Bronx NY 10457 12121654-7.129 

TANDYNew I 80286 Based 
Tllndy 1000 TX America's #1 CD"!P•llblesl 

CALL! '!.;.f). .~~ 
For Malor '!>~~A~1~;S~· 
Saving• with Sff9•1• 

20Mag. H.O. 

~ $999.00 

SAVE $360 OR ·MORE 

SAVE 
20-40°/o
OFF UST ON ALL TANDY 

ANO BS EQUIPMENT 

., TANDY LAPTOP: Save $400 or Morel 

., Save On STB, Zucker. And Other 
Non-TANDY Boards And Sottware! 

..- Save On All Radio Shack Products ! 
' 

CALL FOR LA TEST PRICES I 

) ~• 9'11..1 tlr """-,.,. ll jlJt ,., . rm~~ 

CALL TOLL FREE 	 '/flt:""'I""'"' • ~U1r1tllll t-~'lll"""" 
1-..tw wn1 "'' •~ r., _... ....~F0A OROEAS: 

1-800-44 7-4225 • 

~~~~~ :J~ WESTEIUl 
~~y••ti"ltll 

i:•u "" .~....~ E.LECTR.ODICS 

2J2. IY!A!N ST • MONTROSE, CO Bt401 • HOURS· g.5 MST M· 


Ask Dan About Taxes Tax Preparer 
$69.95 IBM version. $295 : 

Apple version , $250 
Requiremellls: 
IBM PC, XT. AT . or Requirements: 
compatible with 5 I2K bytes IBM PC, XT, AT . or 
of RAM . A hard disk drive is compatible with 5!2K bytes 
recommended . of RAM . A harJ J isk drive is 

recommended. 
Legal Knowlooge Systems Inc . 
l95 Maplewood St. HowardSoft 
Watertown. MA 02172 1224 Prospect St. , Suite 150 
(617) 923-2322 La Jolla, CA 92037 
lnquirJ 854. (619) 454-0121 

Inquiry 855. 

f the myriad programs designed to ease preparation of 
your 1987 taxes. I took a look at the prcreleasc versions 

of two: Ask Dao About Taxes and Tax Preparer. 
Most tax programs require you to have ei1her an extensive 

knowledge of the tax code or the patience to plow through the 
IRS booklets. Ask Dan is the first program I've seen that's 
designed to help the unstudied fill out their tax forms . 

Ask Dan uses Al concepts in it.s que.ries. lf you get 
confused while entering information , you call up the Ask Dan 
function with a single keystroke. Dan then asks you a 
question and, depending on your answer. either asks you 
additional question or makes a recommendation. I found it 
particularly effective in figuring out filing status and 
exemptions for several oddball situations I made up. 

Ask Dan is easy to install and speedy. and it includes the 
forms most taxpayers need . But Ask Dan help isn't available 
for every line of every fom1 ; you 'Jl still need to have the IRS 
publications at hand. And if you need to file extremely 
complicated returns. Ask Dan- at least in the version I 
tested-i sn't much help. II also needs at least rudimentar 
error checkiog. (l was able to enter an invalid social security 
number.) But if you file relatively simple returns. Ask Dan is 

contm11ed 

96 B Y T E • FEBRLIARY l 988 	 Circle 92 on Reader Service Card 



HypertExpert Systems 

.. . something totally new from Knowledge Garden 

and reference works_ Hypertext allows users to 
access information in anon-linear faShion by follow­
ing a lrain of thought. Hypertext lets lhe reade1 
control the level of detail and the type of information 
displayed. Bur that's just one side of the coin. 

EXPER.T SYSTEMS 
The other key ingredient to real exchange of knowl ­
edge via the computer is control by the author. 
That's why integration of hypertext and expert 
systems is such a breakthrough ­ it lets communi ­
cation take place between teacher and pupil, author 
and reader, expert and novice. It lets each side 
REACT to what the other says_ 

KNOWLEDGEPRO 
KnowledgePro is a totally new development envi­
ronment created by Bev and Bill Thompson.It costs 
$495 plus $5 shipping and handling and runs 

KNOWLEDGE PROCESSOR 
The age of packaged knowledge is upcn us. 
PC's now have the power to manipulate, store 
and retrieve knowledge using KnowledgePro, 
~-,--,..~_,...,.....~and • II I I'! 

KnowledgePro Is the I st s tem to provide an 

HYPERTEXT 
Hypertext lets you link related concepts. logic 
or procedures_ It adds a whole new dimension to 
written material like training manuals, help systems 

effective simple and aes eti edium for the com· 
munication of knowledge nd . 

Big corporations can o onstruct expert 
systems lor internal use Q c ly and without 
&xpenslve Al training. Ind ~ i u Is can author 
knOWledge oases lor commerci I r ucational use. 

on IBM PC , XT. AT or PS/2 with 512k memory. 
KnowledgePro is not copy-protected and there are 
no run-time fees_A working demonstration disk is 
available for $30 with full credit towards purchase 
of KnowledgePro. Call too copy. 

A LANGUAGE FOR 
EXPERTS 
KnowledgePro Is lor experts because it 
provides a wide variety of structures to 
work with. It has many advanced features, 
like infeience, list processing, topics, 
procedural control and inheritance. You 
can write new procedures in other lang­
uages and interface to other programs. 
You can read DBASE Iii and LOTUS 123 
data directly into the knowledge base. 

0 
 Another Intelligent 
tool In the

Kn!:ge Knowledge Garden
GARDEN Inc. family of producb. 

IBM ;s a r~1s1e181J ua~emarll 01 lntemal 10001Bus1nes:; Machincs loc. l\oQwledgePro Is a trMemruk ol Know li!QQe G.1JM11 Inc 
OBASE Ill Is a tradi!mark of i\sllton Tale. LOT US 123 1s a registered tradern.1rli ot Lotus OPNelopmrllt COl"ll 
Pf'lmo· Tcherwkol1 o 

A TOOL FOR 
BEGINNERS 
KnowledgePro let's you communicate 
knowledge, easily and without spending 
weeks on the details. KnowledgePro 
handles the details for yo'u. I! provides 
easy access to colors, windows and 
mouse contml. It's been called the BASIC 
of the 80's because anyone can get 
results quickly - and then grow into more 
sophisticated features at their own pace. 

Published by 

TO ORDER 
Call 518-766-3000 (Amer ican Express. 
Visa. M/C accepted) or mail YJJ"l'i1na31 
today. / CIJ,ck.. 

Knowledge Garden nc. 
473A Malden B · ge Rd. 
Nassau, NY 123 

The run-time v ion of KnowledgePro 
is freeon th electroniC networKs or 
$15 from nowledge Garden complete 
with u ul example applications. 
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Expansion Chassis/Tape Back-up 


Speclllcallon 
Model Mo. or Spoce lor Power Supply Dlmen11on l'TtceNo. Slol ~ Helghl Drive {WoHs) DXWXH(cm) 

M -1· 0 1 50 30>< 15><6.S ~130 

M-2 .l 3 100 42x 25>< 16 S209 
M-J 5 J 100 30x30x !5 S239 
M-4 12 2 100 40x49x 14 S2?9 
M·5 0 2 45 3ox 18>< 15 S149 

M O 0 1 :..tl 26.5 x 18>< 13.5 S·169 

M·1 5 2 100 38.5x30x13.5 sm 
M·B 0 2 tl5 39.5>< 16>< 13 5 $t4Q 

M-Q 0 2 w 38 .5x49x9 S249 
M· lO H 4 1J5 43 ><49>< 14 S2J9 

• F.xtro space tor o slond oJo ne conl1oll.;r 

FXl and RCV Adople<S {lnl~lng Compuleot & ChoWs Wilh Slot\) $149 

1ope Boc.lc-up (Wil h Conlrolle< &. Cob!&) .$499 

ORDER TOLL FREE: (800) 826-0267 

In CoHfornlo Coll (408) 434·0877 


SOURCE ELECTRONICS CORP. 

2380 Qume Drive, Suite A 


San Jose. CA 95131 

Telex: 279366 Fax: (408) 434-0539 


The JetMate is designed to ex· 

pand the memory capacity 

of HP's LaserJet 

Series II Printer. Ir 

is 1 00 % compatible 

wirh HP's 1 MB 

Memory Board. 

Distributor Wanted 

New 

"Ill' Lo•orJot S•riM II is • Tradorna1~ ol llowlon Packord Compony 

SHORT TAKES 

well worth its $69.95 price. 
On the other end of the spectrum is Tax Preparer (TP) 

from HowardSoft , For the 1987 tax year. TP has gone through 
a major rewrite. Past version. suffered from molasses-like 
performance. but in the new version, the calculations and 
related functions arc in machine language rather than BASIC. 
so it is much faster. 

lns1alling TP is a rea.J pain. Even if you're using a hard 
uisk drive, you'll need MS-DOS and BASIC on floppy disk . 
Nevertheless. TP is a very powerful system. If you are filing 
only a simple return, it' s definitely not for you. And because it 
ha, the capability to handle batch entry for multiple clients , 
it's especially suited to full-time tax preparers . 

TP has features like split scrcc·n am.I automatic creation of 
forms from raw data. It also includes esoteric forms like the 
2210 (penalty on estimate.d lax), the bane of tax preparers 
everywhere . For its fea!ures, TP's $295 price (for the IBM PC 
and compatibles) is reasonahlc. A partnership edition is also 
available for $495. 

-Stan l\,fiastkowski 

Video Output Port Expander 

T he Vopex-2M video output port expander lets you 
connect two RGB or monochrome monitors to one video 

port. It works with the Apple Macintosh 11 computer and 
Macintosh U-cornpatible video cards. 

Setup and opera!ion are simple. Turn off the Mac I.I and its 
monitor . Disconnect the monitor from the video port. Connect 
the video port on the Mac to the input port of the Vopcx-2M . 
(This cable. is included witb the unit . ) Then plug the two 
external monitors into the output I and output2 ports of !he 
Vopex:-2M . Flip on the power swi1ch on the front panel of the 
Vopcx:-2M. and both monitors can display the same picture. 

The Vopex-2M is a compact 2 1h - by 6- by 6 'A- inch hox 
with it. own built-in p(.)wer supply . It cont;'.lins active 
amplifiers for the red , blue, and green analog signals (lines 
2. 3. 5. 9, and 12 on the DB- 15 connector on the Mac II). with 
a JOO-MHz bandwidth for no loss in resolution. This boost in 
the video signal permits positioning the monitors up to 100 feet 
frorn the computer. u ing a standard cable. o r 250 feet u ing 
the optional low-loss video cables. 

I tested the unit on a Mac Tl with 2 megabytes of RAM and 
512K bytes of video RAM . I used a standard Mac II video card 
with 640- by 480-pixcl resolution . I used the Conrac Model 
7250 color monitor with a 19-inch screen and the Apple High· 
Resolution Monochrome Monitor. 

The unit operated correctly on the Mac H. The displays on 
both monitors were crisp and sharp, with no loss in definition . 
Both moni!ors worked simuhancously with the Mac II in 
color or monochrome modes. 

The Vopex:-2M is ideal for ·ituations where a group of 
people need to ee the output from one computer. 

-Stan Wszola 

The Facts: 
Vopex:-2M Option.f: 
$279 Low-loss video extension 

t·ablcs: 25 feet, $70; fs feet. 
Network Technologies Inc. $80; 50 feet, $90. 
19145 Elizabeth St. 
Aurorn, OH 44202 
(800) 742-8324. 
Inquiry 852. 
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Howtotell the difference 
betweenDESQview™2.0 and 

anyotherenvironment. 
Selecting OESQview 

the environment of 
choice. can give you the 
productivity and power 
you crave, without the 
loss of your o ld pro­
grams and hardware. 
If you like your existing 
programs, want to us 
them together, transfer 
da.ta. bet;ween them, 
print, sort, communi­
cate with or process­
in -background, yet still 
have the need lo keep 
in place your favoritt' 
PC(8088, 8086, 80286 
or 80386), DESQview 
is the "proven true" 
multitasking, multi- d 
windowing environ- 011e picture l.~ wor th a !housan prom1ses. 

or ontpatible 
computer ·u i/Jwut 
DESQvi ew'!.._fnfo-
World , Michael Miller. 

':A coloss·us among 
u ·1:ndowing euvfron­
m.enls"... "u 'ill run 
almost a:nyth:iny '!_ p 
Week, Marvin Bryan. 

"Windows, prom­
ises, l.ru.t.DESQv"iew 
d.el i ·ve-rs''-MICRO­
TIMES, Birell Walsh. 

No other envirnn­
ment has consistently 
pioneered features, opt'n­
nesi;, and productivity. 
See for yourself. Send in 
the coupon . The possi­
bili ties are endless wit h 
DESQview 2_0_ 

rnent for you. Best of a ll , DESQview 2.0 is he re now, 
wit h all the money saving, time saving, and productiv­
ity features that. othe rs can only promise for t he all-
too-distant future. 

And with DES(~view's new graphics enhancements 
for Hercules, CG A, E<;A , and VGA , Version 2.0 still 
offeri; the same award winning and pioneering fea­
tures for programs that earned DESQview its leader­
ship, only now you can also run desktop publishing 
programs, CAD prognuns, even GEM-~ Tupview-r~ and 
Mic rosoft Windows-"' specific programs . In some cases 
you· 11 add as little as l0-40K to your system overhead. 
Now you can have multi-tasking, multi -windowing, 
brea k the 640K habit too and still get an auto dialer, 
macros, menus for DOS and, for advanced users, a new 
complete application programmer's interface capabil­
ity. No wonder that ovN the years. and especiaJJy in 
recent months, DES(:.!view, and now 
DESQview 2.0 have earned extrava­
gant praise from some of t he most 
respected magazines in t he industry. 

" Prvd:uct uf the Yea.r" by readers 
vote in lnfoWorld . 

"Best PC Env·ironm.ent " by popu­
la r vote at Comdex Fall in PC Tech 
.Journal's "System Builder" Contest. 

"- lu oul.tln't w a:nl to ru.n a:n IBM 

DESQview 2.0 

j 9.1 I ...­

Attention Programmers : For more information 
about Quarterdeck '.'> AP! , and future 386 program 
extensions, calJ us today. 
SY.<;"TEM rtf'.Ql llHEME '1'S 
!RM Persorrnl Coll\pu1er ~' "'t IUO'!. .01npa11IJI<•< (whh 8t18tl, ~OSS. ~02 8 vr ~008~ 
ptU(.,~·l'C' ;;i:) with IHl)f:'lod1r'Ui'l1't' Ul'' 1•olor 1l l-iplny : IHM l'._:n..(11 ud Systf:mf2: . Mc.mory , r,.aoK 
r~oeon1n1N1d,..J : for UESQv'""' tLie!IO· l4 5K • ~;" p"n•l<~l M1>1not')' (Oplional): eJ<p:111d<'<i 
nu·.-n1~~ huru~t... ,~omi•:tl lh l r ;,•dl.h lhr lntd Ahc"J\'t:Ro::iint: i•nhHHN>il a: pandcd me.mr1r)' 
txmrtl1 c:mnp:tt il>le wilh thr A:::T RAMJ)Age ~ Dl.sk :1\iii'o c.!isl<~tt~ drives or Ol h• 1h,;i kett(.• 
dt iv1· ;uu! lt. httrd t!L""k • f:rn.11l1 il..,, G3rtl !0 ~1! lvnn t ) ~ 11\!'rcull~. IUM ColorlGraphlcii (f'{jA), 
IUM f: 11h ;1nc~d Graph <rs (E<;.~~ tllM l\>rsorial S;-• tcmi2 Advanced Graphic• (VGA)• 
Mt 1d~·(<>pti(11)ILI) :\ti)\IM' Sy!i tcnu., Ml1·rnsort a.n•I r..11ml:>al ~hlf·......... • Molllt.!m (or Aulu [Jhtl1, , 
(Opuonal) : llay."' <>r Conopn!lblo • 0 1l<'f'3ting Sy<tem: 'C-005 :W ·.1.:J: MS-D< t::;2_u .;u • 
Sr.!ft wrin': . . \ tol'it J'( ·-n1J S a11rl .\,S-OOS applicatlnn prn~r1im,q : 1 >ru~rams sp•e_c1f1 .' ' ' 
TupView I. I. GEM IJ and Mit·n.>sol'I Window> I ll3 • /.fodia IJ'.:SOview Z.0 i• .•V'A1h1hle 
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GROUP R VIEW 


Multiscan Color Monitors 

George A. Stewart 

Personal l'Omputcr graphics are pho phor~ un iformly arranged Fourteen versatile displays
on a technological joyride and in triads across the i nsidc su r ­
have been ever since IBM imro­ face of the dbplay tuhe. (In thethat let you use today's wide range
duce.d the open-architecture Sony monitor. the phospho r. 
PC Simply by plugging in the 
latest graphics ildapter. you can 
now go from monochrome text 
to 320- by 200-pixel graphics with 4 of 16 
colors (CGA). to 640 by 350 pixels with 
16 of 64 colors (EGA), or to 320 by 200 
pixels with 256 of256.000 colors (VGA). 
New non-IBM -standard boards offer 
even highe r resolutions. And becau se of 
Apple' s use of open architecture, Macin­
tosh II owners Ciln look forward to the 
same kinds of upgrades . 

The only problem is that replacing a 
graphic s adapte r often necessitates a 
mcm: expensive replacemen1 : the monitor 
itself. Multi scan color monitor, -moni ­
tors that can operate over a wide range of 
horizontilJ and vert ical synchroniz.ation 
frequencies-solve the upgrade problem 
by offering compatibility with every stan­
dilrd IBM graphics adapter around today . 
These monitors even offer a chance of 
compatibility with the highcr-resoluti.on 
graphics adapters that will he offered in 
the near future. 

NEC pioneered the multiscan market 
with its Mu.ltiSync. introduced in late 
l985. and Sony soon foll owed with its 
Multiscan CPD 1302. Today. you have a 
truly wide. variety of monitors to choose 
from. BYTE looked at 14 multi scan 
monitors that range in price from under 
$700 to over $3100, alJ of them usable 
with CGA. EGA, and VGA display 
adapter cards, and somecimcs usable wich 
Hercules graphics cards and the Macin­
tosh II graphics adapter. All the monitor.~ 
accept digital and analog input (VGA 
and Macintosh II color use analog sig­
nals; the other adapter are digital). You 
can expect the choices to continue to 
grow; since we began thi · review. several 

George A. Stewan is a tedmical edi10r at 
BITE. He can be reached m One Phoe­
nix Mill ume. Peterborough. NH 03458. 
or on BIX as ..gsrewart. " 
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of graphics adapters 

companies, including NEC. have intro­
duced new models. 

In add ition to perform ing usabiltt y 
tests and making subjective evaluations. 
we put 12 of the monitors through a series 
of objective tests using Microvision lab­
oratory equipment custom-designed for 
measuring color monitor performance . 
(The equipmen! is described in Lhe text 
box on page 112 .) The two monitors we 
were unable to Lest with the Mic.:rovision 
equipment for various rea ·ons (explained 
later) were the NEC MultiSyn<: XL and 
Princeton Graphic Systems llllrasync . 

Some Terminolog_v 
Color monitors reproduce colors as addi­
tive combi nations of red , green, and blue 

Conrac 7250 
Electrohome ECM 1310, 

131 2, 1910 
Logitech Autosync 


Magnavox MultiMode 

Mitsubishi Diamond Scan 


Nanao Flexscan 

NEC MultiSync Plus 

NEC MultiSync XL 

Princeton Graphic 


Ultrasync 

Sony Multiscan 


Taxan Multivision 

Thompson Ultrascan 


are arranged in alternating ver­
tical stripes.) Corresponding to 
the three phosphors are chree 

electron beams. each of which is sup­
posed to illumina1e only one phosphor 
color . 

The tridm pitch is the distance between 
che RGB phosphor triads. AU but three of 
the monitors tested have a t.riJot pitch of 
0. 31 mil Iimeter ; ex,:eptions are the 
Nanao Plexscan (0 .28 mm). the Princ:~­
ton Graphic Systems U ltra sy n,: (0. 28 
mm), and lhe Sony Muhiscan (0.26 mm) . 
A finer dot pitch implies the ability to 
represent finer detail in text and graphics. 

Horiwnral scan.frequency i~ the r.:1te at 
which the electron beam SCilns across the 
screen . Rates for the standard graphics 
controllers arc 15 .6 kHz (CGA) , 21. 8 
kH z (EGA), 30.4 kHz (Profe ss ional 
Graphics Cone roller). 3 1.5 kHz (VGA). 
and 35 kHz (Macintosh ll). 

Vertical sam frequencv is the rate at 
which each full frame of the display is 
drawn . At ratts bdow 60 Hz. the display 
may flicker, producing eyestmin . Most of 
1J1e monitors tested c an handle rates from 
45 Hz to 75 Hz or higher. enabling them 
to work with lhe graphi1:s adapter stan ­
<la rds listed above . 

Bandwidth tell s how fast the electron 
guns can turn on and off. The higher the 
bandwidth. the more indi.vidual points a 
monitor can have on each line and, thus, 
the higher the resolution. A bandwidth of 
about 34 MHz is needed for VGA di s· 
plays, but some of the monitors we tested 
have bandwidths much higher-up to 65 
MHz for the NEC MultiSync XL. Thl' 
extra bandwidth gives a monitor greater 
upward compatibility with non-IBM­
standard di splay contrnllcrs. For in­
stance, the MultiSync XL offers 1024 by 
768 resolution when u~ed with N'EC'.;; 
MYA-1024 t'onuoller card. 

Rrsolwio11-the maximum number of 
pixel s on a horizontal and verc ical line­

http:highcr-resoluti.on


derives roughly from the hanJwidth and 
the horizontal and vcrtkal scan frequen­
cies. Resolutions of the multiscan moni ­
tors we tested ranged from a low of 640 by 
480 (for the Taxan Multivision 770 Plus) 
to a high of 1024 by 768 (for the NEC 
MultiSync XL) . 

To reduce the eflects of ambient light, 
monitor manufacturers use several te<.:h­
niques . Tuo common methods involve 
etching the screen surface to diffuse and 
auenuate reflections and tinting the glass 
to improve contrast. Etched-surface mon­
itors are eiisy to identify by the fact that 
reflec1ions have soft edges. Etching the 
sere.en induces acertain amount ofdistor­
tion of the pixels. Some monjtors have a 
polished surface, reducing pixel distor­
tion but giving sharp relections. 

Digiwl signal input means the color 
monitor can reproduce only a finite num­
ber of colors corresponding to discrete 
signal levels from the graphics boards. 
For instance, the CGA ·s digital signals 
are R. G. B. and I (intensity), yielding 16 
colors. The EGA gives R. r, G. g, B, and 
b. yielding 64 colors. 

Analog signal input means the color 
monitor can reproduce infinitely many 
<:olors corresponding to continuously 
variable signal inputs for R. G, and 8 . In 
practice, the number of colors i limited 
by the graphics adapter. For instance, 
VGAs store 6 bits per color, yielding 2 18 

or over 256,000 possible colors. The 
Macintosh II stores 8 bits per color , 
yielding 22• or ovt!r 16 million colors. A 
DI A convener located inside the adapter 
provides the driving analog signal for the 
monitor. 

Compatibility and Subjective Testing 
To test the monitors for compatibility 
with CGA , EGA , and VGA graphics, we 
used an IBM PC XT with the Sigma VGA 
card ($499) from Sigma Designs (4650 l 
Landing Pkwy., Fremont CA 94538). 
The card has separate outputs for digital 
and analog signals. lncluded with the 
card is a diagnostic program that puts test 
patterns on the screen and tests the moni­

tor's response to various modes within 
CGA, EGA, and VGA specifications. 
According to its instruction manual, the 
SigmaVGA card is fully compatible with 
the IBM PS/2 BIOS. 

For reference purposes. we used an 
IBM PS/2 Model 80 connected to an IBM 
8513 12-inch analog color monitor. The 
Sigma VGA diagnostic program ran just 
fine with the Model 80' built-in VGA 
circuitry, except when the program at­
tempted to test Sigma VGA enhanceme.nts 
to the VGA standard. The SigmaVGA 
card does not work with the 8513 moni­
tor, so we were unable to test the effects 
of the graphics card on this moni1or . 

The PS/2 system urut was placed about 
2 feet to the right of the monitor being 
tested, and the PS/2 monitor was about J 
foot away from the tested monitor. As 
noted in the individual product reports 
that follow, many of the monitors were 
su ceptible to electromagnetic interfer­
ence (EM!) from the nearby PS/2 moni­
tor. showing various degrees of instabil­
ity. With every monitor tested, except the 

Electrohome ECM 1310, turning off the 
PS/2 monitor eliminated the problem. A 
few monitors {Conrac 7250. Electro­
home ECM 1312 and ECM 1910, Mag­
navox MultiMode 8CM873. and NEC 
MultiSync XL) showed no interference 
from the nearby PS/2 monitor. If you 
plan lo use two monitors or tV-'O separate 
systems close together, our tests show 
that you should consider the possibility of 
interference be.fore selecting lhe moni­
tors, a.nd that you shou ld choose one that 
is well-shielded against EM!. 

In addition to the Sigma VGA diagnos­
tic test, we ran a 256-color palette-shi ft 
program wrinen in QuickBASIC 4.0 and 
provided by Microsoft. The test di play · 
a 16 by 16 matrix of color boxes. Green 
shading ranged from maximum to 0 left 
to right ; red ranged from maximum to 0 

continuqc/ 

Photo l: The 256-<:vlor pu/eue-shift 
program (VGA mode) , 11sedforchecki11g 
a monitor's ability to represent fine 
shades ofcolor across the spectrum. 
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MULTISCAN COLOR MONITORS 

top ICJ bottom. The amount of blue is ad­
justed from ma:<imurn to 0 hy keyboard 
control. The test let us check the moni· 
tor's ability to represent fine shades of 
color across the spectrum (see photo l ). 

We also ran Microsoft'~ TORUS.BAS 
demonstration program, which put~ a 
color image on a black sere.en a.ad "ro­
tates' · it by sh i ftj ng the color palette. Th.is 
is a goo<l te~t for gauging image/back­
ground contrast. and the color-on-black 
imllge product::d i~ typical of st.'.l.ndard 
CAD applications . 

To test rnmpatibility with the Macin­
tosh lrs color graphics board, BYTE 
technical editor To m Thompson con­
nected the monitors to a Macintosh II and 
displayed a variety of color image files 
and ran a color bl it test. The color blit test 
randomly paints rectangular regions 
within a window on the screen. During 
these tests, most monitors were placed on 
top of the ·ystcrn unit; the exceptions 
were the 19-inch monitors. which were 
placed 10 the right of the system unit. 
Tom uscct Apple' s I :1-inch color monitor 
($999) for the Mac as a reference for 
comparison. The Apple monitor sur­
passed all lhc reviewed monitors in bolh 
color quality and stability of the display. 

During the Macintosh te ·ts, we noted 
that a number of monitors $howed EMl­
induccd fringing or instability around the 
edges of the. picture area during disk ac­
cesses. The color blit test also produced 
instability around the edges on some dis­
plays; this woulc..I be <.t negative factor only 
for persons using the display in anima­
tion-intensive applications. 

When using a tilt /swivel-base monitor 
with the Macintosh II. you must be care­
ful not to place the base directly over the 
cooling vent on top of the system unit. 
because the base re-Sts f)at and would 
block the airflow. However, there is still 
room on the right side of the system unit 
for the monitor. We don ' t recommend 
placing the 19-inch monitors, which typi­
c<1lly welgh about 55 to 75 pounds, on top 
of the system unit: they are simply too 
heavy for the plastic chassis to support. 

Lab Tests 
For low-kvel objective testing. we. used 
equipment from Microvision. a company 
specializing in CRT measurement equip­
ment. Each monitor went through a 30­
minute warm-up pe.riod before we be.gan 
re.sting it. 

On each monitor, we set ou! to mea­
sure the ii.1lluwing: spot size as a function 
of display brightness, time variance 
(swim. drift. and jitter), misconver­
gence, and voltage regulation. Fourteen 
tests were made on each monitor at two 
light levels, low and high. For most 
monitor~ . wi;: used a low light level C>f 10 
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fooHamberts; since the ECM 191 O's 
high brightness level wa only 11.1 ft­
lamberts. we u.sed 5 ft -lamberts as its low 
level. The high level varied, depending 
on the range of the monitor' s brightness 
and contrast adjustments. 

Figure l shows the levels usec..I t\)r low 
and high brightness for each monitor; in 
addition to documenting our tests, the in­
formation gives a rough idea of the 
brightness range of the monitor_ The 
Electrnhome ECM 13 I 0 had the widest 
range ( IO to 30 ft-lamberts), ancl the 
Electrohome ECM 1910 had the lowest 
(5 to 11.1 ft -lamberts). 

Spot si:.e is the minimum size that can 
be iJlurn.inated by the beam. Microvision 
equipmem gives separate readings for 
horizontal and vertical dimension . To 
come up with a single number , we took 
the. square root of the sum of the squares 
of the borizonral and vertical mcasure­
me.n1s; thi s would correspond to the 
length of the diagonal line across a spot. 
II is important to take overall screen size 
into account when comparing ·pot ·izcs; 
a 0. 8-nun spot size on a 19-inch screen 
will appear finer than the same spot size 
on a 13-inch monitor. 

Spot siz.e is interesting as an absolute 
measurement : It shows the 1rue fineness 
of the display beyond the nominal dot­
pitch speci ficatioa. The monito(s we 
tested showed a minimum spot size rang· 
ing from 0 .4 mm (NEC MultiSync Plus 
imd Electrohomc ECM 1910) to 0.8 mm 
( Mitsubi s hi Diamond Scan AUM 
1371 A). It i also interesting to note how 
the spot size changes from the center of 
the screen (best case) to the upper left 
corner (usually ihe worst case). In a per­
fectly designed monitor. there would be 
no change. The MultiSync Plus wus 0.6 
mm in the corner; contrary to the general 
rule. the Mi1subishi Diamond Sean's 
spot size went down to 0.6 mm. The 
Nanao Flex.scan showed lhe least change 
in spot size from center to corner . 

We also measured how spot s ize 
changed with respect to brightness. As 
brighmess is increased , the spots 1end to 
e.nlarge or ' ·bloom." The less they 
bloom. the better: It means the resolution 
is independent of its brightneS$. The 
ElectrohC>rne ECM 13 l 0 had the greatest 
degree of blooming i.n the center and 
comer of the. screen . The Electrohome 
ECM 1312. Logitech Autosync, Mitsu­
bi shi Diamond Scan. and Taun Multi­
visioa all had small bloom factors in the 
center, and the ECM 1312, Conrac 7250. 
and NEC MultiSync Plus were all low­
bloomers in the corner. 

The spot size results are presented in 
figures 2 and 3. Nole that the spot sizes 
have been adjusted for screen size, using 
13 inches as the standard sire: adjusted 

spot size =- actual spot size x 113/sc reen 
size). 

Time variance measures undesirable 
fluctuations in the beam position in terms 
of millimeters per time interval. High­
frcquency movement (at 0.5-sccond in­
tervals) is call ed jitrl'r. Medium-Ire· 
qucncy movement (I 0-sccond intervals) 
is called swim. Low-frequency move­
ment (60-sccond i.ntcrv:ils) is called drlf1. 
Microvision equipment measures .hori ­
zontal ancl vertical time variance ~epa· 
rately and records the average and ma;o;i­
mum variarn;cs for jitter, swim, anc..1 drifc. 
Large amounts of drift can make it diffi­
cult to do precision graphic · or CAD 
work; higher-frequency jitter and wim 
can cause eyestrain . 

NEC , Nanao, and TaXJJn monitors per · 
formed best on the jitter, swi m, and drift 
tests. The Magnavox MultiMode had by 
far the worst jitter, swim, and drift. Fig­
ures ]a , 3b, and 3c presenc the average 
time-variant·e results, with only the ex­
ceptional cases (best and worst) called 
out; linear measurements have been ad­
justed to account for screen size. 

Miscom•ergence measures the amount 
of e.rror in electron beam/phosphor dot 
alignment. Severe misalignment causes 
white text to seem to have fringes of 
color. We mea~;u red mis,·onvergence at 
the center of lhc screen (best case) and at 
the upper left corner (worst case) . Micro­
vision equipment measures separately the 
e,rror in RG. BG. and RB convergence in 
horizontal and vertical directions. The 
Ele.ctrohome ECM 1312 had the lowest 
overall misconvcrgMcc , alth<1ugh a num­
ber of olher monitors did well on one or 
more of the tests. Logitech's Autosy nc 
rated poorly on three of the four mim n­
vergence tests . 

Figures 4a , 4b. 4c, and 4d present the 
rnisconvergence test re ult . Note that the 
linear measurements are adJUSted for 
screen size . 

Idea.lly. the position of a line or shape 
of an image on the screen should be inde­
pendent of the rest of the screen's con­
tents. For instance, a line across thi:: top 
of an otherwise black screen houldn 't 
move when the rest of the sc reen is filled 
with white. The actual amount of change 
is determined by the monitor' s internal 
voltage regulatlon lnot related to line 
voltages within the normal range). 

To test the monitors, we compared the 
position of a horizontal line at the top of 
the screen when the rest of the screen w<1s 
hlack and then when the sc reen wa 
white. We did the same thing for a verti­
cal line along the left side of the screen. 
The Microvision equipment measured 
the difference in top and side position~ in 
millimet<:rs. As with spot size. we pro­

cominu,•d 
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httroducing UniLab 8620 analyzer-emulator with htSight. 

• '11iere's nothing like lnSight."' A feature 

of the new 86l0 that lets you actually watch 

rour program go th rough its paces. So you 

can debug fa~ter. And speed up microprocessor 

development. For dem:mclingapplications like 

the aummot ive controller shown. 


• An e..xci ting industry first , lnSight blends 

analyzer/ emulator techniques to give you 

continuous, real time monitoring of key pro· 

cessor fun<.tions. See d1anging rei,>i.~ter contents, 

110 lines, ports, user· defined memorywin· 

dows. With your own labels. And all at once. 

Interactively. 

Without SIOllping 

your progr.un. 


• lnSight is made possihle by tJ1e 8620's 
adv;lllced bus tateanalrLer. its 2 3D·bus-cycle 
trace buffer,and a new high- speed parallel 
interface that eliminates RS-232 bottlenecks. 

• TI1e fast interfacealso speeds data 
throughput. From your hard drive, youcan 
load a64K program into emulation memory 

• Computer intei1rated instruments from 
Orion prove debugging nccdn 't he costly or 
tedious. For more than 150 prucessors. 1.ike all 
our analyzer·emulators. the8620 debug~ by 
symptom. Via advanced truth table triggering. 
Always included is enough hreakpointing 
and single stepping (now fa~ter than ever) 
to a.ssure oplimum efficiency. We cwn prov ide 
a stimulus generator and built·in EPROM 
progr.immcr to help finish the job. 

• Get serious about price/ performance. 
Save bi!( un design. test, and supJK>rt co~ts 
llniLah 8620 analyzer-emul~tor. 

• Look into it. 

Toll free: 800/ 24 5-8500. In fA: 415/ 361 -8883. 

.=. = • ..=.. :;. = 
I N S T RUMENTSin five seconds. 
Computer Integrated Instrumentation 

• On IOp of that, you get a new, crystal· i 02 M:irsh:tll Street. Redwood City. CA 9·10li.~
controlled Iµsec clock for super prt'Cise Telex : 550942 
event timing. •1nSl~t Is i tml<m>rk of Orion I1t<uu mem> , I tl<~ 

Circle 169 011 Reader Stniict Card 

http:progr.un


MULTISCAN COLOR MONITORS 
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MULTISCAN COLOR MONITORS 

a) Horizontal misconvergence, center c) Horizontal misconvergence. upper left corner 
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.,. Figure 5: Voltage regulation: line displacemelll in mm 
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1 Conrec 7250 7 Mitsubishi AUM 1371A 
2 Electrohome ECM 1310 8 Nanao 80608 
3 Electrohome ECM 1312 9 NEC MulliSync Plus 
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MULTISCAN COLOR MONITORS 

dui.:ed a si ng.le number as the vector um 
of ihe horizontal and vertical movement. 
To factor .in screen size. we then divided 
this number by the screen size. The 
smaller the amount of diange. the better. 

The NEC MultiSvnc Plus and lhe Con­
rac 7250 had 0 pcrcem change- that is, 
perfect voltage regulation. The Mit u­
bishi had the highest change. about 17 
percent. 

Figure 5 presents the results for the 
voltage regulation test. ln evaluating the 
result, it is well to keep in mind the over­
all brightne.s range of each monitor; a 
monitor with a low upper limit for bright­
ness 'hould have a much easier time with 
voltage. regulation . A monitor with a high 
upper limil for brightness might look 
much beuer if used al a lower brightness. 
The size of each circle in the figure is 
proportional to that monitor's brightm:ss 
rating . For instance, the Nanao and 

Thompson monitors both have. a moder­
ate line movement ofO. l mm. However. 
lhe Thompson has a i.:onsidernbly wider 
brightness range, judging from lhe size of 
the cin::les in the figure. 

Clear Winners 
All 12 of the monitors te sred pa~sed our 
CGA. EGA. and VGA compatibility 
tests; 11 passed the Macintosh compati­
bility rests (we could not test the Logitech 
Auwsync with the Mac 11 because 1he ap­
propriate cable wa~ not supplied) . How­
ever, as you'll sec from the individual 
product reports , a number of perfor­
mance variables made it easy to select 
favorite s_ 

For color purity and overall stability. 
we liked the Electrohome E M 131 2; 
however , rhat monitor u, es long-persis­
tence phosphors and would not be. suit­
able for many animation applications. 

For the Macintosh II. none of the 
monitors beat out Apple' ~ owr.1 color 
monitor. The Sony placed a close second 
in color quality and stability . and the 
ECM 1312 matched it in color quality. 

Of the two l9·inch mor1i1ors that we 
lab-tesied. the ECM 1910 had the lowest 
misconvergcnce in t11e center; the l'Ml 

rated about the same in the corner. Con­
rac had perfect vohagc regulation: ECM 
1910' was about average. The ECM 
19 l 0 had slightly finer spot size. Time 
variance on 1hc two units was about the 
same. Jn subjective tes1ing. Con.rac had 
better stability during color bl its. 

Considering the rest of the monitors: 
For overall fineness of display. Sony and 
NEC were the winners. NEC had lhc best 
time-variance rat ing. Among bargain mon­
itors, the Taxan Multivision (S795) !Urned 
up in the top \1.1;u or three more frequently 
than any other under-$91'.X) monitor. 

Clo r Looks: Connc 7250 
This is one of the three larges! monirors 
we tested . The $2995 unit m~~sure 19 by 
14 by 22 inches and weighs 68 pounds. 
The 19-inch screen surface i~ etched to 
diffuse reflections. The bezel is deep, re­
ducing lhe effects of lateral reflec1ions . 
Front panel adjustments include bright­
ness and contrast. There is a switch for 
text/graphics mode and a degauss button 
for use when colors become impure due 
to magnetization of lhe picture tube . Due 
to the 22-inch depth of the monitor, the 
placement of the power switch on the rear 
is a little inconvenient. The brightness 
control adju sts the normal -intensity 
colors and has little or no effect on the 
high-intensity color, . Contrast affects all 
color · unifom1ly. Rcspon ·e lo both con­
trols was . omewhat rough and non] incar. 

Rear panel controls are few : power. 
analog/digital. and a couple of switches 
for use with non-IBM-compatible com­
puters in digital mode. The unit has no 
external adjustments for vertical or hori­
zonta.l po. ition and size. A single D-sfo:ll 
plug handles analog and di_gital inputs. 

According to specifications, the unit 
has a bandwidth of 40 MHz and a maxi­
mum resolution of !024 by 600. Horizon­
tal scan range is up to 37 kHz, and verti­
cal scanning i.s fmm 48 to 60 Hz auto­
matic , internally adjustable to 80 Hz. 

The unit had no difficulty locking onto 
the various horizontal frequencies used in 
the SigmaVGA diagnos1ic test. In the 16­
co!or comparison test , the Conr.tc had 
darker browns, deeper reds. and brighter 
greens than the PS/2 moajtor. In the 256­
color palette test. a slight color-purity 
problem was notjceable in the lower right 
corner of the screen; al I color · showed a 
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blue tint . The degau s button didn •t help . 
However, the black-background torus 
test was extremely sharp: due to the black 
background, the color-puriry problem in 
the lower right was not evident. 

No inte.rference from tJu:: nearby PS/2 
monitor was noted. 

When connected to the Mac II , lhe 
Conrac monitor was very stable during 
color bill'\ and di sk accesses. Colors were 
al so excellent , though not a. good as 
those oo the Apple color mooi1or. 

The 28·page User's Guide gives dear 
explanations of installation , operation , 
and troubleshooting . The warranty is one 
year parts an<l labor . 

Electroh m ECM 1310 
The $1198 ECM 1310 measures 13 by 14 
by 16 inches and weigh 29 pounds. The 
13-inch screen surface is etched, and re­
flection~ are. diffused. The bezel is deep 
enough to reduce reflections. Front panel 
controls include brightness and contrast 
adjustments anJ a power swit.:h. Brighl­
ness adjusts all bul high-intensity colors; 
contrast adjusts all colors. Re ponse to 
both controls was smooth. 

The rear panel is loaded with controls: 
analog/digital , unclerscan on/off (for use 
with low horizontal-frequency display 
adapters, such as CGA), an<l separate ~els 
of ve.r1ica1/horizontal size and position 
adju. tments for analog and digital inputs. 
The digital inpul plug is a 9-pin D-shell 
plug _For analog input. the unit has sepa­
rate BNC-typc plugs for horizontal sync. 
vertical sync. blue, green. a.ad red. A 
corresponding set of BNC output plugs 
lets vou connect one or more additional 
monitors to be driven from the same input 
s ignal. The placement of the size and 

posit ion controls on the rear is a litt le 
inconvenient. 

Bandwidth is 30 MHz. Resolution is 
up to 720 by 540. Horizontal scan frc· 
queni.:y is up to 34 kHz; ver!ical scan. 47 
to85 Hz . 

In the SigmaVGA cl1agnnstic test se· 
qucncc. the unit made e pe-cially smooth 
transilions betwee.n the variou. screen 
modes . There wa s some blooming of 
1ext, except at low brightness levels. In 
the 16-color test. the brown color had a 
sl igh1 orange tin!. and a color-purity 
problem was noticeable on the lef1 side 
(colors were orange instead of red) . 

In the full- screen 256-color palette 
test, some fuzziness was visible at the 
edges of the image. The unit flickered 
ignificantly: turning the ne.u rb PS/2 

monitor off did not reduce the flicker. 
Flicker was especially noticeable when 
blue was set to maximum value in the 
256-color palette test. In the torus test. 
adjusting the contrast control affected the 
tint of the colors. Electrohome offers a 
metal-ease ve rsion of th e monitor 
($1587) that. ai.:cording to the wmpany. 
eliminates monitor cross talk and other 
interference problems. 

When the monjtor wa~ connected to 
the Maci.ntosh II. there was a faint shade 
nf magenta ()r hlue on the entire screen. 
but lhis effect soon became unnoticeable 
clue to the eye' s adjustments. Because the 
monitor uses shon . persistence phos · 
phor , no color ' Creaking was present 
during animations. 

Documentation consists of a four-page 
brochure with four operation steps, a few 
cautions, a controlfconnection diagram. 
and specifications . No troubleshooti ng 
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WE\rE JUST MADE EBEST EVEN 
Peachtree Completen:The Business Acoounting 


The success s-iory 
of Peachiree Complerc.: 

(now with O\'Cr 200,()()() 
users) continues with the 

newest member of the 
Pcachtrt't: family, Peachtree 

Complele II. Much more than just 
an updare, Complete Il builds upon 

rhe comprehensive: features Lhat ha\•c 
made Pt.";ll'htrcc tht'. leader in srruill busi­

ness accounting software for nearly ten 
ye;us. Wt"'vc: added many c:xciting new fea­
!'urc:s and dt"Signed st.ate-of-the-an methods 
for using the packages_The n.."'illlt-all c.lght 
module; arc: c:,·en more powerful and c-.isy 
IO use. ye1 still priced at just '199-a 96% 
price reduction from the original 14,800. 

IB' wlndows and Pop-Up Menus. 
Complete U is designed for usc::r convt_' ­
nicnce. sc the rnrsor throughou1 1hc syswm 
to make t-.isy " point-:.md-shool'' selection~. 
If you can ' t remember a customer or 
:1ccount number while lL5lng :1 program, 
simpl)' open a window and scroll through 
your cuswmcr list or ch.an of accounts . 
Sck"t:t the infonn.atlon you ' re: looking for 
direct! from the table! 

Short-Cut Ke)' . We speed you from 
one function to another without the: time­
consuming task o f mammUy passing through 
multiple mcriu..~ . 

IJ!" Smart HELP. If you get stuck. the s:unc 
fun ctio n key wHl always brin~ HELP 10 rour 
rt...-.;uic with pop-up windows of lnform:uion 
th.at rcla1t· to your individual trouble spot at 
hoth program and fkld levels_ 

Qulck-and-Blsy lk ror Ha.odJJng. 
Complctc II traps errors and (lh•cs a plaln­
English d<..-.;cription of the problem along 
with suggested solutions. 
t:1"R:m,ge Printing. Print aU inform:i.tion 
on a rcpon or select a specific range of 
information for prim out. A grt":lt fcamrc 
for m;tarting long report:; or p-.trti:d printinp; 
of ccnain St'Ctions. 

G!" E:.151 t lnstalliltlon Ever. Enter vour 
t·urnp:i.ny's infom1'ltion once arid ii iS 
rctkctcd throughout the system. Complclc 
II includes a separate Installation Gulde. 
bm;ic Accounting Primer, elght-\•olumc 
Reference Library and extensive Tutoriili cm 
each p:Kkage - alJ at no extr.1 charge! 
or' Ideal for Service Bus In s . Enter 
infomr~tion free fonn on service invoices or 
store pn..'-dcfincd [Y.ttagr.1phs of up to 160 
l·h:~r.1ctcn> . Enjoy full ediling c'll.pabilitit.'S at 
time of invoice entry. 

Bight lntcgralcd Softwatt Modules 
• Gctk.Till Led~ • Inventory 
• Accounts Receivable • Fl.1.C'() Aslet5 
• Involling • Job Cost 
• AccounlS Payllhlc • Payroll 

Complere lJ includes cighl softw:ue moll· 
ult'li lhat may be integr~tcd or instaUed 
individually and may be distributed among 
S<.-par.ue compu1crs. ln.~1all the most critic.ii 
modultll initfaUy: add othe.rs laier. 

COMPARE fEATURE "fOR FEATUll.E 
_,,._.,...............,. 
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Call Now lo Ord~r 


or for :.1. Deale.r Near You 


1-800-247-3224 
In Geofll,ia. call 1-404-564-5800 

Cfrde 176 011 Read~r Sen·ia Card 
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/ Money-Ba<'k Guarantee 

When you purchase Peachtree Complete U 
directly from r e:u.:htree Software. you're 
prmccted wi1h a 30-0ay Money Back 
Guarantee. If you ' re no1 s:lli tied , imply 
rctum ll1<· produc1 in sak;iblc: <·ondilion 
within 30 days and }'OUT pureh:t.'iC price will 
he prompt.I)• refunded. (A 520 restocking fee 
wm be charged if disk bag Is openro.) 

And. of course. Complete Cl l~ backed by 
Pcachtr<-e Software 's famou~ technical sup­
pon. labeled by 111/oWurld as "1he finest ln 
the indusrn·". Tcch.nlcal as.~lstance is avail· 
Jble for SI 'per minute with a 20-minutc 
minimum \•ia a toll-free telephone number. 
You only pay for wh.at you need. wlt.hout 
unnecessary suppon contr.icts. 

llu y Forms Dl..re1:1 from Pochll'ee 
EnjO)' the: convenience and economy of 
buying your forms dirL-.:1ly from P~~.11:hlrec 
Software with gua.rameed comp:u lbUlty. Call 
l-800-SS3-&l85 IO order forms _ In Ohio. 
c:dl l-513-973-0110. 

Announcing PDQ II 

Transfer vour valuable Pcac_ht.rec accounr· 
ing infori:n:uion to Lmus 1-2-3 • dBASF" 
and other programs for funhcr analys is . 
plus creatl' custom reports . invoices ~nd 
statements with Pc:achrrec Dar:t qucrr 11 . 
Updated to take full advantage ol 1hc in­
cre-ascd capabilit ies of Peachtree Complete 
ll, PDQ II is priccc.J :u just S 199. Ca ll tod:ty 
to order! 

Han:lwiltt Sptdfla1loru. 

RnJuiro PQ}.t_S-OOS vc111 h.1r1 2.U u:r hlShcr w llh ~841\ Of 

WirtblL" m~mory wilh 2 minimum 10 MD ttard tJll..k. for u~ 


": Ith llK" 1UM"3 PC. PC XT. PC AT. Pcr.oon:.d S)·Menlf2: I M 
::1.ml comp:nfhlcs 3~ ~ mt:ill.'l. opdon:il1)' 11\'~_lbble. IBM b .i 

rl"1tlMcn"tl 1r.a.dr:nurlir. 2nLI P~fsn~ Sy:strrn/2 b ;:a [f"Jilcn:tark 
o ( lmem21 ion:il HU!l.Jl'l05 M:ichi~ Not capr procccted 
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MULTISCAN COLOR MONITORS 


Name and company 

Modal 7250 

Comae Corp. 

1724 South Mountain Ave. 

Duane. CA 91010 

(818) 303-0095 
Inquiry 908. 

Elec trohome ECM 1310 
Electrohome Ltd .. Display Systems 
809 Wellington SI. N 
Kitchener, Ontario 
N2G 4J6 Canada 
(519)744-7111 
Inquiry 907. 

Electro home ECM 1312 
Electro home Ltd,. Display Systems 
Inquiry 908. 

Elactrohome ECM 191 0 
Electrohome Ltd .. Display Systems 
Inquiry 909. 

Autoaync TES 155 
Logitech Inc . 
6505 Kaiser Dr. 
Fremont, CA 94555 
(41 5) 795·8500 
Inquiry 910. 

MulttMocle 8C'M873 
Magnavox 
NAP. Consumer Electronics Corp. 
P.O. Box 14810 
Knoxville. TN 37914 
(615) 521-4316 
Inquiry 911. 

Diamond Scan AUM 1371 A 

Mitsubishi Electronics America Inc. 

991 Knox St. 

Torrance. CA 90502 

(213) 515-3993 
Inquiry 912. 

Price 

$2995 with short-
persistence phosphor; $3095 
with long·perSistence phosphor 

$1196; melal·case version, 
$1567 

$1198; melal-case version, 
$1587 

$2795 (metal-case version 
not available) 

$699 

$899 

$889 

Screen size 

19·1nch 

13-inch (etched, 
shor1·persistence) 

13·inch (polished, 
Iong · persiste nee) 

19-inch (etched. 
long.persistence) 

13-inch 

13-inch 

13·1nch 

Accessories 

Included: 9· lo 9·p1n cable 
Optional: T1lt·sw1vel stand. $100: 
PS/2 adapter. price pending 

Optional: Tilt-swivel stand, $54 : 
cables. price pending 

Optional: Tilt·sw1vel stand. $54 . 
cables. price pending 

Optional; Tilt-swivel stand, $1 06, 

cables, price pending 

Included: Tilt-swivel stand. 9- to 
9-pin cable 

Included: 9· to 9·pin cable 
Optional: Tilt -swivel stand. 
$29.95; PS/2 cable. $24.95. Mac 
II cable. $39.95 

Included: 9· to 9·pm cable 
Optional: Till·sw1vel stand. $30. 
PSl2 cable, $19.50 

information or detailed oper.nion instruc­

tions are provided. Warranty is one year 

parts and labor. 


Electrohomc ECM 1312 

The $1198 ECM 1312 has a long-persis ­

tence phosphor and a clear. polished 

sc reen surface. Reflections off the 13­
inch screen are sharp but unobtrusive. 

Otherwise , the unit is idemical in size, 

weight, controls, and inputs 10 the ECM 

13 JO (see photo 2). 


The long-persistence phosphor has a 
curious effecl on blinking images, such as 
a blinking cursor or blinking text: The 
green phosphor seems to have a slower 
decay rate than the red or blue, so white 
images leave a trace of green before they 
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disappear during the blinking cycle . 
In the 16-color test, the ECM 13 12 's 

colors closely matche<I those of the PS/2 
display . In the 256-color palette test, this 
unit had the best apparent color definition 
of ail the units tested. For instance, in the 
green/red palette with blue set to zero. 
thi s unit showed the clearest yellow in the 
lower right corner ; other units didn't 
have such a clear progression. 

As is to be expected with a long-persis· 
tence display, no flicker was noted when 
the nearby PS/2 monitor was on . 

Connected to the Macintosh II, thi s 
monitor had the best colors of all the uni~ 
we tested- as good as the Apple color 
monitor. However, the re was noticeable 
color streaking during screen anima­

tions, such as opening and closing win­
dows and moving the pointer around the 
screen; this is an unavoidable side effect 
of having long-persistence phosphor. The 
benefit of thi s kind of phosphor is that the 
monitor is very steady during color blit 
and hard disk accesses . 

Documentation consi sts of a four-page 
brochure with minimal information about 
controls, connections, and pin assign­
ments . Warranty is one year pari.s and 
labor. 

Electrohome ECM 1910 
This 52795 monitor has a 19-inch screen 
with a short-persistence phosphor . It s 
outer surface is etched. and reflections 
are diffused. Its dimensions arc 17 by 19 
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Name and company Price Screen size Accessories 

Flexscan 8060S 
Nanao USA Corp. 
23510 Tele Ave., Suite 5 
Torrance, CA 90505 
(213) 325-5202 
Inquiry 913. 

$919 13-inch Included: Till-swivel stand; 
9- to 9-pin cable 
Optional : PS/2, An 6300, and 
Mac II cables. $49 each 

MultlSync Plus 
NEC Home Electronics (USA) Inc. 
1255 Michael Dr. 
Wood Dale, IL 60191 
(312) 860-9500 
Inquiry 914. 

$1395 14 -i nch Included: Tilt -swivel base, 
9- to 9-pin cable. PS/2 cable 
Optional : 9-pln to 4-plug BNC 
cable. $35: Mac 11 cable, $19.95 

MultlSync XL 
NEC Home Electronics (USA) Inc. 
Inquiry 915. 

$3195 19-inch Included: Tiit-swivei base, 
9- to 9-pin cable. PS/2 cable 
Optional: 9-pin to 4-plug BNC 
cable, $35; Mac II cable, $19.95 

Ultra sync 
Princeton Graphic Systems 
601 Ewing St., Bldg.,A 
Princeton, NJ 08540 
(609) 683-1660 
Inquiry 916. 

$795 12-inch Included: Tilt/swivel stand, 9- to 
25-pin cable, 15­ to 25-pin cable 
Optional: Mac II cable. $19.95 

Multlsean CPO 1302 
Sony Corp. 
Sony Dr. 
Park Ridge, NJ 07656 
(201) 930· 1000 
Inquiry 917. 

$945; with stand and cable, 
$975 

13-inch Optional: Tilt-swivel stand. 
9- to 9-pln, 15· to 9-pin, 
and Mac II cables 

Multiv slon 770 Plus 
Taxan USA Corp. 
18005 Cortney Court 
City ol lndustry. CA 91748 
(818) 810-1291 
Inquiry 918. 

$795 14-inch Oplional: Tilt·SW1vel stand. $40: 
PS/2 and Mac II cables. $25 
each 

Ultrascan 4375M 
Thompson Consumer Products Corp. 
5731 West Slauson Ave.. Suite 111 
Culver City. CA 90230 
(800) 325·0464 
In California, (800) 237-9483 
Inquiry 919. 

$895 13-inch Included: Tilt/swivel stand. 
9· to 9-pin cable 
Optional: PSJ2 cable 
and Mac II cable, $30 each 

by 2 l inches, and it weighs 74 pounds. 
Front panel controls are brightness, con­
trast, and power; all function as on the 
ECM 1310. Rear panel con~rol s are like 
those on the ECM 1310, with the addi­
tion of a degauss button. 

Bandwidth is 30 MHz. Resolution is 
up to 1024 by 512. Horiwntal scan fre­
quency is up to 34 kHz; vertical scan, 47 
to 85 Hz. 

The unit locked onto the various fre­
quencies used in the Sigma VGA diagnos­
tic test. In the 16-color display, the blues 
were deeper than those on the PS /2 
screen. The white had a faint pink tint. 
Brown appeared to have less red than the 
PS/2 monitor's brown. There was no 
flicker. This monitor had less light out­

put than some of the others and might not 
be a good choice for use in bright office 
conditions . 

In testing with the Mac a. the monitor 
showed good , bright colors with bright­
ness cranked up to the maximum. The en­
tire screen shakes a bit during color hlits. 

Documentation consists of seven pages 
briefly explaining connection, controls , 
pin assignments, and specifications. No 
uoubleshooting information or detailed 
operalion instructions are provided. War­
ranty is one year parts and labor. 

L~itech Autosync TE5IS5 
This $699 monttor has overall dimen­
sions of 13 by 15 by 15 inches and weighs 
31 pounds. Its 13-inch screen is polished. 

The bezel is deep, and overhead lights 
throw a s.hadow on the top edge of the 
screen. 

All the commonly used controls arc 
eonvenientJy located on the side panel bc­
h ind a flip-open cover. These controls in­
clude switches for text mode on/off and 
horizontal width on/off; and adjustments 
for comrnst, brightness, horizontal and 
vertical position , and horizontal and ver­
tical size. The size and position of con­
trols close to the front make it easier to 
adjust the. picture. 

On the rear panel you'll find additional 
controls to select the scan mode and 
analog/digital input. A set of micro­
switches selecL~ the color to be used in 

mminued 

FEBRUARY 191!8 • BYTE 109 



MULTISCAN COLOR MONITORS 

Photo 2: The rel1r pa11ef ofthe Elect rohome ECM I 3 J2 indudes mmil ofrh£' 
connector types and culjustments mentioned in the product d('scriptions. 

text mode ; any of e.ight color. may be sc­
lectcu. Additional micro 'Witches let you 
adapt the monitor for use with various 
non-IBM color auapters. A single 9-pin 
D- hell plug accepts a.nalog and digital 
inputs. 

Video bandwidth is 40 MH z. The 
maximum resolution is 800 by 560 . The 
horizontal scanning rate is up to 35 kHz : 
venkal, 45 to 80 Hz. 

The. picture shifte.d positions in certain 
modes in the Sigma VGA uiagnostic test , 
requiring additional setting of the hori­
zontal position and size controls. Colors 
were very close to those on the PS/2 
display . with reds a linle deeper and 
whites not gu1tc so white . In the 256­
color palette.screen. ·ome flicker was no­
ticeable with the PS/2 screen turned on: 
the flicker stopped when the PS/2 display 
was turned off. We did not test thi8 moni­
tor with the Macintosh due to the absence 
of a connector cahle. 

The documentation we received with 
the unit was preliminary. Warranty is one 
year pans and labor. 

Magn vox MultiMode 8CM873 
This $899 unit measures 13 by 14 by 15 
inches and weighs 29 pounds. The 13­
inch screen is etched. and reflections are 
diffused. 

On the front panel arc the controls for 
lt:JCt/nomial mode. brightness (which ad­
ju ·ts all but the high-intensity colors), 
contrast ~which adjusts all colors). hori­
zontal position. volume (of the audio in­
put). and power. The rear panel has con­
trols for normal/special inputs and 
analog/digital. Recessed screw adjust­
ments are also provided for serting verti­
caJ hold. vertical position, and vertical 
$ize (lhree separate controls for three fre­
quency ranges). Adjusting these controls 
requires a screwdriver. A sing.le 9-pin O­
shell plug accepts digital or analog in-
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puts. and an RCA-type plug accepts audio 
signal s. 

Bandwidth is at least 25 MHz, accoru­
ing to specifications. and maximum reso­
lution is 926 by 580. Horizontal scanning 
frequency is up to 34 kHz ; vertical scan­
ning frequency is 52 to 78 Hi. 

During testing. it was necessary to ad­
just the horizontal position several times 
to keep t.he image centered on the screen , 
depending on what mode. wus selected . 
For instance , the 256-color pulctte test 
required a different horizontal position 
setting from the default text mode . 

Colors were similar to those on the 
PS/2 monitor. Connecied 10 the Macin­
tosh n. colors were not so bright as those 
of other monjtors. imd a slight fringing 
effect was noted during hard disk opera· 
Lions. Selecting the text mode on the 
monitor causes the enti re image to be dis­
played in green (in a.nalog operatjon , only 
the green signal is di ·played). No inter­
forence from the PS/2 monitor was noted. 

The 12-page installation and operation 
guide includes explanations of the con­
trols and inputs. maintenance tips. and 
troubleshooting help. The MultiMode 
come.s with a 12-month limited warranty . 

Mitsubishi Diamond Scan 
AUM 1371A 
This $889 unit measures 13 by 14 by 15 
inches and weighs 28 pounds. Its I3-inch 
screen is coated to diffuse reflections and 
has a medium-depth bezel. 

Recessed under tht: froat panel are 
controls for brightness (affects all but 
high-intensity colors) , contr.m (affects 
all colors). and power. Rear panel con­
trol s include digital/analog/cornpo_ ite 
video, color and tint adjustment~ (when 
using the composite video input). hori­
zontal and vertical position horizontal 
and vertical size, ovcrscan/underscan , 
and monochrome/normal (the mono­

chrome setting is for use with a mono· 
chrome display adapter). The unit has 
separate input for RGB analog. RGB 
digital. and composite color video , as 
from a VCR, and has facilities for super­
imposing one image over another. There 
are three input plugs: a 9-pin D-shcll plug 
for digital RGB, a 25-pin D-shell plug for 
analog RGB. and a BNC plug for com­
posite color video. 

Bandwidth is 30 MHz: max imum res­
olution ls 800 by 560. Horizontal scan 
rate is up to 35 kHz ; vertical scan , 45 to 
75 Hz . 

Refle.ctions on the screen were almosl 
sharp. and the screen had a noticeable 
high-frequency flicker while the nearby 
PS/2 monitor was powered on. Com­
pared with the PS/2 monitor. reds were 
brighter , blues were deeper. and the 
white had a paper-white qualiry. 

When the unit was connected 10 the 
Mac L1 , we nm iced fringing during hard 
disk access . Colors were a Iittle muted . 
not a. good as the Conrac or Sony moni­
tors . The ·creen image are.a change.cl size 
as the image contents changed . 

The 14-page manual includes detailed 
explanation s of controls , timing dia ­
grams . and special applications such as 
superimposit ion of images and remote 
control of I.he input . electing signal . War­
ranty is one year on parts and labor. 

Nanao Flexscan 8060S 
This $919 monitor has a dot pitch of0.28 
mm. very small compared to the 0. 31 
pitch uf most of the other monitors we. 
lestetl . The unit has a 13-inch etched 
scr¢e.n, measures 13 by 14 by 16 inches. 
imd weighs 29 pounds. The bezel is fairl y 
Jeep. limiting the cffocts of nearby light 
sources . 

Most of the adjustments are conve­
niently located on the. front panel: bright ­
ness (adjusts all colors) , contrast (adjusts 
all but high-inten. ity colors) . horizontal 
·izc. vertical size . amber/color/white 
(the amber a.nd white positions are for u. c 
with monochrome adapters) , and power. 
The power-on LED glows orange when 
the unit is set for digital operation and 
green whe.n the unit is set for analog 
operation. 

Rear paael controls include vertit:al 
position. horizontal position. color mode 
(automatic preset or manually set 10 

8/J 6/64 colors). and analog/digital. The 
signal input is a single 9-pin D-shell plug. 

The Nanao 's bandwidth is greater than 
30 MHz. according tn specifications. and 
its maximum resolution is 820 by 620 . 
Horizontal scanning rate is up to 35 kHz; 
vertical. 50 to 80 Hz. 

In I.he 16-color test, the colors of I.he 
80605 were very close to those of the 

t-ontinued 

http:change.cl


Compact, Low Power, Cost Effective 

Single Board Computers 

for Embedded Applications 

World's smallest PC - and CMOS too! 
A Motherboard and 4 Expansion Cards in the from$359 
Space of a Half-Height 5-1/4" Disk Drive! Qty 1 

Little Board™/PC 

Stackplane/ 
PC 

Little 
Board/186 

High performance 
single board 
MS-DOS system 
8/16MHz 

Expansion/ 
186 

Multi-function 
expansion for 
LB/ 186, 1/0, 
Serial, RA/vi, 
IY\ath, Clock 

Project 
Board/186 

Prototype adapter 
for 801 B6 based 
projects and 
products 

Uttle 
Board/80 

Least expensive 
single board CP/M 
system! 

Project 
Board/80 

Prototype adapter 
for ZSO projects 
and products 

Oi1 lrlbulor• • Argentina: FAclodnl, 5 A. 41 ~0018 • Au11taOa: Cuneot Solutions (6 l3J 720-3'298 • At.t 1Ul1: lruornallonei Computer Appllcallons GMBH ·13· 1t45 ·1 501-0· • Brt:rU: CcrrJpu11<Jores 
Conl!JulOlltlor (41 ) 262-4866 • Cerusd.o: Tt l·M (6Q.l) -138-0029 • Oonmo r ~ : Oann11 (03) 66 20 20 • lloly : M1c r0<:0u1 16> a11-9•100 • Fin lend: Simmelrlo OY J5!Hl-5115-J"l2 • F1onctt: Eyal Plu• 
11) 4.S0<-1800 • Gonnany. Wot~ rST-EIOk " Omk V"''' '""" GmbH Cla!l-61 1-Bl51 • i..eel: Alpha Termm111s . L!d !03J 49- 16-05 • SP81n; Ho rdwot o& Sollwo <e~-2099 • 5woden: ABA~IO IOB)SA-20-20 
• Swl' r.•11•nd: Thall Compu1e.1 AG .. 1 I 740-4 t -0$ • U K: Amb"' Sys1oms. L td 0296 43551 I • USA: CQnnu:1 Am pro Compuiers 1nc 
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The Test Equipment 

A ll objective testing was done with 

the Supcrspot 100 CRT analysis 
system from Microvision Inc. (591 West 
Hamilton Ave.. Suite 250. Campbell. 
CA 95008). The system induded an 
IBM PC-compatible computer with 
custom soflware, an optic module aml 
controller board. and the Spotseeker II 
positioning system for computer-con­
1rolled movemem of the optic module. 
To drive the monitors. we u ed the AT! 
EGA Wumlerdisplay adapter. 

To measure line width, the optic mod­
ule is imaged on a horirontal (or verti­
cal) line and focused . The real-time 
display shows an intensity profile on the 
test rnmputer's monitor. The Superspot 
softw11re uses either a Gaussian or sur­
face fit in overcome the gaps in intensity 
lcausc<l by the CRT shadow mask. 

For convergence error measure­
ments , the control program displays a 
red. green, and blue line. II then calcu­
latcs the centroid of each line and the 
error in red to green, green to blue, and 
blue to red . 

For time variance, the computer 
checks the line position at varyi"ng inter­
vals over a test period, displaying the re· 
S\llts as a histogram (see figure A). For 
the voltage regulation test. we used the 
optic module to find the location of a 
line when the res! of the screen '.l.<IS 

black versus when it v.'llS white, re.con.l­
ing the movement or the line as a mea­
sure of voltage regulation. 

M icrovision engineers Dave Buckstad 
a.nd Kr.iig Chellew brought the equip­
ment to BYTE offices in Peterborough 
and conducted the tests. 

Ut-12- 1'187 89:27:96 
IHICROIJISIOH UZ.17D 
I SUPEllSPOT 1811 18883 

Pattern: 5 hori1 I iaes 
Color: C I ntens: 1 
SPOO'SEEKER Pas itio•: 
x: - 1830. lZ Mi Is 
v: 1ee.?Se Hi ls 
l"Z: ieek to/set Zoro 

Fl - Setup 
FZ - Real Ti•e Display 
F3 - Line Width 
F1 - Conversence 
FS - Pincu~hion 
fo - Tune Vari~nce 
n - Prr 
re - 'lr! Sc4n 
f9 - Pri•C£ 
F18- User def i ncd 

blent subtuct : on 
dar~ current Hu 11: on 

O.Vdio4c l:v 1:1.Z? •iii Scale 1 86 tr-• II 68.8 h% ti)( 

~ llOUl73 

• 

JITTER SWIM DRlfT 
i Isl. 588 °SEC 1e.e ' SEC 68. 8 SEC 
AX: .914 1.48 I. 68 

llfl'EHSllY 
CIJ1. AS I. OF H!AH 
2.21 I : 2. Bl I. 

AUG: .325 1.14 I. 53 

Flgure A: &mple time-variance data sheet generoted by !he Micravfrim1 
equipment. 

PS/2 monitor. Some flicker was notice­
able; it went away when the nearby PS/2 
monitor was turned off. In the 256-color 
palette test. it was not possible to see the 
different shades in the upper left <:orner; 
contrast was limited there. In the Sigma­
VGA diagnostic test, the image area 
changed sizes as the test program shifted 
display modes. In particular. test 6A. the 
SigmaVGA 320 by 350 text mode. was 
very faint on !his monitor. 

When tested with the Macintosh IL the 
unit had a definite screen-image . hudder 
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during disk access-the worst of all the 
monitors tested. Some blurring or focus 
problems appeared when contrast wasn't 
set properly . Colors on the screen were 
muted compared to Lhe Apple monitor. 

The 13 -page manual provides brief op­
erating instructions, pin assignments, 
timing diagrams, and specification 
Warranty is one year parts and labor. 

NEC MultiSvnc Plus 
This $1395 unit measures 15 by 14 by 16 
inches am.I weighs 40 pounds. The 14· 

inch screen shows sharp reflections. hut 
they arc allenuated so as not to be di. ­
tracting. The bezel is of medium uepth. 
and no shadow is cast on the screen from 
overhead lights. 

Most of the controls are conveniently 
!01:ated behind a flip-down door on the 
front panel. Brightness affects all colors, 
and contrast affects all but the high-inten­
si ty colors . Other front panel controls ::ire 
hori zontal/vertical size and position. 
monochrome text mode/color mode. 1ext 
color, anti an input selector specifying 
BNC or D-sub. For text display. !ht· tc)(t 

mode switch lets you sclt:ct green. am­
ber, or white. The NEC MulliSync Plus 
is the onlv one of the units tcsied that in ­
cludes it~· own cooling fan . The unit also 
includes a tilt-swivel stand. 

Dack panel controls are switches for 
analog/digital, BNC input voltage. IBM 
or non-IBM input mode . :md 81!6164 
colors in non-rBM mode. A single 9-pin 
D-shell plug accepts digital and analog 
RGB input llnd four BNC plugs accept 
analog ROB input from high-resolution 
graphics adapter boards. 

Specifications give a b:mdwidth of 5 
MHz when BNC connectors are used and 
30 MHz with the D-~ hcll connector . 
Maximum re so lutton is 960 by 720 . 
Horizontal sca nning rate is up to 45 kH7 ; 
vertical. 56 to 80 Hz. 

In the 16-color rno<le of the Sigmll­
VGA diagno tic test. colors on the NEC 
monitor were very close to those on the 
PS/2 monitor . Switching between modes 
was smooth; it WdS not necessary to ad­
just horizontal (X>Sition when the lest pro­
gram changed the frequency. The ap­
pearance of the 256-color palette re.st and 
torus were also similar to chose on the ­
PS/2 d1~pllly . 

In the Macintosh II tests. the unit 
showed slight fr inging during disk ac­
cesses. Colors appe.ared muted compared 
to the Apple monitor. and there was some 
flutter during the color blit test. 

If you place thi · unit on top of the Mac 
IL you must pl;,ice it on the righc side. 
clear of the air vent. The monitor stand 
rests flat. without feet: if placed over che 
vent. it would block rhe air flow . 

The 25-page user's manual incluJes 
detailed instruction tor connection. op­
eration, use of controls, and trou ble­
shooting. as well as specifications . pin 
assignments. sigt1al levels , and timing 
charts. Warranty is one year for labor and 
two ye;irs for parts und picture tube. 

NE Mu ltiSyn<: XL 
This $3195 unit measu re.s 19 by !9 hy 2 l 
inches and weighs 57 pounds. Its screen 
measures 19 inches and has a medium be­
zel: it shows sharp reflections that nre at · 

f·ontluuFd 
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BIX Product Focus: 

Multiscan Monitors 


C ompute r monitors, like stereo 
speakers, are components that are 

most often judged subjectively. The 
pros and cons of different monitors are 
frequent topics, and the opinions here 
were all taken from the grafic .disp/dis­
plays conferenr.e on BIX. These com­
ments are based on direct experience 
with the muhiscan monitors in question. 

For most people, the NEC MultiSync 
is stll! the basis of comparison. Most of 
the. multiscan m~)nitors fare pretry well, 
although the Sony Multiscan has disap­
pointed several people. 

-Curt Fra1ik/i11, Tech11ical Editor 

PETE WHITE [petewhite]: "I picked 
up a Casper EGA monitor tor my wife 
after finding it to be super. I think it's 
something like $600 with the board, if 
you look a bit- maybe even less maiJ­
ordered . I couldn't go back to CGA. I 
know that." 

MlKE GEARY (geary] : " Gack! 
Don't get an EGA-onJy display, what­
ever you do . It has to be the i.1,,orst invest­
ment in town . One of the MultiSyo.c­
type dfaplays is the only 'Wf1'J to go, 
unlC$S you want to pop for Zenith ' s 
lovely new FTM display . 

"I saw a beautiful new MultiSync­
type display the other day . It's made by 
Namm. Never heard of the company be­
fore , but the display is much crisper than 
the NEC. [Nanao] makes two models, a 
0.31 - and a 0.28-mm dot pitch . The one 
I saw was the 0.31; same theoretical res­
olution as the NEC, but it just looked a 
lot better. The 0.28 ought to be even bet­
ter than that." 

KARL GUTTAG [karl.guttag]: "Re· 
garding comparisons of multiscanning 
monitors, I've seen a lot of talk about 
color qualiry , but not a lot about I inear­
ity. A casual survey of the new multi­
scanning monitors seems to show a lot of 
curvature (pincushioning) toward the 
outsides of the tube. This curvature may 
be OK for TVs, but I find it annoying 
when dealing with high resolution. For 
example, I really like the relatively flat 
rube !.he Sony Multiscan has, but some 
of this adv-dntage i lost due to some pin­
cushioning. Ospent an hour with a Sony 
repairman trying to get the pi.ncushion­
ing out.) To be fair , the NECs I've seen 
are not much better . ., 

MLKE GEARY: ''The famous pin· 
cushioning problem . . . . I've seen that 
more times than I'd like in otherwise ex­
cellent displays. I don't like the Trini­
t.ron much for a display; the Sony Multi­
scan that we have at the office is kind of 
a dog. All the triad tubes I've used 
(NEC, Nanao) have been a lot better ." 

BRUCE WHEELOCK lwheelock] : 
" A few days ago, I was out looking at the 
NEC MultiSync and Sony .Multiscan 
monitors. Lrying to make up my mind 
which one I'm going to buy . II happened 
that the guy working with the computer 
nuded to switch the Sony off and then 
back on. When he did, there was a rather 
loud 'clacking ' noise that sounde.d very 
much like mechanical relays. Is that the 
case'!" 

MIKE GEARY: "The clicking is in­
deed (caused by] relays in the Sony. 
When it switches scanning frequency, it 
uses mechanical relays to reconfigure 
some of the circuitry . The dicking is 
normal, and , in fact, I've come to like it 
on the Sony we have at the office. Unfor­
tunately, the clicking is about the only 
thing I do like about the Sony. The NEC 
MultiSync I have at home beats it by a 
mile . Windows on the NEC looks so 
much better than Windows on the Sony , 
especially when you boost it to 640 by 
480. Maybe we have an exceptionally 
bad Sony; I ' ve seen some NECs that 
weren't too hot, either. 

"There' s a design problem with the 
Sony tube . The Trinitron slripes give a 
much higher resolution hori zontalJy 
than vertically . This doesn't work too 
well with EGA and higher resolutions, 
which tend toward square pixels. 

" The. oicest display I've se.eo so far is 
the Nanao. It 's a lot like the NEC but is 
crisper. These are all around the same 
price range, so I'd recommend eithe-r the 
NEC or the Nanao." 

GARY THOMAS [gary.thomas] : 
"Of all the multiscan monitors I ' ve 
seen-NEC, JVC, Taxan (made by JVC, 
I think)- the Sony is the worst . ... 
Using mechanical relays to switch in­
sweep circuilry may provide niee tactile 
feedback, but it is a damn primitive way 
of doing things , not to me.ntion the life 
span of a relay. 

"The Sony also requires you to 
change cabl.es when switching from dig­

ital to analog. while the NEC switches 
the signals on the cable internally. 

"I also haven 't seen a Sony yet (and 
we have a lot of them) where you can 
turn lhe brightness up to a reasonable 
level without bringing the background 
blackness level up also . All in all , it 
seems to me that Sony kludged together 
a MultiSync before it really understood 
all the concepts, just to stay known in the 
markel. I suspect sometime in the future 
we'll see a monitor from Sony designed 
well, as most of its stuff usually is, but 
until then, I'd suggest picking another 
brand ." 

BRUCE WHEELOCK: "On image 
alone, I found the. Sony to have richer. 
deeper colors (than the NBC], but I 
didn't get a chance to play with the 
brightness and contrast controls to see 
what that would change. Character defi ­
nition on both monitors seemed very 
nearly identical , but the Sony characters 
were flatter than I like; adjusting the 
height control on the monitor might 
change that. 

"The use of mechanical relays and 
general engineering in the Sony worries 
me. One small engineering thing in the 
Sony struck me as very odd-the con· 
trast and brightness controls (mounted 
on the side of the machine) work in the 
opposite direction of what you would ex­
pect. If you roll the control upward, it 
turns down the controst . . . . ,. 

STEVE MACK (smack): '' For what 
this kind of anecdotal infonnation is 
wonb, my Sony lasted less than l solid 
week before developing odd symptoms. 
and it is now in for repa.ir . It V.'OUld not 
power up, some relay holding off AC in­
ternally when I tu med it on . Eventually. 
it came back 10 li fe , then the display 
turned itself off while powered-up, with 
the typical clack of it~ relays. [The Sony 
is] nice visually, but I have a sense of 
foreboding about reliability . . .. " 

!Editor' s note: Tlze BIX Product Focus 
presents a variery of informal, di11erse 
opinions from users ofa selected class of 
products. Messages se!ecredfor pub!ica­
tio11 may be edited for length or clarity. 
The views e.xpressed are those of each 
message 's author and do not necessarily 
reflect those of BYTE or BYTE 's 
reviewers. 'j 
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MULTISCAN COLOR MONITORS 

tenuated so as not to be disrracting_ 
Front panel controls include power. 

brightness, contrast, horiz.oma.I and ver­
tical size and position, text mode , rexr 
color (green, amber. or white). inpu1 
BNC/D- ·hcl I. and a degauss button. 
Back panel control s include an auto­
matic/manual l!Olor set switch, a digi­
tal/analog switch. an 8/16/64 switch for 
manual color selling. and an inpur volt­
age seloctor. For signal input , the unit has 
a 9-pin D-shell plug (analog or digital 
si gna.I ) and four BNC plugs (analog sig­
nals) . A tilt- swivel stand is included. 

Bandwid1h is 65 MHz. and resolution 
is up to I 024 hy 768 . Horizon1al scanning 
rate is up lO 50 kHz. anJ vertical scan­
ning rate i. 50 lo 80 Hz. 

We did not receive the monitor in time 
to leSl it with the Microvi sion equipment. 
In the Macintosh tests , the MultiSync XL 
performed similarly to the MultiSync 
Plus but was steadier on color blits. 

Warranty is limited to one year for la­
bor and two years tor pa.n s. 

Princeton Graphic Systems 
Ultrasync 
This 5795 monitor has a 12-inch etched 
screen and measures 12 by 13 by 14 
111ches . The unit weighs 26 pounds . 11 
comes wi th a tilt-swivel base. 

Front panel controls are for bright ­
ne ss . contras!. text mode (green on 
black, amber <m black. white on blue, or 
normal color di splay). and power. Rear 
panel adjustmems are for horizontal /ver­
ticl:ll size and position; swi tches are for 
underscan and overscan. 16164 colors for 
use in digital operation, and digital/ana­
log . A single 25-pin D-shell plug accepts 
digitaJ or analog inputs . 

Bandwidth of the Ultrasync is 30 
MHz. anu maximum resolution is 800 by 
600. Sca nning rate is up 10 35 kH z hori­
zontal and 45 to 120 Hz vertical. 

The unit we received was damaged in 
shipping and could not be te sted . 

Documentation consi ·ts of a six-page 
fo lded brochure. includmg brief instruc­
tions for in~tallation anu operation, ~p~i­
fications. and pin assignments. The war­
ranty is one yeur for pans and 1abor. 

Sony Multiscan CPD 1302 
This $945 monitor measures 12 by 14 by 
17 inches and weighs 32 pounds. Its cy­
lindrical 13-inch scre<:n gives sharp re­
flections. The shallow bezel accepts light 
from nearhv ·ources but does not cause 
shallows from cverhead ligh1s. The dot 
pitch on thi s monitor is 0. 26 mm. the fin­
est of all we included in this review. 

Side panel controls (not visible while 
looking at the screen) arc fbr power. con­
1 rast (adju sts all but intensity ) . and 
brightness (ad ju_ ts all). On the rear panel 

are controls tor analog/digiral sekct and 
horizoma!lvertical position and size. 
Also on the rear panel is a mode switch 
for digital operation , selecting 8, 16. or 
64 color . A single 9-pin D-shell plug ac ­
cep1s digital and analog input. 

Bandwid1h of this monitor is 25 MHz. 
Maximum resolution is 900 by 560. 
Horizontal scanning rate is up to 34 kHz: 
vertical , 50 to I00 Hz_ 

In the SigmaVGA diagnostic test. the 
display showed some jiuer when 1he near­
by PS/2 moniwr was turned on , Color 
were close to those on the PS/2 monimr: 
the green w.is a little deeper, the brown 
WdS slightl y less red than the PS/2's, and 
the white had a warm , paper quality. Yel ­
lows were less bright than on the PS/2 
refe rence model . 

In the 256-color palette test, the unit 
showed especially sharp definition be ­
tween the various shades of colors across 
the spectrum . In the Macintosh tests. the 
monitor colors were excellent, though nm 
4uitc so good as those on the Apple moni­
tor, The display was very steady during 
color blits and disk accesses. 

The 25-pagc English/French operating 
in ·trul:tions indu<led brief instructions 
for setup and use of controls. plus speci ­
fications and timinir chart~ . A full Wilr· 
ramy appJic for 90~ days; a parts and la­
bor warranty applies for one year. cwo 
years on the tube. 

Taxan Multivi ion 770 Plus 

The $795 Taxan multi can monitor mca­

su n:s I 2 by 14 by l6 inches an<l wi:ighs 

31 pounds. Its 14-inch screen is ecched. 

a.nd reflections are diffused . The bezel i,~ 


of medium depth. 

On the front panel are brightness (ad­

JUSts all but intense colors) and contras! 
(adj usts all colors) controls. Ri!ar panel 
controls indude analog/digital; color/ 
monochrome (for text-only display); pre­
set auto/release and color select for auto­
switching or 16 colors (CGA) : scan size ; 
and vertical size. vertical position, and 
horizontal position. There are al so four 
sets of screw adjustment!. for vertical/ 
horizontal position and size, one set for 
each of four frequency ranges: a plastic 
screwdriver is provided with the set. A 9­
pin D-shell plug accepts analog and digi ­
tal ROB inputs; a BNC plug accepls com­
posite color video inputs. 

The bandwidth of the 770 Plu s is 30 
MHz. and maximum resolution is 640 by 
480. Horizontal scan rate is up to 35 kHz: 
vertical. 50 to 90 Hz. 

During 1he Sigma tcs1s of each mode. 
we ha<l to adjus1 the hori zontal s ize 
. crews several times to keep the di splay a 
uniform si;t;c on the sere.en. A small 
amount or flicker v.-as present: it went 
away when the nearby PS/2 monilOr wJs 

turned off. 
The unit showed excellent color purity 

on the 256-color palette test, and it wa_~ 
possible to sec all 256 shades even on a 
low brightness setting {with most other 
monitors, brightness had to be increased 
somewhat lO make all the shaJe~ visibl~i ­

The unit showed excellent colors in the 
Macintosh test. comparable io the Sony 
and Conrac . There was very fain! fring­
ing during hard disk acce ss and some in ­
stability during color blits. Some pin ­
cushion di stortion (contraction of chc 
picture at the horizontal and vertical ~·en­
ter lines and expansion at the corner~) 
was also present. 

The eight-page owner's guide explain~ 
setup and use of controls. pin-outs. and 
specifications. Warranty is limi1ed to one 
year parts and labor. 

Thomp on Ultrascan 4375M 
This $89.'i monitor measures 13 by 14 by 
15 inches :md weigh. 28 pounds. It. looks 
almost ident ical to the Mitsubishi AUM 
1371 A. The 13 · inch screen is timed and 
etched w reduce glare- and diffuse reflec­
tions. The bezel is fairly deep. rcducmg 
!he effocts of nearby lighcs bu1 also al Ii w­
ing ~hadows on the screen . 

Front p;rncl controls include power. 
brightness (changes all but high-intensity 
colors). and contrast (changes all colors)_ 
Rear pane-I controls include switches for 
sel eet i ng analog / d igi la 11 compo si te 
video. normal /monochrome. and under­
scanJoverscan. as well as adjustments !or 
tint and color (fnr use wirh l'Omprn. itc 
color video input) and vertical /horizontal 
posicion and size . Se-parate inputs are prn­
viMd for digital signals (9-pin D-shell 
plug), analog (25-pin D-shell plug), 3nu 
composite video (BNC plug). 

Flicker caused by interference from 
the nearby PS/2 monitor w.is noted . In 
che Sigma color tests, browns were truer 
(i .e .. less red ), reds were brighter. and 
white was hright. 

Bandwidth of the 4.n5M i - 30 MHz, 
and maximum resolution is 800 by 560. 
Horizontal scanning rate is up to 3S kHz; 
vertical. .is to 75 Hz. 

During tests with the Mac I!. color was 
excellent . Very faint fringing was present 
uuring hard disk access. Color stahility 
<luring color hl its was good. We noted 
changes in the image ·ize (ballooning and 
shrinking) as the contents of the screen 
changed. Some smearing or blurrines 
was nott:-d along the top menu bar. 

The 34-page English/French ipernting 
Instructions included derailed instruc­
tions for connel:rion and use of controls. 
specifications, special features (e_g_. su­
perimposition of images)., troublcshoot ­
i ng, and timing .:harts_ Warrani y is 
limited to om; year for part~ and labor. • 
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Mitsubishi Diamond Scan: 

The New Standard 


InMulti-Application Monitors. 


Diamond Scan incorporates propri­ For additional information and the location 
etary auto-scan circuitry which of your nearest distributor, call Mitsubishi today 
automatically locks onto any hor­ ar 1-800-556-1234, Exr. 54. In California, call 
izontal frequency from 15.6KHz to 1-800-441-2345, Ext. 54. Mitsubishi Electroni s 
35.0KHz, and any venical frequency America, [nc., Computer Peripherals Division, 
from 45Hz to 75Hz. 991 Knox Street, Torrance, CA 90502. 

Graphic Board Compatibility" We've Got A Great Picture 
D Quadrnm QuadEGA PmSyn D STB EGA Multi Res In-Store For You.0 Or hid Tu.rho EGA/ Turbo PGA 0 Everex Mi ru Enhanct·r -

Introducing Model AUM-137lA-The Single 
Solution Monitor Ideally Suited For Applications 
Ranging From Monochrome Text To Full-Color, 
High Resolution Graphics. 

Introducing the newest, most versatile high resolution color 
monitor in the industry today-Mitsubishi's Diamond Scan 
(Model AUM-137lA). 

Actually fivi:: monitors for the price of one, the Diamond 
Scan delivers everything you'll ever need in a multi-applicatio n 
monitor. Including full compatibility with the IBM~ PGC/ 
EGA/CGA/MDA and Monochrome Hercules graphics 
boards. And for even greater flexibility, the Diamond Scan also 
accepts NTSC video input. 

Exceptional design characteristics allow for a resolution up 
to maximum 800 horizontal dots and maximum 560 vertical 

Other advanced design features include a high resolution 
CRT with .31 dot pitch, automatic screen image adjustment, 
super-high contrast panel glass for improved visibiliry and 
Diamond Matte® coating for maximum glare reducrion. All 
packaged in a compac[, ergonomically s[yled plastic cabiner. 

TTL Input D·9 Pin 
Cable Assignmcw 
and Signal U,<1els 

Analog lnpur D·2.I Pin 
Cable Asiignmems 
aml Signal L.wls 

NTSC Vid.!olnput 

Move up to Mitsubishi's Diamond Scan-rhe new standard 
in performance and versatility by which all others will be 

compared. 

.D Sigma Designs Color 400 D Hercules 
0 Video 7 Vcga-Dduxe 0 IBM VGA, PCC, EGA, CGA 
0 QDP VIVA 640/ 800/ 1000 0 AST Resear h ASTJG/ Model I 
0 Paradise Auto SW EGA 0 ATI Graphics Solution/ EGA Wonder ' MITSUBISHI 

~ELECTRONICS•Porual Ltst O nly 

Cirt:lt! 157 on Rlailt!r St11"11iu Card 
lrirnt1Slll K1ni!l !k.~ihts& MM11\t~ Co1p., 0\11.mooJ Mil.U ll! I.). Q tq;i.~l!'m::i tr;;mdo!m;irk L''1n ..tir ..:uht~'1t Ek..-rrw c .·u·p. (DEALERS: 158) 
A~• b. ~ tlC'JP'M"~ m1ri.ll!'m:u~ (..,f Arrlr O.impu!IT, [nc fl.J 1~7 M1C~hi.,l, i E'la."t ru11IC3. Amni.ea, [11..- . 

O..,.mon.d Som'" a 1nLlrm1uk r/ M1!;whl.h1 Elrnrum(~ IUM '"' ,.~>t'C"f~ tr~rlc of 

http:M1!;whl.h1


SYSTEM REV IEW 


Compaq Flexes Its Muscles 


Compaq has always had a repu­
tation for making high-quality, 
high-perfom1am;.e systems . but 
the company has urpassed all 
past efforts with the Compaq 
Deskpro 386120. It is an AT­
compatible system that uses a 
20-MHz Intel 80386 CPU and 
Compaq' m:w Flex architec­
ture-a combination of concur­
rent huses with 32K bytes of 
cache memory-to provide the 
highest leve l l)f PC perfor­
mance yet. I love this machine . 

The 386120 comes in three 
ba ic configurations : the Model 
60. th e Model 130. and the 
Model 300. All have 1he same 
fundamental ~·omponents: a 20· 
MHz 80386 . I megabyte of 
memory . 32K bytes of cache 
memory , a I . 2 -megabyte 51.4 ­
inch floppy disk drive. a socket 
for either the Intel 80387 math 
coprocesso r or the Weit e k 
WTL 1167 coprocessor bm1rd. 
one RS-232C communications 
port . one paralJel port, and the 
Compaq enhanced keyboard . 
All three models also come 
with . t: ve rnl usdul programs, including 
the Compaq Expanded Memory Manager 
(CEMM) and a disk cachfog u1ility . 

The only drawback to these systems i£ 
their cost. The Model 60 has a 60-mega­
byte. half-hdghc , 2-to-1 -interlcave hard 
Jisk drive with a raced average access 
time of under 30 milli ·econd ·. The sys­
tem 's suggested retail price is $7499. The 
Model 130 ha~ a 130-megabyie, full­
hcight. t-to-1-interleave hard disk drive 
that runs off ;m enhanced .-;mall device in­
terface (ESDI) controller and has a ra1ed 
average access time of less than 20 ms. 
This model costs £9499. The top of the 
line is lhe Mode! 300, which includes a 
JOO-megabyte ESDI ha.rd disk drive and 
<.:OSlS 512.499. 

Those price get you the basic systems. 
You will also want a monitor, a video 
controller card. and MS-DOS. Com-

Mark L. Van Name 

che Compaq color monitor and The Deskpro 386120 
Enhanced Color Graphics 
board, and a J35-megabyte tape combines a new bus architecture 
backup drive. I also received 
Compaq's MS-DOS 3.31.with a faster processor 
along with the Compaq £11­
hanced Color Graphics Board/ 
Compaq Color Monitor Techni­
cal Reference Guide . The tab 
for tb.is: $21 ,421-or about J 1h 
Hyundai automobiles . 

Performance and 
Compatibility 
Just how fast is the De.skpro 
386/20'! The results of BYTE 's 
standard benchmarks (see the 
box on page 118) indicate that 
the Deskpro 386/20 average<l 
about 50 percent faster than the 
IBM PS/2 ModeJ 80 with its 16 ­
MHz 80386 . 

I al so ran the standard bench · 
marks with the cache memory 
controller enabled. The 32K 
bytes of cache made very linle 
difference in the results. All the 
hcnchmarks showed a speed 
improvement of, at most , only 

paq' s EGA-compatible color monitor 
and its Enhanced Color Graphics board 
will set you back $1198, and MS-DOS 
3.3 adds another $120. That means that a 
I -megabyte Model 60 with an EGA 
monitor and MS-DOS costs $8817. So 
few 20-MHz 80386-based systems are 
out now that comparable systems are hard 
to find. Nonetheless, you can get a PC' s 
Limited 16-MHz system (with only a 40­
megabyte hard disk drive) for $4799 , 
while a 16-MHz Compaq Deskpro 386. 
also with a 40-megabyte hard disk drive, 
costs .$6499 . 

My evaluation unit. a Model 300, wa.s 
a good example of the high end of the 
386/20 price range. It included almost 
every option Compaq offers: It had 6 
megabytes of dynamic RAM (DRAM), a 
20-MHz 80387 coprocessor. an addition­
al RS-232C serial port and parallel port. 

V.C! second over runs without the 
cache. The cache memory controller 
WQuld be most usefu I for computing jobs 
1ha1 read rhe same file or file s repeatedly . 

The only system that comes do e in 
perfonnance to the Deskpro 386/20 is 
Compaq's new Portable 386 , which also 
uses the 20-MHz 80386. On all but one 
of the test.s. the Deskpro 386/20 beat the 
Portable by margins ranging from l per· 
cent (on the Disk Write benchmark) to 
100 percent (on the 40K File Copy); the 
two systems were even on the Spread­
sheet Load tesr. The De kpro 386/20 is 
clearly the fa stest PC currently av-dilablc. 

It is also , as you would expect from 
Compaq. a highly AT-compatible sys­

nm1inurd 

Mark l. Van Name (10024 Sycamore 
Rd., Durham, NC 27703) is a freelance 
ll'ri1er am/ comp111er consulram. 
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REVlEW: COMPAQ DESKPRO 386/20 

Com p.aq Deskpro 386/20 

Company 
Compaq Computer Corp. 
20555 FM 149 
Houston. TX 77070 
(713) 370·0670 

Components 
Processor: 20·MHz Intel 80386: socket 
!or 20-MHz Intel 80387 coprocessor or a 

Compaq 
386/20 Model BO Compaq 386 Compaq JBS IBMPC AT 

Test 80387·20 80387-16 80387· 16 80287-8 80287-8 

Dhryslone" 5705 3626 3748 3748 1590 
F1bonacc1 38 27 57 26 53.11 53.12 126.22 
F1oa1 1 10 1 62 1 43 6.80 10 98 
Savage 6.63 949 8.95 21 .53 37.30 
Sieve 3.88 6.45 5.98 5.99 24.60 
Sort 4.89 7 74 5.58 5 58 43 17 

We1tek WTL 1167 coprocessor board 
Memory: 1 megabyte of 100-ns DRAM ·For the Dhrystone test only. higher figures denote lasler performance. 
on system memory board, expandable to 
16 megabytes: 32K bytes o! 35-ns static 
RAM (for cache): 128K bytes of BIOS ROM DISK ACCESS IN BASIC (IN SECONDS} 
Mass storage: 1.2-megabyte 51/•·inch WRITE READ 
floppy disk drive: 60-rnegabyte hard disk 
dnve (Model 60), 130-megabyte hard 
disk drive (Model 130), or JOO·megabyie 
hard disk drive (Model 300) 
Display: Compaq color monitor : 
Compaq Video Graphics board 
Keyboard: 101 keys in IBM enhanced 
keyboard layout 
110 interfaces: One RS·232C serial pon 
(08·9); one 08-25 parallel port ; one BASIC PERFORMANCE (IN SECONDS) 
AGBI monitor port (DB-9); one 32·bit SIEVE CALCULATIONS 
expansion slot for system memory board; 
!WO 8-01t and five 16·blt expansion slots 

Size 
20 by 1611~ by 6\h incties, 44 pounds 

Software 
Diagnostics test. system setup, ROM 
version. d isk cache, and CEMM 
programs SPREADSHEET (IN SECONDS) 

LOAD RECALCULATE 
Options 
1-rnegabyte memory module: $549 
4-megabyte memory module· $2099 
4-megabyte system memory board: 

S2999 
360K·byte 5%-inch floppy disk drive· 

$225 
1.2·megabyte Sl/o1·1nch floppy disk 

drive: $275 
1.44-megabyte31/2·1nch floppy disk SYSTEM UTILITIES (IN SECONDS) 

dnve: $245 40K FILE COPY 
20-MHz 80387 coprocessor: $1199 
Weitek coprocessor board: $1999 
Compaq color monitor: $699 • COMPAQ 386/20 80367-20 
Compaq Video Graphics board: $599 

• IBM PS/2 MODEL 80 80387-1 6Compaq dual-mode monitor: $255 
- COMPAQ.386 80387-16Compaq video display controller 
- IBM PCAT80287·8board: $199 

MS-DOS/BASIC 3.3 disks and 
reference guide: $120 

Documentation 
Compaq Deskpro 386120 Personal The table contains the results o1 the C language t>enchmarK:> (see "A Closer Look " by 
Computer Operations Guide: Richard Grehan in the September 1987 BYTE). Ail times are 1n seconds. except for the 
Supplemental Software Guide; Compaq Dhryslone, which is in Ohrystones per second. The Disk Access benchmarks write and 
Disk Cache User's Guide then read a 64K-byre sequential text file to a hard disk_ Sieve runs one 1teral1on of the 

Sieve or Eratosthenes. Calculations performs 10,000 multlpllcarion and division 
Price operations. The 40K File Copy benchmark copies a 40K·byte file on the hard disk. The 
Model 60: $7499 Spreadsheet tests load and recalculate a 1OO·row by 25·column Multiplan (1 .06) 
Model 130: $9499 spreadSl'leet. The BASIC benchmark programs were run with MS-DOS 3 31 and 
Model 300: $12.499 GWBASIC 3.3 on the Compaq Deskpro 386120. The IBM PS/2 Model 80 used PC·DOS 
System as reviewed: $21 ,421 3.3 and BASICA 3.3. The Compaq Deskpro 386 used MS-DOS 3.1 and BASIC 3.11 IBM 

PC AT used PC-DOS 3.2 and BASIO, 3.21 . 
Inquiry 883. 
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REVIEW: COMPAQ DESK.PRO 386/20 

tern. It ran everything I rested, and its 
documentation included a three-page, 
rwo-column listing of even more hard­
ware and software rhat Compaq has 
tested. I ran the following program : 
Lotus 1-2-3 version 2.O; Quarterdeck Of· 
fice Systems ' DESQview 2.0, with its 
Quarterdeck Expanded Memory Man· 
ager 386 version I . I 0; Kem1it 2. 29C; 
The Norton U!ilities 3.00: Microsoft PC 
Paintbrush 2.0; Symantec Q&A I. I; 
Borland 's Reflex l .14, SideKick l .56A. 
SuperKey l.16A, Turbo C 1.0, and 
Turbo Pascal 3.0: Microsoft Word 4.0; 
MicroPro's WordSt.ar 3.3 and 4.0; and 
Microsoft Windows 386 2 .0. I also suc­
cessfully installed two 16-bit memory 
cards (an Intel Above Board/ AT and a 
Cheetah Card), along with an Everex 
Evercom [I 2400-bit-per-second internal 
modem and a Microsoft serial Mouse. 

Inside the Box 
The 386/20 uses the stanciard Compaq 
desktop chassis . The cover is difficu.lt to 
put on, both because it is a tight fit and 
because there are two tabs in the front 
that can be difficult to line up with the 
corresponding holes in the system. 

Looking inside the system, you get the 
foe ling that this is a "serious.,. complete 
computer: It looks as if Compaq's engi· 
neers assumed you would never need to 
open it. This contrasts with the design of 
the IBM PS/2 systems. which are int~n­
!ionally easy to disassemble . 

Inside the system , on the far left , is the 
32-bit slot for use only by the system 
memory board : it holds all the machine' s 
memory . It sits on a spe.cial 32-bit system 
memory bus. All the other slots reside on 
a standard AT-style bus (see photo I). 

The system memory board was de-· 
signed by Compaq for this machine. It 
can hold either I megabyte (using 256K­
bit chips) or 4 megabytes (using I-mega­
bit ch.ips) of 100-nanosecond (ns) DRAM. 
The board can also hold up to three mem­
ory-module daughtercards of either l or 
4 megabytes each. You can mix any com­
bination of these configurations, up to the 
system limit of 16 megabytes. My unit 
had a 4-megabyte system memory board 
and two I-megabyte memory modules . 

To the right of the 32-bit slot is one 8­
bit slot, which in my unit held the EGA 
board. There is another 8-bit slot on the 
far right, next to the power supply, but it 
is only half-height. My tape drive host 
adap1er card sat there. 

Between these two 8-bi! slots are five 
full-size l6-bit slot!i. Two were empty in 
my system; the others held the ESDI hard 
disk controller board, the additional 
serial/parallel port card. and the Compaq 
Multipurpose Fixed Disk Controller 
Board. This controller board also con­

trols the floppy disk drive and one serial 
and one parallel port. The power supply 
is a well-shielded 192-watt unit. 

There are two disk drive bays on the 
front of the system . Each can hold two 
half-height or one full-height device. fn 
my unit, the right bay held the ful!­
height. 300-megabyte hard disk drive. 
The floppy disk drive was in the top of the 
left bay. and the tape d1ive was in the bot­
tom . One nice touch was that two sheets 
full of useful system configuration infor­
mation were glued to the top of the drive 
bay enclosure. 

The system's motherboard is fairly 
small- 14 1J.i by 9 inches-and, unlike 
many 80386 systems, docs not use the 
Chips & Technologies support chip set. 
The board is divided into three distinct 
areas. 

The first area. in the from left comer, 
is urrounded by a short metal radio-fre­
quency-interference (RFI) shield. It 
holds the 80386 and 80387, as well as 13 

mher support chips. Both the 80386 and 
80387 are socketed. AU the sockets are 
labeled so you can easily insert the chips 
in the correct locations and with the cor­
rect orienlations. The socket for the 
80387 chip can also hold the Weitek 
WTLI 167 coprocessor board, which sits 
on top of the fence and provides a socket 
for the 80387. 

The second major area is to the right of 
the metal RF! shield and is also encased 
with a metal grill for RF! shielding. This 
area holds various support chips. the 20­
MHz Intel 82385 cache controller chip, 
and the sixteen 16K- by 8-bit static RAM 
chips that compose. the 32K-byte cache 
memory. 

The rest of the motherboard contains 
the four power connec1ors for the disk 
drives , the power input from the ;:iower 
supply, and 46 chips that implement the 
system J/O, AT-compatible portion of the 
machine. 

nmt/nued 

Photo 1: Compaq Deskpro 386120 motherboard. The system memory board 
connector is at the bmtom le/1. The board features extensive radio-frequency­
interference shielding. The perforated metal cover, at the bottom righ1 benemh Ifie 
floppy disk drive. covers the 32K-byte bus cache memory. 
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REVIEW: COMPAQ DESKPRO 386120 

The buses let the CPU 

get 32-bit memory even 

while a peripheral is 

accessing memory. 

Flex Architecture and Performance 
The Compaq Flexible Advanced Systems 
Archiiecture. or simply Flex architec­
ture , combines concurrent memory and 
system buses with a memory caching 
. cheme io improve system performance. 

The concurrent buses kt the CPU gel 
32 -bit memory even while a peripheral is 
also accessing main memory. The 80386 
CPU and the coprocessor (80387 or Wci­
tek) sit on a local bus that is connected to 
1he cache and the cache controller. 

The bas ic principle of the cache is sim­
ple: The CPU gets its instructions and 
data from a sma.11 (32K-byte) area of very 
high-speed (35-ns) memory , As long as 
the data it needs is there (a hit), the CPU 
runs without wall states . If the data is not 
there (a miss), then the CPU wc1i1S while 
the data is retrieved from the slower ( l00­
ns) DRAM system memory. If there is a 
coprocessor pre.<ieni, it also executes Olli 
of the cache , 

The 82385 maintains the cache for 
those processors, retrieving needed da1a 
and flushing information that is no longer 
valid . Compaq claims that its cache will 
have a hil rate of 95 percent. so the CPU 
wi.11 wait very little . The 82385 al o han­
dles direct memory access (DMA) for the 
syste.m; when a peripheral performs 
OMA, the 82385. not the CPU. is put 
into a hold state. The CPU c.an continue 
to run out of its cache while the 82385 
handles the DMA. 

The 82385 also perfonns "bus snoop­
ing" and implements posted wrile logic. 
Bus snooping is a process in which the 
82385 monitors all DMA accesses to 
memory other than the cache. If it sees a 
change to any system memory that is aJso 
currently in the cache, it marks that cache 
data as invalid so that it will be rcpluced. 
In this way , the caehe memory avoids any 
inconsistencies with the main system 
memory . The posted write logic allows 
the CPU to issue a memory write and 
then continue its work without waiting 
while the write is still being posted to the 
slower system memory. 

In addition to communicating with the 
80386 and the coprocessor on the locaJ 
bus, 1he 82385 also has lines to the cache 
memory. the 32-bil memory bus, and a 
Cache Bus Interface (CBI). The CBI me­
diates between the 82385, the system 
memory board on the 32-bil bus, and the 

Cirrle lJ6 on RRader Servict Carri (DEALERS: 2J 7) ­

cards on the AT-compatible. bus. Jn addi­
tion to expansion cards. the . ystern 
ROMs, OMA controllers, and other IIO 
devices are on the AT-compatible bus. 
~ it does on its other 80386-based 

systems, Compaq also uses special logic 
on the Deskpro 386/20 to improve the 
pcrfonna.nce of Compaq's ROM BIOS 
(version H.8). When the system starts, it 
copies the ROM BIOS to the l28K-byte 
arcajus1 belov• the 16-megahyte memory 
line. It then uses special hardware map 
regi sters to map all accesses to it from 
their normal ROM address to this new 
area in the 32-bit RAM. 

The system also uses pecial hardY.tarc 
registers on the system memory board 10 

write-protect the RAM thal contains the 
ROM BIOS. This process ·peeds all ac ­
cesses to the ROM BIOS. because the 
ROM chips are slow (250 ns) and sit on 
the slower AT-compatible bus. If the. ma ­
chine contains a Compaq Enhanced 
Color Graphics board. as mine did , the 
I6K bytes of EGA BIOS on the board arc 
al ·o copied into the ·amc RAM area as 
the main system ROM BIOS. 

Mass Storage 
The floppy disk drive on the Deskpro 
386/20 is a standard Mitsubi shi 1.2­
megabyte 5 1!.l -inch unit. Compaq also 
sells a 360K-byte 5 ~-inch floppy disk 
drive as well a~ a 1.44-megabyte 3 1/2-inch 
floppy disk dri ve. 

The 300-megabyte harJ disk drive in 
my unit aclllally offered 315.3 megabyte 
of formatte.d storage . It wa-; a Micropolis 
Model 1558-15 drive. Compaq BIOS 
type 38. It automatically parks the heads 
when the sys1cm is shut off. The drive is 
controlle.d bv a haJf-hei~ht. 16-bit. ESDI 
controller c~rd made by~ Western Digital. 
The 16K-byte buffor on th.e ESDI con­
troller Jets the drive run with 1-to- I inter­
leaving. According to the Coretest , the 
drive sys1em had a data transfer rate of 
781. 7K bytes per second, an average seek 
time of 18.6 ms. and a track-to-track time 
l)f 6 ms. 

With 300 megabyte s of hard disk 
space, backup via floppy disks could be a 
nightmare. Fortuna1ely, my unit included 
a 135-megabyte tape drive that used '4 ­
inch tape cartridges. The tape drive 
(Model 5150 EQ) and cummller were 
made by Wangtek. Compaq also sells a 
40-megabyte tape backup drive. 

To run the. 135-megabyte tape drive , 

you use a program called the SY-TOS 
Tape Operating Syslem. It came with my 
system, along with a preliminary version 
of its user manual. At first. t.he drive and 
soflware hung the system. However, the 
software's croubleshooting chapter 
steered me in !he right direction. The in­

cominued 
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terrupt and DMA ettings that are stan­
dard with the software differ from those 
that are standard with the tape controller. 
Changing the settings io the prognim was 
simple, but this is a detail that Compaq 
should fix . [Editor's note: Compaq says 
it will mai<.e those changes in the final 
version ofrhe sofnvare.) 

Monitor and Keyboard 

The monitor is the same EGA-compal· 

ible unit that Compaq has been selling for 
some time. It has a 13-inch screen and a 
@ bar in the front. I used it with the 
Compaq Enhanced Color Graphics 
board. (Editor's note: Compaq now of· 
fers a VGA-compatible Video Graphics 
monitor an.d controller board. I 

The Compaq enhanced keyboard that 
came with my system followed the format 
laid out by the 101-key IBM enhanced 
keyboard. The keyboard also has two legs 
so it can be tilted. The key action had 
good tactile feedback . As with other 
Compaq systems, the keyboard attached 
to a connector on the lower left front of 
the unit with a long coiled cord . 

Software and Documentation 
The Deskpro 386120 includes a dfak with 
user programs that provide many useful 
functions. Some of these you expect. 
such as a system test utility and a Setup 
program. There is also a disk cache pro­
gram (CACHE) and Compaq's Expanded 
Memory Manager (CEMM). as well as a 
program to tell you the ROM version 
(ROMREV). 

The MODE command has been en­
hanced to let you set the system's four 
compatibility speeds. The AulO speed 
lets the CPU run at full speed except 
when the floppy disk drive is active; the 
CPU then slows to the equivalent of an 8­
MHz 80286 until the drive moior smps. 
This is especiaJly useful for copy-prote<:­
tion schemes that are sensitive to CPU 
speed. The High speed runs the CPU at 
full speed all the time. The Fast speed 
simulate.s an 8-MHz 80286, while the 
Common speed acts as a 6-MHz 80286. 

Compaq al so included a copy of 
Microsoft's Windows 386 version 2.0 
with my review unit. This program is de~ 
signed to offer the look and feel of the 
presentation manager of OS/2. It uses the 
virtual machine capability of the 803 8610 
let each of several DOS applications run 
in its own 640K-byte area, as long as you 
have enough memory. 

Compaq's version of MS -DOS can 
handle very large hard <lisks. It removes 
the 32-megabyte partition limit and 
allows partitions of up to 5 12 megabytes. 
My system's 300-megabyte hard disk 
drive had a 32-megabyte C partition , a 
!50-megabyte D drive, and a 150-mcga­

byte E drive. This is a much needed and 
very welcome improvement to MS-DOS. 

The documentation that comes with 
the system includes the Compaq Deskpro 
386120 Personal Computer Operations 
Guide and guides for installing and using 
the color monitor and the EGA board. 
You also get the Compaq Disk Cache 
User's Guide and the Supplemental Soft­
ware Guide. As usual , the Compaq docu ­
mentation is well written and thoroughly 
illustrated. 

Support 

The 386120 comes with a one-year parts 

and labor warranty. Compaq is commit­

ted to selling through dealers. so all re· 

pairs and support must come from them. 


I called two local Compaq dealers and 
asked them a fairly broad range of ques­
tions. They were unable to answer all but 
the very simplest ones. I tried the cus­
tomer relations telephone number on the 
warranty card, but I was asked for my 
dealer 's name , and the representative 
then offered to call my dealer for me . Ac ­
cording to a Compaq spokesperson, if the 
dealer is unable. to answer your questions. 
he or she is supposed to call Compaq, get 
the answers from the company's support 
staff, and then call vou back . 

My dealers did not want to follow this 
procedure, although I am sure it would 
have helped if I had bought my system 
from them. They freely admitted that 
they knew linle about the Deskpro 
386/20. Compaq said that this type of 
training delay is not uncommon: it takes 
some time after a new product is an­
nounced for Compaq's traveling trainers 
10 teach all their dea!e.rs . 

If you want service after the first year. 
you can buy Compaq's Extended Se.rvice 
Agreemen1s for 12, 24, or 36 additional 
months. These agreements are expen­
sive, however: A 12-month service agn:e· 
ment runs $5 19 for the Model 60, $579 
for the Model 130, and $749 for the 
Model 300. Those rnsts cover only the 
hasic system. You have to buy separate 
coverage for every option in your system. 
and this can reaJ.ly add up. For example. 
I 2 months· service costs $99 for the 135· 
megabyte tape drive and $159 for the 4­
megabyte system memory board . Like 
the system itself, support is expensive. 

Power at a Price 
The Deskpro 386120 Model 300 is sim­
ply the fastest personal computer I have 
ever used. I want one. I even fantasi;:ed 
about stealing it, in large part because 
there is no way I can afford it. If you are 
on a budget, admire the 386/20 from 
afar. If you have the money to pay top dol· 
lar for top performance, right now there 
is nothing bener. • 
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From real time embedded 
applications to comprehensive 
commercial applications on 
Macintosh, IBM PC , Amiga, 
Atari , and others, Aztec C has 
earned a well-deserved reputa­
tion as an innovative. tough to 
beat, rock-solid C development 
system. 

But don't just take our word for 
it-try it yourself. We know that 
the best way to understand what 
puts you ahead with Aztec C is 
to use it. That's why Aztec C 

systems purchased directly from 
Manx come with a 30-day, no 
questions asked, satisfaction 
guarantee. Call for yours today. 

We can also send you informa­
tion that details the special fea­
tures and options of Aztec C. 
Plus information on support soft­
ware, extended technical sup· 
port options. and all of the 
services and specialized sup­
port that you may need when 
you're pushing your software to 
the limits and ... beyond . 

Aztec C .Micl'o Systems 
Aztec C is available for most micro­
computers in three configurations: 
The Protess1onal: The Developer: and 
The Commercial system. All systems 
are upg radable. 

Aztec C6Bk1Am . . .. Amiga 
source debugger- optional 

Arlee C6Bk1Mac . . . Macintosh 
MP'N and MAC II support 

Arlee 086 . . . . . . . .. MS-DOS 
source debugger • CPIM libraries 

The lollOINng have special p11c1ng and 
configurations Call for details 

Aztec C68k/At •••• , Atari ST 

MS-DOS Hosted ROM Developmenl Systems 
Host+ Target: $750 Addltlonal Targets : $500 

Aztec C80 . . • • • • • • • CP/M-80 
Aztec C65 . . .. . .. . . Apple II & II GS 

Standard System ••••••••••••••• S199 
• C compilerTargets: 

• 8502 famliy 
• 8080-8085-Z80-Z18o-64180 
• 8088-8086-80188-80286/8087-80287 
• 68000-6801~020166881 

Components: 
• C compiler for host and target 
• Assembler for host and target 
• linker and librarian 
• Unix utllilles make, dlff, grep 
• Unix vi editor 
•debugger 
• download support 

Features: 
• Complete development system 
• Fast development times 
• Prototype and debug non-specific 

code under MS·DOS 
• Compliers produce modlflsble 

asaembler output, support lnllne 
eaaembly, and wlll llnk with assembly 
modules 

• Support for INTEL hex, S record, and 
other formata 

• source for UNIX run time library 
• processor dependent features 
• source for startup 

•Macro Assembler 
• overlay linker wi1h librarian 
• debugger 
• UNIX and other libraries 
• utihtres 

Developer System ......... , .... S299 
• all Standard System features 
• UNIX uti lities make. diff. grep 
• UNIX vi editor 
Commercial System , ....••..•.. S499 
• all Developer features 
• source for run time libraries 
• one year of updates 

Aztec C 1s available on a thrf/y-day money back guarantee Call 
now and find ou/ why over 50,000 users give Aztec C one of the 
highesr user·sa1islac11on ratings m rhe industry. 

Call 1-800-221-0440 

C 0.0 . VISA. Mas1erCard. American Ex· ManK Software Systems In NJ or outside the USA, 
press. wire (dorneslic and in1emational). and 
1e<m$ are ava ilable. One and two day deliv­
ery avallablo for all domestic and mosl 
mtema1iona1 dest natrons 

One lnduslrial Way 
Eatontown. NJ 07724 

call 201-542-2121 
Telex: 4995812 Fax 201-542-8386 
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The idea behind the first MultiSync~ color monitor was as simple 

as it was revolutionary: it would automatically adjust its scanning 

frequency to whatever graphics board it was connected to. From · 

CGA and EGA to PGC and beyond. That, along with its brilliant 

800 x 560 resolution, made it the perfect color monitor no 

matter what system you used it with-from PC/XT/AT to Mac II to 

PS/2. It also made it the undisputed standard of the industry. 

So with all that going for it, why did we change it? Simply to 

make it better. MultiSync II has a sleek new cabinet, a smaller 

footprint, and easy-to-use front controls. It's compatible with more 

graphics boards than ever-including MDA and Hercules. And it 

still gives you what no one else can offer at any price: NEC. 

The MultiSync II. Even though we changed it, it's still the same. 

Perfect. For product literature or location of the nearest dealer, 

call 1-800-44 7-4 7 00. For technical information call NEC Home 

Electronics (USA) Inc. 1-800-NEC-SOFT. 

CaC 
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The new MultiSync® GS takes compatibility into a new arena-

monochrome-via the same brilliant technology that made our 

. 
M ultiSync color monitors the standard of the industry. MultiSync 

GS gives you a choice of three screen tints-white, amber or 

green- and the assurance that it will work perfectly with virtually 

any system you may be using, including PC/XT I AT and PS/2. 

That's because it's compatible with all leading graphics standards, 

from MDA and Hercules to CGA, EGA, VGA and MCGA. 

M ultiSync GS has a maximum resolution of 7 20 x 480 for crisp 

text and graphics, and a flat 14" screen for enhanced contrast and 

minimum glare. Best of all, it has one feature no one else can offer 

you at any price: NEC. 

So get the monitor that vividly displays the brilliance of 

MultiSync-in monochrome. The MultiSync GS. For literature or a 
"'-.:/r.r f"r ..1 ~ ... ~·-1 ~-~•L ,.1 i..1.....- ...__~ u_,,_,_ ec.~t•• ., 

dealer call 1-800-447-4 700. For technical details call NEC Home 

Electronics (USA) Inc. 1-800-NEC-SOFT. 

CaC 
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U.S. HEADQUARTERS: CTX INTERNATIONAL, INC. 
260 PASEO TF.SORO/WAI.Nln', CA 91789 
TEL: (71') 595-61'6 FAX: (714) 595-6293 

EASTERN REGIONAL oma: NEW ENGLAND AREA F.ACl'ORY 
OONTINENTAL TI\QINOLOGY, INC. 

300 Mc:GA W DIUVE 
MJCR().l:Ep 

1.u Bll00"5 sr., sum NO. 1 
C8UNTliX ELECTRONIC CO.. Lm. 

ROOM 401TNO. 50 SEC.t . 
mJSQN, NEW JERSEY 08837 BIUGBTON, MA 02135 H&IN·SHENG S. RD., 

TliL: (201) 2.U-7317 FAX: (201) 225-6355 TEL; (817) 2H-1'89 FAX: (817) 783-t877 TAIPEI, TAJWAN. R.O.C. 
TEL: {02) 3921171 FAX: {02) 3919780 
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SYSTEM REVIEW 


The Tandy 4000 

Mark L. Van Name 

The Tandy 4000 is ;m 80386 ­
based. PC AT-compa1iblc sys­
tem that currently represents 
the top of the Tandy line of 
computers . Tandy has pro­
moted ii as an inexpensive sys­
tem. c iting a ba sic price of 
$2599. You can buy a unit for 
that price . but it includes on.ly I 
megabyte of RAM and a I .44­
megabyte 3112- inch floppy disk 
drive. It t.loes nol include a har<l 
disk drive. a disk controller, a 
video card. or a monitor, so a 
complete system costs substan­
tially more. 

The system J reviewed had a 
Tandy EGA-compatible moni­
tor. an EGA ca rd (lhe EGA 
Multi Res made by STB Sys ­
tem s), and an IBM- stylt: t:n­
hanced keyboard. It contained 2 
megabytes of 32-bit memory , a 
1.44-megubyte 3 Vi -inch floppy 
disk drive , a 40-rnegabyte hard 
disk drive. a combination 
floppy / hard disk controller 
cart.! , a serial port /parallel port 
card. a system clock/ calendar, 
bauery-backed CMOS RAM 
fo r configuration data. MS-DOS 3.2. 
GWBASIC 3.2, Tandy' s DeskMate II 
sof1ware , and several mility programs. 
This sy$te rn costs $5977. 

There are soc.kets on the motherboard 
for both a Weitek math coprocessor board 
and an 80287 malh chip. but not for the 
80387. I installed an 8-MHz 80287 m:ith 
coprocessor, available from Tandy for an 
additional $399 .95. 

The 2 megabytes of memory i.n my sys­
te m we re divided inio 640K bytes of user 
memory and 1 megabyte of extended 
memory. The remaining 384K bytt:s that 
full between the 640K-byte and I-mega­
byte boundaries are used to hold copies of 
the system's ROM BIOS and-when an 
EGA card is amtche.d- the EGA BIOS. 
That memory can also be used by an ex­
panded memory manager utility . 

The Tandy 4000 is about 2 1'4 inches 

the future, it can be a problem An AT-compatible system with 
for those with existing software 
on 5 1.4-inch floppy disks . espe­a combination of high performance 
cially when that software is 
copy-protected. Tandy t.loes of­and extensive dealer support 
fer optional 1.2-megabyte and 
360K-byte 5 1A-inch floppy disk 
drives. It also provides a useful 
utility with which you can make 
either of the floppy disk drives 
appear to be drive A; this utility 
lers you buy an optional 5 !A­
inch floppy disk drive and use it 
for copy-protected software that 
demands to be in drive A. 

Like other Tandy systems, 
the 4000 comes wilh a 90-day 
warranty . You can also buy a 
vear of extended service that 
··tarts from the date of purchase. 
That service can be carry -in or 
on-site . The price for each type 
depends on the system config ­
uration . For my evaluation unit , 
a year of carry-in service costs 
$474. 75. and on-si te service 
runs $893 .2.:'i. If you live far ­
ther than 50 miles from one of 
Tandy's 60 U.S . service facili­

narrower and I Yi inches deeper than the 
standard IBM PC AT. It looks and feel s 
sturdy . Ir has a power-on LED on the 
front panel, but it has no tli ·k activity 
light. This minor omission can be annoy­
ing when you are trying to decide wheth­
er the system is working or hung . There 
is a keyboarJ lock on the front anJ a 
rocker- style power switch on the rear 
right side. 

One flaw of the system is that it has 
only FCC Class A apprO\laL not Class B. 
so it could cause some interference if 
used at home . A Tandy spokesperson 
said that the machine is intende.d for busi­
ness use only and tha1 Tandy has no plans 
to seek FCC Class B approvaJ anytime 
soon. 

Like the new PS/2 systems. the Tandy 
4000 includes a 3 1h -inch floppy disk 
drive. While this is probably the wave of 

ties . there is an additional fee 
for on-site service. Tandy estimates thut 
these service facilities cover about 95 
percent of Lhe conlinental U _S_ 

If you have questions about using the 
system. you must contact your local 
Radio Shack Computer Center, The man­
uals don't list a telephone support num­
ber. I cal led four local Computer Centers 
with questions that ranged from very sim ­
ple 10 fairly complex: no one at any store 
could answer any but the simplest of 
them. While the Tandy 4000 is admit ­
tedly a new system, thi s lac k of under­
standing in lhe field could cause prob­
lems for novices . Some help is av-ailable 
from Tandy' s optional Telephone Sup­

co111in11ed 

Mark L 11:m Name (10024 Sycamore 
Rd., Durham, NC 27703) is a freelance 
writer a11d computer consultam. 
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Tendy 4000 

Company 
Tandy Corp. 
1800 One Tandy Center 
Fort Worth. TX 76101 
(817) 390·3700 

Components 
Processor: 16-MHz Intel 80386; socket 
lor opt ional 8-MHz 80287 math 
coprocessor; socket for We1tek math 
coprocessor board 
Memory: 1 megabyte ot 100-ns 
dynamu:: RAM standard, expandable ro 
4 megaby1es: maximum system 
memory is 16 megabytes 
Mass storage: One 1.44-megabyte 3V2· 
inch floppy disk drive: one half-height 
40-megabyre hard disk drive (optional) 
Display: EGA-compatible card 
(optional): EGA-compatible monitor 1rom 
Tandy (optional) 
Keyboard: 1O1 keys in IBM enhanced 
keyboard layout 
110 interfaces: One DB·9 serial port 
and one DB·25 parallel port ; nine 
expansion slots: six 16-bil slots; two 
8·b1t slots; one 32·bit slot 

Sin 
61h by 19 by 1 B inches; 47 pounds 

Soflwllre 
Disk formatting utility 

Optlona 
1·megabyte32·b lt SIMM add-on: 

$429.95 
Memory·expan51on board w ith 2 

megabytes ol 32·b~ memory: $799 
MS·DOS 3.20 03 (GWBASIC , DeskMate 

II, and utilities included): $99.95 
Serial/parallel adapter: $149.95 
Internal 1,2-megabyre 511<-inch floppy 

disk dm1e: $299.95 
Internal 360K·byte 5V• ·inch floppy disk 

drive: 5199.95 
Monochrome monitor: $149.95 
CGA monitor: $399.95 
EGA monitor : $699 
Monochrome/Hercules/CGA video 

card: $199.95 
EGA video card: $299 .95 

Documentation 
67-page Tandy 4000 Installation and 
Operation Manual; 28-page Enhanced 
Grapt1ics Adapter Users Manual; 24­
page Tandy 3000 Hard Disk Controller 
Installation Manval ; 28·page Tandy 
3000 40·Megabyte Internal Hard Disk 
Drive Installation Manual 

Price 
System as reviewed : $5977 
Base system with a 20-megabyte hard 

disk dnve: $3499 
Base system with a 40-megabyte hard 

disk drive: $4299 

Inquiry 884. 

Test 
Tandy 4000 

80287-8 
Model 80 
80387-16 

Compaq386 
80387-16 

Compaq 386 
80287-8 

IBM PCAT 
80287-8 

Dhrystone" 
Fibonacci 
Float 
Savage 
Sieve 
Sort 

3589 
55.56 

7.28 
22.52 

6.21 
7.87 

3626 
57 26 

1 62 
9.49 
6.45 
7.74 

3748 
53.11 

1.43 
8.95 
5 .98 
55a 

3748 
53 12 

6 80 
21.53 

5.99 
5.58 

1590 
126.22 
1098 
37 30 
24 60 
43 17 

· For Hie Dhrystone test only. higher fi gures denote taster performance 

DISK ACCESS IN BASIC (IN SECONDS) 
WRITE READ 

BASIC PERFORMANCE (IN SECONDS) 

SIEVE CAlCULATIONS 


SPREADSHEET (IN SECONDS) 

LOAD RECALCULATE 


SYSTEM UTILITIES (IN SECONDS) 
40K FILE COPY 

- TANDY4000 

IBM PS/2 MODEL 80 
- COMPAQ DESKPAO 386 
- IBM PC AT (8 MHZ) 

The table contains the results of the C language benchmarks (see "A Closer Look '" by 
Richard Grehan in the September 1987 BYTE) All times are in seconds, except for the 
Dhrystone, which 1s 1n Ohrystones per second . The Disk Access benchmarks write and 
then read a 64K·byte sequential text file to a hard disk. Sieve runs one iteraLion of the 
Sieve of Eratosthenes. Calculat ions performs 10,000 mult iplicat ion and'-divis1on 
operations. The 40K File Copy benchmark copies a 40K·byte file on the hard disk. The 
Spreadsheet tests load and recalculate a 100-row by 25-column Mul!iplan (1 .06) 
spreadsheet. All BASIC benchmark programs were run with MS-DOS 3.20 and 
GWBASIC 3.20 on the Tandy 4000: PC·DOS 3 3 and BASICA 3.3 on the Model 80 and 
PC AT: and Compaq DOS 3. 1 and Compaq BASIC 3. 11 on me Deskpro. 
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port: for $60, you get help on six "inci­
dents,·· even if each requires sever.:il calls 
to resolve. 

Performance and Compatibility 
Speed is perhaps the most important as­
pect of the new 80386-based systems. 
The tables at left show the Tandy 4(X)()'s 
times for the standard BYTE C and 
BASIC bem:hmarks running on my evalu­
at iun unit with an 8-MHz 80287 math 
coprocessor. 

I compared the Tandy ilOOO's results 
with those of the Compaq Deskpro 386 
running at t6 MHz with an 8-MHz 
80387. The Tandy 4000 lost to the Com­
paq on all the tests except the Spreadsheet 
Load and 40K File Copy, on which the 
two machines were about even. It w.i.s 
usually less than 10 perce.nt slower, but 
its times were much worse on the Disk 
Write (30 percent . lower) and the Sort 
lest (29 percent slower). 

The Write and Sort results can be at­
1rihuted to the differences in the disk 
drives on the two systems. The Compaq's 
hard disk drive aml hard disk controller 
card have !I darn transfer rate of 235.6K 
bytes per . econd. an average seek time of 
26.4 milliseconds, and a track-to-tmck 
.i.c:ek time of 4 ms, according to the Core ­
test. The Tandy 4000's hard disk syslem 
h1s a data transfer rate of 160.8K bytes 
per secQnd, an average seek time of 30.6 
ms. and a track-to-track seek time of 
3 .9 ms. 

The Compaq also uses faster memory: 
80-ns RAM, as compared to the Tandy's 
100-ns RAM. 

I also ran BYTE's standard bench­
marks with a disk cache of 128K bytes 
in extended memory, u ing Tandy's 
CACHE utility. I timed both the first run 
and then everal more runs of each test so 
I cuuld sec a.ny initialeost of the cache, as 
well !IS any benefits tha.l came from re­
peateu accesses to the same file-s. 

The cache had little impact on the C 
benchmarks. The BASIC Calculations 
and Sieve benchmarks and t.he Spread­
sheet RecaJculate test were also largely 
unaffected. However, the Write, Read, 
40K File Copy. and Spreadsheet Load 
bcnchmllrks all ran from 5 percent to 50 
percent fa tcr with the cache un. The 
greatest speed increase came af!er the 
first run, once the cache was "primed" 
with the desired data. It' you do much 
work that involves re.pealed accesses to 
the same few files, Tandy's disk cache 
utility could prove helpful. 

Compatibility with the IBM PC AT is 
the other crucial issue for new systems. 
All the software I lricd worked with the 
Tanuy 4(X)(). I tested the following prod­
ucts : DESQview 2.0 (with Expanded 
Memory Manager I . I 0). Ke rm it 2. 29C. 

Lotus 1-2-3 I .0, The Norton Utilities 
3.00, PC Paintbrush 1.0. Q&A l. I, Re­
flex 1.14, SideKick I .56A, Smalltalk/V 
1.2, SuperKey l.16A, Symphony 1.2. 
Turbo C 1.0, Turbo Pascal 3.0, Micro­
soft Windows 1.01, Microsoft Word 
3.10, and WordStar 3.3 and 4.0. Sym­
phony was copy-protecled , but 1he Tandy 
4000 handled it automatically. 

I successfully installed several hard­
ware options as well. including a Cheetah 
Card (with 2.5 megabyies of 120-ns 
memory), an Evercom IJ 2400-bit-per­
second internal modem, an Intel Above 
Board/ AT, and a Microsoft serial 
Mouse. I had some trouble getting the 
Microsoft serial Mouse to work. so 
Tandy sen1 me a new serial/parallel 
adapter card. That did not solve the prob­
lem. so I upgraded my mouse driver soft­
ware to Microsoft's newest version , 6. l. 
It then worked. 

According to Tandy. the company's 
engine.ers discovered that the problem 
was due to a noisy system bu. that wa. 
causi.ng the mouse driver to check for a 
bus mouse even though I was using a 
serial mouse .. To avoid this problem, you 
can use the/Cl (or /C2, for serial port 2) 
option of the Microsoft mouse driver to 
force it to ignore the bus and check only 
the designated serial port. That option is 
not present, however, on some older 
mouse drivers . Wi1h its MS-DOS, Tandy 
ships !I mouse driver (ver5ion 6.0) thal in­
cludes this option . 

A Peek Inside 
The Tandy 4000 prov ides a 192·watt 
poY1er supply lhat can operate at either 
the U.S . standard of l l 5 volts and 60 Hz 
or the European 230 V and SO Hz . St!ln­
daru expansion peripherals arc supported 
through a 16-bit, 8-MHz AT-compatible 
bus. This bus has six 16-bit an<l two 8-bit 
expansion slots. In my evaluation com­
pu1er, one 8-bit slot was occupied by 
Tandy's serial/paralld adapter card, and 
1wo of the 16-bit slots were used by the 
EGA adapter and the disk controller 
card. 

The motherboard , which was dcsigne.d 
by Tandy. measures about 11 by 16 
inches. It can hold either I or 2 mega­
bytes of 32-bit memory. llnd the optional 
memory-expansion board provides an ad­
ditional 2 megabytes of 32-bit memory. 
Each megabyte consists of four single in­
line memory modules (SIMMS). Each 
SIMM contains nine 256K-byle 100-ns 
dynamic RAM chips. so there is parity 
checking. When I-megabyte SlMMs be­
come more commonly available , the 
motherboard will be able to hold 8 
megabytes. 

The CPU accesses the memory on the 
motherboard and on the memory-expan-

The motherboard has 

sockets for the Weitek 

WTL 1167 board and an 

80287 coprocessor. 

sion board, if one is present, through a 
proprietary 32-bit bus. The memory-ex­
pansion board plugs into a single. 32-bit 
slot that is d~igned to support only this 
board. The length of the connector for 
1hat slo1 is about halfway between the 
length of a standard 8-bil connector and 
that of a standard 16-bii connector. The 
connector is divided into two idenLical 
halves. 

The Tandy 4000 motherboard also has 
sockets for both the. Weitek WTLI 167 
math coprocessor board and :rn 80287 co­
processor. The Weitek socket gets scant 
mention in the Tandy documentation. 
Tandy does not offer the Weitck board as 
an option, but it may do so in the future. 
The Wehck socket cannot be used with 
the 80387 math coproce ~or. (Editor· s 
note: The Weitek WTLI 167 math copro­
cessor board is availt1ble for the Tandy 
4000 from Micro Wa y (P. 0. Box 79, 
Kings1on. MA 02364. (617) 746-7341 ) 
for $1495. /11sra/li11g this board requires 
soldering a jumper on 1he Tandy 4000 
mo1herb{)(m/. This would invalidl11e your 
warranty.] 

Architcctu re 
Like many 80386-based ~ystems . the 
Tandy 4000 uses the support chip set 
from Chips and Technologie (C&T). 
The C&T 82C302 memory cont.roller 
implements an interleaved, or bank­
switched. memory architecture. This 
approach assumes that programs tend to 
access memory sequentially. h groups 
memory into pajrs of banks and then al ­
ternates memory locations between the 
two banks in a pair. Once a bank has been 
accessed, it has time to be refreshed 
without slowing the CPU if it~ paired 
bank is used in the next acccs~ . When thi · 
is 1rue. there are no memory wait stales. 
There an: also no wait states whe.n a sec­
ond memory access is not sequential but 
is still se.eking an address in the other 
b!ink in the pair. 

The 82C302 c.hip places several con­
straints on the possible memnry configu­
rations. First, it views memory as either 
one, two, or tour banks and allows no 
other optioos. The chip al so requires that 
eai.:h pair of hanks contain identical com ­
ponents. This is why the alluwable Tandy 
4000 memory configurations are I. 2. or 

conri11ueJ 
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4 megabytes with the current SIM Ms. If 
Tandy eventually introduces SIMMs tbat 
use I -megabyte chips, then the system's 
32-bit memory could go as high as 16 
megabytes: four banks of 4 megabytes 
each. 

One extremely important consequence 
of rhis implementation is that the system 
does not interleave memory if you have 
only a single memory bank. Thus, lhe 
standard I-megabyte system loses rhis 
performance edge and runs wilh wait 
states. This means that the standard sys­
tem wilJ run slower than is implied by my 
benchmark results for the 2-megabyte 
system. 

This :i.rchilecture and its perfom1ance 
improvements apply only to rhe 32-bit 
memory. You can also put additional 
memory. up to the system maximum of 
16 mcgabyres. in the 16-bit slots , but it 
will run considerably slower than the 32 ­
bit memory. 

The Tandy 4000's 80386 CPU runs ai 
16 MHz. You can change it to a compati­
bility speed of6 MHz with a DOS SPEED 
command. You can also set the speed to 
AUTO, in which case the CPU runs at 16 
MHz except during disk accesses. when 
it switches to the slower speed. This is 
particularly helpful when you are using 
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copy-protected sof1ware . The Tandy 
4000 slows the CPU by using the C&T 
82C301 timing chip to set the system 's 
oscilla1or to 12 MHz instead of its usual 
32MHz. 

The BIOS (version 1.03.01, dated 
8/6/87) was done by Phoenix Technol ­
ogies and is compatible with the IBM 
BIOS. At slaI1-up, the Tandy 4000 speeds 
ROM accesses by copying the ROM into 
part of the 32-bit memory between the 
640K-byte and I-megabyte boundaries. If 
an EGA board is present. the Tandy 4000 
also copies its ROM into that area. 

Disk Dri'Ves 
There is one Jisk drive bay on the right 
front of lhe unit. It can hold three half­
heighl devices or one half-heigh! and one 
full -height device. In my evaluation unit, 
the top slot was occupied by a 1.44-mega­
byte 3 'h-inch floppy disk drive. The mid­
dle sfot was empty . The bottom one 
contained M icroscience In1erna1ionaI's 
model HH- 1050 hard disk drive- a half­
height, 5 1.4-inch , 40-megabyte drive with 
1024 cylinders and 5 heads. The drive 
was already physically formatted, but I 
had to partition and logically fonnat it 
using Tandy' s MLPART and MLFORMAT 
utilities. 

The disk controller handled both 
drives . It uses standa.rd Western Digital 
chips and has cabling for up to two floppy 
disk drives and two hard disk drives. 

Monitor and Keyboard 
Tandy offers both monochrome and EGA 
monitors. My unit came with the Tandy 
13-inch Enhanced Graphics Monitor 
EGM-1 . I wc1s immediately struck by 
how big it was: It weighs over 30 pounds 
and measures 15* inches wide by 12JA 
inches high by 151/i inches deep . h has no 
legs, swivel supports, or other posilion­
ing options. It has an unusual control but­
ton that lets you toggle the text characters 
between white and gret:.n. The screen 
display of characters was crisp, and the 
color was good. 

The EGA card is from STB Sys1ems. ii 
can support either a CGA or an EGA 
monitor. h aJso has an IBM-compatible 
light-pe.n connector . The Tandy 4000' s 
keyboard follows the IBM enhanced key­
board style . It has 12 function keys across 
the top and has indicator lights on the 
upper-right comer for the Num Lock , 
Caps Lock, and ~croll Lock keys. ft has a 
soft but audible keyclick. The key action 
is a bit soft for my taste. but overall the 
keyboard has a pleasant foe). 
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Sortware and Documentation 
The basic system comes with only utility 
oftware for such tasks as disk format ­

ting . However, Tandy has made several 
very nice addjtions to its version J.2 of 
MS-DOS. One is a disk cache utility , 
which i becoming increasingly common 
on 80386-based systems. There is also a 
prog ram. MONJll6. that uses extended 
memory to let you have up to nine appli ­
cations in memory at once . This program 
is limited in fun ctionality and can't com­
pete se riously with such programs as 
Windows or DESQview. It aJlows a max­
imum of only 5l2K bytes ~r program, 
for example. and l had trouble ge.ning it 
to run WordStar 4.0 anti BASIC at the 
same time. 

Other useful additions include an ex· 
panded memory manager (TEMM), a file 
compression/decompression utjJity (DC) . 
a disk optimizer (DISKOPT) . the speed 
control command discussed earlier, and 
fast file backup (FBACKUP) and resmre 
(FRESTORE) commands. 

The Tandy 4000 also comes with 
De kMate n. a standard Tandy product 
t.hat provide.s ma.ny of the desktop man­
agement functions of such popular prod­
uc1s as Side.Kick. ii com.ains six applica­
tions, al l of them simple and bare-bones: 

a text edi1or, a spreadsheet, a fil e-card 
system , a communications program. a 
caJendar, and a mail system . It al o in­
clu<lcs on-line help, a calculator, and an 
alarm, as well as a menu that provides ac­
cess to common MS-DOS fum:tion s like 
file renaming and deletion . While many 
of these applications are useful and you 
cannot beat !he pri.cc. none compete well 
with stand-alone products that offer the 
same functions. 

My evaluation unit included a hefty 
stack of manuals. There were two fairly 
tandard reference books. the Tandy 3000 

BASIC Reference Manual and the Tandy 
3000 MS-DOS Referen ce Manual. Dcsk­
Mate n has a separate manual _I also re­
ceived 11 maller pieces of documenta­
tion. (For a partial list. sec the box on 
page 130.) 

While many of the books were obvi­
ously intended for Tandy' s 3000 system. 
material specific to t.he Tandy 4000 was 
covered well in tbe inst.aJlation and MS ­
DOS enhancement manuals. The vuious 
hardware installation manuals were 
clear, but they typically assumed that you 
at least k.oew what a jumper was and why 
you might need to set one. 

GencraUy , the books were readable 
and easy to use. My only complaint is 

that there were so many of them that 11 
was sometimes difficult to find desired 
information. For example, when I wanted 
to study Tandy 's MS-DOS additions. I 
checked the MS- DOS manual and then 
the handbook , and had no luck in either 
one. The book that covered the enhance­
ments had been buried in the Desk Mate ll 
binder because the other binder was full. 
Thi s r rob lem see ms to rem from 
Tandy 's use of 1bc same books for several 
different systems. 

Yet Another 80386 System 
The Tandy 4000 is a solid AT-compat ­
ible , 80386-bascd system. It is by no 
means the fa~te t of the top systems. I! is 
also not one of the cheapest. A system 
like my evaluation unit but with only one 
megabyte of 32-bit memory ($429.95) 
costs $5548 . By contrast, a similarly 
equipped unit from PC's Limited costs 
$4899 , while a similar Compaq Deskpro 
386 with a monitor lists for $7298. 

The Tandy 4000 's speed and price 
make it a rea onablc system , but not an 
e.~ceptiona l one. Once Tandy 's many 
Radio Shack Computer Centers have 
more information on and experience with 
the 4000, its biggest strength may be that 
huge support network. • 
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For a laptop microcomputer to 
succeed in the market, it mus\ 
stand out from the. burgeoning 
compel it ion. Datavue, maker of 
the widely known Datavue 25 
laptop. is atlempting to break 
away from the crowd with two 
laptops. the Spark and the Snap 
I + I. 

The main selling point for the 
Daiavue Spark i .~ its price, 
which stand s at just under 
SlOOO tor a b<1se unit with <1 
9.54-MHz NEC Y20 proces­
sor, 384K bytes of memory , 
and one floppy disk drive. The 
di stinguishing feature of the 
Snap I t I (which also has a 
9.54 -MHz NEC V20 proces­
sor) is its ability to be separated 
into two parts for increased por­
tability. Suggested price for the 
Snap ! + I. in its basic config ­
uration, is $2295. 

Nine-Pound Portables 
The two unit occupy approxi­
mately the same 13- by 13 -inch 
footprint. The Snap 1 + 1., how­
ever, is approximately a half 
inch thi<.:ker than the 2 'Ii-inch 
thic k Spark . The cases are 
made of pla. tic, and they carry 
stickers warning the user not to place ex­
cessive weight on the ma<.:hine. to avoid 
destroying the disk drives. The Snap 
J + l Jisplays adJ itional warnings related 
to LCD screens and connecting screws. 

When the front and back of the 9­
pou nd Snap I+ I are separated, the 
modem. reset button. holh serial and par· 
i.!llel ports , Jisplay. keyboard , and op­
tional RAM disk come away with the.:!­
pound front unit , called 1.he Lap Module. 
The rear unit holds the floppy <li sk 
drives, the 640K-byte main memory, and 
a ingle expansion slot that can accept a 
half-height graphics. co1nmunications. 
or network card (see photo I). ­

You can operate the Snap I + I frnm 
either of rwo types of AC adapter power 

by Alex Lane 

drive i standard in the 9-poundPrice and portability 
Spark. and i1 tan be fined with 
an additional internal 3 11:!-inchdistinguish these two laptops 
drive. The Snap I + I has two 

from the competition 

The Datavue Snap I + I (left) and Spark are 9-pound 
laptops with full-size keyboards and a choice ofdisplays. 

supplies (SP-PSI or SP-PS2) or from a 
nickel-<:admium battery: when operated 
independently , the Lap Module can oper­
ate from either an SP-PS2 power supply 
or a nickel-cadmium battery that <.:omes 
with the optional 512K-byte CMOS 
RAM memory C;>;pansion. The batlcry 
will a.How the Lap Module to run for 
about 6 hours. If left unattended , a sepa­
rated Lap Module will mointain files in 
its RAM dri ve for about a month before 
the baueries give out . 

You can operate the Spark from either 
the SP-PS2 AC adapter or internal nii.:kel­
cadmium batteries. The batteries will 
power ihe Spark for 3 to 4 hours on a full 
charge. 

One 720K-byte J 1h-inch floppy di&k 

3'h-i nch floppy disk drives 
standard; one of these can be re­
placed with a 20-megabyte hard 
disk drive. 

Both units come equipped 
with RGB and composite plugs 
for external CGA monitors , as 
well as a port for the Datavue 
external 5 \4 -inch floppy disk 
drive. The Snap I + I's periph­
eral ports are along the sides on 
Lhe front Lap Module ; all the 
Spark· s ports are in the back of 
the machine . The Spark and 
Snap I +I both have sockets for 
8087 coprocessor . 

Keyboards 
The keyboards of both the Snap 
l + I and the Spark have a good. 
springy feel to them, with plenty 
of tactile feedback . The Spark 
has a 77-key keyboard Lhat pro­
vide.s 10 function keys. 4 cursor 
keys, and a standard QWERTY 
layout. The Enter key and the left 
and right Shift key · are larger 
than those on an IBM PC; as a 
result , some of the less fre­

quently used characters. such as the Alt 
and \ keys, have been displaced. 

My only complaint about this key ­
board is that you have to use the Function 
key to enable the Home, PageUp, P'dge­
Down. and End key functions, as well as 
to em1ble an embedded numeric keypad 
in the alphabet part of the keyboard . 

The Snap I + I comes with an 84-key 
keyboard: ii fit a QWERTY keyboard 
and a s~.parate numeric keypad into a 

Ale.r Lane (clo Tech110/ogy Applications 
Inc .. 6621 So111hpoint Dri w.· N. Suite 
310, Jacksonville, FL 32216) is a knowl­
edge engineer. You can reach him 011 BEX 
as "a.lnne. ·· 

FEBRUARY 1988 • B Y T E 135 



REVIEW: DATAVUE'S SPARK AND SNAP I+ I 

small area. For space-saving reasons. 
some compromises here were. of course. 
inevitable . Major depnr1ures arc !he 
PrintScreen key, which is placed in the 
lower left corner. and the Insert and De­
lete keys. which are under the right Shih 
key. separated from the numeric keypad. 
The Shift keys and the Emer key are rnm­
fonably oversized , and the function keys 
are arranged horizontally across the top 
of the keyboard. 

One fea1ure of 1he Datavue machines 
that you would probably never discover 
without the documenta1ion is the ability 
to change many machine parameters 
using the lcft-Shirt-Conirol key combi­
nation. Simultaneously pressing 1he lef1 
Shi fl, Control. and T keys. for e:uimplc. 
di plays a Help screen that explains some 
of the other things you can do. Most of 
1hese things are quite useful. like comrol­
ling the cursor shape. turning backJight­
ing on and off. toggling between an inter­
nal and external B drive. and toggling 
be1ween the Spark"s 4 . 77- and 9.54-MHz 
clock speeds. 

Keying lefl-Shifr-Conlrol-R rurns the 
Snap I +I into a dumb remote terminal , 
even ifthe machine hasn't boo1ed DOS. I 
found this feature to be useful when you 
need a terminal immediately anti can't 
wait for disks to spin or software to load . 

A Choice of Screens 

Both machines have a nonbacklit super­

twist LCD: electroluminescent (EL) 

backlit screens are available as options. 

1n addition. the Snap 1+ l can sport an 

amber fluorescent gaslight screen. 


Of the 1hree screen types, the nonback­
lit LCD consumes the least power but is 
also the hardest on your eyes . The price 
difference between the nonbacklit display 
and the EL screen is $125 for the Spark 
and S 100 for lhe Snap 1 + I. The gaslight 
creen with red lettering on an amber 

hac.kground . costs an extra $200 for the 
Snap I+ l. In my book, the nonbacklit 
LCD is a poor third choice !or either 
machine . 

All three screens are 80 columns by 25 
rows, 640 by 200 pixels, and measure 9 'h 
by 4 1h inches; they are fully adju tttble for 
contrast. The amber gaslight screen has an 
additional control for brightness, but I 
didn't notice much difference from maxi­
mum to minimum brightness settings. A 
selection of screen palettes (toggled se­
qucntiaJJy using an arcane key manipula ­
tion) didn 't offer much of a ·election on 
either the EL or gaslight screens; I never 
could get full- and half-intensity to show 
up well together on the same screen . 

Documentation 

Two manuals come with each machine. 

One is a generic MS-DOS Manual that. 
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Company Company 
Datavue Corp. Datavue Corp. 
One Mecca Way One Mecca Way 
Norcross, GA 30093·2919 Norcross, GA 30093·2919 
(404) 564 -5668 (404) 564·5668 

Components Components 
Processor: NEC V20 running at 9 54 Processor: B·bit NEC V20, with speed 
MHz: socket ror 8087 numeric keyboard-switchable between 4. 77 and 
coprocessor 9.54 MHz; socket for 8087 numeric 
Memory: 640K bytes of RAM coprocessor 
Mass storage: Two 720K·byle 3Vz·inch Memory: 384K bytes ol RAM. 
internal floppy disk drives e~pandable to 640K bytes 
Display: Nonbackl11 supertw1st LCD, 80 Mass.storage: One 720K·byte 31/2 ·1nch 
columns by 25 rows. 640 by 200 pixels. internal floppy disk drive standard 
9V2 by 4V~ inches Display: Nonbacklil supertwist LCD. 80 
Keyboard: 84 ke"is. 10 functioo keys, columns by 25 rows, 640 by 200 pixels, 
numeric keypad 91/2 by 41/2 inches 
1/0 interfaces: RS·232C 25-pio serial Keyboard: 77 keys. 10 function keys, 
port : parallel port: external bus (1or disk): embedded numeric keypad 
RGB video: composite video 110 interfaces: RS·232C 9·pin serial 
Power: AC adapter; nickel-cadmium port: parallel port: external bus (for disk) 
battery (3 to 4 hours fully charged) RGB video: composite video 

Sa 
Power: AC adapter; nickel·cadmium 
banery (3 to 4 hours fully charged) 

13 by 13 by 3 inches: 9 pounds 
Size 

Sotl1'18re 13 by 13 by 21h rnches: 9 pounds 
MS·DOS 2. 11 version 1.20: Datavue 
diagnostics Software 

MS·DOS 2.11 ver~on 1 .20: Dalavue 
Options dfagnos11cs 
EL oacklh.LCD display: $100 
Fluorescent gaslight LCD display· $225 Options 
Small AC adapter: $95 Addlllonal 3'h ·lnch floppy disk drive 
Large AC adapter: $200 $200 
512K·byte RAM expansion: $795 EL backlit screen: $125 
51/4·inch external floppy disk drive: 256K·byte RAM expansion: $130 

$495 51/4 · nch external floppy disk drive: 
20-megabyte internal hard disk drive: $495 

S-1200 Battery: $60 (small): $99 Oarge) 
Battery: $60 (small): $99 (large) lnlernal 300·/1200·bps modem: $325 
Modem: $325 Oase: $75 
Case: .$75 

Documentation 
Doeumantatlon 280·page MS·OOS Manual; 57-page 
280-page MS-005 Manual; 73-page Spark Operarions Manual 
Snap 1+1 Opera/Ions Manual 

Price 
Price Basic uni!: $995 
Basic unit: $2295 With two floppy disk drives. 640K bytes 
With EL backli1 LCD: $2395 of RAM , and El backli1 LCD: $1450 
With fluorescent gasflght LCD: .$2495 
With 20-megabyte hard disk drive: Inquiry 8B6. 

$3495 
With 20·megabyre hard disk drive and 

EL backlit LCD: $3595 
With 20-megabyte hard disk drive and 

fluorescent gaslight LCD: $3695 

Inquiry BBS. 

• judging from the names of all three Data ­
vue laptops on the cover, accornpa nies all 
machines. The second book is a well ­
indexed operations manual for the specif­
ic machine. 

The MS-DOS Manual has some nasty 
omissions. like failing to mention the 15 

switch for lhe F'OPJ•lAT command, which 
is necessary if you ·re going to work with 
an external drive or with the RAM drive 
in the Snap I+ I. Information about the 
15 switch is in !he operations manual. 
Thus. it's best not to depend exclusively 
on any one book for these machines. 
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DISK ACCESS IN BASIC (IN SECONDS) 
WRITE READ 

40 000 UXI 
I 

11--.... :;o 

BASIC PERFORMANCE (IN SECONDS) 
SIEVE 

SYSTEM UTILITIES (IN SECONDS) 
40K FORMAT/DISK COPY 40K FILE COPY 

,, 

- SPARK • SNAP 1+1 -. IBM PC 

The Disk Access benchmarks write and then read a 64K-byte sequential text tile to a hard 
disk. Sieve runs one iteration of the Sieve or Eratosthenes. Calculations performs 10.000 
multiplication and division operations. The System Utilities graphs show how long it takes 
to format and copy a 40K-byte file using the system utilities. The Spreadsheet tests load 
and recalculate a 25-row by 25-column Multi plan ( 1. 1 0) spreadshe.et. All BASIC bench· 
mark programs were run with MS-DOS 3.10 and GWBASIC 3.0. 

LOAD 

Unfortunately. some of the informa­ up the RAM drive to allow the Snap 
tion in the Snap I+ I Operations Manual I+ I 's Lap Module to boot automatically 
is incorrect. For example, the Setup leaves out a crucial step. Despite these 
screen displays shown in the Start-Up errors, the operations manual for the 
section only vaguely resemble what actu ­ Snap I+ 1. like the operations manual for 
ally comes up on the computer sc reen. the Spark. is a valuable piece of 
More seriously , the procedure for selling documentation. 

Accessories 
Installing things like modems, screens. 
and memory cards with these machines 
shouldn't~ much of a hassle if you·ve 
done similar operations with other equip­
ment_ The documentation 1ha1 comes 
with the machines whizzes 1hrough the 
installation process. I encountered no dif­
ficulty performing any installations, with 
the minor exception of the phone jacks 
for the modem, which were a tight fit. 

The 5 114-i nch external floppy disk 
drive measures 6 \(j by 9 'A by 3 '/z inches 
and comes with a separate power cord 
and data cable. The on/off switch is in the 
back of the unit, along with a plug that 
allows other equipment (li ke a com­
puter's power supply) to be connected: 
thus , you use only one wall plug. In oper­
ation. the external drive is physically al­
ways the B drive . Although the external 
drive is not heavy, it is bulky; I didn't en­
joy traveling with the complete kit of 
computer and drive . 

The internal 300-11200-bit-per-second 
modem available for both machines con­
form s to the Bell 212A standard and is 
Hayes-command compatible. 

Support 
It takes a little effort to dig up Datavue 's 
phone number. since ifs not prominent 
in the documentation . When I first 
called. I was told the support staff was in 
a meeting and was asked if I wou Id care to 
leave nw number . I declined , and I called 
again later. Again, nobody was available 
to speak with me. This time, I relented 
and left my name and number. My call 
was returned in about 2 hours. I spoke 
with a fairly knowledgeable support per­
son who made some valuable suggestions 
to help me out of a bind I w-as experienc­
ing with the Snap I + I . Although it was 
annoying to have to wajt for a callback. I 
found the support to be professional and 
courteous. 

Performance Differences 
Both machines were run through the stan­
dard BYTE benchmarks, inc:luding the 
BASIC Disk Access and system Perfor­
mance benchmarks, as well as the System 
Utilities and Spreadsheet Load/Recalcu­
late tests. · 

Jn the tests that measure cakulating 
power (BASIC Performance and Spread­
sheet benchmarks), the Spark and the 
Snap I + l performed nearly identically, 
with the Snap ! + I showing a sl ight ad­
vantage in most tests. Of the remaining 
benchmarks, the only surprising result 
was the slowness with which the Snap 
I + I performed the 40K Format/Disk 
Copy function . Where the Spark requires 
about 6 seconds to format and copy 40K 

comirmed 
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Photo I: The Snap I+ I separates illlo the rear E.xpansion Module (left), 
comaining disk drives, 640K bytes ofmain memory , and a lwlf-card t'Xpansio11 slor: 
and the front Lap Module (right) , which, with an optio11al RAM expansion card, 
can be used as a lightweight . RAM disk-based portable 11u1ch•11e. 

bytes of data, I.he Snap I + I requires found it advisahle to come up with some 
more than 9 seconds. sort of carrying case for the Spark. be· 

cause the disk drive opening.~ are exposed 
In the Real World 10 the world when in transit. Datavue of­
The machines got a real -life workout as I fers a carrying case for the Spark, I.hough 
commuted with one or the other to work one was not included with the review 
daily and on business trips. ( quickly computer. 

I ran a va riety of software on both ma­
ch incs. including Chessma ster 2000. 
Framework II. Turbo Prolog l. l . Word­
Star 3.3, and WordPerfect Execuiive 1.0 . 
... 11 with no problems. Since the snccn as­
pect ratio of these laptops differs from 
chat of most CGA monitors, grnphics 
images tended to be flattened: Squares 
appeared as rectangles; circles appeared 
as ellip es. 

The Spark is an easy machine to like, 
aside from the minor keyhoard annoy ­
:rnccs noted previously and having IO 
carry a 9- to 25-pin serial adapter cable. 
It performed like a champ on the road (in­
cluding a couple of airplane trips) _In par­
ticular . I fou nd the blue-on-while EL 
screen to he pleasing to the eye . I also 
fou nd an une11pec1ed benefit of running 
off the AC adapter with the Spark : If AC 
power fails (which happens a lot in Flori ­
da), the batteries, if fully charged , keep 
your programs and data from evaporating 
fo r between 3 and 4 hour . I didn ·c find 
this tu be lhe case with the Snap I+ I. 
where anything more severe than a volt­
age dip would kill the machine. 

Us ing the Snap l + 1 was a fru strating 
experience . The first unit I received he­
gan to corrupt disk file · at random. and 

cominul!d 

The UnlWare... 68000 C Cross Compiler gen­ The UnlWare™ ZBO C Cross Compiler gener­
erates fully optimized code for your ROMable ates fully optimized code for your ROMable 
applications. It supports: applications. It supports: 

•Zilog zao* 68000 * 68008 
•Zilog Z180 * 68010 * 68012 

•Hitachi HD64180 * 68020 * 68881 
You won't find a rnore complete package - the You won't find a more complete package - !he 
UniWare 68000 C Compiler comes with a UniWare Z80 C Compiler comes with a relocat­
relocating macro assembler, type-<:hecking ing macro assembler, type-checking linker, 
linker, librarian, and all the utilities you need to librarian, and all !he utilities you need to put 
put your program into ROM. And it's just $995 your program into ROM. And it's just 5995 
under MS-DOS. Also available under UNIX. under MS-DOS. Also available under UNIX. 

CALL TODAY CALL TODAY 

(312) 971-8170 (312) 971-8170 
SOFTWARE DEVELOPMENT SYSTEMS, INC. SOFTWARE DEVELOPMENT SYSTEMS, INC. 

3110 Woodcreek Drive 3110 Woodcreek Drive 
Downers Grove, IL 60515 Downers Grove, IL 60515 
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THIS IS AN IBM 

PS/ 2 MODEL 80 

RUNNING DOS 


Under DOS, d1is PS/2"' is a powerful 80386-based single-­

tasking, single-user computer that can run thousands of 

DOS applications. In 16-bit, 8086 mode. 


One at a time. 


When OS/ 2'w becomes available, the PS/ 2 can become a 

multitasking, single-user computer running in 16-bit, 286 

mode that can utilize DOS applications under OS/2. 


One at a time. 

With DOS or OS/2, the PS/2 will support one user. 

l IM (DOS) I tl';er (OS/2) 

Cost per system••: $12.389 $12,594 

Cost per user: $12,389 $12,594 
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. 'i(J) '-' 11 fWJ,I ... • ,._.,.,. l"'°" 

THIS IS AN IBM 

PS/ 2 MODEL 80 


RUNNING SCO XENIX 

Under SCO XENIX,8 this PS/2 becomes a powerful 80386­
based multitasking, multiuser computer that can nm thou­
sands of XENIX applications. In full-tilt, 32-bit, 386 mode. 

Many at a time. . 

And using SCO VP/ix,.. • the PS/2 can multitask DOS 

applications under SCO XENIX. 


Many at a time. 


With SCO XENIX, the PS/2 will suppon one user. 

Or 9 users. Or even 33 users. 


And it can do all that today because you can get SCO 

XENIX for the PS/2- now/ 


1 u:ser 33 usm 

Co.st per system••: $14,559 $19,726 $40,402 

Cost per user: $14.559 $2,192 $1 ,224 


SCO XENIX System Vand the SCO XENIX family of software solutions 
are available for all indusuy-standard 8086-, 80286-, and 80386-based 
computers, and the IBM* Pc1sonal System/2'" Models SO, 6o. and 80. 

(800) 626 -UNIX (626-!IM<J ) 

( 08) 425 ·7222 
FAX: ( 408) 458·4227sco 
lWX: 9!0-598·45 10 SCO 'Sia. 
uucp: ... decvax Imicrosoft !.>eo ' info 

•• ..... (~IRhwm'JITI~~~11 ~ ~ ..,...alMJ:ft'Cli Lall;..sd- lll:K'..-.. llJlln J ~11J ~ ...... !)Qii.w.l. .... Slil_:fYb'~. 1-~l!YllJ.Uil llYlll°l"l!l'T'..rll.,• l • ~bCd.,... .,,_.llll..ldvw ~ 
[:.J!. t l ~1., !. l.L&ft"lll 1-! 3• illA.lt. mm~•,._... l.ZJ/l.~ J r..1 ll(J$,,.._ ._.OS. !b~ 1~:S(bJ.V.:rl~ !9.r..t.......5aiJIN:li ._iurPSi-'1 sm~P/1"L..1'D """1•··~~1 ~•'fmMSI•-•~ llJnJ s......~J 
~:u~"""( I: \...U..~ J 9-*'"'.sollL\ll .,.- I mnSLulDl:..m1nr1 ... ...cl.,..l...r.....,.'l.W ~-\HI A.SalBlll.mU. ll.....-~ lbll.1of**. ~!l(()XlJID,~ pU ~-...i.l... lf. Ulltt ...... ('d ·!~ ~- ll~I 

IO(ll.,..,...i._.... _1 ..... --.w. 
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REVIEW : DATAVUE"S SPARK 

Attention all FXSO, FXlOO, JX, RX, & MX owners: AND SNAP l+l 

You already 01M11 halfof 
a great printer 9 

Improved
version -

with ellte 

Now for $79.95 you can own upgrade kit will make your printer 
the rest. You see today's new dot work like the new models in min­
matrix printers off er a lot more. utes.:__ at a fracHon of their cost. 

Like an NLQ mode that makes And FX. JX and MX models will 
their letters print almost as sharp as print the IBM character set, too. 
a daisy wheel. And mode switch­ So, call now and use your Visa, 
ing at the touch of a button in over MasterCard. or AmerEx.. Don't 
160 styles. But now. a Dots-Perfect replace your printer, upgrade it! 

1-800-368-7737 

(Anywhere in the United States or Canada) 

'D ~ t'~ r>o11nii• ,,i gCDo s-.cenec t :; lo!~,:P~'= · 

~Dresselhau~ 
B560Vineyard Aw.., S!e. 405. Rancho Cuaimong11. CA 91730 ~11 ~~=~~~'~ 

An upgrade kit for EPSON FX, JX, RX, & MX printers ~
... ~ ,.I!""' 

··· ·- ·
-
-"

• 
· ·• 

,_ 
.. .. .... . . ~

1...- "' ~....,._.....,.• .,.. C- A

the left-hand drive kept insisting that all 
of a particular brand of disk were write­
protected when, in fact. they were not. 
When a replaccmem unit arrived , I found 
that it would not boot from the left -hand 
(A) drive. even though it passed all bul 
one of the drive diagnostics provided by 
Da1avue as part of the system software. 
The balky diagnostic w.is the di . k format 
test. which failed with a forma t Error 
message about one ti.me 1lut of three. 

In addition to the disk problems. and 
despite its nice keyboard. I found tha1 the 
Snap I + I has too many other quirks and 
"gotchas" to make it worth using. For ex­
ample. the Lap Module cannot be used as 
:i sepanile unit unless it has the 5 l2K-byte 
CMOS RAM memory card ($795) in­
stalled . Also, if you're going to use the 
Lap Module with an AC adapter. you 
need to get a different power supply (not 
the one supplied with the Snap l + l ). Fi­
nally , once the Lap Module is eparmed 
from the expansion unit. the screen back­
light cannor be !urned on for either the 
EL or the gaslight screen. 

Even the disk-access LED is imple­
mented with more style in the Spark than 
in the Snap I + ! . With the Snap I + I . the 
disk a<.:cess lighr can glow only green. 
showing only that a drive is being ac­
cessed. By conrrast, the Snap has a two­
color LED thal glows red when the lef1­
hand drive is being accessed and green 
when 1he right-hand drive is being 
act::essed . 

Thumbs Up, Thumbs Down 
The benchmark results and my subjective 
feeling for the performance of these ma­
chines place 1J1em . quarely in the "awr­
age" category of laptop . The only feature 
of either machine thar elici ted a milJ 
"Hey! That' s neat!" reacrion was the 
left-Shift-Control key combination s. 

The Spark is your ba5ic laptop. I some­
how can 't help but think "Volkswagen 
Bug"' when I think of the Spark. The 
9.54-MH z mo<le i ~ nice to have and wi ll 
make large spread shec ls recalcu late 
fa ster. bur it doesn ·1 much help the per­
tormance of word processors or other 
programs that spend most of their time 
waiting for user input. 

The Snap I+ 1 ·s modularity didn't im­
press me, partly because I personall y 
don 'r have use tor ii (J always need di sk 
drives) . and partly because repeated sep­
aration and mating of the two halves nf 
the machine make the multipin connector 
between the units a likely candidate for 
failure. 

The Datavue Spark accomplishes what 
its designer~ set out to <lo: Come up with 
an inexpensive yet full-foaturc<l DOS lap­
top. The Snap l + 1, however, falls short 
not in concept. hut in execution . • 
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HARDWARE REVIEWS 


need more memory than their 
standard I megabyte . The 
Micro Channel Architecture 
(MCA) bus used by the PS/2 
family differs dramatically from the IBM 
PC bus , and users have had to wait sever­
al months for third-party vendors to in ­
troduce add-in boards for the new bus. 
Now. the first wave of 16-bit Micro 
Channel memory boards has arrived . 

We installed and tested the lBM PS/2 
80286 Memory Expansion Option, 
Everex RAM II 2000, Orchid RAM­
Que t 50160, Quadram QuadMeg PS/Q, 
Everex RAM II 4000, AST Advantagc/2 , 
and Cumulus CuRAM on a PS/2 Model 
50 and on a Model 60. There are prob­
lems and shortcomings, but, as a group, 
the boards worked well. Their varying 
capabilities and prices give the owner of a 
ModeJ 50 or 60 a wide rnnge of choices. 

Points of Difference 
Major issues to consider when comparing 
MCA-compatible memory boards are: 

Micro Channel 

Memory Boards 


Jonathan Shiell, Bud Smith, and Curtis Franklin Jr. 

The IBM PS/2 Model 50 and with OS/2. Most are ExpandedThese boards offer up to
Model 60. with their focus on Memory Specification (EMS) 
the OS/2 operating system , 4.0-compatible; the AST boardB megabytes of memory for the 

PS/2 Models 50 and 60 

• IBM memory board ID compatibility. 
Every board for the Micro Channel bus 
has a unique ID number that is used in the 
software configuration of the board and 
bus, Boards with 2 megabytes of RAM or 
less can use the same ID number as the 
IBM memory board, and these are easy 
to configure at installation time. Boards 
that can hold more than 2 megabytes can· 
not use IBM ' ID number. and, due to the 
way the PS/2s handle memory boards , 
they have a more complicated configura· 
tion procedure. 
• Ca]XJcity. The amount of memory and 
other functions that can fit on a given 
board is an important consideration for 
Model 50 users , who have onJy three 
avaiJable slots . 
• OS/2, EMS. a11d EMS 4.0 compatibil­
in'. AH the boards can function as ex ­
te'nded memory and, therefore , will work 

has no EMS capability. while 
the Cumulus board offers both 
EMS and enhanced EMS 
(EEMS). This allow maximum 

software compatibility until more EMS 
4. 0 products are annou need . [Editor's 
note: For more informa1io11 011 the. Lotu.r­
lntel-Microsoft (LIM) EMS 4. 0 specifica­
tion. see "High-Speed Memory Boards 
for ATs" by &rry Nance in the Decem­
ber 1987 BYTE. I 
• Added programs. Utility software for 
RAM disks and print spoolers is included 
as a standard feature with every board ex­
cept the IBM PS/2 80286 Memory Ex ­
pansion Oplion . The RAM disk and disk· 
caching programs provided with the 
Models 50 and 60 can also use the addi­
tionaJ memory. 
• Speed. For one-wait-state performance, 
the PS/2 Models 50 and 60 require RAM 
chips fast enough to respond within a 
300-nanosecond (ns) window . The 150­
ns. 120-ns and 100-ns chips used by t11e 
boards we, tested all meet chi s 
requirement. 
• Cost. The boards range in price from 
$849 for a fully populated. 2·mcgabytc 
Everex Ram II 2000 up to $4170 for an 
AST Advantage/2 with 8 megabytes of 
RAM and an 110 daughtcrboard. Both 
initial cost and cost of upgrades are im ­
portam. Upgrade cost is affocte<l by the 
type of memory the boards use. The 
Everex boards use commonly available 
socketed dual in - line package chips 
(DIPs). Most of the other boards use sin­
gle in-line memory modules (SlMMs). 
which arc specialized daughterboards 
that have higher packing density but arc 
more expensive than DIPs-in a given 

Two-megabyte Micro Channel memor.. 
boards: (left ro right) the Evere.x Ram II 
2000, Orchid RamQuest 50160. and 
IBM PS/2 80286 Memory Expansion 
Option. All use the same Micro 
Channel ID manber. 
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amount of board spacing. more bifs for 

more bucks . In either case, memory up­

grades are available from t.he manufac­

turer or on the open market. The Cumu ­

lus board uses a custom daughtcrboard 

available only from Cumulus. 


The Tests 

We installed and tested all the boards in 

both a PS/2 Model 60 and a Model 50. 

We u ·ed DESQview version 2.0 to check 

EMS and EEMS capability; fBM's disk­

cache and VDISK programs from PC­

DOS 3. 3 tested extended memory access. 

All the boards worked to specification. 


The main problem we had was in fol­
lowing the instructions for installing and 
configuring the boards that hold more 
than 2 megabytes of RAM ; all required 
several more configuration steps than did 
the 2-megabyte boards. Less experienced 
users who follow the instructions might 
actually have an easier time here than 
"ex.perts " who are too impatient to re.ad 
the directions . 

Up lo 2 Megabytes 
The 2-megabyte boards are functionally 
very similar. Like most PS/2 boards. 
Lhey are "plug and play" : Plug the board 
in , run the aut0matic configuration, and 
get to work. They hold up to 2 megabytes 
of RAM , with no other functions, and all 
use the IBM ID to identify themselves to 
the PS/2 Power-On Self-Test (POST) and 
configuration programs. The 2-megabyte 
boards we tested are as follows: 
• IBM PS/2 80286 Memory Expansion 
Option. This board is IBM-<:ompatible by 
definition , and it 's easy 10 install. It 
doesn't come with any software, so you 
have 10 rely on the IBM VDISK and disk­
caching programs. IBM does not adver­
tise that this board is EMS-compatible., 

(left lo right) The Cumulus CuRAM, 
ASTAdvamage/2, Quad ram Qw:uiMeg 
PSIQ, tmd Everex Ram I/ 4000. Each 
ofrhese offers more than 2 megabytes of 
add-in RAMfor the Micro Channel 
bus. 

but it is. IBM even sel ls an EMS driver 
for the board , but you have to buy the 
3270 Emulation pack.age ($47 5) to get it. 

The 80286 Memory Expansion Option 
comes with 5 I 2K bytes of 120-ns RAM 
standard . Additional RAM is added via 
80286 Memory Expansion Kits (small 
daugbterboards with 5 I 2K bytes of mem­
ory), up to a maximum of 2 megabytes. 
The kits cost $165 each. The board we 
tested was populated with 1.5 megabytes 
of RAM . 

A small gripe: Few of the boards are 
clearly labeled, but the IBM board stands 
out for giving as few clues as possible as 
IO its manufacturer or purpose. (The pro­
prietary RAM chips do say IBM on 
them .) 
• Everex RAM I/ 2000. The RAM Il 2000 
is EMS 4.0- compatible and includes 
RAM-disk and print-spooler software . 
The Evercx boards are sold as bare 
boards; the. I-megabit, 120-ns memory 
chips are available separately from 
Everex . At $399 for the board itself and 
$450 for 2 megabytes of RAM. lhc board 
costs $849-less than any of the other 
boards reviewed here . 

Installing the RAM 0 2000 is si mplic­
ity itself. By using the IBM memory ex­
pansion board 's ID, Everex lets the IBM 
automatic configuration software do all 
the work. 
• Orchid RamQuesr 50160. The Orchid is 
EMS 4.0-compatiblc. Software shipped 
with the RamQuest 50/60 includes a 
RAM disk, disk cache , and print spooler. 
This board features complete documenta­
tion, including a useful Quick lnsrallarion 
Card. The RamQuest 50160 costs $995 
with 2 megabytes of RAM. 

When the CBM con.figurntion software 
looked at these three boards. it saw three 
identical pieces of hardw.ue . Thu s, when 

continued 
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REV IEW: M ICRO CHANNEL MEMORY BOARDS 

Name PS/2 802.86 Memory RAMU 2000 RamQuest 50/60 QuadMeg PS/Q 
Expansion OpUon 

Type 2-megabyte Micro 2-megabyte Micro 2-megabyte Micro Switchable 2/4-mega-
Channel memory board Channel memory board Channel memory board byte Micro Channel 

memory board 

Company IBM Corp. Everex Orchid Technology Ouadrarn 
ln!ormat1on Sysiems 48431 Molrnont Dr. 45365 Northport Loop W One OuadWay 

Group Fremont, CA 94538 Fremont, CA 94538 Norcross, GA 30093­2919 
900 King Street (415) 498·1111 (415) 683-0300 (404) 564-5566 
Rye Brook, NY 10573 
(800) 44 7.4 700 

Size Standard Micro Channel Standard Micro Channel Standard Micro Channel Standard Micro Channer 
board board board board 

Fea1 ure s Extended memory; EMS­ EMS 4.0-compatible, EMS 4 O-cornpat1ble: RAM · EMS 4 0-compatible. 
compatible {no drivers RAM-disk software, print- disk software, print-spooler RAM ·d1sk software. 
provided) : uµ to 2 mega· spooler software software: d•sk­cache prtnt -spooler software. 
bytes with three Memory software switchable between 2· 
Expansion Kits instaJled megabyte IBM memory 

board ID and 4­
megabyte Quadram ID 

Options IBM 512K-byte Memory None None None 
Expansion Kit $165 

Documentation None 36-page User's Manual Ovrck Installation Card. 60-page Users Manual 
16-page Software G(Hde; 
8-page Suppon Gwde 

Pri ce With 512K bytes: $549 With OK bytes: $399 With 2 megabytes· $995 Wilh OK bytes: $395 
With 1 megabyte: $714 With 2 megabytes: $849 Wtlh 512K bytes. $545 
With 2 megaby1es: $ 1044 Wrth 2 megabytes· $1095 

Wrth 4 megabytes: $1995 

Inquiry 887. Inquiry 888. Inquiry 889. Inquiry 890. 

we put all three boards in the Model 50. 
the system showed a total of 6.5 mega­
bytes of RAM . 

Over 2 Megabytes 
The boards in this group all share one 
problem: The IBM configuration pro­
gram docs not automa1ical ly ha nd le 
memory boards with a capacity greater 
than 2 megabytes. The CMOS RAM that 
holds the toml memory currently in the 
system is not updated correctly on instal­
lation; that is , non- 2-megabytc RAM 
boards are ignored in calculating the 
total. Larger-capacity boards must be as­
signed to memory spaces above any 2­
megabyte boards. The. ove r-2-megabyte 
boards we tested all have IBM -assigned 
ID numbers, but because of the config­
uration problem. steps in addition to the 
IBM aulo-configure program are re­
quired. If you buy one of these, follow the 
installation instructions care.fu ll y. 

(n order of increasing capacity. the 2­
mcgabyte hoards we tested are: 

• Quadram QuodMeg PS/Q(which is a 2­
megabyte memory boa.rd using the first 
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switch selling. and a 4-megabyte hrnird 
usi ng the second switch setting) . This 
board is uniq ue among 1he boards we 
tested , because it ignores one of the prin­
cipal design features of 1he Micro Chan­
nel. The Micro Channel is designed to 
allow all boards to be soflware confieu r­
able ; wich time. swi1ches and jumpers 
should fade to a dim memory . With this 
in mind, the set of three jumpers on the 
main board and the large toggle switch on 
1he liack of the PS/Q is surprising. 

In theory. the switch helps users: If 2 
megabyte. of memory or less are in­
stalled on the board . the switch allows the 
PS/Q to use the IBM memory expansion 
ID, thus simplifying installation for the 
user. If more tha n 2 megabytes are in­
staJlcd , the boa rd is witched to another 
ID. and a slightly more complex config­
uration follows. In practice, the large un­
labeled switch makes physical installation 
of the board more difficult (ii bumps into 
the back of the case). Other boa rd makers 
(such as Everex. AST. and Cumulus) 
have found ways to solve the configura­
tion problem without violating the princi­
ple of the Micro Channel. 

Our board had 2 megabytes of l 20-ns 
RAM installed . With the exception of an 
erroneous sratement in 1he instructions 
(one set of directions for setting the 
switch position is reversed) , the board 
configured easily and worked well. The 
QuadMeg PS/Q is EMS 4 .0- compatible 
and includes RAM-disk and print-spool ­
er software. However. because of the 
switch and jumpers, we couldn't help 
tee!ing that this boa rd was the least attrac ­
tive solution to the memory upgrade 
problem. 
• Everex RAM II 4000 (4-megabyte ca­
pacily). The Evercx RAM fl 4000 offers 
extended memory and EMS 4.0 compati ­
bility; you can have both types nf mem­
ory sharing the board simultaneously_ 
This lets you mix DOS. EMS. utility pro­
grams. and OS/2 . The board can hold 
either 2 megabytes or 4 megabytes of 
120-ns memory . Utility program s in­
clude a RAM disk and a prim spooler. 

Everex provides configuration soft­
ware that lets you choose between a num­
ber of memory configuraiions and 110 
addresses. While this provides maximum 
flexibility for a knowledgeable user. the 



REVIEW: MICRO CHANNEL MEMORY BOARDS 

RAM II 4000 	 Advantage/ 2 

4·megaby1e Micro 	 8-megabyte Micro 
Channel memory 	 Chann~ memory board 
board 

Everex 	 AST Research Inc. 
48431 Milmont Dr 	 2121 Allon Ave. 
Fremont. CA 94538 Irvine. CA 92714 ·4992 
(415)498·1111 (714) 863· 1333 

S1andard Micro Standard Micro Channel 
Channel board board 

EMS 4 0-compatible. RAM-disk software: prin1· 
RAM·d•sk software: spooler software: 
pnnt·spooler sof1ware connector for 110 board 

None 	 1/0 daugh!erboard with 
serraJ and parallel ports: 
$175 

48-page User's 78-page User 's Manual: 
Manual 1OO·page Software 

Gwde; 30-page Software 
Installation Supplement 

W1lh OK bytes: $499 With 5 12K bytes: $495 
Wi!h 2 megabytes: Wrth 1 megabyte: $695 
$949 With 2 megabytes: $995 
With 4 megabytes With 4 megabytes: $1995 
S1399 With 8 megabytes: $3995 

Inquiry 891. 	 Inquiry 892. 

number of choices makes the installation 
and configurntion processes among the 
most complex of the reviewed boards. 

Ai $499 for the bare board and $900 
for 4 megabytes of RAM. the total cost of 
$1399 makes it the least expensive per 
megabyte of any board we tested . 
• AST Adl'amage/2 (8-megabyti: capac­
ity). An easy-to-use custom installation 
procedure takes the place of IBM's, hut. 
because of the way the installation works. 
this board cannot coexist with any future 
boards that may need their own config­
uration programs . The Advantage/2 
worked well in the same system with 
other memory boards tested here. 

The AST board is the only board we 
tested that provides extended memory but 
noc expanded (EMS) memory. The Ad­
vantage/2 memory board can be upgrad­
ed in 5 I 2K-byte increments , using vari­
ous combinations of 256K-byte and !­
megabyte SIMMs. from 0.5 megabyte up 
to 8 megabytes. The Advantage/2 has a 
lero-wait-state mode. which is not help­
ful with the rnrrent PS/2 Models 50 and 
60 (both use one wait slate), but which 
may give a speed advantage with copro-

CuRAM 

2· to 8-megabyte PS/2 memory 
board 

Cumulus Corp. 
180 Basswood 
Cleveland. OH 44022 
(216) 247 -2236 

Standard Mrcro Channel 
board 

EMS 4.0- compatibte: EEMS-
compatible: RAM·disk software: 
print-spooler soltware: connector 
for 110 board or 2400-bps modem 

1/0 daughterboard with serial and 
parallel ports: S149 
2400·bps modem: $445 

29·page Users Manual 

With 2 megabytes: $995 
With 4 megabytes (two 2-megabyte 
daughterboards): $1590 
With 4 megabytes (one 4·megabyte 
daughterboard): $1995 
With 8 megabytes: $3490 

Inquiry 893. 

cessor hoards or future PS/2 systems. 
UtiJity programs provided by AST in­

clude a RAM disk and a print spooler. 
Documentation for the Advantagc/2 and 
tor the utility software is complete and 
well wriuen. 

The board has a connector for an 1/0 
daughterboard , making ic well worth 
considering for Model 50 users. Prices of 
$995 tor 2 megabytes, $ l 995 for 4 mega­
bytes. and $3995 for 8 megabytes put it at 
1he high end in price. 
• Cumulus CuRAM (8-megabyte capac­
ity) . The Cumulus Cu RAM holds up to 8 
megabytes of RAM, which can be used as 
extended. EMS 4.0. or EEMS memory 
(this is the only board we tested that is 
EEM S-compatible). The Cumulus 
CuRAM comes wirh a print spooler: the 
DOS VDISK driver is used to set up a 
RAM disk_ There is also an emulator that 
lets expanded memory act as extended 
memory: this is useful for switching back 
and forth from OS/2 to DOS-wilh-EMS. 
The documentation is good. going so far 
as to explain the difference between ex­
tended and expanded memory. 

The CuRAM holds rwo memory mod­

ulcs, each either 2 or 4 megabyte~. The 
only complaint we have with this board is 
that a 2-mcgabyte ( 150-ns) module and a 
4-mcgabyte (100-ns) module cannot co­
exist on rhc board. This means that the 
user who purchases the board with a 2­
megabyte module canno1 upgrade by add­
ing a 4-megabyte module; the 2-mcgabytc 
one must be removed first. 

In spite of the complications of upgrad­
ing memory. the CuRAM is a powerful 
board. In addition to a full complement of 
memory. it cim support an 110 boa rd 
with one serial and one parallel port 
($149) or a 2400-bit-per-second (bps) 
modem ($445). The availability of add­
ons and the high capacity of the board 
make the Cu RAM a choice worth consid­
ering for the Model 50. With 2-megabyte 
daughterhoards. a 2-megabyte board 
costs $995 and a 4-megabyte board costs 
S1590 . Using 4-megabyte daughter­
boards. a 4-megabyte board costs $1995 
and a full 8-megabytc bourd costs $3490 . 

Picking a Board 
First. the g<X>d news: All the boards we 
tested work. and work well. Further­
more . the most complicated installation 
and configuration process we saw here is 
much less complicated than the installa­
tion of the average PC-bu s memory 
board. 

Now . the bad news: There is little to 
differenciate most of the boards . e-special­
ly in the under-2-megahyte category . 

Among the 2-rnegabyte boards. the 
Everex. RAM II 2000, at $849 , is the least 
expensive. The Orchid ($995) and IBM 
($1044) boards do exactly the same thing 
at greater cost. Any of the boards will 
work with the PS/2s. hut the owner of a 
Model 50 should look seriou sly at a 
board chat prnvides more memory in a 
single slot. 

There is greater difference among the 
morc-than-2-megabyte board s . The 
Evercx RAM II 4000, at $1399 , is the 
cheapest way to get to 4 megabytes of 
memory. The AST Advantagc /2. ac 
$3995. is the most expensive way to get to 
8 megabytes. and it provides !he 8 mega­
bytes without including EMS support. 
The Cumulu CuRAM ($3490 for 8 
megabytes) provides support for every 
e:ii;panded memory scheme we know of. 
Finally. the QuadRAM QuadMeg PS/Q 
($I 995 for 4 megabytes) has u design that 
stresses low-hassle software configura· 
tion at the cost ofvinlaring the spirit of the 
Micro Channel. 

In the end. the only clear winners arc 
the Everex RAM II boards. If your mem­
ory needs arc straightforward and cost is 
your main criterion. the Evercx boards 
come out ahead of a high-quality group of 
memory boards. • 
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REVIEW: A QUINTET OF \lr'ORMS 

A Quintet ofWORMs 

Wayne Rash Jr. 

At fir t glance. the write once, read many 
or WORMJ optical disk drive looks like 

the answer to rhe microcomputer u ·er's 
prayers. You can store over 200 mega· 
bytes on some or them, the disk is remov­
able, and nothing can be erased . You 
can't lose anything. But WORM drives 
may not be for everyone; not everybody 
needs absolutely permanent archival stor­
age at a cost that exceeds that of an equiv ­
alently sized hard disk drive. 

The IBM 3363 ($2950), Optotech 
5984 ($2950). Franklin PLD 200 
($4600). N/Hance 525 ($2950), and 
Maximum Storage's Maximum Systems 
APX-3200 ($2675) are all WORM drives 
designed to work with the IBM PC and 
compa1iblcs . Like Information Storage' 
WC 525 optical disk drive. reviewed in 
the July 1987 BYTE, two of the drives re­
viewed here are made by ISi : the 
N /Hanc~ an<l the Ma."<imum Storage 
units . Optotech makes the drive murketed 
under its own name and al o the one mar­
kete.d by Franklin . IBM won 't tell who 
makes the 3363. 

What's in a WORM'? 
The WORM drive thac I cxammeu have 
many similarities: Each is mounted in a 
separate external chassis with a built-in 
power upply. and each connect by a 
cable to a controller designed for the IBM 
PC bus. Each drive is also available in a 
version that can be mounccd inside the 
computer in the space for a full -height 
5 1A -inch floppy disk d.ri ve. 

Installing any of the units involves in­
sening the controller card int~) your PC, 
running a cable from the card to the 
drive, and installing the software (by a.dd­
ing lines to your CONFJG.SYS file. and 
so on)- a process that is generally pcr­
furme<l by an installation program. 

Superficially. the 51A·inch media for 
these unit~ resemble larger versions of 
3 lf.! - inch floppy disks. They are in plastic 
cases with metal shutters. If you lide che 
·hutter aside and look at the disk (which 
you're not supposed to do). you will see 
that they rc~cmblc a compact disk, except 
that you can see through them faintly. 
You cannot interchange disks between 
manufacture.rs , although I was able to in­
terchange them between drives made by 
the same ma nu focturer but differe.nt 
OEMs. The. fBM unit and the Optotech­
manufacturcd units holu 200 megabytes 
of uata per side. while the ISl-manufac­
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tu red drives hold 120 megabytes per side. 
All the units accept single or doublc ­
sided disks, except for the IBM unit, 
which uses only single-sided disks. 

Despite the fa.ct that only three manu­
facturers are represented in the five 
drives reviewed here , the e machines 
show surpri sing differences. Each of 
these companies developed its own sof1­
warc and firmware. and each decided the 
way its produce would funcrion. Access­
ing 200 megabytes requires that the de ­
veloper make modifications tu MS-DOS. 
since MS-DOS can't access anyching 
larger than 32 megabytes. Storage effi­
ciency is affected by the addre: sing meth · 
od : Larger disk cluster· arc used when 
MS-DOS addre ses the entire optical 
disk. which means that smaller files 
wasre a great deal of space. The manu fac­
turcrs of optical disks have hand.led these 
issues in a vu.riety of w.i.ys-some more 
successful than others. as I'll explain. 

\\/QRMs on the Bench 
Instead of performing the normal BYTE 
drive benl·hmarks on these optical urives. 
I used a IOOK File Copy. a Random 
Write/ Read test, and (since a logical use 
for these large-capacity drives is for data ­
bases that are large hut rarely changed) a 
Random and Sequential test on a data· 
base. The drives were te sted with a 
Zenith Z-248 rBM PC AT- compatible 
computer running at 8 MHz with no wait 
states. 

The File Copy benchmark involved 
copying a IOOK-byte file from a RAM 
disk to the optical drive. Thi i the only 
benchmark that worked on all th.e drives. 
In two cases (the Franklin and N/Hance 
units). the originul softw;irc supplied 
with the units would not allow the MS­
DOS COPY command to work. (The drive 
manufacturers proviucd revised soft­
ware , which did permit the COPY com­
mand to work.) 

The Writt:/Read benchmark involved a 
program that first wrote a 64K-byte file 
sequentially and then read it back ran· 
domly. Tbis benchmark did not run on 
the Frank.Jin because. with lh.e software 
available at the time of review , that drive 
did not allow programs to be run from the 
optical disk (or even run from the hard 
disk with output to the optic:il disk) . 

The datahu~e te. ts involved using 
dBASE JI 2.43* to perform a ~quential 
search and then a random search of a 

I 17. 760-bytc database. The random 
search used an inde"'cd databa e. 
thought that 1his approached a more 
"real-world" use for such devices. 

For comparis(ln, I aJso ran each bench­
mark on a 20-megabyte MiniScribe hard 
disk drive installed in the Zenilh Z-248. 

IRM3363 

The IBM 3363 optical disk drive per­

formed flawlessly during this review, al· 

though it i. a llnle more complex to ~et up 

ifyou have a PC Af compatible: The con­

troller card has a DIP switch that must be 

et according 10 the type of computer. 


and you have to rnsct it if you have an AT 

done. The instructions are clear, how­

ever, and seuing it up is straightforward. 


The unit worked perfectly with MS· 
DOS; and DIR. CO!'Y. CHKDSK, and every 
other MS-DOS command 1hat I Hied 
worked fine. even when ins1alled in the 
non-IBM Zenith Z-248 computer . The 
uni1 appeared to ac1 like a very large hard 
di ·k drive . While nor all softwJre will 
work with this or any optical drive (pro· 
grams . uch as word prnces ors that write 
temporary file will have trouble). I had 
no problems with dBASE II. or with 
reading (hue not writing) files with Woni· 
SUH 4.0. 

U ing software supplied with the unit. 
you can set up the disk as a single 200­
megabyte MS-DOS di. k, complete with 
subdire,~tories . In u c, the 3363 is notice­
able only by the soft whistling sound that 
t.he he.ads make when in motion . 

The IBM controller ,-ard is a three· 
quarter-length card Lhnt makes use of 
eight surface-mount integrated circuit . 
This docs a great deal to reduce the bul.k 
of the controller. The controller i con­
nected to the drive by a thick cable with a 
37-pin connector on each end . The drive 
itself features a pair of these connectors. 
so you can daisy chain drives for greater 
storage. 

The op1ical disk media is unique to 
IBM and therefore cannot be inter­
changed with other brands. This is the 
only disk cartridge with a !'huller de­
signed to lock when it ' s out of the drive. 
to protc1.:t ii from the prying fingers of 
hardware reviewers . Each single-sided 
disk holds 200 megabytes of data. 

In all benchmark. except the IOOK File 
Copy. tho IBM drive Wd S signific<intly 
slower than the other WORM drives. The 
File Write/Read test, for e:uunplc, takes 
hal r again as long as the next slowest 
urive, and over 10 times as long as the 
fas1est (see table 1). 

Optotech 5984 
The Optotech WORM drive has the same 
hardware com pone ms as the Frankl in 

contiWit+d 
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INTRODUCES... 

OUR 

IM PRESSIVE 

NEW LAPTOP. 

Presenting the ideal firs! lap1op 
computer-the PC-4501.11 p<1cb 
the power of a full size IBM~ compatible 
desk top. Yet, it sports features like 
256 K[] RAM . One 31/2'' 720 KB floppy 
disk drive. Flip-up. easy to read. 
Su pertwist LCD display with extended 
bauery life. It weighs only 10 pounds. 

OUR MORE 
IMPRESSIVE 


NEW LAPTOP. 
The PC-4502 is your classic port­

able computer. with all of the features 
many people will ever need. It offers 
640KB RAM. backlit Supcrtwist LCD 
display for easy viewi ng in all 
light conditions, and dual 3 11.!" 720 
KB floppy disk drives for convenient 
software operation and storage. 

OUR MOST 

IMPRESSIVE 


NEW LAPTOP 
The PC-4521 is the imposing 

choice ror people who need extensive 
storage space. I! offers a 20M 11 hard 
disk drive for super-convenient storage 
and portability, 640 KB RAM. one 
31h " 720 KB floppy disk drive. backlit 
Supertwisl LCD display. 

Sharp's family of PC-45(XJ computers arc expandable to include l.6MB RAM {with an EMS card) for advanccJ 

applications software. an EPROM card fur building in your own applications, and an internal modern for 


easy communication. All are banery operated and dcsign<!d IO impress 1hc socks off the n10s1 knowlcdgcahlc laplOp u<>er. 


For more informat ion on the Sharp 
family llr lapiops. s~e your Sharp 
de::t lcr or cal I 1-800-BE-SH ARP 

FROM SHARP MINDS 

COME SHARP PRODUCTS'M 
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REVIEW: A QUINTET OF WORMS 

IBM3383 Optot9ch 5984 FNnldln FLD 200 

Type WORM drive WORM drive WORM drive 

Company IBM Corp_ Opto1ech Inc_ Franklin Telecommunicat1ons 
Contact the dealer nearest you. 740 Wooten Rd. 733 Lal<efield Rd. 
or call (800) 447-4700 Colorado Springs. CO 80915 Westlake Village. CA 91361 

(303) 570-7500 (805) 373-8688 
(800) 678-4225 

Size 5'h by 9 by 16 inches S'A by 8 by 16 Inches 5'h by 1oby16 inches 

Board Size 1O'h by 3% by % inches 13~ by 4 Ye by 1%inei1es 13~ by 4'k by 1% inches 

Features Unit (uses smgle-s.ded 200-mega· Unit (uses single- or double·Slded Urnt (uses smgle· or double-sided 
by1e disks), controller card, cable, 200-megabyte-per-slde disks), 200-megabyte-per-side disks). 
two floppy disks (device driver controller card, cable, one single- controller card. one cartridge. 
and diagnostics) side canridge, lhree fioppy disks three floppy disks (Arch1ye Man­

(Flle Management and Access agement System, Flle Manage-
software, read/write device d river) ment System , Developer's Toolkit) 

Hardware Required IBM PS/2. PC. XT. AT. or compat· IBM PC, XT, AT. or oompat ible IBM PC. XT. AT. or compatible 
ible with 1281< by1es of RAM and with 128K bytes of RAM and one with 5121< bytes of RAM and one 
one floppy disk drive floppy disk drive• floppy disk drive· 

Software Required PC-DOS 3.2 or higher MS-DOS 3.0 or higher MS-DOS 2.0 or higher 

Documentation One 204-page loose-leat manual One 468·page loose-leaf manual One 214-page loose-leaf manual 

Options Internal versmn: $2700 Internal version $3495 

Price $2950 $2950 $4600 

Media Coat 
Single-sided $65 $65 $95 
Double-sided NIA $125 $175 

Inquiry 894. Inquiry 895. Inquiry 896. 

·Because of e-0nt10ller size. this system may not fit all IBM PCs. XTs. or dones. 

Table 1: Benchmark results for the five optical disks tested. All times are in seconds. 

Drive IBM Optotech Optotech Franklin N/Hance Maximum Systems MinlScribe 
3363 5984 5984 FLO 200 525 APX-3200 hard disk 

Segment Size (In megabytes) 200 32 200 200 120 120 20 
1OOK Fiie Copy 3.2 4.6 6 .0 6.0 3.6 17.6 1.1 
Fiie Write/Reed 440.45 91 45 38 _06 48 61 256 95 50.59 
dBASE Random Read 23.9 20.5 15.7 12.2 24.4 . 14.6 
dBASE Sequential Read 25 0 21 .0 12.3 8.7 49_0 · 9 1 

·Using dBASE Ill instead o1 dBASE II 

Note: Nei ther the FLO 200 nor Iha APX-3000 'M'.luld al low the File Write/Read and dBASE tests to be run from the optical drive. though lhe 
lat!er aJloYJed the tests to be performed !rom the hard disk drive. 

drive. although the two units function XT clone. The controller card is so The Optotech WORM drive controller 
quite differently. The Optotceh worked thick- ! % inches- that it would not fi t is constructed of two full-length boards 
well with MS-DOS and is quite fast and into a slot tha! had another card next to it. fastened together. Because the foil sides 
easy to use . Since the Tandy, like many other PC of the boards face each other , they arc 

However. there is a serious problem. clones, needs most of its expansion sloes separated by a sheet of insulation and 
The drive controller simply will not fit for nonnal use. this cffoctively prevents it some st;mdoff in ulators. The two boards 
into all computers. I first tried to use the and machines like it from u ing the Opto­ are connected by a ribbon cable that has a 
drive with a T andy 1200 HD, which is an tech controller . bulky connector on each end. T he result­
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Mlxlmum SYBl9m• APX-3200 

WORM drive WORM dri ve 

N/Hance Systems Maximum Storage Inc. 
908R Providence Highway 5025 Centennial Blvd. 
Dedham. MA 02026 Colorado Springs. CO 80919 
(617)461 -1970 (303) 531 ·6888 
(800) 289-9676 

5'h by 7 by 15'h inches 5'h by 7 by 15'h inches 

51~ by 3% by ~ inches 5'k by 3% by 'h inches 

Unit (uses single· or double-sided Unit (uses single- or double-sided 

120-megabyte-per-side d isks) , 120·megabyte·per-side d isks), 

controller card. cable, three floppy controller card. cable, floppy disk 

disks (WOAM-TOS. Te)(t Scan. and (MAXSYS-DOS) 

electronic copy of manual) 


IBM PC. XT. AT. or compatible IBM PC, XT, AT, or compa!1ble 
with 256K bytes of RAM and one with 256K bytes o! RAM and one 
fioppy disk drive floppy disk drive 

MS-DOS 2 .1 or higher MS-DOS 3 0 or hrgher 

One 146-page loose-leaf manual Three spiral manuals, 130pages101a1 

Internal version: $2750 Internal version: $24 75 
SCSI internal version : $2995 
SCSI external versJon: $3250 

$2950 $2675 

$95 $125 
$135 $175 

Inquiry 897. Inquiry 898. 

ing package prevents any board from oc­
..:upying the slot to its left , and it intrudes 
badly to the right. 

Once you have the Optotech controller 
in place. it is connected to the drive with n 
cable similar to thal of the IBM unil but 
with only one 37-pin conneclor. The Op­
totcch <lrive is also available tor internal 
mounting . 

The drive is easy to set up, an<l it gives 
you a wider variety of ways to format the 
optical disk than do the drives from other 
manufacturers. You can divide up the 
disk so that it appears to be three 32­
megabyte disks, five 32-megabyte disks. 
or a single 200-megabytc disk . 

You would use the three segments if 
you were planning to make frequent up­
dates to the files on the WORM disk. 
Since you cannot erase files from a 
WORM drive. the Optoteeh software re­
serves extra space between the virtual 
disks (200 megabytes minus the three 32· 
megabyte segments-about half of e<ich 

disk) Ill store 1he updates. It then flags the 
earlier versions of a file so that you don't 
nom1ally sec them. 

You would use the five 32-megabyte 
segments if you planned to have a \urge 
number (up to 5 times 512) of small. rela­
tively stable file s on a disk . Because there 
is a 512 -entry limit on the number of di· 
rectory entries available (which is true of 
all DOS devices) , you can store a greater 
number of files if you divide the disk into 
five parts. Since less room is left over 
with thi s fi ve-segmeni division. you have 
much less room for updates, so you 
would want to avoid a large number of 
changes. 

The 200-megabyte single volume is tor 
the user with a smaller number of very 
large files on a disk. The device driver 
that gives access to this drive also adjusts 
the cluster size on the disk so that MS­
DOS can address all 200 megabytes di· 
rectly. Since the drive has only one di rec· 
tory to worry about when the drive is set 

up as a single large disk, access is fas1er_ 
as the benchmark tests show. 

The Optotech drive can accept single· 
or double-sided media, and each side 
provides up to 200 megabytes of storage. 
You can format the 1wo sides differently: 
for example. one side of the disk can be 
formatted as several small virtual di sks, 
and the other side as a single large disk . 

Using a double-sided disk is less con­
venient than it might be . With all the units 
that use double-sided disks. you have to 
remove the di sk and flip it over lo have 
access to both sides . However, unlike the 
ocher drives. which release their disks at 
the press of a button, the Optotech drive 
makes you move the drive lever to the left 
and \llllil until a light stops flashing. indi­
cating that the disk has slowc<l enough for 
it to be removed . You then move the lever 
to the other side, ejecting the disk. The 
wait for Lhc light to stop flashing takes a 
minute or two. but it seems interminable. 

The Optotcch WORM drive was the 
fastest in the bunch . In its 200-megabytc 
format, it completed the File Write/ Read 
test in a mere 38 seconds . 

Franklin FLO 200 
The only significant difference (in cxler­
nal configuration) between the Franklin 
FLD 200's hardware and that of the 
Optotech 5984 is the box: The FLO 200 
is about 2 inches wider. Franklin also 
adds an additional 37-pin plug to the rear 
nfthe chassis so thul additional drives can 
be daisy chained . 

The real difference bet ween the Frank­
lin and the Optotech units is in the soft ­
w-.ire that ilCcompanies the drives. As 
originally released, the Franklin WORM 
drive could be used only as a single 200­
megabyte drive for such limited purposes 
as fil e backup and text retrieval. It would 
not allow normal MS-DOS operntions: I 
even had to use a special command to per­
form a COPY operation. 

As I was finishing thi s review. Frank­
lin provided me with 3 preliminary copy 
of its new software. which is designed to 
let the FLO 200 work with MS-DOS as if 
it were a hard disk drive . The software 
appears to be very similar (or identical) to 
the software from Optotech ; it , mo. lets 
you format the disk as e.ither three or five 
32-megabyte segments or as a single 200­
megabyte disk. This was not a finished 
product. however. and I had some trouble 
in slalling it. so the results in table 1 (or 
the lack of them) are based on the original 
software. By the time you read this. the 
new software should be uvailable, with 
results similar to those for the Optotech 
5984 (as you would expect, since Opto· 
tech wrote the software). 

Because the FLO 200 has the same 
cominued 
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ontroller card as the Optotech drive, it 
has the same problems in computers with 
limited internal space. As with the Opto­
tech drive . changing disks or turning over 
a double-sided disk lakes a long time . 

Included with the FLD 200 is Frank­
1in' s Archi ve Management System. 
which lets you back up your hard disk and 
restore the file s when you need them. 
You can generate command files so that 
the backup and restore processes are 
done automatically. Franklin also in­
cludes the File Management System. a 
number of utilities that let you copy and 

otherwise manipulate the files on 1.he op­
tical djsk_ According to the company. 
these programs cannot be used on the 
ame files that arc managed by the Ar­

chive Management System , because the 
latter keeps track of update to the files 
and the fom1cr does not. 

N/Haoce525 
N/Hance Systems' 525 WORM drive is 
ba ed on the ISi WC 525 drive and con­
troller sci that supports either ·ingle- or 
double-sided optical disks. These di sk 
will hold about 120 megabytes of infor­

lhe Closer 

You Look... 

The More 

You Find! 
LIke this Russron Doll, o careful 

inspection of MIRROR II will 
reveol loyer upon loyer of 

cnrelully crafted fealures designed To 
provide you wjth the best solution to 
today's and tomorrow's dola comn1uni· 
cation problems. 

MIRROR II [the Crossloik•· SuperKlonel pro­
vrdes a super.or reflectron oi the best 1n Crosslolk 
)(VI"'. ol o lroction of the co>t . MIRROR 11 comes t;.Om· 
ple!e w ith a super!>et ol the Crosstalk XVI"' Scrrpt language Th i~ Script;ng copobdiry and 
MIRROR ll's background communicotions mode gives you the power 10 fully outomole 
your PC commun1cotians, and The freedom to use your PC for other tasks while scncimg 
01 receiving data 

• Bockgn:ivrid communications mode lcoll or answer) 

• File 1ronsferprotocols indudlng Xmodem (Botch, CRC or Che<.:ksuml, Cro~!ol~. Hayes•, 
Ymodem and Kermit 

• 	Termtnol emula1ions for DEC VT- 'k)0/ 52, IBM 3'01 lchoroi:tt;!forbkx:k mode). Telev1deo 
910 1920 1925 lcharoder or block model. Adds Viewpoint. ADM-JA, Doto General 
D2KJ, ANSI and Honey.yell VIP7200 

• Learn mode for the automatic; creation of outo- MIRRORJIlogon Sc;np~ 

• Full !lereen \Nordstar-like teXI editor 

• Site License !the co~t elloctive way fa standardize) ~8""'"-tf'~ 
• 60-Day, No Questions Asked .V.Oney-Bock 

Gvorantee 

Tc order, coll Toll - ..~.,11§(.,111Free :9.95 	
™

1-800-634-8670 
336 Office Plam Droveiln Hondo toll "°'1 ·878-a564i. V•r.c / """"1...Cor<l I COO '5 00 It>< 

S/,.ppng end Handling I RI .00 lor CO[) ord~rs) Hondo ,.,,..j.,,,1> Tallahassee. Florido 3230 I 
Telepho11e· {904) 678-6564

please odd 5 % ""'"" lox. Telex: 6714280 KLON'-"""'i'()lilf1Q"'9J~\o~Lff~l.•-:J-.X-.IQ.tw.°'1.~(~~ !l~l!.CI~ 
~ ~1()1~ oJ .,......,,nt'Jllo.,,id &~ lo,krl-.;M"M Le11~ ' /w-,,,i:/JR ..,, :i ~ i.,.1,.f~ ll ""'~·•:t\:JI ...- i&o-\.:njDA !Xlo"r>· 

~~ of ,,~rr.Rt0 ll'llB~ I 0~ o=irid Cru-...~ ,,...I r...,. ~rwi ~lflor~~ ~~tftM~~"'-'1" 

tn.dlrl'0"&1.a!~U,.,llTll,.ll'lll;;r;;JPvr:.~~ / l~rtf)1~tr~ """'JM&D(}';i. / K 005.°J"J 'Ol' ~~.,. ""':'ll c..~ 

...Jit'IO'~PtJ~~,,..,fiici,d..... cn.l"I( """"""' 
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rnalion per side. The drive can accept sin­
gle- or double-sided disks. ~o you can 
s1ore as much as 240 megabytes on each 
disk. (You s1ill have to turn the disk over 
10 use the other side.) 

N/Hance' new operating ystem for 
i1s optical disk sysiem. WORM -TOS 
{WORM Transparcnl Operating System). 
makes the optical Jrive act like a large 
hard disk drive. It . upport. MS-DOS op­
erations . When you install it. WORM­
TOS makes a patch to MS-DOS Lhat is 
necessary if you pion to use segments 
larger than I.he 32-megabyte limit. Be­
cause I received this new software late in 
the review proccs. , I was unable to spend 
as much time with it as with the other 
units. though I had no problems with it 
while performing the benchmark tests . 

WORM -TOS makes the N/Hance 
drive faster than its lookalike from Maxi­
mum Systems; the Maximum Systems 
drive took between 2 to 5 times as long in 
every test. Table I shows the result. of 
the benchmark tests as pcrfom1cd using 
the new software on a single-sided 120­
megabyte disk. 

Both of the !SI-manufactured drives in 
thi s review use a haJf-card controller that 
will probably fit into any PC or clone on 
the murkct. It had no problems wilh the 
tight spaces in the Tandy 1200 HD. The 
cable is al so a little smaller , attaching 
with only a 25-pin connector. 

This drive is easier to operate than the 
Optotech-manufactured drives . For ex­
ample, you ca n remove lhe disk by simpl y 
pressing a button and ejecting it. In fact , 
the N/Hance software lets you eject di k­
using a keyboard command . 

The company also includes a tcxt­
search-and-reirieval software package 
that lets you search for a specific word or 
group of words and then displays the text 
that contains !hose words. While I did not 
put lhis software through a rigorous test, 1 
did download a portion of the BIX writ­
ers· conterence and used the soft ware to 
find items within that. It worked fin e. 

Maximum Systems APX-3200 
Like 1he N/H~nce 525. the APX-3200 is 
based on lhe ISi 525 WORM drive and 
half-card controller, so it uses single- or 
double-sided disks with 120 megabyte of 
storage on a side . 

lnstaJling the Maximum Systems drive 
was straightforward - easier than the 
complex set of instructions that comes 
with r.he drive would lead you to believe. 
It turns out that the factory dcfauh set­
tings work in most instaUations . 

Maximum Sysr.ems al so include s 
MAXSYS-DOS, software that lets you 
use lhe drive with MS-DOS. This imple­
mentation of an MS-DOS device driver i 
not as successful as the ones on the IBM 
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and Optotcch drives_ Most notably, you 
cannot run programs from the optical 
drive. According to the company. this is 
bc..:ausc some software writes 1emporary 
file s to the disk. Whatever the reason. 
three other manufacturers succeeded in 
working around 1hc problem. making 
!heir di sks more convenient to use . Still, 
most commonly used MS-DOS com­
mands worked properly. 

Because the software doesn't let you 
run programs from the optical drive, I 
could not perform the File Writc/RcaJ 
tc!:>t in exactly the same way as on the 
other drives. However, I was able to run 
the test from my hard disk drive. with the 
results written to and read from the opti­
cal disk. This is still, I think. n valid mea­
sure of performance. 

Another problem with the APX-3200 
is that dBASE II could nm recognize the 
database files contained on the drive. The 
company says that other softv.'llre . includ ­
ing dBASE III. can work with darn from 
the optical drive, and I was :ible to per­
fom1 Lhc dBASE benchmarks using vt:r­
sion 1.0 of dBASE m. The t.imes given 
for this drive in the table arc thnsc for 
dBASE Ill, so they may not be compara­
ble to the times for the other dri ves. 

Winners in the WORM Rnce 
Of the drives reviewed here. the IBM and 
the Optotech appear to the user to be most 
like ordfaary drives, and you don't need 
to modify your operations to use them . 

'otc that, of the two. only the IBM con· 
croller would fit i11to the tight spaces in 
my PC XT clone. On the other hand, the 
Optotech is significantly fa ster. With it 
WORM-TOS software , the N/Hance 525 
is easy to use. fast. and reasonably priced. 
It. too , is YIOrthy of consideration . 

The Franklin FLO 200 and Maximum 
Systems APX -3000 seem overpriced for 
the pcrforrnam::e they provide. The 
Franklin FLD 200 costs half again :is 
much as the identical Optotcch 5984 . The 
Maximum Storage WORM drive ha~ 
some operational problems (such as nol 
being able to run programs from the 
dri ve). and its software seems to sacrifice 
speed for MS-DOS compatibility: it was 
quite a bit slower th:rn the ne.arly identical 
N/Hance 525. 

If I were buying an optical disk drive, 
rct buy either the IBM 3363, the Opto­
tech 5984. or the N/Hance 525. • 

"'l1y11e R.ash. Jr. is 11 member of1he pro­
fessimwl .1·1aff of Amuiccm Ma11ageme111 
S_ntem s In c . (/ 777 Nonh K.011 Sr. , 
Arlington , VA 22209). where he con­
su/H with the federal governme111 011 
microcomp11ters_ He moderates the wril­
crs ' co11fere11n' on B/X, where VOii am 
reach him on BIX as "wa_wierash. " 

Circle 32 on Rtader Sen·ice Can/ 

OUR PLUG-IN CARDS 
GIVE YOU PLUG-IN 
CONTROL. 
Your IBM PC/XT/AT or 
compatible can control any 
IEEE-488 instrument. 

You can : 

D Plug-in to BASIC. C, 


FORTRAN, or Pascal. 

D Use HP·IB plotters, 


printers, and instruments. 


D Call (617) 273·1818 and put us to the test. 

Complete hardware and sottware solutions for just $395.


C(fi Capital Equipment Corp,
99 South Bedford Street 
Burlington, MA. 01803 

Just load your diskettes, It copies 51/4 pre&; 01 .C button. and walk 
~way. Thl' Victory r\utC»­and 31/2 inch luader autumatic<ill)' cor>ies 
disketlc~ operating stnn<l­diskettes all aki llC or al t.1ched to ~n 
IBt-.liPC• or Mow11ai11by itself. compmible syst c111 . 

8ulk carmi.stcrs allow fast. 
cas~· lua<lini;: an<l wikxidiu ~ . 
Switrhing driws takes less 
lh;m ftvt' rnimttes. 

Copy Different Fonnats, 

Flawles!! ly. 

Our Auto· Forrmt -Analysis '' 

foatun· lets you copy differ­

ent formats, including PS12•. 

·nie system 1.ests for quality 

;uxl ilCt-ura<.)\ sorting di.'iks into 

one of two output cannisters. 

No Uscr-R<.>quired 
Adjustments. 
'l11L' t\utolomlcr's selki!li­
bration and simple <li<Jg 
nustics for cl1e. ··king drive 
alignment allow you to main­
t,1in the system v.~thout 
outside service. 

Call 1-800-121-IHO:t 
And ask about !he Victory 
family of affordable dupli· 
L'lltion systems-with 
serialization. copy protec­
tion a.nd custom label 
printing. 

VICTOY 
ENTERPRISf.S 

~10 kescan·h lllv<l., 11.l 
r\u, un. ·1cxa5 'il'.7511 
~t!--4~f.OHll1 

ln E~1ropt'"t~ IU·l. l~ 1~~ l) .._"a.1.~11< , 
F~ ~4~-r..i:11t i 17~1. t~.., <'*4· t1 
tHl-ltl'lti. M'-' r:r,i :;n 1l671 S. 

·1n.,i..11\M"11!l~.!'1l.:tr~ ... ....r 
lntorwt.-.Wl~:\t..il ~Ciisµ•-ll:11r.i. 
Mu.n1..... ~ 111 rt i.,::i:ir.l1'1't'll lr;:rirrn.•l 1_. 
h'-iA1111:.1inl r~rf. lnr 
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Speed without compromise. 

QNX DELIVERS ONX delivers the speed 
0f a dedicated real-time executive as 
well as multi-tasking, integrated net­
working and a multi-user development 
environment as rich and powerful 
as UNIX. 
SPEED The tightly c0ded QNX kernel 
performs 2800 task switches/seGona 
on an AT. with full pre-emptive 
priorit ized scheduling. 

TASK COMMUNICATION QNX ts 
based on a message-passing archi ­
tecture, radically more innovative than 
PG-DOS, UNIX, or 0812. User tasks 
and system tasks use the same 
messaging interface. This results in 
a srngle unified environment. 

INTEGRATED NETWORKING On 
the QNX network, any taslc can send 
messages to any other task anywhere 
on the network. This direct communi­
cat;on Is Rot available on other net­
works. The resultant "feel '' of the ONX 
network is that of a homegeneous, 
tightly 0011nected array of computers, 
rather than a collection of computing 
islands strung tQQether an a network 
with comparatively limited functionality. 

DEVELOPMENT ENVIRONMENT 
ONX comes with a rich set of utilities 
including a powerful fufl~SGreen editor, 
C compiler. symbolic debugger and 
multiple full-screen windows. 

RUNTIME ENVIRONMENT ONX archi ­
tecture is mo~Mar not monolithic. The 

system consists of a set of tasks that 
provide services. Software developers 
can easily write tasks that add services 
to suit their speeifjc application needs. 
It ·is straightferw.ard te write tasks that 
interface to hardware through interrupts, 
110 r;>arts, OMA and dual-ported memory. 

TECHNICAL, SUPPORT Tectmical 
support is provided free of charge, and 
4pda,tes can be downloaded 24 hours/ 
day from our onllne BBS. 

QNX is now ir.istalled at over 30,000 
sites in North America and Europe for 
manufacturing, pro.cess control, process 
monitoring. point-of-sale and many 
other applications. 
Eliminate compromises inyour real­
time applicattons. Call for details today. 

THE ONLY MULTI-USER, M.ULTl~TASKING, NETWORKING, REAL-TIME OPERATING SYSTEM FOR THE IBM PC, AT, PS/2, 

Multi-User 10 (16) serialterminals per PC <An. C Complier Standard Kernighan and Rhchie, 
Multi-Tasking 40 (64) tasks per PC (AT), AeJClblllty Single PC, networked PC's , 
Networking 	 2,5 Megabit token passing. single PC witll termirals. 

255 PC's and/orAT's per network.. netw0rkea PC's with tefm nalS, 
l0,000 tasks per network. No central 9etVers. Full.sharing 
Thcosands of users per rierwork. ol dlsks, devfces and CPU's. 

Real Time 	 2 ,800 lallk switcheslse<: !AT). PC·DOS PQ· OOS runs as a QNX task. 

Message fast inle<1ask communication Gost fromUS.$450. 

.Passng between tasks on <lfly machine . Rontime pircfng available. 


THE HP VEOTRA, AND COMPATIBLES. 

For further fnformatlon or a tree demonstratio.n 
diskette, please telephone (613} 591-0931. 

Quantum Software Systems Ltd. • Kanata South Business Park ·175 Terrence MatthewsCrescent· Kanata, Ontario, Canada· K2M 1W8 
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SOFTWARE REVIEWS 


D 

Turbo Pascal 4. 0 


At last. y () U can break the 64K­
byte barrier in Turbo Pascal. In 
fo ci. version 4. 0 (S99.95) from 
Borland fntcrn ational ha s a 
multitude of ne.w and revised 
fe arnres in addition to its modu­
lar design that lees you divide 
your program into separately compiled 
64K -by1e modules called unit s. The 
compiler runs on the. IBM PC. XT, AT. 
PS/2 . or compatibles under PC-DOS or 
MS-DOS 2.0 or higher with a minimum 
of256K bytes of RAM for TPC .EXE, the 
~·ommand - l i ne version (384K bytes of 
RAM for TURBO. EX E, the interact ive 
menu-driven imegrated e.nvironme.nt) . 
and one floppy disk drive . 

Turbo Pa scal 4 .0 features the TUR­
80 . TPL library of seven pre.defined units : 
s ys tem, pr i n ter. c rt , dos , gra pli. 
turboJ. and gr aphJ . It also feature s 
project-mam1gcmcnt tool ·; conditional 
compilations : Boolean evaluations ; a sin­
gle version of the compiler for both PC­
DOS and MS-DOS ; 4- . 6- , 8-. and 10­
byte r ea l data types: inline code; a 
substantially revised version of Micro­
Calc ( Borl~nd 's spreadsheet); utilities; 
and 73 sample programs. Some of the ex­
amples a re comprehensive programs 
demonstrating 1.he use of various units. I 
was particularly impressed by the 56 
small programs that demonstrated each 
function and prrn.:edure in the predefine.:! 
graph unit. 

Version 4 .0 is not directly compatible 
with version :1.0, and scime conversion is 
re4uired. An Upgrade program come.s 
with the new version, and the converting 
process is relatively simple. Version 4.0 
also doesn't have the overlay fac il it ies 
found in version 3.0. 

I tested Turbo Pascal 4.0 on a 4. 77­
MHz IBM PC XT with 640K bytes of 
RAM. two floppy disk drives. and a 10­
megabyte hard di sk drive running PC­
DOS 3.0. 

Using Units 
According to the Turho Pllscal 4.0 Q\Vn­
er's manual. "A 1111i1 is a collection of 

Walter Banks 

Its new modular design 
breaks the 64K~byte barrier 

of previous versions 

constants, darn cypes. variables. proce­
dures. and functions . " A unit is divided 
into two sections: The i nterface sect ion 
contains "public" information that is vis­
ible to orhe.r programs using the unit; and 
the impl ement a tion section contain s 
"private " information thm i~ 1101 visible 
to other programs but can be used by the 
inte r f ace section . Both sections consist 
of any or all of the five categories listed in 
the definition . 

Units are not i nclude file s, but thev 
arc compiled and stored as machine code 
before ~ing used . A compileJ Turbo 
Pascal unit has the extension . TPU and is 
roughly analogous IO a .QBj file . TPU­
MOVER is a librarian OllJily with which 
you can add new units t(l the standard unit 
library. TURBO. TPL. or delete unused 
standard units from it . 

The system unit contains Turbo Pascal 
4 . 0'.~ standard and huih-in funct ions and 
procedures , as well as any "ex.tras" that 
don't fall into another unit . Every pro­
gram links to thi s unit; ii , however. does 
not all any other units . 

The pr i nter unit sets up the variable 
Lst and connects it 10 a device driver so 
you can use write am.I wri te l n to send 
standard oucput to your printer. The 
or inter unit calls the c:rt unit. 
· The crt unit is an IBM PC- ·pecific 
1/0 package providing keyboard and 
screen procedures and functions. This 
unit is the sole 1/0 interface for these 
devices and can be replaced by an appli­
cation devclQper' own unit to supp<Jrt 
non-IBM PC- compatible di. plays and 
keyboards. Crt doesn't call any other 
units. 

The dos unit defines those procedures 
and function - that equate to DOS calls. 
such as GetTime <ind SetT ime. It al o 
sets up Intr, which Jets you use system 

interrupts, and Ms Dos , which 
kts you u ~ c MS-DOS calls. Dos 
doesn ' t call any other unit . 

The gr aph unit consists of 
more than 50 functions and pro· 
ce<lures that run on the seven 
currently supported graphics 

adapte rs (i.e .. CGA. MCGA. EGA . 
VGA, Hercules. AT&T, and 3270) . It 
handles many Jiffornm display resolu ­
tions by always setting the upper left 
corner to location fl , l ) rat.her than trying 
to scale data from a virtual 11nag!o! tn the 
re.ii coordin.itcs. Borland uses real coor­
dinates in its graphi<.:s applications ; you 
are responsible for any modifications 10 
the sea.le of the display. 

The grapn unit is composed of several 
section s: the procedures used to report 
parameters about the current display. 
such as width. height. and aspect ratio ; 
the graphics primicives tu draw points. 
draw lines. and clear; the complex grnph­
ics routines to draw arcs and circles ; <1nd 
the compo itc routines that draw and fill 
pie charts and draw graphs . You can label 
images in one of four font s, three of 
which are composed of the stroked­
graphics characters typi<.:ally use<l on 
plotter , Stroked fonts are easily scaled to 
fie the carget space. more ea. ily chan doc­
marrix fonts on applications that requ ire 
changing resolution. Grapt1 al o uses the 
c r t unit. 

The turboJ unit provides compatibil· 
ity with version 3.0's Kbd, G8reak, Mem­
Avail. MaxAvail , LongflleSize. Long­
Fi le Pos , LongSeek. 10Resu lt. and 
NormVideo. Lo\.IVideo, and HighVideo. 
The predefined Kbd device. used in ver­
sion 3. 0 to get unechoed characters from 
the keyboard. is not available under va­

comin11ed 

~1/ter Ba11/..:.s is the owner of Byre Craft 
Limired, u cumrucr research cmd d(' vel­
opmt'/I/ company specializing in develop· 
m£'111 wuls-ma11y in Pascal-Im· small 
compwer S)\\'/ems. H£' can be n'ached 111 

42 J King St. N. Watuloo . Ontario N2J 
4£4. Cwwda. 
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Turbo PR cal 4.0 

Type 
Pascal compiler and 1ntegra1ed 
development environment 

Company 
Borland Inter national 
4585 Scotts Valley Dr 
Scal!s Valley. CA 95066 
(408) 438-8400 

Fonn•l 
Three 51/.-inch lloppy disks 

Language 
Not available 

Hardware Required 
IBM PC, XT_AT. PS/2. or compatible 
w1lh a minimum of 256K bytes ol RAM for 
the command·llne interlace (384K bytes 
of RAM for 1he 1nterac11ve menu-driven 
1n\egra1ed environment) and one floppy 
disk drive: an SOx.87 coprocessor is 
supported , 1! presenl 

Software Required 
MS·IPC·DOS 2.0 or higher 

Documentation 
654-page softbound owner 's mt1nual , 
on -hne documentat1on, documentation 
hies for each al the supplied unils 

Price 
$99.95 

Inquiry 904. 

sio n 4. 0. You can use Kbcl from the 
turboJ unit or ReadKey from the crt 
unit instead (ReadKey returns a charac­
ter). The KeyPressed function tells you 
whelht:r a key has been pressed on the 
keyboard. Version 3.0 mishandled this 
function (a write statement would clear 
it), but version 4.0 handles ii corrccrly. 
Version 4.0 also returns a null rather 
than an esc as the lead-in character for 
the extended keys (i.e. , function keys. 
cursor pad. and so on). 

CBreak from version 3.0 is called 
CheckBrea.k in version 4.0. Version 3 .0 
gives memory available (MemAvail) and 
maximum memory available (Maxf\Vail) 
in quantities of 16-byte paragraphs; ver­
sion 4 .0 provides the ·c amounts in byte 
coun~. LongflleSize , LongFilePos. 
and LongSeek have changed from type 
real in ver.;iC)n 3.0 to type l onglnt in 
version 4.0. IOResult returns ·rnndanJ 
MS-DOS error codes in version 4.0. 
wherea it retmned Turbo P'<1scal error 
codes in ve.rsion 3.0. NormV tdeo. Low­
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Video. and i-!lghVideo let you set nor­
maL high. anJ low-inlcrn;ity color · in 
version 4.0, whereas version 3.0 gives 
you stamlard defauh:-.. TurboJ u~cs the 
c r·t unit. 

The graphJ uni! provides support for 
the graphics rou1incs in version 3.0. It 
also uses the crt unit. 

Project-l\ilanagement Tools 
Turbo Pascal 4.0 includes 1hc MAKE, 
TOUCH. and GREP utilitic~-projei.:l-mt1n­
agemcnt tools that are familiar to many C 
programmers. The MAKE utilicy is a s1and­
alone rou1inc that calls all the coue-gen­
eration rou1ines (i.e., assl!mblers <ind 
compilers) required 10 produce current 
object files ready for the Turbo Pas<:al 
compiler to link into a single execution 
tile. TOUCH is a utility that updates a file's 
current creation date and time ' O that the 
next MAKE forces a recompile. GREP is a 
powerful search program that quickly 
finds text strings in one or more files . For 
exampk, if you wan1ed a file containing 
alJ the procedure names io the P.ascal files 
in a dire<.:tory, you coulu enter GREP -i 
PROC EDU! ES *. oas >PRO CS .' 'X'l' . 

Borland also· has project-management 
compiler options in version 4.0' s inte­
grated environment. which contains File. 
Edit. Run, Compile, and Option menus . 
For example, the Pick option on the File 
menu lets you ·elect om: of your eight 
most recently accessed programs and 
pu1s you back at your las1 cursor position 
in that program. The Compile menu in­
cludes Compile. Make. and Build op­
tions. The Compile option compiles the 
file currently Jn the editor. The Make op­
tion checks to ·cc if any of !he units in­
volved in the. program have <:hanged sin<:e 
the last compile: if it find any changes , 
the units affe<:ted are recornpiled_ In 
other words. the Make option ensure 
that your program is using all the latest 
versions. The Build option recompile:-. all 
the units involved in the program. regard­
less of whether any changes have oc­
curred since the last compile. 

Compiler options can he set within the 
source code as compiler directive com­
mands. [$directive+ } for On or 
{ $d lrci>c ti ve - } for Off, chosen from 
the Compile menu in the imegrated envi ­
ronment. or provided as command-line 
parameter~: /:;,x + for On or / $X - for 
Off in the. comrmmd-line version_ 

Conditional Compiles 
Turbo Pascal 4.0 can compile variou 
seciions of a program cundi1ionally. a 
feature you can use for debugging or op­
tionally including write statement . The 
following direclives are available for con­
r.Jit.ional compilation: {$DEFINE symbol 
defines a symbol for use by other com­

pikr directives ; {$UNDEF symbol) re­
moves that definition. {;iilFDJ::F symb l j 
compiles the code that foll1Jws it if th.: 
given symbol is r.Jefined. whik ($IFNDEF 
symbol} does the same thing if the given 
. y mbol is not defined. {$I FOPT d 1 l'ec ­
ci ve +} compiles the code th;1t follows it 
if the given compiler directive is On. and 
{$1 rnP'l' di rec ti ve-} compiles it if the 
given compiler directive is Off. { $EL~1:. } 
3cts the same as the ELSE in any 
If . .. THEN . . _ELSE statement and cun 
follow any of the ($ Fxxx} direc1jvcs. 
aml ($ENDI F} indicates the end of an 
{$1Fxxx} or ($ELSE} section. 

These formats refer to compilt:r r.Jircc· 
tive formats inserted into the source 
code, but the same results can be allainc<l 
from command-line parameter. or from 
menu choices from within the integrated 
environment. 

You can also set up a symhol or com­
piler option to use as a Boolean expres­
ion to control rhc compilution of a cor.Je 

segment. You can evalualc a Boolean ex­
pression in two ways: Set the compiler to 
evaluate the expressions completely and 
then act on the results { $6 + ).or evaluate 
the expressions only 10 the point where 
they succeed or fai I { $B - } . 

More New Features 
Earlier releases of Turbo Pascal had sepa· 
rate vcr ·ions for PC-DOS and MS-DOS. 
The PC-DOS version worked on IBM 
PCs and compatibles running PC-DOS. 
and the graphics library wa$ PC-DOS­
specific. The MS-DOS version w >rko:d 
on IBM PCs and other C()ntputer~ run­
ning MS-DOS. Turbo Pasi.:al 4.0 has a 
single release for both operating systems. 
Code wrinen for non -IBM computers. 
however. needs to avoid using IBM-spe­
cific units nr IBM-specific oprions within 
a unit. as in graph, crt . and graphJ. 

Version 4.0 includes a 32-bil (4-byte) 
&igned inreger called longint among its 
data types. It also has byte (unsigned 1­
bytc), shori:int (signed I-byte). int e­
ger (signed 1 -bytc). and wo_rd (unsigned 
2-bytc) integer~- Reill data types come in 
4-. 6-. 8-. and JO-byte varieties. The 6­
byte real. are the same as rea l s in ver­
·iun 3.0. The remaining re11. types, 
single (4--byte). double (8-byte). ex­
tended ( 10-byre). and comp (8-byte). 
conform 10 the IEEE sirmdard and work 
only on a rnmpulcr c4uipped with an 
80x87 coprocessor chip. Turbo P-ascal 
4.0 does not have an 80x87 emulation 
mode for the various IEEE format real 
data types. 

You can indui.le machine <:ode in a 
program by using inl ine statement:. ur 
dire<:tives_ I n l ine statements are em­
bedded code imilar to that in version 
3.0. Most exi s:ling i nl ine code segments 
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from version 3.0 need modification to re­
flect changes to the calling conventions 
between the two releases. Version 4.0 has 
also added ao inline directive. or 
macro , that lets ' you code an inline pro­
cedure onc.e and caU ii often by inserting 
the macro in several places. 

In version 3 .0, you have to create in­
terrupt handle.rs in assembly language. In 
ve.rsion 4 .0, you can code them as Turbo 
Pascal procedures by declaring the. pro­
cedure as type interrupt. 

Converting from Turbo Pascal 3.0 
Both of Burlani.l's previous major re­
leases of Turbo Pascal maintai.ned almost 
total upward l.'Ompatibility . This is not 
true for version 4.0. I found the program­
rnnversion tools supplied with version 
4. 0 both uscf ul tinll necessary. Two of the 
units (graphJ and turboJ) in the unit 
library are specifically directed toward 
compatibility with version 3.0, and the 
Upgrade utility converts version 3. 0 
source code to vc.rsion 4 .0 . 

I found Upgrade easy to use. I tried 
executing it on my 3000-line Intel 8085 
macro 1.:ross assembler to see what would 
happen. As it went through tbe mainline 
cot.le. it followed the inc l ude files and 
updated them. Upgrade lakes abo111 as 
long as a version 3 .0 co01pile on the same 
code .. and it inserts corrections directly 
into you.r source code . Optionally. it can 
generate a report file with extensive hints 
on <.:hanges lhat you can make to the 
source. code , and , in many cases , it refers 
to the reference manual pages by number. 

In my haste to see some of my favorite 
code run, I immediately invoked the in­
teractive version of Turbo Pascal 4. 0 
after running Upg.rade. I had some warn­
ing messages. but I wanted to see what 
would happen . The compi.ler was about 
400 lines into compiling the macro as­
. cmbler before it stopped. After making 
a small fix: and recompiling five difforent 
times, I successfully converted a piece of 
Turbo Pascal 3 .O application code to run 
under Turbo Pascal 4.0. Thi · whole pro­
cess took about 15 minutes-not bad for 
converting a 3000-line program to the 
point of ro nn.ing correctly. 

The overlay facilities found in Turbo 
P.ascal 3.0 are missing from version 4 .0. 
If you used overlays in version 3 .0 to get 
around the 64K-byte limit, you won't 
have a problem. In converting to units 
(via the IU. or uniti7..c., option on the 
Upgrade program and the addition of (. U 
uni tne.me} directives to your program), 
you can make your main program and 
each unit that it calls 64K bytes long. 
However, if you used overlays because 
your program exceeded the amount of 
memory available on your system, you 
will need to do some rewriting. Your 

main program and all the units it calls 
must fit into memory at the same time. 
Borltind says that an imelligem overlay 
manager will be. coming in a future re­
lease. I hope so, because version 3.0 has 
an effective overltiy structure, and I'm 
sorry to see it go. 

The default screen colors have also 
changed , from yellow on black to white. 
on black. You can change them with the 
predefined SetCol or and Se t BkCol or 
procedures. You can <.:hoose them from a 
paleue of 16 colors, dependent only on 
the graphics driver you have installed and 
the graphics mode you have selected. In 
my expe.rience, the transition time to 
move from version 3.0 to version 4.0 is 
short and relatively painless. 

Benchmarks 
I used the BYTE benchmarks to compare 
Turbo Pascal 3.0 with version 4.0. I 
wrote a short utility, RUN. PAS, to execute 
and time the benchmark tests. RUN.PAS 
measures the total execution time, inc\ud· 
ing the time for the operating system to 
load the program from disk. It assumes 
that the program being run is in the cur­
rent directory. I ran all the benchma.rk 
programs with version 3.02a . converted 
them via Upgrade to version 4.0, and 
then ran them again . 

!Editor's note.: The benchmark files 
and RUN. PAS are available on BlX, on 
BY!Enet , on disk , an(/ in the Quarterly 
Listings Supplement. See "Program Lisr­
ings" h1 the table of coments. To ''find .. 
source c1xie in tht' Lis1i11gs areas on BIX 
and BYTEnet. search by tirticle 1itle, au­
1hor, or issue date. Some archived files 
may conrain numerous lis1i11gs for a sin­
gle article. A description of the file also 
accompa11ies each emr 1.) 

Table I shows 1he execution times and 
code sizes for the two versi.ons of Turbo 
Pascal. CALC. PAS tests multiplication and 
division for the 6-byte res.ls: version 4.0 
is 39 percent faster than version 3.02a. 
FLOAT. PAS tests Turbo Pascal's library of 

transcendental functions. again using 6­
byte reals. Version 4.0 shows speed im­
provement of almost 22 percent. SIEVE­
. PAS tests calculations and array 
manipulations: here , the improvement is 
about 12 percent. TRJ\NS.PAS copies a 
file one character at a time. while 
8TRANS, PAS copies ii in l 28-byte blocks. 
TRANS, PAS shows onJy an insignificant (1 
pe.rcent) imprnvement. with version 4.0. 
while BTRANS. PAS boasts a healthy 26 
percent improvement in speed. 

LINETEST. PAS points out a major dif· 
fercnce between the two versions. This 
benchmark tests the speed of Turbo Pas­
car s line-drawing routine. It shows an 
impressive. speed increase of253 percent. 
Some modification of the program was 
required for version 4.0, however. When 
first run , the screen was mJssing most of 
the required display lines. The problem 
lay in the fifth parameter of the DR.AW pro­
cedure .. Turbo Pascal 3.02a uses only the 
lower 2 bits of the color parameter. while 
version 4.0 use.s all of them and re.quire.s 
you to ensure that the argument is in 
range. The tjming for version 4.0 comes 
from the revised LlNETEST . PAS pro­
gram, which corrc<.:lly displays the test. 
In all cases, the size. of the execution code 
was significantly less for version 4.0 . 

I also ran the HEAPTEST. PAS bench­
mark, which initiali1.es and disposes of 
Pascal heap pointers, each of which 
points 10 9999 byte..~ (to avoid easy word 
boundaries). It executed under version 
3.02a in 0 .93 seconds. compared to 0.66 
seconds under version 4.0. This repre­
sents an improvement in execution speed 
of about 41 percent . 

All the benchmarks arc small files; 
thus. wmpilc times for the file s were too 
short for me to measure. I decided to test 
a larger applications program to give. 
measurable compile-time results. I chose 
the macro cross assembler. The only dif­
ferences between the programs that I 
compiled under the rwo versions were 1he 

cominul'd 

Table 1: Turbo Pascul 4. 0 's exernrion Limes are significantly faxter than 
version 3. 02a 's in most cases. and 1he decrease in version 4. 0 's execution 
code size is truly rt•markablc. (Times are in seconds; .fizes are in by1es.) 

Execute Time E1tecut.e Size 

3.02a 4.0 3 02a 4.0 

CALC 
FLOAT 
SIEVE 
TRANS 
BTRANS 
LINETEST 
HEAPTEST 

32.68 
66.51 
16.37 
80.08 

7.63 
21 09 

0.93 

23 51 
54 54 
14 61 
7921 
6.05 
5.98 
0.66 

11,635 
11,549 
11,713 
11,544 
11.560 
11.533 
11,835 

4432 
3536 
2720 
2912 
2928 
8704 
3104 
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Table 2: An 8087 coprocessor is responsible jbr major improvemems in 
execution time. There is lit1/e difference between /he three lengths ofIEEE 
real types, ho.,,.1ever. (Times are i11 seconds; si::,es arr in bytes.) 

Ex.ecute Time Execute Size 

CALC FLOAT CALC FLOAT 

3 .02a 
4,0 (4 bytes) 
4.0 (8 bytes) 
4.0 (10 bytes} 

7 08 
2 31 
2 64 
2.69 

2.97 
2 09 
2 09 
2 09 

10.282 
4704 
4704 
4720 

10.194 
2608 
2608 
2608 

changes inser!ed in the source code by 
Upgrade and the minimal changes I made 
so that the converted program would 
compile and run under 4·.0. 

The macro assembler source code 
under version 3 .02a contained 94 .140 
hy1es, and under version 4.0 , 94,301 
bytes. The include files required some 
disk activity for both ve~ions. In this 
tes1, a version 4.0 compile by the interac­
tive system was more than twice as fast as 
a version 3 .02a compile (58 seconds ve.r­
sus 28 seconds) . These measurements 
were made with a stopwatch and arc accu­
rate to within about a second . Just for 
fun, I ran these rwo compile, on an IBM 
PS/2 Model 50. The times dropped to \4 

seconds for ver. ion 3.02u and 6 seconds 
for version 4.0. 

The command-line version of Turbo 
Pascal 4.0 compiled the mai.:ro assembler 
in 38. J seconds. which is slower than the 
inrerdctive version, hut the comparison is 
rn11 direct . The command-line compile 
was run and measured by the RUN. PAS 
program, and the time given incl udes the 
time required to load the compiler as well 
as to compile the program. (This time 
wa. onlv 8.29 seconds on the Model 50.) 

1<il.~o put togeiher a 45, l55-hyte appli­
cation file to provide a more realistic 
execution test . The execution time for this 
program wns 75. 75 seconds when it wns 
<.:ompiled under version 3 .02a, and 54.90 

MPW C for the Mac 

Mike Wilson 

The Maci.ntosh Programmers· Workshop 
(M PW) is a powerful, well -integrated 
programming environment for the Apple 
Macimosh line of computers . MPW C is 
an implementation of the Green Hills 
Software C compiler for the 68000, 
68010. and (with the relea e of version 
2 .0) the 68020 processors , running under 
MPW. Both MPW and MPW C version 
2.0 are available from the Apple Pro­
grammers and Developers Association 
(APDA) for a reasonable price ($200 for 
MPW alone anu $150 for MPW CJ. To­
gether. they provide all the tools neces­
sary to write complete applications for 
the Macintosh. 

To test MPW C. I used a Mac n with 5 
megabytes of memory. To run M PW, you 
must have a Mac Plus, SE, or ll; at least a 
megabyte of RAM. either the 12 SK- or 
256K-byte ROM: and a hard disk drive. 
The earliest versions of the svstcm Wes 
that you can use with MPW -are as fol­
lows: System 4 .1. Finder 5.5. Laser Prep 
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4.0. lmagewriter 2.6. AppleTalk Imagc­
writer 3. I. and LaserWriter 4.0. The lat­
est ver.;ions of these files are provided 
with the MPW package. 

There are no additional system re­
quirements fnr the use nf MPW C. How­
ever, the MPW C reference manual sec­
tion entitled '"Compiler Limitations" 
states that the size of the largest function 
that MPW can compile is limited by avail ­
able memory. Of course. MPW can gen­
erate applications that run on any Mac, if 
you take care to ensure compatibility. 
The MPW reference manual provides a 
short description of h()',1,1 to do this. 

MPW is big. Thi. is both a hlessing 
and a curse. lfyou have a Mac XL (Lisa). 
Mac 128. Mac 512 or Mac 512e, or if 
your system has only floppy disk drives, 
you cirnnot use MPW C versior1 2.0. For 
a large number of Macintosh u ·crs , this 
mean. that MPW is not an option. In its 
defonse, however. MPW is big for area­
son: It is a comple!t' development envi­

se<.:om.ls uml er the internet ivc version of 
version 4 .0. This is a substantial (38 
percent) improvement in execu1ion speeu 
for a piece of real application code. 

Table 2 compares the execution time 
and si1.e of the CALC. PAS and FLOAT •PAS 
lx'nchmarks with an 8087 coprocessor 
under Turbo P-as.:al 3.02a and Turbo P-.ts­
c<il 4 .0 using 4-, 8-. and I()..byte reals. 
[n Turbo Pascal 4.0, the CA.LC. PAS 
he nchmark execute from 163 percent 
foster (for JO-byte real s) to 206 percent 
faster (for 4-bvte reals) thlln it docs in 
version 3.02a: rLOAT. PAS shows a 42 
percent improvement for version 4.0 over 
version 3.02a. regardless of the length of 
the reals used. The change in the size of 
the code generated is substantial. 

Something for fa·eryon~ 
Turbo Pascal 4.0 has -~omething for 
everyone. Third-party software develop­
er.; can now supply maintainable units , 
and they are no longer limited 10 64K 
byte per program (as long as they adhere 
to the 64K-byrc per unit limit). The F"Js­
cal user will like the improved interactive 
environment, and the novice will apprcci­
ate-Lhe extensive on-line docunientation . I 
highly recommend Turbo Pascal 4.0 as 
an addition to any progr.tmmer's soft­
wJre repertoire. • 

ronrnent. with more than 40 support rools 
and scripts and a large volume of on-line 
documentation. It is , in my opinion. the 
first truly professional progamming sys­
!em for the Macintosh. 

The Environmtmt 
It would be incorrect to talk about MPW 
C without first mentioning the MPW pro­
gramming environment-Che "'shell." as 
Unix users call it. The Macintosh's oper­
ating-system in1erface. the Finder, lacks 
the standard tools-such as editors and 
linkers-provided by most operating sys­
tems. so any language system on the Mac­
intosh must provide these facilitie itself. 
MPW collects all the needed language 
support into a completely new operating· 
system intcrfacti, designed spccificall. 
for software development. 

When first executed, MPW appears to 
be simply a muJti·window text editor. with 
regular expression . earch and replace, 
brac.kec matching a macro control lan­
guage. multiple-named position mark 
('"bookmarks·· to which you can attach 
names), and most of the other features 
programmers find useful. It i_ more than 
this, however. At any time, you can e.m! 
a block of text, in any window. to the 
comnwnd processor by ~e lccting the text 
a.nd pressing the Enter key. The shell in­
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terpre1s and evaluates the selttled text as 
a sequence of commands. The command 
processor inserts any produced output 
into the: same window following the se­
lected text. This "active text" model 
fonns the basis for all interaction with 
MPW. When you laum:h MPW, it auto­
matically opens a worksheet file contain­
ing commonly executed commands for 
easv selection and execution. 

In the bottom left corner of the active 
window, to the left of the horizontal 
scroll bar , MPW writes the name of the 
command that Lhc shell is currently exe­
cuting . To show that a tool is running and 
not simply waiting for input, the cursor 
changes to a rotating ball. 

The MPW command language is a com­
plete progranuning language with 110 and 
flow-control siatements. It is similar to 
the Unix C shell , but has a more consis­
tent syntax. You can store MPW com­
mand-fanguage scripts in files and exe­
cute those scripts by passing the name of 
the file to the command processor. If the 
file is in a currently open window , it exe­
i;utes directly with no disk activity. 

You' 11 find most of the Unix develop­
ment tools available in one form or an­
other under MPW . This includes equiva­
lents for as , lt1, make. spe ll, diff. 
grep , and more. A file of aliases is also 
provided , which renames many MPW 
tools to lhe.ir Unix equivalents. 

MPW is not just "Un.ix with different 
names ... One major difference is !hat, 
within the command language, MPW 
provides easy access to most of the user­
interface facilities of the Macintosh Tool­
box . You can access dialog boxes, notifi­
e.rs , windows, menus, the standard file 
package. and the list manager with sim­
ple MPW commands. This leL~ you use 
menu-driven, dialog-based tools entirely 
with the shell . 

MPW also improves on the generic 
"command line·· -oriented shell syntax of 
Uni:1.. by providing a Macintosh-style dia­
log interface for all tools in lhc system. 
The dialog interface is stored as one of 
the tool's resource.s and is managed by a 
powerful on-line help facility called Com­
mando. You can create new dialogs using 
Rez, 1he MPW resource compiler utjl ity , 
or copy dialogs from some existing tool 
and modify them using Res Edit or a sim­
ilar utility. You can then store these re­
sources in the resource fork of user-writ­
ten tools, allowing Commando to invoke 
them exactly like the built-in ones. 

Generally speaking, MPW has more iJ1 

i:ommon with interactive environments 
than with a traditional operating .o;ystem. 

Package Contents 
MPW C comes on a single 800K-bytc 
floppy disk containing the tool file (i.e., 

the cod~ for the compiler). which is 233K 
bytes long, and three subdirectories eon­
taini ng source files. The total comes to 
80 files and 773K bytes . 

The MPW C reference manual is di­
vided into four chapters. The first two 
chapters describe MPW C and how it can 
be used to write applications. new MPW 
tools. and desk accessories. The third 
chap1er describes the " Standard C Li ­
brary," a package of routines 1hat imple­
ment Un.ix-style 1/0. memory allocation, 
and utility functions. This chapter is or­
ganize.d as a series of one- or two-page 
entries , similar to those provided by the 
Unix man command. The documentation 
is sufficient so that you can use !he Stan­
dard C Library functions without further 
reforences. 

The fourth chapter. called "The Mac­
intosh Interface Libraries." documents 
the Macintosh-specific header and li ­
brary file.. There is an incredible arnounl 
of information in this chapter , but it is too 
cryptic to be useful by itself. Don 'r ex­
pect to write Macintosh applications in 
MPW C without also having a copy of the 
book Inside Maciritoslz at hand. 

There are more than 4-0 sections in 
chapt!!r four , each one dealing with a dif­
forent library. The contems of each sec­
tion look like a sparse.ty annotated copy of 
a C header file. The chapter shows the 
functions (and their parameters) and the 
struc ts used, but nolhing else . It is defi­
nitely a bare -bones reference section . 

The C reference manuaJ has several ap· 
pendixes. The most important of the. e 
describes the register and calling conven­
tions assumed by the MPW C and Pascal 
compilers . This lets you use C, assembly 
language, and Pase.al routines in a single 
application. 

The remaining appcndi)(cS give the 
contents of the distribut]on disk, the com­
piler options, information on using the 
68881 math coprocessor , an index of the 
Macintosh libraries, and descriptions of 
the GrafJD and Perfor mance libraries. 
The manual I had was a review draft that 
did ool include the library index, but I am 
told that the production copy will. 

Libraries and Other Software 

The Macintosh interface libraries pro­

vided with MPW C include a complete 

set of routine.s for accessing the Toolbox. 

plus several other MPW-specific librar­

ies . Included in this latter group are: 


• CursorCtl, which handles the rowting 
ball cursor; 
• ErrMgr, which supports MPW 1001­

error handling; 
• Strings, for converting between Pas­
cal and C strings; and 
• Performance. which provides run-

MPW C version 2.0 

Type 
68000/68010/68020 C compiler 
!or the Maciotosh 

Company 
Apple Programmers and 
Developers Associatron 
290 Southwest 43rd St. 
Renton. WA 98055 
(206) 251 ·6548 

Format 
One double-sided 31/2-1nch 
floppy disk drive 

Hardware Required 
Macintosh Plus. Ma.ciritosh SE . or 
Maciniosn 11: 1 megabyie of RAM. one 
11ard disk drive 

Software Re-quired 
Macintosh Programmers' Workshop 
(MPW is sold separately tor $200) 

Documentation 
400-page Macintosh Programmer's 
\o\brkshop C Reference 

Price 
$150 

time performance analysis of C code 
routines . 

The toolbox interfaces follow , as 
closely as possible , the Pascal naming 
conventions used in Inside Macintosh for 
code written in C. The only significant 
differences occur in tbe way the Pascal 
variant records are translated to C unions. 
Because of the way references co unions 
are coded, you have to include an ex1ra 
level of qualification. For example. the 
Pascal structure reterence 

aHP~ramBlockRec.ioBuffer 

would have to be wricten as 

aHParamBlockRec.ioParam.ioBuffer 

in C. MPW C recognizes when you apply 
the wrong field identifier to a struct. 
making these easy to flnd and fix. 

MPW Pascal represents string data by 
a st.ructure with a I-byte length field fol­
lowed by up t~i 255 character~ , t:alfod 
Str255. In C, however , strings are repre ­
~ented as an array of bytes, with the end 
of the string marked by a 0 byte. In an ef­
fort to make using the toolbox routines 

conrinued 
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easier. MPW C hus modified rhe C ver­
sions of the toolbox cal Is that take Pascal­
format slTings to uccept C-format strings. 
Unfortunarely. 1his is !rue only for slrings 
!hat you pass directly as parameters. 
Strings that you have embedded in other 
data structure. must be explicitly con­
verted lo Str255 before you pass them IO 

Toolbox routines. This is a potential 
ource of confusion and error. 

To test 1he compatibility of MPW C's 
Srandard C Library (containing the Unix­
s1yle 1/0 calls). r rried compiling a text­
bascd adventure game written for the 
Unix environment. The adventure com­
piled , linked. and ran, but it had prob­
lems oulpuning text to the screen (i.e., 
informmion that should have been printed 
On the ·creen Wd.S disp)ayccJ OnJy after f 
typed something). This was to be ex­
pecled. since outpu1 to the current win­
dow is buffered u.nder MPW. and no out­
put uppeurs until standard ou1put has 
been flu s hed. Sprinkling a few 
t't' ush ( s tdout) tines th rough the file 
solved the problems , and the program 
worked fine. Since I had compiled it as an 
MPW tool, all the nonnal behavior of 
MPW v.ias available so I could enter com­
mands hy typing them in and lhen pre s­
ing the Enter key . I could also select any 
command that r had alrea<ly typeJ and 
press Enter to reexecute that command. 

The MPW C distribution disk includes 
four sample programs (one each of the 
types of code module.s that MPW sup­
ports): an MPW tool, a stand-alone ap­
plication , and a desk accessory (DA). 
The four!h program is a test program for 
the C performance profiling utility . 

The stand-alone application, sam­
Ple. c, is a C language translation of the 
Pascal ex.ample program outlined in /11­
sidc Macimosh that shows how to encode 
lhe ··event-<lriVt:n" loop common to all 
Macintosh applications . It also shows 
how you can use compiler directives to 
force code allocation imo specific ~g­
nicnls. A compunion filt: , sample. r. is a 
.iez resource compiler source file con­
taining sample resource definitions for 
the menus. dialogs, strings. windows. 
and icons used by sample. c. 

The cirnmple MPW tool, eount.e, is a 
new utility that provides a number count 
of chanK·ters and lines in one or more 
files. This program shows how to call the 
ursorCtl library to display the spinning 

ball cursor while the tool is running. The 
a sociatcd ftez file. count. r. contain.~ a 
resource definition for the Commando 
dialog. 

You'll find the example DA source in 
the file memory. c. This DA ·hows the 
amount of available memory in the appli­
cation and system heaps. and the free 
space on the boot volume .. 
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Fortunately, a commented makefile to 
compile and link each of these programs 
is provided (you can think of a makefile 
as an intelligent batch file lhat you use to 
aµtomate the steps of compiling and link­
ing an application) . You can hand-build 
makefiles for user-wrlncn programs, or 
generate them automalic<illy using 
MPW's dialog-based makefile creation 
utility. CreateMake . This tool. which 
you can access from the default MPW 
menu bar. takes much of the tedium out 
of building makefiles . 

Run That Baby 
Invoking the C compiler from the MPW 
envirnnmenl is as eusy as typing. For ex­
ample. using the Fibonacci benchmark 
code, you simply type 

C fibonacci.c 

If there are no errors, MPW C generates 
an object file name.cl fibona eci. c . o . To 
create an e11ecutable MPW root from this. 
you invoice the MPW linker tool with the 
object file you have created , by typing 

Link -w -c 'MPS ' -t MPST 
fibonacci.c.o 
"{CLibraries}"CRuntime.o 
"{CLibraries}"StdCLib.o 
" {CL ib raries} t• CS AN EL ib . o 
"{CLibraries}"Cinterface.o 
"{Libraries}"ToolLibs.o 
-o fibonacci 

That's not quite right. because MPW 
communds are line-oriented: you must 
indicate that you want all line joined to­
gether. To do this, you place the Iine-con­
t i nua1ion character (i .e . , op1ion-D) at the 
end of every line but the last. The option­
D character display as a lowercase delta. 
(Although !his shows how an MPW tool 
is create-d. building stand-alone applica­
tions anu uesk accessories is almost ex­
actly the same process.) 

Several options provide control over 
the behavior of the compiler. Some op­
tions, I ike -mc68020 and -mc68881. 
c:iuse the compiler to generate code that 
is optimized for the Mac II and will not 
run on any other Macinl()sh. 

Another nice feature of the C compiler 
is the w.iy that ii reports synlax errors. 
The output produced by the compiler dis­
pluys error messages on two lines. The 
first line starts with a sharp (#) charncter 
followed by a 1ext description of the error. 
The second line looks something like 
File fibonacc i. c; Line lL.. As well as 
being a description of where the error 
occurrerl, you can pass !his line to the 
MPW shell as a command to open the file 
fibono.eci.c and go to line 14. To exe­
cute the command, click anywhere on the 

line and then press the Encer key. Thi~ 
makes it easy to go c:-;actly to the place 
where the error occurred. 

Like most C compilers. MPW Chas a 
rendency fO print many cxiraneous error 
messages once one real syntax error has 
occurred. You can interrupt the compiler 
(and most ot.hcr MPW tool s) al any time 
by pressing the command -period key se­
quence. This immedi::11ely halls the cum­
piler and returns you to the shell. 

Benchmarks 
I ran the standard byte benchmarks under 
MPW C in three different configurations: 

• No options. 
• The -mc68020 option enabled to allow 
the extended 68020 instructions and <id­
dressing modes to be use{]. 
• The -mc68020, -mc68881, and -el­
ems881 options enabled to allow in-line 
floating-point coprocessor inst.ructions 
to be generated as well. (To use rhe 68881 
options. the code must link with a differ­
ent set of math lihmries hi.X:ause of the 
differences in number format between 
Sane and the 68881 . ) 

The results for each combination of 
compiler options are shown in tabk I. 
The most interesting ~'.onclusion you can 
draw from this table is that the MPW C 
compiler is fast at compiling small pro­
grams. This is particularly importanl 
when writing small cools like fillers or 
program fragment generators which arc 
used only once or twice. Unfortunu1ely. r 
found tha.t the compiler does not do as 
well when Cl)mpiling large program 
_The benchmarks reveal two other 

facts. First. the -mc68020 option by itself 
provides improvement only in the Quick­
sort benchmark, which consists predomi­
nantly of long array referencing. If you 
allow 68020 instruclions, you c<1n expect 
improvements in 2-, 4- . and 8-bytc cable 
references. as wel I a, s11 it h statement 
dispatching. bit-field operations, and 
long multiply and divide operations . To 
some extent. the benchmarks shQW this . 
Second, the in-line coprocessor instruc· 
tion!> are much faster than S<1ne. for all 
flouting-point calculac ions . 

Problems 
One of the more serious problems 1 en­
countered while working with MPW C 
version 2.0 is rhat it cannot compile large 
functions. The reference manual states 
that available memory constrains the 
ma:ii:imum size of a single function. so I 
expected limitations to exist. 

To test this problem. I tried compiling 
an old, monolithic C progrnm th<ll I wrote 
for the DSI-780. [Editor" s note: Fora re­

comirrurd 
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dell· ofrht• DSl-780. see "Tiu.· Definimn 
DSl-780"' by Da ve Thomas in the Octo­
ber 1987 BYTE.I By "monolithic." I 
mean the program was about 200J lines 
long. wriuen as u single jlmcrion. The 
body of the function w-.i.s a ll"hile loop 
wrnppc.d a.round two 256-clement switch 
si.atemenL~ wi!h severJ.l embedded got o 
~tate.ments . If MPW C could compile Lhis, 
it could compile anything1 

On the DSI-780. which uses the Sili ­
con Yll lky Software 68020 C compiler, 
compiling this megafi.mction takes less 
than a minute in 2 megabyt.cs of memory. 
On the Mac, using MPW C. I waited for 
over 15 minutes to discover chat 5 mega ­
bytes was not enough memory . 

By playing around with Che code. I 
found it was not the program' s size that 
was important; it wai. the branch com­
plex.i ly. I eventually cul enough of the 
code out and got to a point where adding a 
·i nglc goto from anywhere to anywhere 
cause<l che compiler to run out of mem­
ory. but adding l 00 lines of straight-line 
code worked. At 1his poim however . 
MPW C vras ·till taking close to 15 min­
utes to compile che program. 

Other problems wilh MPW C seem to 
be a result or running in the Macintosh 
environment. Because of time constraints 

Table 1: Benchmark resuffs for various compiler options: (a) No oprions . (b) 
wi1h 1he -mcM020 flag set. and (c) with the -mc6802U. -mc68881. mu/ 
-duns88/ flags sn. The.1·e ore the stmuiard BYTE C benchmarks (see "MPW 
Compiler Lets MaC' 11 's 68020 Shine" in rhe Nm'ember 1987 RYTE). Afl 1i1111'1· 

an· in seconds. except the Dhrystmie. which is in iterlllirms per seconil. 

(a) 

Dhrysrone 
Fibonacci 
Float 
Ou1ckso11 
Savage 
Sieve 

2500 
52 4 
79 1 
9.1 

326 
6.3 

and code complcx.ity. J was nol able to re­
search these problems carefully. but I no­
ticed I.hat using both the Unix-sty.le buf­
tered-file 1/0 (e.g .. fopen and fl'ead) 
and Toolbox. file-system calls in a single 
appl icntion caused occasional crashes. 
even though I never applied the two sets 
of routines to the same files. I aho no­
ciccd that calls to malloc for more than 
the available amount of memory occa­
sionally caused bomb boxes to appear. 
Presumably , allocating too much mem­
ory c.auses an applkation to pertorm heap 
compaction. [f the applica1ion is using a 

(b) (c) 

2631 
52 4 
79.l 
9.1 

326 
6.3 

2941 
52.4 
79 l 
12.5 
37 
6.3 

pointer to an unlocked block of mem­
ory-goodbye, Charlie. 

Simply because MPW C is compilin[! 
for the Macintosh. chere .ire two more 
problems which it must have . Notice thac 
these are no! the faults 1) f th is compiler: 
all Macintosh applications have the se 
limitations. The first is that the code gen­
erated must be completely position·imle ­
pendcnl. This limits lhc size of the largest 
code segment 10 32K bytes. because of 
the Iimit on the size of the offset for rcla­
1ive brnnd1 instructions. Breaking up 
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SUKOSHA SP1200AI MATRIX. 
120115 c.tu 1111.1~-010 tOl'l!I 118991 

MONOCHllOMI OQ COLOR 
GfOp Mc.1 co1a lc:. r JIM. ., eompatiblo' 19991 

Software Specials 

IORUND "llUAnRO" 
'oi ltY c:":I com~atlb1ci' 

IORUND "TUHO PASCAL" 
\ 1 .. 0. f,)I i&M CU'l il i!(JmQQ!!O !tl 

ELECT. A.DIS "INSTANT PAGES" 

MICl!OU'TIC "OOflR" 
101 llM onitJ con,ipa11r.:_o, 

~r;~,~~:~;·:,~!~~~!, 2000 +" 1249t 1 

MICllOPROSI "GUNSHIP" 

MICROSOFT "WORD l.I" 122991 
MICROSOFT ''WORKS" 

tnriwQ 10i1'oC1 w n•O:ll 101lht ~ ~ ~ 112901 

PRECISION "SUPHUSE" 
f'CJ.1 1ua~ocoms:i.c11(1l1ii1o1 599" 
"nPING TUTOR IV" 134" 
SOFTWARE PUI "FIA$T PU!LISHIR" 
f o11PaW 169" 
SPlCTl!UM HOLOUU "FA!CON" ' 134•1 

• ·~ 1 ~'.! 59·50 Queens·Midtown Expressway, Maspeth, NY 11378 ::;r~J 
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When Zenith Invented The Perfect Monitor 

. The Industry Took A Giant Leap. 


In the harsh light of day, no other monitor 
compares with Zenith's Perfect Monitor. 
The breakthrough of flat technology has 
redefined the monitor industry forever. 
The Perfect Monitor will redefine your 
expectations with one look. 

50% brighter. Vastly enhanced contrast. 
Colors, richness and highlights that leap 
off the perfectly !lat screen. Eyestrain and 
glare are virtually unheard of. 

r, 1987. Zeni 1n Dal a Syst&ms 

Cirrft 263 on &adtr Strvict Card 

Backward and Forward Compatibility. 
The Perfect Monitor is compatible with 
IBM's new Personal System/2 · computers. 
And with Zenith's Z-449 Video Card, it 
accommodates Zenith PC's ... plus other 
AT and XT compatible PC's. 

FREE...the Perfect Monitor Comparison 
Kit To preview Zenith's new perfect 
monitor, send for your FREE Kit; which 
includes a viewfinder and 4-color slides. 

Or if you can't wait, call today: 

J..800-553-0305. 

r•mo11.i I~l""-"" ~ '"'~tll<ral 
1r,)l.]..,1urk ~I lB.11 (.,~, 

.7'"''N ldatasystems 
TI-IE OUALITY GOES IN BEFORE THE NAME GOES ON· 
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BACK ISSUES FOR SALE 

1985 1986 1987 1988 

January $4.25 $4.25 
February $4.25 $4.25 $4.25 

March $4.15 $4.25 
April $4.25 $4.25 

May $4.25 $4.25 

June $4.25 $4.25 $4.25 

July $4.25 $4.25 

Au"'ust $4.25 $4.25 $4.25 

Septt:mber $4.25 $4.25 $4.25 

October $4.25 $4.25 $4.25 

November $4 .25 $4.25 

December $4.25 $4.25 $4.25 

SPECIAL ISSUES and INDEX 

BYTE '83-'84 INDEX $1.75 


BYTE 1985 INDEX $2.00 


1984 SPECIAL GumE TO IBM PCs $4.75 

1985 INSIDE THE IBM PCs $4.75 

1986 INSIDE THE IBM PCs $4.75 

APPLICATIONS SOFTWARE TODAY SPECIAL $4.00 


Circle a1"1 >etsd requislS with paymi•nts lo: 

BYTE Back Issues 

P.O. Box 328 


Hancock, NH 03449 

( 603) 924-9281 

D Check enclosed 
P11ymenl:i from foreign .::ountries must be mudt1 in 

US bank. 

US fund.£ puyable at a 

D VISA 0 MasrerCard 

CARD # ---------- EXP. DATE ---- ­

SIGNATURE ----------------------­

Th,· abcJt1e µnces mdud.. µ05/age in the US. Pkase Jdd $ .50 per copy for 
Canad,1 and Mexico; and Sl.00 per copy to foreign countries (surface delivery). 
P/e,15<' cJ!lou· 4 weeks for domestic dpfivery 1111d 12 u•e,;:ks for foreign defivery. 

NAME 

ADDRESS 

CITY________ STATE~------ ZIP -----­

REVIEW: MPW C 
FOR THE MAC 

large programs into 32K-bytc segment 
can cause considerable speed penalties if 
lhe program has a highly connected call 
graph. The econd limitation imposed by 
the Macintosh environment is that a sin· 
gle application can use no more than 32K 
bytes of g.lobal variables. This means 
that. when translating existing programs 
for the Mac.inrosh. you must be careful 
with programs that use large global arrays 
(you 'II probably have to re,vert to malloc 
to create the army space), 

What ls Missing 
No matter how g()(1<l a system is, every 
avid user forms a list of features tllat he or 
she thinks it absolutely must have. For 
MPW C, my wish list is as follows: 

• An object-oriented extension to C such 
as Object Pascal for MPW Pascal an<l the 
Object Assembler macros for MPW 
assembler. 
• A source-level debugger. A multiwin­
dow , multilanguage, symbolic source­
level debugger would help remove my re· 
maining doubts about MPW. 
• A facility for writing in-line assembly 
language code , even though I know the 
authors of MPW C would cringe at the 
idea. Firs1. puuing i.n·line assembly lan­
guage code iJ1 the mi<ldle of a functiou 
makes it impossible to do global optimi­
zation around it. And even if they do 
allow in-line assembly language, they 
don ' t currently generalc an intermediate 
assembler file., so they would have to 
write an assembler specifically for this. 
Ev·~n so, there is alw.iys that one time 
when just one assembly language state· 
ment would make all the difference . 
• More control-key functions for the edi­
tor. The MPW editor ha~ command-key 
equivalents. but not enough. Machines 
like the Symbolics Lisp machine seem to 
get along well with both a mouse ::md 
EMACS-style control key '. so I don't. 
know why the Macintosh can't too . 
• Cross-referencing and formatting tool s 
like those provided for MPW Puscal. 

In general. I have been happy with both 
MPW and MPW C. On a Mac II espe­
cially, the combination provides a fast 
and useful development environment. 
For small programs. probably any of the 
Mac C compilers would be useful , but for 
large applications and commercial sys­
tems. I think this is the way to go. • 

Mike Wif.wn received hi.1· B.S. in C{)m­

puter science from Carleton University 
and is curremfy working toward hi.v M. S. 
He can be reached at /he Schoof ofCom­
pu1er Science, Carfeto11 Unfrersi1y. Col­
onel By Drive. Ottawa. Ontario K2G­
I M9. Ca11ada. or on BlX as "MCQ. " 
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..;::,·l(AQ 'IlIE,FmsT ·-

DISiffiTTES DESIGNEDFbR 

·. 'IlIEFbR 	 500.:, 


Today's new generation of personal comput­
ers provides unprecedented power and ,. capability. That's the good news. 

Now I.he bad news. Your diskette media is 
stretched to the limit every lime It's taken for 
aspin. And, as diskette densities Increase. 
so does the chance of !allure. 

That's why Kao (pronounced cow) Corpo­
ration re-thought the diskette. And applied 
Its 100 years of e•pertlse In surface science 
technology lo developing the first diskettes 
designed for today 's high performance 
computers. 

Kao diskettes employ patented, wear­
reslstanl resins and surface-treated mag­
netic partlcles lor better head-to-surface 
contact, the key to diskette durability and 
performa11ce. And unique surface lubricants 
actually extend the ltte ol your drive's read/ 

.wTlte heads. Our new Canadian mlcrodisk 
• 	 planl-the world 's largest and mos! mod­

ern- ensures that Kao diskettes exceed 
· ever; lndlllt,.Ystandard worldwide... 

More than 12 million high performance 
Kao diskettes have been sold under many 
well-known brand names In the U.S.A. Now 
they're available from leading computer spe· 
clalty and afllce products dealers under the 
Kao name..In acpmplete selection ol sizes, 
densities, and.eolOrs,'.""l"an ttle way to 2MBytes 
in 3.5~ We even oHtr cu'slDm sllkscreen_ 
designs-an lnnoriitve\vay to enh~ mar· 
ketl~g progr~""-I~ security, and sim· 
pllfy diskette ldenttttcatlon. 

For the nameJ,f Vi;ur nearest Kao dealer·. 
call (800) 541-3475. (In CA: 800 548·3475). 

~ 	 And get lhe first diskettes dnigned for Iba 
Fortune 500. Or companies {bat wlllt tu 
Join them. 

' r•... ,,_ . 
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RM/FORTRAN. The only non-stop 

route for your imagination. 


rogramming in FORTRAN 
used to involve a lot of stops. 

Edit, stop. Compile, stop. Edit, 
stop. Compile. sr.op. Link, scop. Etc. 

ot exactly a streamlined process. 
Bm RM/FORTRt\W with 

RM/Force"' from Auscec changes all 
that. Because we took all the develop­
menr wols and imegratcd them imo 
the only menu-driven programming 
environment for PC FORTRAN. 

we call it the "smarr" user 
interface. Because it lets you develop 
your programs freely. moving from 
seep to seep with simple keystrokes 
instead of complex commands . 
PresslIJ to edit.l]Jyntax check. 

C mpilc.[Y]iew listing. W ink. 
l])ebug. R n. In brief, RM/FORTRAN 
makes shon work of what used to 
be a Jong process. 

It's all very impressive. 
Especially when you consider 

-


-AU ST-EC 
MasteI'fools for MasterMinds~ 

RM/FORTRAN lets you do all this 
without memorizing a lot of DOS, 
editor and linker commands.That 
it has the DEC VAX· and IBM vs· 
extensions to go from PC to main­
frame and back again. And thac 
it was the first PC FORTRAN GSA 
certified at the full ANSI 77 level 
with no errors. 

So ifyou want to cake command 
of your FORTRAN programming 
environment. take a minute w call 
our inquiry line at 213-541 -4828. 
We'll send you a free demo disk that'll 
show you RM/FORTRAN with 
RM/Forte is. indeed. the best way 
to let your imagination go. 

1740 lKhnology Drive. Suite 300. San Jose. CA 95110 
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PPLICATTON REVIEWS 


dBASE Mac vs. McMax 


Ashton-T.ite. makers of dBASE 

III for !he IBM PC and compat­

ibles, recently introduced its 

Mac imosh database package, 

dBASE Mac. This database 

package is 1wt a port of dBASE 

Ill Plus to chc Macincosh. In­
stead. it· s a new database mam1,ger appl i­

cation tailored for the Macintosh environ­

ment. It costs $495. 


Nantucket Corp. , makers of dBASE lll 
Plus compilers for PCs. has launche<l a 
single-user dBASE Ill Plus interpreter for 
che Macincosh . dubbed McMax. for 
$295. Surprisingly. McMax resembles 
the PC version of dBASE Ul Plus more 
than dBASE Mac docs. and McMax is 
fully compatible with dBASE III Plus 
ti ks while dBASE Mac is not. 

The designers of dBASE Mac version 
1.0 ha.ve implemented :i user-friendly 
Macintosh interface. Ln addition to the 
main puH-down menus . dBASE Mac pro­
vides a few MacPaint-like palettes that 
supply. with one mouse click, many of 
the same menu options. Menus and dia­
log boxes offer you many foatures. By 
contrast. McMax's summer 87 version 
employs the Macintosh interface with 
more moderation as a PC-ported prod­
uct. A draggabk window of fixed size 
pn:sents you with a •• , " prompt where 
you can type in various commands. Pull­
down menu. let you mcxiify various set · 
tings (normRlly ('.Ontrolled by the SET 
commands) , reenter fre4uently used 
commands. and use the assist mode. 

Both package~ provide you with on­
1ine help : Just select the help option from 
the desk·accessory menu. The styles of 
the two help systems differ markedly . 
dBASE Mac provides on-line help by 
topic: Two menu levels direct you co a 
window comai ning step-by-step infonna­
tion on the use of a command. McMax ·s 
on-line help presents an alphabetized list 
of commands and functions that you can 
scroll through and double-click on for 
help. A brief summary of the command's 
or function's purpose and syntax is 
given. Both systems provide adequate 

Namir Clement Shammas 

Two software companies 

provide competing database 

managers for the Macintosh 

help. but the depth< f dBASE Mac's help 
information is more suitable for !he nov ­
ice, wherea~ McMax' ~ terseness better 
serves those familiar with dBASE III 
Plus. 

Types of Information 
The field and data types used to create 
files are more elaborate in dBASE Mac 
than in Mc Max. The Ashton-Tate pack­
age greatly departs from the types of 
fields found in dBASE LU Plus. The data 
types supported by dBASE Mac include 
cext. numbers. dates. ti mes , logical 
values, enumerated choices. and graphics 
(created by MacPaint) . 

By contrast , McMax implements the 
same field~ as dBASE III Plus does. 
while increasing the rnnges and capacity 
of several of these fields. The data types 
supported are text , numeric, logical , 
date, and memo . Table I compare some 
of the capabilities of the two Macinto~h 
applications and the PC-based version of 
dBASE IJl Phis. 

The task of creating a new file struc­
ture in dBASE Mac demonstrates the 
clever and extensive use of pull-down 
menus. A dialog box appears on the 
screen and includes everal input and 
check boxe~. The inpuc boxe.1 enable you 
to define items such <1,s the field name. 
field type. data type, singularity of field 
wntent. <md so on. Using check hnxes, 
you can indicate the status of a field. For 
example. you cim specify whether or not 
a field L a econdary lndex, or if it re­
quire.> a value, or {fi..)r text fields) if it 
contents follow a pattern . 

The designers of dBASE Mac have 
backed up the use of field types with a 
high level of. ophistication. For example. 
when you select a field to contain text 
data, you a.re given lhc option to spet:ify a 

list of character patterns that de­
fine a valid input. At the e.nd of 
a field definition, you can select 
the Cl.;in optlon to reenter the 
infonnation , Save 10 define an­
other field, or Done to end the 
file structure definition . 

Once you dcfi ne a file structure, 
dBASE Mac prompts you for the number 
of record in the data file using the struc­
rure. you cre,ated. The structure window 
displays a corresponding box with the 
fields stacked up . Using !he mouse, you 
can pick any field for deletion or modifi­
cation. You can re.organize !he file to in· 
crea e its size and remove field s and 
dBASE records marked for deletion. 

Defining a file structure usi ng McMax 
basically follow - the footsteps of dBASE 
rn Plus. The screen displays a form with 
the field name. data type. length , and 
number of decimal places (for numeric 
fields only). Field name· are limite.d to 10 
characters, and you can move the cursor 
from one field auri bute to another hv 
pressing the Tab key. The MODIFY STRUC·­
iURE command is used to redefine the file 
structure of the active database. Altering 
the name and length of fields requires in· 
voking the MODIFY command twice: firs! 
co alier the field name, and then to change 
the field length. Indexing on fields is pcr­
tormed separately from the structure def­
inition. using the INDEX ON command 10 

establish the file of indexc ·, 
Viewing the file structure in dBASE 

Mac requires chat you view the specifica­
! ion of si nglc fields. one at a time. In con · 
rrast, McMax lets you use the DISPLAY 
STRUCTURE command to view the simple 
file structure definicion. 

dBASE Mac reads data files created bv 
other database products such as dBASE 
II/III /Ill Plus. Excel, Microsoft File. 

,·omi11111:d 

Namir Cleme111 Shammas is a freelance 
writer a11d columni.l't for several com­
pwer magazines. He can he reached lll 
48/4 Mill Park Courr , Glen Allen. VA 
21()60, or on BJX as "nshammas. " 
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REVfEW: DBASE MAC VS. MCMAX 

dBASE e version 1.0 McMax (summer 87 version) 

Type 
Database package 

Company 
Ashton-Tate 
20101 Hamilton Ave. 
Torrance, CA 90502· 1319 
(213) 329·8000 

Fonnat 
Four 31f2·mch double·s1ded double­
density disks 

Language 
NIA 

Hardware Required 
Macintosh Plus, SE. or II with a hard 
disk; supports lmagewriter, lmagewriler 
15 . lmagewriter 11, LaserWriter. and 
LaserWriter Plus prmters; 68881 
coprocessor, color monitors 

Software Required 
System <1. . 1IF1 nder 5 5 or hrgher 

Documentation 
15-page Getting Started 
with dBASE Mac 
148·page Leaming dBASE Mac 
338-page Using dBASE Mac 
46-page Exchanging Files 
with dBASE Mac 

Price 
$495 

Inquiry 900. 

Type 
Database manager package 

Company 
Nantucket Corp 
12555 West Jefferson Blvd., Suite 300 
Los Angeles. CA 90066 
(213) 390. 7923 

Fonn•I 
T'NO 3Y2·inch double-sided double· 
denMy disks 

Language 
C and assembly language 

Hardware Required 
Macrntosh 512KE. Plus. or SE With a 
hard disk drive (recommended), or Mac 
II ; supports lmagew1i1er and LaserWriter 
prmters 

Software Required 
System 4. 1/Finder 5.5 or higher 

Documentation 
267-page Users Guide 
320-page Reference MarllJal 

Price 
$295 

Inquiry 901. 

Table I: A comparismr offeature.1· among dBASE Mac, Mc Max, and the PC­
based dBASE /JI Plus. 

dBASEMac Mc Max dBASE Ill Plus 

Maximum fries open 30 32 15 

Maximum records per file Unlimited 16m1ll1an 1 billion 

Maximum record size 32 000 32.000 4000 

Maximum numberolhelds 
per record 32.000 2000 128 

Maximum size of single 
text field 255 255 254 

Number of digits 
precision 19 18 16 

Maximum size or a memo 
held NIA 32.000 5000 

Types of data Text Character Character 
Number Numeric Numeric 
Date Date Dale 
Logical Logical Logical 
Choices Memo Memo 
Time 
Graphic 
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Jazz, Multiplan , Helix. Double Helix. 
PFS:File. and Re.flex. 

dBASE Mac regards imported records 
as belonging to a foreign data structure. 
Such file s have rest.rii.:tions and limita­
tions imposed on them. For <::<ample. 
when I imported a dBASE UI Plus type 
file (ere.aced by McMax). the index field 
lost its status as an index. Moreover, I 
could not redefine any field as an index , 
since dBASE Mac does not support the 
indexing of foreign file structures . 
dBASE Mac also supports exporting data 
into foreigu fi.le structures. This a!Jows a 
two-way data transfer between dRASE 
Mac and other database packages. 

McMall can read data in a dBASE m 
Plus file format but doe.s not offer the 
importl export foreign file-structure fea­
ture . Since the dBASE Ill Plus file for ­
mat is supported by many other database 
managers, the lack of th is capability 
should not be a problem. 

Getting to the Data 
Accessi ng data in a dBASE Mac file re­
quires that you define a view form. Views 
may be customized, columnar, or form 
layouts , and they are used to define re­
ports. The steps involved in selecting the 
fields for vie.wing (which may come from 
various related file s) are more sophisti­
cated than the steps required in dBASE III 
Plus . but they give you full control uf 
creating profes ional-looking form s. 
This incl udcs electing the character 
fonts (e. g .. bold. italic , and underl ined) 
and the lener sizes, a. well as incorporat­
ing artwork. 

To define a view. you se.Jecc the field s 
appearing in the form and design their 
layout (either for customizeJ or form lay­
outs). You can optionally specify a data­
filtcring condition (using a logical ex­
pression) or a sorting order . The torm 
and customized views can enter or search 
for data. By contrast. a columnar view 
only displays data . 

Using view forms takes two routes: 
The first route displays the latest vers ion 
of the view. without any updates; the sec­
ond route makes dBASE Mac update the 
view to reflect any new data. new data fil­
tering, nr a new sorting order. I found 
that dBASE Mac d isplays columnar 
forms rather slowly . This problem also 
occurs when scrolling verticaUy . 

dBASE Mac lets you access field s in 
various files using data paths. A data path 
resembles the reference tn fo~lds in Pascal 
or C record structures. Another new le a­
ture implemented by dBASE Mac sup­
ports the mechanism of binding the data 
file and views into a project. Thus, when 
you select a project icon, you load dBASE 
Mac, the data file. am.I all related views. 
Thi · kind of binding adds the integration 



REVIEW: DBASE MAC VS. MCMAX 

missing from dBASE Ill Plus . 
McMax supports the data 1/0 methods 

familiar to dBASE III Plus programmers. 
The APPEND command lets you enter <lata 
instantly once you have defined a file 
structure or invoked a predefined one. 
APPEND resorts to a simple data-entry 
form automatically created by McMax. 
User-written McMax applications pro­
grams provide custom emry forms aod 
data verification. McMax also supports 
commands that let you list your data on 
the sere.en. with the option of applying 
view filters. These commands can be in­
corporated into program files to develop 
customire<l view form s. 

dBASE Mac lets you establish links be­
tween different files: Just use the mouse 
to point to and drag fields from one file to 

another. Mc Max supports relation s 
among different databases using che 
dBASE JJI Plus commands and syntax. 

Customizing 
The programmability of dBASE Mac is 
based on attaching procedures to various 
fields , files. views, or fields of views . 
There are five kinds of procedures: pre­
processor , post processor, new-record. 
delete· record, and write-record. Rou­
tines arc <.:lassifit::d according to cheir acti­
vation lime s. Preprocessor procedures 
are attached 10 a view or to one of the 
view's fields . They automatically execute 
whenever a view is visible . Poslpr<x:es~or 
procedures can attach to a view or to 
field s in a file. They execuce after a data 
field is entered or after a view is closed. 
New-record procedures provide you with 
additional flexibility and are automati· 
cally executed when you reque ·t the. cre­
ation of a new record. When using this 
kind of procedure, you must include a 
NEW(SELf) command to create the new 
record . Similarly , the delete-record and 
write-record procedures arc accivatt:d 
when their correspon<ling tasks are in­
voked from che menu. dBASE Mac lets 
you attach multiple procedures to a fiel<l. 
a file, or a view and are executed in se­
quence. Nested procedures are also 
supported. 

Programming with McMax includes 
tht: use of one or more program files. A 
main program file is explicitly invoked to 
e:i;ecutc its own instructions or to invoke 
other program files. McMax supports 
program and format files . Format file s 
include special programming instruc­
tions that lee you replace lhe standard­
sc rccn input form with a customized in­
put form. Thus. like dBASE Ill Plus. 
McMax supports modular program de ­
velopment in a more traditional style. 

Both packages support simple vari­
ables. McMax, like dBASE Ill Plus. lets 
you ~tore all or some memory variables 

Table 2: The benchmark results sholl' that McMa:r: completed the BYTE Sort 
and Search rests an awmlge ofabout 2. 5 rimes faster than dBASE Mt1c. AII 
times are in seconds. 

Test dBASE Mac McMax 

Sort Indexed 29 11 
U111ndexed 30 11 

Search Last Key Field 3.6 1.J 
Nonexistrng Freid 32 1 8 

Notes­
(1J Tne mdexed Sort test measures the time to sort records arranged 111 ascending oraer 
lo descendmg order on an indexed field in the file The urnndexed Sort test measures the 
lime to perform the same sort on an un1ndexed secondary field rn the Irle 

(2) The Search Last Key Freid test measures lhe time to lrnd the last key l1eld record m 1r.e 
l1le The Nonex1st1ng Field test measures the time to locate a nonex1st1ng field that 1s sup· 
posed 10 be after the last field. A 254 -record database file, sorted 1n ascending order. was 
used for both tesls. 

in a separate file and recall them later . 
dBASE Mac implemenc one- and two­
dimensional arrnys . 

Both programming languages support 
assignment ~1atemen1s, with a wide vari­
ety of operators and a vase number of pre· 
defined functions avai Iab le. The 
IF •.. THEN ••• ELSE and CASE deci sion· 
making constructs are also available in 
both packages . dBASE Mac offers a few 
more loop construct· than Mc Max : The 
FO R, WH I LE, REPEAT ••. UNT I L, and open 
LOO P constructs arc impkmente<l in 
dBAS E Mac . while Mc Max provides 
only !he first two loop construcls . dBASE 
Mac offers the WHEN LEAVE clause to exit 
an open LOOP . while McMax uses the 
EXIT keyword to leave a 00 ... llHILE 
loop . Since M<.:Max supports program­
ming in a more traditional structure, you 
can also uedare procedures with param­
eters in program files . 

dBASE Mac supports an additional 
suite of commands new to !he dBASE Ill 
Plus progranuner. including activating 
other projects as well a invoking and 
controlling views. dBASE Mac supports 
commands to perform file 1/0. message 
prompting, and debugging- all of which 
have equivalent commands in Mc Max.. 

Comparing Performance 
Testing dBASE Mac and McMax. proved 
to be quite a challenge. The first step was 
to create a l 000-rccord database. I wrote 
a program in McMax that au_tomatically 
created th.e 512-byte records needed to 
build the database.. with the re.cords ar­
ranged in ascending order. The structure 
contained a 1.56-byte key field, two l 00­
byte filler fields. and a 156-byte second­
ary-key field. After performing the Sort 
and Search tests for McMax, 1 ported the 
database to dBASE Mac, which treated 
th!! imported file as a foreign one. This 

meam that my original ke1· field was no 
longer index.ed, since dBASE Mac was 
using the re<.:or<l number a~ the key field . 
Moreover. I could not make a new index 
for any fiel<l of the <latabase . Conse­
quently. I resorted to programming 
dBASE Mac to create the required data· 
base. I created a view to carry out the job 
at hand. Unfortunately. che process was 
so slow (an estimated j 6 hours) that I had 
to stop the program after several hour · 
when it had created only 254 records. l 
edited the Mc Max program to make a 
database of the same size . The tests were 
carrieu out using a Macintosh Plus with a 
20-megabyte hard disk drive (se.e table 2 
for the timing tescs) . The ciming tests re· 
veal that McMax outperformed dBASE 
Mac by 2 to 3 times. 

dBASE Mac and McMax are cwo very 
interesting databases. each haviri!:' a <lif­
ferent appeal. Ashton· Tate has taken the 
courageous step of an innovator and has 
come out with a new database that caters 
to the Macintosh environment. However. 
dBASE Mac is slower in screen redraw­
ing and other file operations. 

For a dBASE applications developer. 
le.arning a whole new set of commands to 

use dBAS E Mac is the price you'll pay for 
working with thi s powerful database. 
Veteran dBASE III Plus programmers 
(who have spent hours learning dBASEJ 
may not like the thought of going back to 
the dBASE Mac training boot camp. 

Nantucket Corp .• on the other hand. is 
a gO<.ld imitator chat implement · a fast 
version of dBASE II1 Plus tor the Macin· 
tosh. It has an immediate appeal to 
dBASE users and especially to dBASE 
consultants who w.i.nt to expan<l their cu~ ­
tomer base to include Macintosh owners. 
The speed, high level of code portability. 
and reduced retraining effort are the 
major strengths ofMcMax. • 
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REVIEW: MATHCAD 2.0 

MathCAD 2.0 

George A. Stewart 

Despite the obvious appeaJ of a combined 
problem-oriented number cruncher an<l 
documentation tool for mathematics. 
MathSoft's MathCAD version 2 .0 ($349) 
for MS-DOS computers has no d.irect 
competition. Mathematically oriented 
products have tended to go one way or the 
other-into number crunching or into 
representing math formulas in traditional 
notation . UTS' TK Solver Plus , Bor­
land's Eureka. and Dalin's Scientific 
Wheel fall inlO the former category, 
whereas TSSI's faact and a number of 
word processors fall into the lauer. (Edi ­
tor 's note: For a review ofTK Solver Plus 
and Eureka. see the October 1987 
BYTE.] 

MathCAD requires MS-DOS or PC­
DOS 2.0 or higher, 5 l 2K bytes of RAM , 
and a CGA , an EGA. or a Hercules 
monochrome ad apter. A float ing.-point 
coprocessor unit (FPU) is recommended. 

When you first look at a MathCAD 
screen. you get the impression that it's a 
bit-mapped image a la Macintosh. with 
custom fonts for the special mathematical 
symbols and structure.s. A~ you scroll 
th rough a document, you realize it can· t 
be - the scrolling is too fast for bit­
mappe.d information. MathCAD's neat 
trick is to use the extended IBM character 
set for everything on the screen, except 
for graphs and a few characters not 
included in the character set. All the 
characters are placed accuratt:ly. giving 
the formulas an impressive appearance. 

The drawback to this approach is that 
MathCAD offers only one character size, 
where normal math notation uses at least 
two: one for main-level variahles and one 
for subscripts and superscripts . Also , 
MathCAD has to use roman text charac­
ters throughout the display. even though 
it is customary math notation to usi: ital­
ics for variables. 

A Computer-aided Scratchpad 
MathCAD is not as structured as TK 
Solver Plus with its sheets and subshecets . 
Instead. it lets you work almost exaclly as 
you would on paper, using a two-dimen­
sional document whose size is limited 
only by the amount of me.mory available 
(and by the rne.rnory required to perform 
the calculation· specified in your docu­
ment). The only structure imposed by 
MathCAD is that of regions: rectangular 
are.as of variable size containing text, an 
equation. or a plot. The only restriction 
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on rngions is that they cannot overlap ; 
otherwise you can arrange them horizon· 
tally and vertically as desired. 

Every text block, equation. and graph 
occupies its own distinct region. Regions 
cun be cut, copied, and pasted into new 
areas with single keystrokes. However. 
you cannot copy more than one region at 
a time-even though chis would be a use­
ful capability, since quite often you may 
want to move a related set of equations. 
MathCAD docs allow cut-and-paste edit­
ing of expressions within a region. An 
addit.ional word~processing - Iike feature 
that speeds up equation-editing is Math­
CAD's search and replace command. 

Ordinary text (e .g .. no1es. labels, and 
explanations) goes into text regions. A 
certain number of tra<lition::il word-pro­
cessing format controls apply to Math­
eAD' s text regions, such as selectable 
margins and automatic word wrap. 

A special kind of ie.x1 region. called a 
band , is for longer passages of text. 
Bands stretch across the width of the 
document and have additional fom1atcing 
capabilities, such as centering and 
underlining. 

Anything you type outside of a text re~ 
gion becomes an equation or a plot re­
gion. While you are typing in one of th.ese 
regions, most of the punctuation keys and 
Alt-key combinations have special mean­
ings to speed the entry of mathematical 
notation. For instance. typing b: a· 2 

a 2cau. es b : = to appear on the screen . 
To leave an equal ion or a plot region, you 
press Return or move the cursor away 
from it. 

When set 10 automatic mode. Math· 
CAD recalculates each equation as soon 
as you finish editing it. It also automati­
cally re~valuates equations toot are de ­
pendent on the results from the edited 
equation. In manual mode, MathCAD re­
calculates only when you press the calcu­
late key (F9) . It does not recalculate 
everything in the document each ti me you 
make a change. This is an advantage over 
Eureka and TK Solver Plus, which mu~t 
reevaluate the entire model after any 
change is made. 

To determine. !he relationships be­
twee.n equations. MathCAD uses the 
same approach used in written exposi ­
tions: left to right and top to bottom. For 
instance, a variable must be defined in an 
equation physically preceding any equa­
tion or plot that uses that variable. The 

exception is the. global t.lefinition, indi· 
cated by the = symbol. Global defini ­
tions can appear anywhere. 

Jn summary, MathCAD' s notion of 
cursor-activated regions makes it easy IO 
build a complicated pre~ental ion that 
loob exactly the way you want it to. The 
program has a command line for special 
operntions, such as filing a document. se­
lecting a printer. setting global fonnats. 
entering DOS commands, and setting the 
MathCAD start-up configuration_ In aJ­
dition to the command line, a set of pull­
down menus leL~ you perform the same 
tasks. 

Plotting and Printin~ 
Plotting is both versatile and intuitive in 
MathCAD-more so than an Eureka or 
TK Solver Plus. You type ,f!I to open up a 
plot region , then move tu several preset 
fit~lds in the plot to fill in the x- and y-axis 
expressions and x- and y-axis ranges . You 
change the size or the plot, the line t_ pe. 
and mher characteristics by entering a 
tbrmat command on the command line. 
Available line types include dots, lines 
connecting the dots, lines with points 
shown as diamonds. and staircase lines 
composed of horizontal and venical in­
crements. lt is possible to plot multiple 
functions on the same graph. Math­
CAD's range variables ma.Xe it easy to 
generate a set of discrete point~ for the 
graph. You can set the graph limits man­
ually or let MathCAD assign values 
based on the calculated point range . 

MathCAD can print an entire docu­
ment or any contiguous group of region s 
that you specify . The program uses cus­
tom printer drivers that take advantage ol 
the printer's built-in character matrix and 
compatibility with the IBM extcndcJ 
character set. For printers lacking the ex­
tended chardcter set. MathCAD uses a 
bit-mapped font to generate the charac­
ters. Plots and boxes are done through 
graphics printing. as they are on the 
MathCAD screen. Printer drive.rs ure 
supplied for rBM graphics printers (80­
and 132-column), Epson graphic~ 
printers ( 80- and 132-column), and the 
rEc PS , Okidata 92/93, Toshiba P35 I. 

HP ThinkJct. HP LaserJet. and plotters 
that use HP Graphic:s Language (HPGL). 

In the case of Jot-matrix printers. 
MathCAD divides the document into 
pages. For HPGI. plotters, it compresses 
the entire area to be printed onto a single 
page. 

Technical Capabilities 
MathCAD store.s floatine-point numoors 
in double precision according to the 
IEEE 754 pecification. It recognizes 
that real numbers are embedded in the 

co,1tinued 
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WINDOWS FOR DATA® 

IT f you program In C, take a few 
moments to learn how Windows for 
Data can help you build a state--of-the­
art user interface. 

tB' Create and manage menus, data-entry forms, context· 
sensitive help, and text displays - all within windows. 

~	Develop window-based OS/2 programs right now, 
without the headaches of learning OS/2 screen manage· 
ment. Run the same source code in PCDOS and OS/2 
protected mode. 

111' Build a better front end for any DBMS that has a C­
language interface (most popular ones do). 

FROM END TO BEGINNING 
Windows for Data begins 

where other screen packages end, 
with special features like nested 
pop·up forms and menus, field en· 
try from lists of choices, scrollable 
regions for the entry of variable 
numbers of line items, and an ex ­
clusive built-in debugging system. 

NO WALLS 
If you've been frustrated by the limitations of other 

screen utilities, don't be discouraged. You won't run into 

YOU ARE ALWAYS IN CHARGE 
Control functions that you write and attach to fields 

and-br keys can read, compare, validate, and change the 
data values in all fields of the form. Upon entry or exit 
from any field, control functions can call up subsidiary 
forms and menus, change the active field, e.xit or abort 
the form, perform almost any task you can Imagine. 

~~~~- OUR WINDOWS 
WILL OPEN DOORS 

Our windows will open doors to 
ne1.11 markets for your software. 
High-performance, source·code­
compatible versions of Windows 
for Data are now available for 
PCDOS, OS/2, XENIX, 
UNIX, and VMS. PCDOS 

versions are fully compatible with Microsoft Windows. 
No royalties. 

You owe it to yourself and your programs to try 
Windows for Data. If not satisfied, return for a full 
refund. 

Prices: PCDOS $295, Source $295. 05/2 $595. 
XENIX $795. 

Call: (802) 848-7731 ext. 51 
Telex: 510-6014160 VCSOFT FAX 802-848-3502 

walls with Windows for Data. Our customers repeated­

ly tell us how they've used our system in ways VJe never Vermont 
 21 Elm Ave 
imagined - but which .ve anticipated by designing Win ­

dows for Data for unprecedented adapatabUity. You will Creative Richford, 

be amazed at what you can do with Windows for Data. Software VT·05476 
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REVIEW: MATHCAD 2.0 

the.AD lon2.0 

Type 
Mathematical problem solver and 
documentation tool 

Company 
MathSoft In-:: 
One Kendall Square 
Cambridge MA 02139 
(800) 628·4223 

Fonn11t 
Two sy•. inch 360K-byie floppy disks or 
one 3'h·•nch 1 2·megaby\e floppy disk 

l...Bngu11ge 
Microsoft C 4.0 and 
assembly language 

Hardware Required 
IBM PC. XT AT. PS/2. or compatible 
w1tl1 51 2K Oy!es of RAM and a CGA, an 
EGA, or a Hercules monochrome 
adapter ; an 8087 or 80x87 coprocessor 
1s recommended 

Saftwtire Required 
MS-DOS or PC ·DOS versooo 2 0 or 
higher 

Documentation 
290·page wire-bound lutonal and 
reference manual; 12.page quick 
reference manual 

Price 
$349, $50 for owners of earlier 
versions o! MalhCAO 

Inquiry 902 . 

complex plane , and it automaticalJy dis­
plays <1 result in complex number form<tt 
(a + bi) when the ratio of b to a reaches a 
certain user-definable tolerance setting. 
MathCAD also accepts he-xadecimal and 
octal numbers. swring them as 32-bit 
integers . 

MamCAD '. built-in constants include 
11'" = 3.14159, e = 2.71828 , oo = 10"', 
%= .01, TOL = .001 (the default 1oler­
ance for numerical approximation~). and 
OR IG IN = 0 (the defuult starting index for 
array ). You can change these by reas­
signing new values within me document. 

In addition to arithmetic operators, 
MalhCAD includes built-in operators and 
notation for factorials, complex conju­
gate s . square roots , absolute value s, 
sums and products of subscripted expres­
sions, integrals a.nd double integrn.ls, and 
derivatives. Array operations include a 
vec keyword to force element-wise evalu­
ation of matrix operations. 

Built-in functions include trigooomet­
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rics and meir inverses: angle (x,y) for 
the angle of a ray from the origin to a 
point: hyperbolic trigonometries and 
their inverses. exp0nentials, and natural 
and common logs: and Re ( z), Im ( z ) , 
and arg ( z) to return real part , imaginary 
pan. and angle of complex numbers. 
More advanced features include Bessel 
functions, linear and cubic spline inter­
polation functions, and real and complex 
fast Fourier transforms (FFfs) and in­
verses. For statistical work , MathCAD 
has nine built-in functions (e.orrelaiion. 
slope and in1ercep1 of ll1e regress.ion line. 
mean, standard deviation, variance , gam­
ma function, error function, and cumula­
tive-nonnal distribu1ion function) . 

For vectors. mere are length. last. 
max , and min functions. For ma1rices, 
there are functions to calculate the num­
ber of rows and columns, sum of <liagonal 
elements, identity matrix, and several 
more esoteric functions. Solving func­
tions include r oot , which finds the value 
nf a variahle that makes an expression 
zero-valued: Find , which solves one or 
more variables in a solve block ; and Min­
e:rr. which finds values for one or more 
variables mat minimize the error in con­
straints within a olve block. Miscella­
neous mathematical functions include 
floor( ) , ce il ( ) , rnd () , mod {x,y ) . 
and 4> (x ) (returns I for a nonnegative x, 
0 otherwise). 

Three other functions deserve special 
mention . The first . if ( tes t_ex pres­
s i on, true_va l , f al se_ va l ). returns 
either of two programmed values depend­
ing on the value of a test expression. This 
allows the creation of discontinuous and 
01.her special functions . The other condi­
tional function, unti l ( t e s t _expr es­
sion , r eturn_val ), allows the exe.cu­
lion of an iterative operation until the 
'alue of the te.st expression becomes ncg­
ative. The histogram function hist ( in­
terval s, data) returns a vector repre­
senting the frequencies with which values 
in the data vector fall into me intervals 
given in the im:ervals vector. 

A similar range of computational fea­
tures is available in Eureka and TK 
Solver Plus. One major exception is 
MathC:AD 's matrix operators and func­
tions. MaU1CAD's advanced mathemati­
cal functions include FFT and Bessel, 
which neimer Eureka nor TK Solver Plus 
has. Additional statistic<il functions aho 
place Math CAD at a distinct advantage. 

An especially practical feature of 
MamCAD, considering its built-in func ­
tions for statistics and numerical analy­
sis, is its ability to read and write ASCII 
data to and from a file. 

MathCAD's unit conversions are also 
superior because of certain built-in fun­
damental units not found in Eureka and 

TK Solver Plus: L for length, Mfor mas~ , 
T for time, and Q for charge. When real 
units are defined in tem1s of these funda­
mentals, MathCAD performs dimension­
al checking of equations. indicating when 
the units don't match irnd what the unit~ 
should be. 

MathCAD is missing some capabilities 
found in TK Solver Plus . Chief among 
these is the ability to uefine algorithmic 
procedures with their own local vari­
ables. Another is the ability to map char­
acter information to numeric indexes, 
making possible constructs such ·as 
mol ecular_wt = atomic_wt('carbon ) 
+ 2llatomic_wt ( 'oxygeri ), where the 
lahels correspond to atomic weights. 

For optimization problems, you set up 
a "solve block," starting with the 
keyword Given and ending wi1h one of 
two built-in functions: Find or Minerr . 

Test Results 
I tested MathCAD 2.0 on an 8-MHz PC 
AT-compatible computer with an 80287 
coprocessor, 640K bytes of RAM , and a 
Hercules-compatible graphics adapter . 
To check iL~ compatibility with other sys· 
cerns. I ran MathCAD briefly on a 4.77­
MHz PC XT anu a 16-MHz Compaq 
Desk:pro 386. For comparison . I also ran 
TK Solver Plus l .O a.nd Eureka 1.0 on the 
AT compatible . 

I trieu all three packages on systems of 
three and fi ve nonlinear equations. All 
three found solutions, but timings varied 
significantly . For the three- and fi ve ­
equation systems, timings (in seconds) 
were. rcspeccivc.ly, TK Solver Plus. l.5 
and 2.3; MathCAD. 1.9 and 4.6: and Eu­
reka, 4.0 and 31 .8. 

On a system of four nonlinear equa­
tions involving five constraints, Math­
CAD took 3.3 seconds while Eureka took 
4.2 seconds . (TK Solver Plus does not 
have th<! built-in abilit y to handle 
constraints .) 

Finally. I tested the programs using 
systems of9 and 20 linear equations. TK 
Solver Plus won, taking less than a sec­
ond for each test. MathCAD was next 
with 2.9 anu 14.4. Eureka took 14 sec­
onds to do the 9 equations and couldn't 
hand.le the 20 equations (t oo many con­
stants, it said). Using matrix operators 
insteau of algebraic expressions (only pos· 
sible with MathCAD) , MathCAD found 
the solutions in l .5 and 10.3 ~'Ond5 . 

In summary, for small systems of non­
linear equations, TK Solver Plus was 
fastest, followed closely by MathCAD. 
with Eureka close behind. For larger sys­
tems, me ranking was the same. but Eu­
rek<t fell farther behind. 

For constrained no.nlin.ear systems, 
MathCAD wJs slightly faster than Eu­

nm1i11ueJ 
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"For students, Microsoft ~ QuickCTl<I 
is the ultinwte programming 
environment.'' 

''For my research work it gives 1ne 
an all-in-one product fur develop­
nzent, while providing interlanguage 
calling a'i well as compatibility with 
Microsoft CS. O." 

Dr. Kent Chamherlin. University of New Hampshire. 
Department o f Electrical and Computer Engineering. 

sour 

"Ifyou are new to C, Microsoft 
QuickC can n1ake the difference 
between Leaming C anditiving up in 
fmstration.'' 

Jim Nech. President. Hous1on Area League of PC 
u.~ers rHAL PCl. 

"QuickC is better than "flu-ho C:" 
It does eve1ything that Turbo C does, 
and then some. inco1porating ve1y 
uood debugging suppo1t that l'I totally 
absent from Turbo C." 

Alan Holub, Columnist . 
Ur. Dohh's Journal, October 1987. 

Cirr:/e 152 on ~adrr Servict Card 
(DE1lLER5: JSJ) 
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"Wtth its integrated debugging and 
on-line help, Microsoft QuickC i-wis 

the clear choice as the standard C 
compiler/or our cozo:)es." 

Greg Tinfow. R & D Engine e r, Sma rt Produ c t Design 
laho rato ry. Stan ford Uni ve rsi ty. 

"QuickC:~ built-in graphics, 
debugger and superb on-line help are 
formidable features to overco1ne." 

PC 1\ I M agazine (comparing QuickC 10 Turbo CJ. Fal l 
1987. hy Rri an Flamig . rcpri ntcd with perm iss ion. 

~~ '' 

• 
Not bad, for a $99 compiler. 
Ca11(800)541-1261, Dept. B17 and 

we'll send you a free inionnation 
packet, inc1uding details of how to 
obtain a Turbo Pascal ~ to Microsoft 
QuickC translator progran1. 

And to make QuickC even more 
irresistible, how does a 30 day nioney­

back guarantee 
_,,.,,. brrab you? 



REVIEW: RS/I RESEARCH SYSTEM 

reka. For linear equations. TK Solver 
Plus was faster lhan MathCAD and Eure­
ka-but remember. Eureka is limited !O 

small sys1ems. 

Room for Impronment 
MathCAD's 290-page manual is well or­
ganized and thorough: 56 pages explain 
the use of the equation editing and entry 
features, and l04 pages describe compu­
rntional feature . A 7-page de cription of 
the numerical methods used is very 

, helpful. 
But while the program has on-line help 

from a 61K-byte file. it lacks context­
sensitive help. Also. its help is slower 
than TK Solver Plus' s, and it uses an 
awkv.-ard menu-selection system that in­
volves typing arbitrary letters to find out 
more about topics. The company does, 
howc:ver, provide a toll-free number for 
customer support, and it publishes a live­
ly quarterly newsletter for registered 
users of MathCAD . 

I found other things that could be. bcner 
in MathCAD . Its internal graphics model 
is too closely tied to the limitations of 
IBM 's display graphics, effectively hob­
bli.ng the output capabilities of higher­
resolution output d!!vices . Even lhough a 
laser printer may have variable-siz.e fonts 
and 300-dm-per-inch resolution, Math ­
CAD outputs to it at the same resolution 
and with the same limited font range as 

the display. (Inside text regions, you can 
use some of a printer's additionaJ features 
by including escape rnde sequences with 
the text.) This shortcoming would prob­
ably be removed if MathCAD offered a 
versatile PostScript device driver in its 
list of printer drivers. 

MathCAD's memory management is 
also less lhan ideal. Several times while I 
worked wilh a document containing two 
1000- to 2000-element arrays. the 
program wouldn't complete a solution. 
telling me it was out of memory. Math­
CAD's originator, Allen Razdow, ex­
plained that each array must fit within a 
641<-byte segment. This limits arrdys IO 
about 8000 elements. But smaller arrays 
can also cause problems after you've 
used the program tor a while . because 
memory becomes fragmented. If the 
fragmentation is bad enough , eventually 
when you specify a calculation requiring 
more memory allocation, the program 
will not find enough contiguous memory 
space to hold a new army . (To Math ­
CA D" s credit , the program doe ·n"t 
bomb; it just forces you to save the docu­
ment and ex.it from the program. You can 
then restart the program with a nice new 
un fr.igmented memory space .) 

To reduce the memory-allocation 
problem , Razdow suggested that I initial· 
ize large arrays at the top of the docu­
ment. This helped considerably. post· 

ponjng the evenlUal occurrence of the 
problem. On the positive side. MathCAD 
is able to use Lotus/ Intel/Microsoft 
(LIM) expanded memory. Users who 
find they frequently run into the out-of­
mcmory problem may find ii worthwhile 
to add the extra RAM. 

Slowpokes Need Not Appl)' 
MathCAD really pushes a personal com· 
puter to its limiL~. If you· ve got lhe latest 
hardware, including LIM expanded 
memory and a laser printer for faster 
graphics output, here' s a program that 
takes advantage of it all. For profossional 
math work , I wouldn 't try using Maih­
CAD on anything slower than an 8-MHz 
machine cquippeu with an FPU. For 
educational purposes , MathCAD might 
run acceptably on an FPU-equipped PC . 

If vou have to choose between Math­
CAD. and TK Solver Plus, consider your 
priorities: Ma!hCAD is somewhat slower 
than TK Solver Plus. and it doesn't allow 
user-defined procedures. On the ot.hcr 
hand, it gives you the ability to document 
your work , thus making it much simpler 
to formulate problems. MalhCAD 2.0 
succeeds at being a computer-aided 
scratch pad . • 

George A. SJewlJrt is a BYTE technical 
edi1or. He can be co11tacted ar One Phoe­
nix Mill Lane. Peterborough, NH 03458. 

RS/1 Research 

System 


Harley P. Macon 

Most statistical packages lack the long lisl 
of standard features found in RS/ l, an in­
tegrated data-analysis package offore<l by 
BBN Software Products. RS/ I provides 
fully integrated data entry, graphical 
display, spreadsheets with master table 
and subtable capabilities, descriptive sta­
tistics. regre.ssion analysis, and model­
ing. A built-in programming language 
c.a.Ued RPL lets you package standard 
procedures (e.g .. scripts, exe.cs, and 
macros) and lets you add custom system 
enhancements and extensions. Although 
this integrated data-analysis package 
aims at research scientists and engineer . 
it is equaJly valuable to business pe.ople 
and other analysts. RS/ I is available for 
mainframes: minicomputers: worksta­
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tions: and the 18M PC, XT. AT, and 
1.:ornpatibles. The user interface is the 
same for all these implementations. 

RS/I version 12.1 for the IBM PC, 
XT. and AT requires a minimum of 5 I 2K 
bytes of RAM. a floppy disk drive, and a 
JO-megabyte hard disk drive. It supports 
a variety of displays. printers, and plo1­
ters as output devices (see page 173 for 
details). The $995 price tag includes 
maintenance for 90 days and "'hot line .. 
telephone support. 

RS/ I comes with three reterence. man­
uals, lnsrallation bwruc1io11s, rind user 
and release note for the current ve.r.;ion 
that total about 1200 pages. It comes on 
eight disks in a plastic flip-top box. The 
documentation supplied is excellent. with 

well-indexed reference munual s and nu ­
merous examples . The only missing cle­
ment is a good tutorial. 

lnstalli.ng the RS/ l software is easy, 
tiut you need to find 2. 5 megabytes of free 
spa<:e on your hard disk drive . After that. 
installation i · si mple : You place uisk I in 
drive A. type!. A: HSlSETUP. and follow the 
instru.:tions. When installation is com­
plete. you reboot the system. Proper in­
stallatjon of RS / I is verified by runn.ing a 
utility called $SYSTE'1TEST. If power i ~ 
interrupted during your work, another 
utility called RS FIX repairs your RSI l 
files. 

The RSI I package contains a de.mon­
stratfon program that I explored before 
consulting the manual. I discovered 1ha1 
the system generally torgive~ errors. but 
when I anempted to enter one more row 
of data into a table-more than the table 
expected-my Kaypro 16 lockcd up. I en­
countered no further problems. This ex­
ploratory effort convinced rne that the in­
dividual eleme.nts of this package arc easy 
to learn and use. However. the capabili ­
ties embodied in lhi s package an: so 
broad that you should cxp!!ct to spend 
suhstantial time. learning them. BBN pro­

cominunt 
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We're Making A Small Case For The Hard Disk. 

The industry said it couldn't be done. You can't put a more ports than the California coastline. One for every­

hard disk in a portable PC, make it powerfol, and keep thing including parallel, serial, HGB and monochrome 
it under 11 lbs. monitors, 51/.1 " floppy disk drive and numeric keypad. 

Well, with thatchallenge in mind, we i1mnecliately The T1200 is easy to face, too. With its nev.r super­
went to work to prove them v..rrong Presenting the twist LCD sc.Teen and a full-size keylxJard. But better 
re ults.. The newT1200. still, thanks to its removable. rechargeable hatte1y. you 

With a footprint of only one square can keep computing wherever you go. 
foot it comes with a 20MB hard disk, Just call l-800457-7777 for your 
one 720KB 3lf2" diskette drive, 1MB nearest 'foshiba dealer and ask him to 
of RAM, MS.DOS®32, and Borland show you the new Tl200. 
Sidekick'" software. So you get Before they all get carried mvay. 
desktop PC features, with the perfor­ In Touch with Tomorrow 
mance of a powerful PC-compatible 
80C86 processor, nmning at I • • • "° ~ a • ........~ .....~ TOSHIBA 

-~ • t • I I t I I I • I · · · · · · · ·· ·~9.54MHz. ' ' I ,. f I I I • I • • 

I I • .. ~ • I • • ­L t-But that's not all. 'fake a look I • '4 I 

around back. Ther you'll find 
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RSf1 version 12.1 

Type 
Data-analysis package with integrated 
data capture, spreadsheet, s!at1st ical 
analysis, modeling, and graphrcs 
<oottware and a. bu1lt·m programming 
language 

Comp•ny 
BBN Software Products Corp 
10 Fawcett St 
Cambridge. MA 02238 
(617J S?J.5000 

Fonnat 
Eight double·sided double-density 
5%-inch floppy disks 

Language 
c 

Hardware Required 
ISM 3270 PC, PC XT, PC AT, or 
compatible wltt1 512K byteso1 RAM , a 
~lo ppy disk drive. and a 1 0-megabyte 
hard disk drive. Peripherals supported 
include 8087 and 80287 coprocessors, 
IBM and Hercules monochrome 
adapters. IBM CGA, EGA, and PGA 
graphics cards: IBM 5152 , IBM 
Propr'inter, and Epson FX and MX 
senes printers: IBM 7371 , 7372. 7372P, 
and 7375 plotters. HP 7470A, 
HP7475A. HP7550A, and HP7550AP 
plotters; expanded memory 
spec1flcat1on 

Software Required 
PC-DOS version 3 0 or h1ghe1 

Documentation 
317-page Tables. 0 1rectones. 
and Models 
272·page Graphics and Statisrics 
275· page Using and 
Wrir ing Procedures 
28-page lnstallatJOn lnstrucr1ons 
RS/ 1 Release Notes for the IBM PC 
'113rsion 12 1 
PC Reference Card 
Lccense. warrar1ty. and registration 
e<irds 

Prtce 
$995 (includes one year of maintenance 
telephone support) 

Inquiry 903. 

vides fom1al traini.ng in lhe use of RS/I 
and its programming language RPL, but 
the basic furK:tions are available for vou to 
use and put to work in a few hours.· 

Editing Capabilities and Tables 
RS/ 1 provide.s a variety of editing capa­
bilities . A command-line editor lets you 
enter or revise command strings up to 
512 characters Jong . You can choose a 
text editor as long as it obeys certain 
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rules. First. you must be able to call the 
editor with the filename to be processed 
on the same line. and the text generat.ed 
by the editor must not have embedded 
formauin g commands (e.g .. WordStar 
installed in "nondocument' ' mode). Un­
fortunately, the documentation lacb a 
list of acceptable editor~, but Lhe com­
pany did provide me with a list upon re­
quest. Once you define the name of your 
editor, RS/ 1 will invoke it whenever the 
command EDIT is issued. 

RS/I also provides a table and graph 
editor. Although each provides different 
capabilities, they are similar in syntax­
learning one editor provides a basic fa ­
miliarity with both . 

RSI I data structures are tables con­
taining numbers and text. Fonnats (e.g., 
titles , column headings, row names, and 
footnotes) can be conveniently inserted . 
Row and column numbers are displayed 
as indexes to the table data but are not 
part of the data. Any entry in the table 
cun be numeric . text, a comm:md, a pro­
cedure (program) call , or a reference to 
par! or all of another table . The table edi­
tor provides a convenient means for en ­
tering or changing data and forrnaning 
the tables. 

RS/ I provides interactive table cre­
ation and data entry through a system of 
prompts called "dialogues. " You can use 
dialogues for interactive data entry. or 
you can use the text editor for noni.nterac­
ti ve data entry and strikeout mode. When 
using dialogues , RS/ l leads you through 
the process of table naming , creation of 
row and column headings (if de.sired), 
and data entry . 

Table data can be selectively extracted 
with simple commands for the display or 
construction of new tables. Data within a 
1.able can be orted , two tables can be 
merged. and a table ca.n be appended to 
another (or a table can be transposed) . 
You can use conditional expressions to 
extract information meeting certain crite­
ria . All or any pan of a table can be set to 
a predefined value or establishe.d by an 
expression using lhe SET command. 

You can create a distribution table 
from data in another table. Such a table is 
a co um of the number of occurrences of a 
particular value (or type) or the number 
of occurrences within a given range of 
values . As a default, RS/ l will automati­
cally format data tables for display 
without your intervention, making the 
best possible use of space available on 
your screen or other output device. When 
des ired. you can control presentation 
formats. 

On-line help is available when you 
need to refresh your memory on some 
particular detail of a command. Typing a 
? produces informatio n about how tn 

answer a prompt. si ng the function key 
FI or typing HELP brings up a subject­
maner menu. You t.he.n choose a number 
from the menu and repeat th.is proces m 
the necessary level of detail. 

RS/I di rectories arc coll ectio ns of 
RS/ 1 tables and other data objects. These 
data objects are managed with a directory 
structure lhat is syntactically similar (but 
not identical) to MS-DOS directorie s and 
subdirectories . There is no limit. mher 
than disk space, to the number or depth of 
the directories and subd irectories. Direc­
tories can be displayed. printed. or 
plotted. Data objecL~ can be added or 
deleted as desired. 

Directories can be private , shared with 
a group, or public . Private directories are 
reserved for the owner in multiuser envi· 
ronmenls. Group directories are created 
by lhe owner and are intended to be 
shared by the work group . Public directo­
ries are provided by BBN as part of the 
system . They contai.o the function s for 
printing, plotting . and so on . The public 
directories are read -only , but you can 
copy them and modify their content to 
suit your needs . In the multiuser environ­
ment, these distinctions are clear and 
necessary . They are maintained in the PC 
environment for compatibility. 

Real-World Modeling 
The user who creates a model is, in some 
sense, attempting to develop a tool to pre· 
diet outcomes (usually real-world out­
comes) as the data in the model changes. 
Modeling with RS/ 1 is conceptually simi­
lar to modeling with other products such 
as Lotus 1-2-3. First, you develop the al­
gorithms for the model. Then, you define 
the model as a set of constanlS , variables. 
and expressions that are io operate on the 
d<:1ta. Next, you cre<:1te the model using 
the tools that are available. The proce.ss i~ 
often iterative, with many correct ions 
and changes to the model. making ease of 
use a major consideration in th is process. 

RS/I meets this criteria: It has very 
powerful modeling cupabilities suitahlt: 
for constructing models of scientific. fi­
nancial. or other systems. Models have 
access to top-level commands. system 
procedures, and funciions , as well as 
RPL and user-written procedures. You 
can create master models 10 control sets 
of submodels. This facility enables a 
large model to be de.compose.ct into small ­
er c.omponents for model development, 
checkout. and computation, with fully 
integrated final results . Thi s capability 
reduces bo!h the developmi:nt effort to 
produce a model and the computer mem­
ory needed for model operation. 

A model contains a model table that 
defines it and a results table that contains 

mnrinued 
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BUILT-IN EXCEPTIONALLY 
COMPONENT TESTER BRIGHT 5" CRT 

DMM·300 
3.5 DIGITDMMIMULT/TES TER 
Tiu~ IUll !unction 3.5 digit OMM o lferl highly accura1e 
performance nd a hOsl of addod leatures hke audible 
conunu1w pacnanco , transistor. lompcraturo, and con· 
duc!a""" to ha lp you do the job-last Temperature probe. 
IE!$! leads nd t>a ttory rncludea 

• 	 Basic DC accuracy; pluSJml'1us 0.2.S 
• DC voltago: 200mv- 1000V. 5 ranges 
• 	 AC voltage: 200mv- 75-0V. 5 ranges 

Aesrstance. 200 ohms-20M ohms. 6 ranges 

• ~r!~!f~:~~~:~~:ge~2~g0.\; 3 ranges 
• 	 ConductMco· 2-00ns 
• 	 Fully overload protoclod 
• Input lmpodanco: !OM ahnt 

DMM-100 
3.5 DIGIT POCKET SIZE DMM 
Perfocl for !ho flold sorv1co 1echn11:::1an Shul pocket size 
w•lhoul compromising features 01 accuracy Large . easy 
to read 'l'l" LCDd •PIBy Fullyovorloadprolectod forsalcty 
2000 hour ballcry life with standa.id 9v cell . Probes anc 
battery included 

• 	 Basic DC accuracy : pluSlmlnu• 0.5% 
DC vo llage 2v- 1000v. 4 rang 

• 	 AC voltag . 200v- 75Qv. 2 rang
• Resistance:2k onms- 2M ohms. 4 ranges 
• 	 OC ewr •nt: 2rnA- 2A. 4 rang s 
• 	 Input Impedance: !OM ohm 
• 	 fully overload protected 
• Approx s· x 3• x 1• Under 7 ozs. 

DPM·1000 
3.5 DIGIT PROBE TYP[; DMM 

i!DMHz 
O§CILLD!iCDPE 

Savo $.40 11 you bt1y Dotoro Aprll t si wnon our p11ce goGs up co 
389 .95 Thlf! modet makes lrequency c.atc.ulahoo and phase 
m~11u remcntqo1ctc aoae1sy Service tec.Onicja.n!Japprecfare 
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~ynct11on1za1 ioo at lho v•doo s19na1. Blanlung, VITS, and V.'H 
sync pulsas A comp¢n(int le to1 ror Jast rroot>le.shoohng 

- ....·- ·--·­
•
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MODEL3500 
$499.95 
35 MHz DUAL TRACE 
OSCILLOSCOPE 
W1ae ba_no..-.i101n And ucoi:ir;on1111 
1mv101v !lilJnSLIP.i11y malile tt11.s a 
powurflJI 1001 lor engineers 01 1eco 
n1c1ans at a femarkablc pnco De· 
1.i~ea 111ggorlng a/la.s oaJ\y pon1of\ 
ol a w3verorm 10 be 1sora1n<1 and 
oipand~d 1or c101&1 1n1poc11on 
varlabl6 Holdofl allows stable v1ttw· 
ing or complox wavetofm$ 

€aceptiooalty bngt t 5· CRT 
Oe1aye<1 1.nd single S"We•P modi.t~ 
Z ax1s 1ntonsny modulal•on 
X· YopttrfUJon • TV\yncf1lrfJ'r 

• Fasl 10ns 115.('! um~ 
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3.5 DIGITFULL FUNCTION DMM 
Get t1oghly <1<."CUra1e perfom•ance ar a vary allordabte price 
Auggod coMtrucflon. 20 amp current capability ond 22 
rangus make 11a pert&ei crio1ce for serious held or bench 
worl< LowballMy1ndlca1or&ndllfl·stand Probesand2000 
nour t>anery 1nclu<tod 

• Basic DC accuracy plus or minus 0 25"9 
• 	 DC vol!ogo· 200mv- 1000V. S ranges 

AC voltage: 200rnv-750V. SrMges 
• 	 Resistam:o · 200ohms- 20M ohms. 6 ranges 

ACJDC current · 200.,A-:?OA. 6 ranges 
• 	 lnpu l Impedance. !OM onm 
• 	 Funv overload prot1>c1ed 
• Appm"- 7" x 311'1" X 1' • WI 11 ozs . 
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the values developed by model operation . 
A model table can be developed interac­
tively or nonimeractively. just as any 
other RS/ I table. In ad<lition to control­
ling the operation sequence of submod­
els, a master model can also issue special 
commands for execution either before or 
after processing the data for the submo­
dels. An ex.ample would be the. prepara­
tion of a bar graph to display results after 
a model run. The procedure for entering 
information i~ identical to that for any 
other table: The data entered is in the 
form ofconstants, variables, expressions, 
and commands (i.e., calls to proce­
dures). Expressions entered may call for 
data from within the same table, or for 
pan or al I of t.hc data from another table. 

As with other tables , RS / l keeps track 
of the models developed with entries in 
the directory. The table of formulas that 
describe the model are maintained in the 
directory with an object type of "table." 
Model resul!s are maintained with an ob­
ject type of "model.,. Once developed, 
models have a tendency to become out­
datt!d or to be u. ed infrequently. RS/ I an­
ticipates this with an ARCHIVE facility to 
back up files and allow their removal 
from the active disk file. A DEARCHIVE 
command is also provided for recovering 
those files when needed . 

Easy Graphics 
The old adage "a picture is worth a lhou­
sand words" is often 'rue. A graphics 
di ·play is the next best thing to a picture 
and. in rnany cases, better. since it focus­
es on specific detail· of interest. Fully in­
tegrated graphics functions that create 
and manipulate four different grnphical 
data objects are provided. You use the 
·RAPH function for typical x ,y graphs, the 

BAR GRAPH function for bar graphs and 
histograms, the PIECHART function for 
pie charts. and the THREED function for 
three-dimensional graphs. 

Creating graphs with RS/I is a breeze. 
The task is so easy you are encouraged to 
e . .,.plore what can be dune. With TH REED, 
the many options available (e.g., hidden­
line elimination. stereo views. and rota­
tion about axes) provide their own fasci­
nation. Defining high-resolution images 
exacts a price in computing time. Al least 
a numeril'. coprocessor, such ilS an 8087. 
or an AT-class machine is desirnble for 
three-dimensional images. 

You can use existing tables to provide 
data for the production of a graphical data 
object, or you can enter data through a di­
alogue. If you want to us~ a function to 
generate a graph, that capability is also 
available. Like the development of a 
table, the dialogue helps the user through 
the entrv of the t.itlc. label. and scales for 
each axis. the source for data. symbols to 
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be used to plot the data frir each curve., 
and labels for each curve to be drawn. 

The graph editor prompts for addi­
tional functions if more than one curve 
needs to be plotted. Once created, any of 
the graphics objects can be edited to meet 
your needs, such as adding or deleting 
curves or changing edit labels. For exam­
ple. when first generated, bar graphs do 
not place actual values at the top of each 
bar, but such figures are easily added 
through the cdit.ing process. The conse­
que.nc.e of this is a very flexible, easy-lo­
use tool for transforming data into graph­
ic form. 

Curve Fitting and Statistics 
Curve fitting in RS/ I is approached in a 
pragmatic style: The discussion of tech­
niques use.d avoids theory. Instead, 
you ·re advised on how to use each of the 
available tools. Measure of ''goodness of 
fit" are dcfi ncd, and reasonable values 
for each measure are state.cl . This is pre­
cisclv the. kind of advice lhat a user who 
may ·be rusty on theory is most likely to 
need . 

The available techniques arc simple 
lin~ar regression (LINE) , polynomial fit 
(FIT POLYNOM I AL), and nonlinear regres­
sion (FlT FUNCTION). 

The FIT FUNCTION dialogue requests 
initial estimates for the variilbles . You 
can provide a singk valut= for each or a 
range of valu.es. A convergence criterion 
and a limil for the number of iterations 
(i.e . . attempt to fit the function) must 
also be provided . 

There may be more than one indepen­
dent variable affecting the value of th~ de­
pendent variable . For this situation , RS/ I 
provides a multiple. regression function. 
Again, the unde.rlying notion is similar . 
In addition, goodne.ss-of-fit measures are 
provided that assist you in simplifying the 
model by suggesting which independent 
variables are causing .. significant., 
changes in the dependent variable. 

The RS/ 1 approach to statistics i ' simi­
lar 'o the techniques applied to curve fit­
ting: The explanations. guidelines for 
use, and interpretations are pragmatic 
and easily understood. The most com­
mon statistical techniques are supported, 
such as descriptive statistics, t-tests. F 
tests, and nonparame1ric tests, analysis of 
variance and covariance, and contingency 
table analysis. Interfaces are provided to 
BMPD and SAS statistical packages 1bat 
operate on mainframe. for access to a 
more complete suite of statistical-analysis 
tools. 

The data for a statistical analysis must 
exist in the form of tables or graph's; files 
can be imported to a table. Descriptive 
statistics arc produced by issuing the 
command MEASURE. followed by the 

name of a tahlc or 1.be definition of a por­
tion of a table . Specific descriptive st.atis­
1ics can be computed for all columns or 
rows in a table by issuing the appropriate 
command. 

This same eilse of use applies to all sta­
tistical proc.edures available. U ing these 
procedures , the analyst can focus on the 
data and its analysis rather than on the 
problem of how the analysis can be 
accomplished. 

i\n Analysis Package with 
a Wide Range of Capabilities 
RPL is the fully integrated programming 
language for RS/I. It is a structured lan­
guage de.signed to manipulate numbers 
and tables. RPL procedure statemerns are 
modeled after PL/I. Variable are sc11: 
typing, and variable-length arrays arc 
supported with automatic paging to mem­
ory. Graphics are terminal-independent. 
Users who are familiar with structured 
languages, or with language like BASIC 
and FORTRAN, will find RPL easy to 
assimilate. 

RPL shares the same data structure. as 
t.hc RS/ 1 commands , and these com­
mands can be embedded in RPL proce­
dures. Th.is facilitates the use of RPL 
wi1h pa.ckage ~cripts and at the same time 
extends the power of RPL. When special­
purpose commands are needed, they can 
be developed with RPL and used like any 
other RS/ \ command. Source-language 
debugging facilities and a large library r1f 

functions are provided to ease the pro­
grammer 's tasks. For e~mple, there is a 
function to re.ad numeric input from the 
keyboard and to check that the input i~ 
valid (e .g., a digit). 

RS/ I is a powerful. easy-to-learn pro­
ductivity a.id for analyst . Since it is avail­
able on a wide range of computers from 
personal computers to minicomputers 
and mainframes. it will be of special in­
terest to research analysts and managers 
seeking to minimize data--exch.ange and 
training prnhlcms. RS/I is a very com­
prehensive package with a full spectrum 
of analyt.ic capabilities. You wi II not need 
all its features now, hut they're there 
when you do. As I used the pnxluct. I be­
t:ame more and more enthusiastic with 
the level of integration achieved and the 
ca~e with which each nevi feature could 
be assimilated. Aside from the missing 
tulorial, this package rates about 9.5 on a 
scale of I to 10. • 

Harley P. Macon is a consultant and 
owner of Factronics Inc. He has B. S. de­
grees in mechanical engineering and in­
dustrial engineering from the Unil'ersiry 
of Florida. He can be reached at 495 
Lakeside Blvd., Franklin Lakes, NJ 
07417. 
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estimates. will occur in the computer service 
and repair business. where demand for trained 
technicians will actually double. 

You can cash in on this opportunity- either as a 
full-time corporate technician or an independent service 
person-once you've learned all the basics of computers 

Train for the Fastest Growing-Job SJd)J_f!i_America 


move on t.o mast.er advanced SEND CARD TODAY FOR FREE NRI CATALOG 
concepts like digital logic, 
microp~ocessors, and computer 
memones. 

Lenm at home in your spare time 
You train in your own home at 

your own convenience, backed at 
all times by your own NRI in· 
struct.or and the entire NRI staff 
of educators and student service 
support people. They're always 
ready to give you guidance, follow COMPUTEH 
your progress, and help you over ELECTRONICS 
the rough spots to keep you mov· training prepares you to senrice 

1111 oomput.en; 11S :.·ou build your ing toward your goal. 
own ll;..hit . I BM P C·mmpatihle 

Get all the facts from NRI's a>mpuler. Toui..l sys tems ttuinin>{ 
includes disk drive , test equip­lQO.page catalog. 
ment , bundled sort Wlll"C , nnd RT 
Di oovery Lob . 

~ Check one FREE catalog only. 
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D Basic Electronics 
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Only NRI teaches 
you to service 
al/ c mputer 
as you build 
your own, fully 
IB ·PC compatible 
microcomputer 
The biggest growth in jobs 
between now and 1995, accor· 
ding to Department of Labor 

the NRI way. 

Get inside tbe newest. fully mM-PC compatible Sanyo 
Microcomputer 

As an NRI student, you 'U get total hands-on training as 
you actually build the latest model Sanyo 880 Series com· 
puter from the keyboard up. It's fully IBM PC compatible, 
and. best of all. it runs programs almost twice as fast as an 
IBM PC. As you assemble theSanyo 880, you ·u perform 
demonstrations and experiments that will giveyou a total 
mastery of computer operation and servicing techniques. 

UnderstwuiinrT t-·ou 1ret onlv lhro1wh experience
0"' 0 ' ~-:J 

You need no previous knowledge to succeed with NRI. 
You start with the basics. rapidly building on the funda· 
men ta.ls of electronics with bite-size lessons. You perfonn 
hands-on experiment.s with your 
rRI Discovery Lab , and then 

lOur inromparobJ totals. tems training indud a.ll th.is: 
NRI 's unique Discovery Lab to let you design and 

modify circuits. diagnose and repair faults • NRI ·s djgital 
multimeter fe1:1turing LCD and four key functions, complete 
with ''talk-you·th.rough" instruction on audio tape to teach 
you how pros use meters• A digi tal logic probe that lets you 
visually examine computer circuits • ThelalesL San~ o 80 
dual speed computer with "intelligent" keyboard• 360K 
double-density, double-sided disk drive• 8K ROM, 256K 
RAM• Bundled sofLware, including GW BASIC, MS-DOS. 
WordStar, CalcStar • Sanyo reference manuals to give :vou 
progranuning guidelines and schematics. 
See other side for highlights of NR l's ''hnnds-on" 
computer training 
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IN THE communications, TV/audio/video 

UNITED STATES I servicing, and many other fields.BUSINESS REPLY MAIL If the card is missing, wiite to 
flRST Cl ASS MAil Pf RM IT NO 10008 WASHINGTOI'! 0 C I NRI at the address below. 
POSTAl;f Will l:!E f'AIO BY ADDRESSEE I 
Illa lscHllLS I NR#scH sOOL
McGraw-Hill Continuing Education Center 

3939 Wisconsin Avenue 
 McGraw-Hill Continuing 
Washington, D.C. 20077-9265 I Education Center 

I 
3939 Wisconsin Avenue 
Washington, D.C. 20016 • .~

e-' ~r:I We'll give you tomorrow. 1tn11 

I,1I1 III 1 I I II1 I I I1 I ' II1 ti II1I1 I I ( I1I1II11 .1, Ifl I I,II 
J 

http:comput.er
http:ooilf.in


THE COMPUTER CHRONICLES, THE 
ONLY NATIONAL TELEVISION SERIES 
AIMED AT COMPUTER USERS, OWN­
ERS. EDUCATORS AND COMPUTER 
INDUSTRY PROFESSIONALS. NOW IN 
ITS FOURTH SEASON ON PUBLIC 
TELEVISION. 

CO~HOSTED BY GARY KILDAU. AND 
STEWART CHEIFET. WITH COMMEN­
T A TOR GEORGE MORROW, THE 
COMPUTER CHRONICLES KEEPS YOU 
UP-TO-DATE ON THE EVER CHANG­
ING WORLD OF COMPUTING. 

THE COMPUTER CHRONICLES, PRO­
GRAMMED WEEKLY BY COMPUTER 
PROFESSIONALS FOR COMPUTER 
USERS. 

Computer Chronicles is 
nded by Leading Edge 
nd McGraw-Hill's 
13\lll magazine. 

llADl~c; llH.I. 

There's One More 
Computer 

Program 
You 

Need 

Gaiy Kildall Stewart Cheifet George Morrow 

TOPICS THIS SEASON INCLUDE: 
EDUCATIONAL SOFTWARE • RISC • UTILITIES 

DESKTOP PUBLISHING • GUIDE TO MACROS 


RAM RESIDENTSOFTWARE ·ON-LINE DATABASES• MODEMS 

PROJECT MANAGEMENT SOFTWARE • CD-ROMS 


ARTIFICIAL INTEWGENCE • PERSONAL CAD 


PLUS .•• 

RANDOM ACCESS 


A WEEKLY NE\VS SEGMENT DESIGNED TO KEEP YOU IN­
FORMED ABOUT THE LA.TEST DEVELOPMENTS IN THE COM­
PUTER INDUSTRY. 
The Computer Chronleles on PBS is a co-producuon ol WITF/Harrist!tJrg and KCSM/Sa<) Mateo 
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OCR SCANNING 
Our " SCANNING CONNECTION" 
syst em can be used to read 
your paper documents into a PC. 
Pict ures and graphs can be 
scanned and saved in various 
fi le formats for use by many 
word processing and deskt op 
publishing systems. Text images 
can be converted to character 
t ext for use w ith most word 
processing and t ypesettin g 
systems. Images can be sent 
over t elephone lines to another 
PC or a facs1mtle mach ine. 

We have ~eveloped a special 
controller card for high speed 
compression of Images and for 
character recognition . Books. 
magazines. newspr int. reports 
and typed documents can be 
read by our OCR sohware . The 
software can be t rained to 
recognize almost any font style. 
System prices including scanner 
and software start at S1 795. 

9 -TRACK TAPE 
With our "TAPE CONNECTION"" 
syst em you can read and w ri te 
most I / 2 "" 9-Track magnetic 
tapes using your PC. Tapes can 
be 800. 1600. or 6250. Our file 
transfer software can process 
A~SI labeled tapes from most 
computer systems includ ng 
DEC. HP. HONEYWE.LL, and lBM. 
Large f iles f rom multivolume 
tape reels can be transf erred to 
a disk at rates up to 5 MB/ min. 
Soft ware is provided to use t he 
system for bac kup of t he hard 
dtsk on your PC . 

With more than t wenty years 
experience in work ing with 
t ape drive systems. we can 
solve most PC t ape conversion 
problems. We can supply more 
than ten different t ape drive 
models. System prices including 
t ape drive. controller card. and 
software start at $3495. 

Circle 112 

,j 

DISKEITE CONVERSfON 
We specialize in conversion 
systems and can t ransport your 
documents or images t o almost 
any computer . word processing. 
or typesetting syst em. With 
our "" DISKETIE CONNEGTION "' 
system you can read ana write 
most 8"". 5Y4 ... or 3 '/z "' diskettes 
using your PC . We suppo 
systems from DEC. CPT. WANG. 
NBI . LANIER. HONEY WELL. and 
XEROX . We support most IBM 
syst ems including 3741. S/36. 
PC/ 36. 4300. and Displaywriter. 

Since 1981 we have developed 
hundreds of software programs 
and designed many specialized 
diskette hard ware products. 
With t!hausands of inst all ations 
worldw ide, we are probably the 
world leader In manufacturing 
diskette conversion systems. 
System prices including diske;rte 
drive, controlle r card . and 
software start at s11 95. 

Circle 271 Circl"' 273FLAGSTAFF 

Circle 17-1 un Reader Strvicr CilrdENGINEERING fo r lhaltrs. 

1120 Ka!bab • Flagstaff. AZ 86001 • 602·77 9·3341 
C=pu:ool·Eumpe • 12 Rite Roscnweld • 75015 l'llrls • Tel 530.07 .37 • Telex 205-431F •Telex U.S.A. 10, 609 

http:530.07.37
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_OMPUTING__~____~____R~~~~~~~~~~~~~
C______~ AT CHAOS MANO

pu!c r industry hasn't beard 
<.tbout it: despite horrible rafo, 
Las Vegas was jumping. Floor 
space this year was sold out, 
and so i~ next year's show. 

Shelly Adelson, chairman of the Inter­
face Group that puts on COM DEX , was 
so enthusiastic that he's talking about 
buying some Las Vegas property and pul­
ling up a I million square foot convention 
hall to hold the overflow from the Las 
Vegas Convcalion Center . 

There were thousands of exhibits, plus 
other groups huddled in suites, plus peo­
ple like Adam Osborue doing demonstra­
tions in the. pressroom. A~ a result. I 
brought back a huge pile of scuff to be 
merged with the impossible quantity of 
unreviewed hardware and software that 
already fi.lls Chaos Manor . There was so 
much. I wanted to sit down and cry. 
Clearly. something had to be done. 

Don Hawthorne. a fom1er assistant, 
once. gave me a motto: "Every day , throw 
something a .....11y ." I haven't been doing 
that, and I should. Anyway, today I got 
rid of four huge bags of stuff. mostly soft­
ware from months to years past . 

I hate 10 do !hat. ~ople worked hard 
and long over each one of those products . 
Most of the programs are as good as 
much of the stuff that caught on and be­
1.:ame a commercial success_ Yet what can 
I do? I don't have the time to exercise 50 
DOS shells, 75 disk-utility packages. a 
dozen BASIC compilers, any nu.mber of 
communications programs, structured 
editors. memory-resident spellers, baby 
srrcadshects, etc .. etc. 

Every time I dump something. I have 
the horrible foel.iug thut I've just thrown 
out a potential Turbo Pascal; but if I don 't 
throw some of it aw11y, I will never get to 
anything new. 

Interrupts Enabled 
Here's an illustration of why I never have 
enough time. 

Life after Las Vegas 

Jerry Pourne!Ie 

1·ve ju t come back from wha1 Jerry tries out new booth. transfers them at blind­

\\"..ts the biggest COMDEX yet. ing speeds. 

If there's a recession, the com­ Once the files were trans­
products for the 386, a Mega ST, 

and a huge COMDEX 

While at COMDEX, I did some writ­
ing on the Zcn.ith Z-183 portable-too 
heavy by half, but stlll my favorite of all 
the portables I have. When I got back 
home , I needed to transfer the files over 
10 the Kaypro 386 and print them . That' s 
usually simple. I just haul out Traveling 
Software 's LapLink program. It comes 
complete with a four-headed cable- it 
has both a 9-pin and a 25-pia connector 
on each end- and the wav to use it is ob­
vious enough that I've ~ever consulted 
the manuals. 

This tjme , it didn ' t go so smoothly. 
First , I tried to use LapLink i·n the "Big 
DOS" window of DESQview. But that 
didn't work. I might be able to set up 
LapLink in its own DESQview window. 
buc DESQv iew is pre-ny odd about com­
munications programs. 

The 'HOrst thing W"JS that it almost 
worked. That is: LapLink has a way of 
detecting whether or not you· re con­
nected to another machine running Lap­
Link, and even in the DESQview DOS 
window that seemed to be working fine. 
However, when I attempted to send files 
from the Z-183 to the Kaypro 386, I got a 
series of error messages. 

Next thing was to quit DESQview and 
try again. This didn't work eit.hcr. but for 
reasons that will probably never bother 
you: Traveling Software sends me auto­
matic updates, and I had two wiJdJy dif­
ferent versions of LapLink on the two ma ­
chines. Eventually. I dug out two copies I 
knew to be the same version. reset both 
machines, and started over. This time , 
everything v.ras fine. 

LapLink continues to be a reliable way 
to move files. and at COMDEX. Tr<1vcl­
ing Software was showing DeskLink. an 
expanded version that links two MS-DOS 
computers of any size and. at least in their 

ferred, it remained for me to 
print them . That's when my 
troubles reaJly began . 

I normally <lon 't keep my 
Hewle1t-P.<1ckard LaserJet Plus turned on 
because of heat and general wear and 
tear. That slov.·s things down when I want 
to print, but not as much as you think. be­
cause between the Lasedet Plus and my 
computers sits Applied Creative Technol ­
ogy's Printer Optimizer. 

This is a box full of memory. (lt docs a 
lot of other things. like translate codes , 
initialize the printer. and accept both 
serial and parallel input at the same time . 
but I've mentioned those before .) The 
Prinrer Optimizer comes on ins1an1ly 
when I turn on the juice . The result is that 
I can send over the file to be printed and 
get back to work while the printer is still 
warming up. 

This time. though. when I started to 
print, I got Printer Not Responding 
from Q&A Write, and when I looked at 
the Printer Optimizer. its pilot WdS out . 
Inspection showed the switch was turned 
on , but the linle power cord from the wall 
trnnsformcr was badly frayed. lt wasn't 
delivering power , and my first attempt to 
fix il only made things worse; it sent out 
sparks. 

This was. of course. on a Saturday 
night, with Monday dead Iines. I had tO do 
something. 

The problem wi1s the tip connector. 
which wasn't repairable. However, it 
looks like the con.nector used by the NEC 
and Tandy portable computers to connect 
their AC adapters. Maybe I could use one 
of those? But it's nm smart to blindly 
connect up odd power sources without 
knowing what you're doing. Look in the 

cuntin1~r:d 

Jerry Poumelle holds a doctorate in psy­
chology and is a science fic1io11 writer 
ll'ho also earn. a comfortable living wrir­
ing about compf.Jters pres em andf11ture. 
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manual co see what the power is. 
I couldn't find that information in the 

manual. Well, OK. use a multimeter to 
measure the power output from the 
Printer Optim.izer's power upply: bllt 
when I did that, I found it was 8 volts AC. 
That didn't seem reasonable: I'd ex­
JJl!Cted DC. Of course, the output voltage 
wasn ·1 printed on the power supply : there 
wa~ only a pan number. In examining it, 
I noticed that the little power supply bo.'\ 
(the p:m that plugs into the wall) had be­
come pretty hot before I detected the 
short. Was it supposed to deliver AC, or 
had a diode burned out? 

I was ready to give up in disgust , but 
Mrs. Pournelle, with more patience than 
I have. went through the documents. Al· 
though there was nothing in the index or 
table of contenL~ . a sheet in !he back 
showed a drawing of the box; and in small 
lellering. it labeled the. power input jack 
··3 volts AC.·· 

Hurrah . I found an unu sed power 
adapter, cut off its tip connector . and at­
tached that to the Printer Optimizer's 
power supply. Since it was AC. it hardly 
mattered which wire went to tip and 
which to ring . After that , everything 
worked fine . and it had taken me onl y 
about 2 hours to transfer the f11es ancl get 
ready to print. . . . 

The moral of the story is simple: you 
never know when you'll need technical 
data. Companies that say yQu don· t need 
cechnical specit'ica1ions arc either dishon­
estly trying to save a few bucks or just 
don 't under.;tand the situati<m . In the old 
days, computer~ came with very good 
technical specifications and description 
documents. The new ones often don't. 
and that' s a step in the wrong direction . 

VM/386 
Many years ago, when we had only 8086 
chips , I remember CompuPro's Dr. Wil­
liam Godbout giving me a lecture on 
what the 80286 chip would do for us. It 
turned out he was wrong-not b~causc 
he'd misunderstood the implil·ations of 
the chip- but be.cause Intel never did 
manage to deliver an 80286 that worked 
up !O specifications. To 1his day. I.he 286s 
come with several pages of bug reports . 

There have been some bugs in the 386 
chips, too ; but not as many, not as seri­
ous, and , more important , not in the 286 
functions . Real 386 chips you can buy 
right now will do all that the 286 prom ­
ised and then some-or would do it , i f 
anyone had the proper oft ware . 

Fortunately, we' re almost there. 
At COMDEX in 1986 , I saw early 

" conceprual" versions of VM /386 from 
Softguard Systt:ms. Steve and Ken Wil­
liams, Joe Diodati. and some others were 
writing a virtual operating system that 
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would let you turn your 386 computer 
into about nine "vinual" !UM PC AT 
clones. This \\~dsn ·1 the perfect solution to 
the operating -system problem. but it 
would go a long way, since it provided 
real multitasking while also letting you 
keep a whole mess of programs instantly 
available at the touch of a hot key. 

The only trouble was that they were 
crying to finance 1h is marvel through 
sales of copy-protection soft.,..,.are. This 
put me in a strange position: I wished 
them well on the 386 operating system , 
but l couldn' t approve of the way they 
made their money . As a writer. I've noth­
ing but contempt for softv.>are thieves 
(who like to call themselves "pirates" J; 
hut as a user. I can't possibly be.come de­
pendent on something I can't back up, 

As it happens, 1987 was the year the 
bottom fell out of the c:opy-protc.ction 
market. A few publishers out the.re didn 't 
get the word, but fo r the most pan, copy 
protection of business software is history. 
and ~ven publishers of games are going to 
an entirely different scheme. This left 
Softguard Systems without an income. 
The result w.-is that VM/386 was sold to 
Intelligent Graphics. and most of the de ­
velopment people went with it ; and they 
got it done in time for COMDEX 1987. 

The demonstrations were impressive . 
much more so than Microsoft WindQws 
because, unlike Windows . VM/386 runs 
all DOS software . At COMDEX. they 
were runn ing a number of program 
imultaneously . Each program had its 

own "virtual machine" with a full 640K 
bytes of memory. plus Expanded Mem ­
ory Spcci flcal ion (EMS) rnernory. One 
machine had 1wo copies of Autodesk's 
AutoCAD running in addition to other 
program . I haven't had a chance to thor­
oughly bash VM/386. More next month. 

386-to-the-MAX 
VM/386-and PC-MOS/386 which I 'm 
expecting Real Soon Now- are substitute 
operating systems using the power of the 
386. There's another way to go. Qualitas 
offers a program called 386-to-the-MAX 
(I'll call it MAX386), which rums any 
386 memory into the Lotus/lntelJMicro­
soft (LIM) EMS 4.0. If you 've got a 386 
and an ordinary memory board, you can 
run programs that understand EMS 4.0. 
and you won't need any special hardware. 

MAX386 does other things . If you 
have an Intel 512K -byte motherboard 
with a 386. like on the older Kaypro 
386s, MAX386 will backfill from your 
memory boa.rd so that the system will be­
lieve it has a full 640K bytes. 

The program remaps your ROMs, par­
ticularly slow EGA ROM, into fast mem­
ory. in theory saving screen rewrite time. 
(I haven't noticed the need ti:ir th;it, and 

the problem is that they aren't ROM> 
anymore , meaning that they· re vul nern­
ble 10 being overwritten when you don' l 
w;.ml them to be. Fonunately. this feacurt' 
can be disabled .) There are other th ings, 
and it does al I this in 2 K bytes of low DOS 
memory (plus. of course. considerabl y 
more expanded memory ). 

I brought a copy of MAX386 home. 
and it does indeed work . I have a 512K­
byte motherboard. and I normally use 
Qu;inerdeck 's Expanded Memory Man­
ager ~86 (QEMM) to muse the system to 
believe it has 640K bytes . The QEMM 
package uses about 16K bytes of low sys­
tem memory. so MAX386 ought to be 
preferable. When I substituted MAX386 
for QEMM. it worked like a charm . 

As for as I can tell, the EMS memory 
works reasonably well also . I say reason­
ably because while Lotus 1-2-3 seems to 
work fine with this , Ready! doesn't. To 
be fair, Ready! didn't work very well 
with my tormer (Above Disc ) software 
emulat ion of EMS either: I' m told that 
o lder versions of Ready! (I ike mine ) 
write all over places they shouldn ' t, and 
it's preily hard to make it work pro~rly . 

The Qualirns people tell me their pro­
gram will work with DESQview . Mayhe 
so. but I couldn 't get it lo . Quartcrdef..'.k 's 
Gary Pope is aware of MAX386 and says 
that early versions didn 't work . but he 
thought the problems were ironed out . By 
the time you read this , they should be . 
The advantage of MAX386 over QEMM 
is that il's smaller. and you can open a 
window and load it with pwgr.-ims that 
use EMS 4.0. In any event , MAX386 
works fine with reasonably well-behaved 
EMS programs. and it' s a lot cheaper 
than buying a ne.w board . 

Sota MotherCard 
There are JO million IBM PCs and PC 
Xl' out I.here, and while every one of 
them is more powerful now th;i~ when it 
was purchased. they ' re all obsolete by to­
day 's standarJs. The problem is what to 
do with them. 

The best solution I've found so far is 
the Sota MotherCard 5.0. which drops 
into your PC or XT . It comes with a 
DaughterCard that can contain up to 4 
megabytes of EMS memory. an optional 
80287 math chip. and an AT BIOS and 
clock. Installation is simple. 

This isn "t just an accelerator card: it 
pretty much turns your PC into an AT 
clone , so much so that at COMDEX. 
Sota· s Alan Hsiao v.-as demonstrating an 
XT with a MothcrCard running 0512 . 
You can· t get much more AT-compatible. 

My advice i.., if you've got an old PC. 
buy a new power supply of at least 150 
wans-they 're advertised all over the 

co111i1111ed 
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helps save time, money, and cut frustrations. Compare, evaluate, and fi nd products. 


Your Complete Tool Set: 

Only $50 per Month! 


You ouh.I ca>ilY >pcn.J 'S.I .~l pulling h l­
i:cthcr 1h,· tx·~1 programming environment. 
Nuw vou .::an lcusc vour dmi.-.;· of the b..-st 
compiler. editor. <kbuggcr. afld general pur­
fk')C librnr~ . llr wh:u cvcr . 
If our ~ .. vcnr ...,IJ bu,in~~' •enc .11e!\ 

7~K + p;:.r year in ,..-:\•cnuc, call about our 
,oftwarr.:-onl)' k:.ts.; . 

/\ nnrher inn.-iv111mn from 'Jl1c Progrurrimcr·' 
Shop . 

alla Sorr warc" l~as:ing . iwd al i..,1:· 

386 Development Tools 

.<86 As~cmblcr/ Linkcr re s 389 
JX6 Debug - b_ Phar Lar PC~ 129 
.l86/DOS E.\lcnJcr PC S 'JI') 
IJ F Qvit:w P 1'2 PC S IO<J 
l-77 L - f~M - ny Lal1cy MS CJll 
High C - t>y 1kt11wun: l"C CJll 
OS/ :!86 & 386 by 1-\1 ,<\rt· hir cc t ~ PC: C:;lll 

Al languages 
AIYf - A ti c Prolog T utor - bu ild 
appli,. ~tt i n~ 1ntcmctivcl PC S .J9 

\R ITY Pro lnl! - full. -I M..:I! 
lntcrprct.:r - ~ucbu!L C. ASM P 229 
C.:OMP I LER/ l nlcrpn:t~-r-EXE l'C 569 

Cogent Prnl og ompi lcr 1\t!S 179 
MicmPr I g ProL 'omp.tlntcrp. MS -1~9 
PC Scheme LISP • bv T l PC $ 85 
Siar S pphirc · MS -l:!l) 
Tr.msLISP • learn ra~1 M 79 
TransLISP PL S MS 149 
TUIH30 PROLOG by Borland P S 69 
O thers: IQ LISP ( 2J9l. IQ LISP ( _69l 

Basic 
BAS_C - e onomy 179 
BAS_PAS - c·•·onomy I JS 
Basic Dcv..:loprncnl Toob I' · 89 
dhll.ib MS 11 9 
r..,im Toolkl! - ull PC • 45 
hn~ll y • b Ko111p11tcrwcrks P 85 
Insi de Traci- P -19 
foch 2 by Micro H..:lp PC 5:'i 
Nc1Work~ by E.\ 1111 PC 9 
Q13;n' - screen: MS 79 
Quick B IC P ~ 69 
()uick Pak-h r• ccn1 Sof!w:m: IC S 59 
Quick-Tools by BC Associates PC I >9 
Stay- Res l'C 59 
True Rasic PC b 79 
Turbo 13A ·1 - bv Oorland PC 69 
TtJrbo BAS IC IJat;;ba.sc Toolbox MS 69 

FEATURES 
XQ L - QL rur Btricvc 1:allahlc lrom 

BASIC. C. mid Pase JI or for i11tcrac tivc 
query nmptHcd iicllis . ~pcciry son 
<irder. m anipul :uc composit..: r(' C:: Ord~ 
frt11njoincd files . Nn ro_:i lt i..:~ . MS ~-l:'il,l 

lnstant-C/ 16M - AJJrcssc' up 1<1 I61\1 
for rr•\gmm and dat<i. lnacnll'lltal 
compil;11i<m mukcs development 
C.t~tc r than Turh" C (compile .mJ rd ink 
X LIS P in 4 'L'c' v~ ~.J l. :!~of.\86 
, nl y. PC. L 1 ~t. 'MW~ 

\ 1\j.,; r\l\ff). C'~ •ll~~\l ill\ l1.t1nj l' IA- !1'1111.JI I J ~ ~I:' \k11.11..-i (hi\ .J S-11J1C ~Ii'."\ 
"" 'l'" "I ' '<•l..1>.,1('1tl)mJf\). '"" • r~'r"'"'"""i.. pl"' 
~ • J 1 .. r...:1, lf">,1J1~r J1 pr 1 1\ ~ i.l.J~"o 1 1 (""1 1 

C Programmers: Complete 

Your Development Toolset. 


Dbaw. u aru la 110 n. fus.sy prcproces.< mg. 

graphie1 windowing, ISAM'-: C rnols rover 1 he 

§pectrum. 


Select from lhe profe,., lunal tool• at right; or 

tel U5 help ~ou choose from over !m 01her... 


Call one of our '"tech rcpi·TODAY . 

RECENT DISCOVERY 
SorTRAN, the T ransl:i tion and Text Lan­

guage by T ransOpti ma - full procedural 
language like C plus pancrn and 
nonprocedural comilructs cu1s develop­
ment effort by up to 16 times. PC $349 

C Language-Compilers 
f\ZTE 'Hb - ommt:r ·iul <199 
C86 PL. S - b C l _>59 

. 99Daialight Op1imum • C 
La ll il-c C • rr 111 Lalticc S259 
Mino,nfl 5.0- ndevicw 275 
Micmsof1 Qui.:-k 67 
Rn - 186 stand 1ltl ne ROM 695 
Turbo C b Borland 67 

C Libraries-Files 
BTrc by Soft Focus MS $ 
CBTREE • · urn :, no rnyallic~ MS 
ctrt:c by Faircom - nn roynltic s M ' 
nrec - n:po rt gcnc ra tit)ll PC 
dB~C Tnolkil 2.0 l\Jt 
dbQ ERY - ad IHx·. QL-b;;~cd MS 
dbV ISTA - Object onl y MS 

Sour c - inglc user MS 
dlh - trnnslntor I 

C-Screens, Windows. Graphics 
Worthy lntcrfocc Libr..tr) 

Curs..:~ by >pen Sci..:1111fic P 
<!BAS E Graphic. fr1r P 
ESSE 1TI L. GRAP H! ·s - fast r 
hlntW I DO\ /PU S P 
GraphiC - new co lor versit'fl P 
Grccnl.::;it Dat:i indow' P · 

' lsnu rc·e P 
Terminal Mapping Sy,1em 
TurboWINDOW/C - fnr .fortw(' 
View Mana!!cr - hy Blaise 
Win<f,1ws tor C - fo,t 
W imkw.-,,. fnr Data - val id at ion 
Vitamin C - screen 110 P 
VC Srn.:c-n 

ZV 1c'~ - ~crc·cn gcnernlor 

Atari ST & Amiga 
We ·;my full line, of lam. & LiJtlicc 

DB ASE Language 
Clipper ·rnnpile r 

tlBAS E II 

d t3:J,c Ill Plu~ 


Call for acatalog. literature, and olid value 

800-421-8006 

'l' llE PllOtlllAMMEll'S SHOP " 

te, .. • .. ~ T(.: .ijlf;' ivt..1.t.. '''' ,r 1r,..,.Jr1• ~1i.r , c~s tra }ri~1'i er~ 

5·11 Pond r~ rk Ruad . llingham. MA 11 20.IJ 
Ma.~•: 800--l-l!-H070or () l 7-HO-~~ lll 

Order bdort! hbruary Z~. l 988 and ml:lllllW 
~for lhcse SPECIAi. PRJ CF.S: 

LJu Na rm al SPECIAL 
Ctr« by Foi"-om 
dib Tni ns la tor 

SJ~~ 

S3SO 
SJl5 
S299 

S.l.89 
S279 

Es•~ntia l Gr• ph ics S25U S185 Sl65 
p I.int S!.lY Sll9 $ 89 
Wln<J<""'' fo r Da la S2Q5 S2J9 SZO'J 

RECENT DISCOVERY 
FORCE Ill. Dbase Compiler hy Sophco ­

sma ll .EXEs, user-defined functions, 1/0 
directives through BIOS/DOS/ANSU 
FORCE/user-defi ne.d, extensions incl ude 
FOR .NEXT loops, soundex, 1()arrays. 
Mave rick. P S109 

DBASE Language Cont. 

dB.-\SE Ill LANl'ad I'(' v._N 
l)l!X I. Interpreter h) W11rJ Ie.:h I'(' ' <)l,l 
hix l lASE + Dev. - V~.o MS S2!l9 
Qukks tl vcr !iy \ ord r.:.:h PC bJfl9 

DB ASE Support 

d f\ml v~ 1 l"C ' Hl,l 
dBn'c.Tnnb fnr (' PC S 65 
JBn -t ' 11h Briel I'(' C'all 
dBC Il l llv La 11 1n' MS SI69 
Ou.:u111.:ntor - dFlnw ,l1pcr:..:1 MS S2:.N 
G~11ifc r b ~ Byt~ I ctidc g.:ncr~11n r ~IS S279 
QL1 1ekCnJl· 111 Plu' ,\IS C:,~.W 

R&K Kc1 ort Wri1cr MS ~l.'l9 

Seek-It - Qu -ry-b)' l'\ tt111pk PC S 79 
Silver \ l1nr11 Libr•.11 v l\tS SD9 
Tom Kc•lli.:·, Librar~· re s 11,1 

l. I Progrnn-1111cr - 11~ci- 1111afo.:c' PC S~-19 

DataBase & File Management 

PC S 'l5<J 
Dala l· k \ h\ Dalu Acco;,, I'(' ) 891,1 

J)a1arlo 11iL1hiu,e1 PC SI I <ll,l 
l\.·1 tgk PC PC S 1>99 
Parnd<1 \ - original PC ) ."\69 

1'<1ntd"' V:! .O 

C<.JL 

PC C:, -l6'l 
Rcwlation hy Cm1m1, PC: S 779 

Multi language Support 

BTK IL:VE ISAM ;>.IS Sllo\5 
HTK 11 VI::./ -11111lln1w1 r-.1S ~455 
GSS C.iraphi.:' De' 't T11ulki1 PC S.'75 
H:\LO Dcwlop111cn 1 1';1.:ka;!t: :>.IS S.•l\Y 

Graph i,·s I'S C:,:!09 
1-klplC'ormnl - 0 11 l in~ help PC 'i l,ly 
Hoops Graph jc, I. ihrary PC' S:'i-lY 
l11>t 111t Pngr;1nnncr'' Hdp MS S 79 
lnfonrn\ -IGL-applk:.1ti11n hui ldcr PC Sf\.N 
lnlom11\ SQL - ANSI 'tandarJ PC S694 
Nl-.T-TOOLS • '1-T BIOS PC Sl'.':9 
Opt h·ch S\lrl - '"rt. merge MS S 99 
Nnrr.m ( iu 1 de~ PC 'i 75 
Panel Plu~ MS S.>95 
l'fi rmh - lw Phocm x :v1 S ~29 
Kt:por1 Option - for Xtricv~ MS SI 09 
S..:rccn Sntlp1or l'C 'i 119 
SS !'ll'C • 1-15 + 11wt l1 routi ne' PC '5~69 
Syn~·1 gy - create u>cr int<:rfa..:l·' MS SJ~<J 
Xtm·v~· - M!.':tntle databa~,· MS ':d99 
Z 1\1' C1ml1t1~ni.:;t111>11, YT l!~l l"C ':. 84 

Cirrlt 190 on Retuier.5u 11ice Card 

http:Retuier.5u
http:IA-!1'1111.JI
http:IJat;;ba.sc


Cif"(/t 105 on Reader Service Card 

CHAOS MANOR 

lntr.grand'1 nevi Ch.mis/Srit~m is not illllllh~r 
IBM mechanical aod clewical clone. An 
entirely f~h JJaCk.aging design approach ha.I 
been tallea ~ing modular constfll(!ioo. At 
prcscn~ over ~ optional stock modules alloy,· 
you to ruswmm: our standard chassis llJ nwiy 
any requirement. l111cgrand olTc~ high 4llllli1y, 
advanced design hardware along wi 1b 
applicauons and 1ci::hnial support all aJ priceJ 
romp;.1ilil't' 'l'lillr impcru. Whysenlc for le<1>7 

Rack &Desk 

PC/AT Chassis 


Rad & De1k ModeLt 
.~ct:i'prr PC XT. AT Mntlrcrbutlrds aNi 
Prllsi-ve &ck.planes 

Doe.r11'1 loolc like IBM 

Ruggt<d. Modular Carr.rtruwon 

E.rcelle111 Air F1ow & Cooling 

Optional Card Cage Fan 

Designed In meet FCC 

204 Wan Supply, UL R1•1:c1gnizt'd 

!43W <~ 8JW alm available 

Rca.mnah(v f'n'ccd 

cau or wri It for dc:1eri plivc biocbu1~ and prim: 
8620 Roose·•clt Avt. • Visllia. cA 9329l 

2091651-1203 
TELEX )IO\lll 1&JO llml:GRAND UO) 

EZLINK 6:><Jl61n 

Wc -=~ RonkA .... r.:..rdl V lSA urd M.l-<:1<rCard 

tBM Pr. KT, ...T 1~\llf l~-...1 .....,_ ~ 
r...~im. UM.I i:Dlll'tfMn" bo&nJJ 1'1(.'111. 1111..l..iib.1 
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place-and replace the smaller one that 
came with the machine . This takes less 
than half an hour. Then get a good har<l 
di sk drive kit. The best ones I've seen 
come from Priam, but plenty of others 
are out there. lnscall the hard disk drive. 
Then add the Sota MotherCard. The re­
sult will be fast. and it's a lot cheaper 
than buying a new AT . Recommended . 

Sota also has a 386 card to put into 
your AT compatible. This th ing run so 
fa t I could hardly believe it: In one 
benchmark, the Compaq 386 scored a 
rating of 3.5 versus a normal IBM AT' s 
1.0; an AT wilh the Sota 386 card ran at 
5.61 The Nonon SI (system information) 
rating was 3 l .6. which is actually as high 
as that index can go. I confoss I am anx­
iously awaiting that card . 

Atari Mega ST 
Atari intends to go after the U.S. busi­
ness market in a big way. The company is 
already accepted as a leader by the Euro­
pean business community. The original 
520ST and I 040ST machines give more 
bang for the buck than anything el se rm 
aware of. 

Given. David Small's Magic Sac (and 
1he Atari monochrome sc reen), you can 
make any ST run mosl (older) Macintosh 
software . Data Pacific al so has a new 
Translator box that lets you run Macin­
tosh software directly from its original 
disks. Meanwhile.. there 's plenty of busi­
ness software being developed for the ST 
itself. 

There are word-proce.ssing programs 
like Regent Word . and if you ' re used tu 
WordPerfect , !he Atari ST version runs as 
you'd expect it to . A lot of software runs 
better on the ST than on PCompatibles . 
because the Atari handles graph ics bet­
ter, and some programs arc just easier to 
use with the GEM interface than with 
PC- DOS. A good example is Zoomracks. 
a data-storage-and-retrieval program that 
emulates the older card-based Execu­
Scan sys1em I formerly used. Zoomracks 
has a lot of similarities to HypcrCard and 
p<.>sitively cries for a mouse. 

The Atari's monochrome resolution 
(640 by 400 pixels) is bener than the 
Macintosh's, and it has a larger screen to 
boot. The Atari ·~ color in "medium reso­
lul ion" is the same. as the IBM PC's CGA 
(see table I). but the sys1em hardware 
allows clever tricks to get a lot more 
colors onto the sere.en. 

Antic has a program called Spectrum 
that does unbelievable 1hings to Atari 
color. making it hard to distinguish it 
from the Amiga . The Atari 520ST and 
1040ST mach i.nes sell at attract ively low 
prices . In a word, the Atari ST line has a 
lot going for it. 

The Mega ST is Atari' s new and im­
proved version of the ST. You can get 2 or 
4 megabytes of memory , which is 1wice 
the Macintosh SE 's capacity. If you get a 
Mega ST, the Mega 4 is probably what 
you ought to buy ; it· s pretty ha rd to up­
grade che Mega 2 into a 4 . I know of no 
programs that can use the full 4 mega­
bytes . except Antic' s Cyber famil y of 
three -dimensional CAD :-.md animation 
software, which turns the Mega ST into a 
desktop video workstation . They do 
things little short of amazing . 

Unlike programs that run under PC­
DOS , there' s no inherent re1:1son whv an 
Atari ST program can '! be a megabyie in 
size and acce ss anot.her 3 megahytes of 
data. The Mega ST al so has a blitter chip 
to speed up graphics. The resulting color 
output isn 't quite up to the standard of 
the Amiga , but it 's sure good enough for 
most people . I' ve j ust put in the best pan 
of a week playing wi1h the Mega ST , and I 
like it. 

There are real problems. though . 
First. it' s overpriced. By the time you 

get a Mega 4 with a hard disk dri ve, 
you 'II have paid nearly as much as you 
wo uld for the Macintosh SE. and the re's 
a Jot of Macinto~h software out there. Up 
to now, Jack Tram iel' s Alari machines 
have been competitive in price and per­
formance; I'm not so sure that 's true of 
the Mega ST. 

There are also compatibility problems. 
continued 

Table I: Standards supported by rhe Orchid TurboPGA board. Emulation of 
CGA, MDA. and HGC i.f achieved through software comma11ds; PGA and 
EGA are 1ia1ive /0 1he hardware. 

Name Resolution Colors Palette Horizontal scan Vertical scan 

PGA 640 )( 400 256 262,144 30.5 kHz 60 Hz 
EGA 640 )\ 350 16 64 21 8 kHz 60 Hz 
CGA 640 )( 200 4 16 15 75 kHz 60 Hz 

320 )( 200 
MDA 720 )( 348 

80 '.<25 (mono) 184kHz 50Hz 
characters 

HGC 720 x348 (mono) 18 <1 kHz 50 Hz 
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CALL TOLL FREE 1•800•528•1054 
rJ~f: OWEST PRICES 


Air Express Shipping FAST DELIVERY 

Brolher All l.lod~i. 
Clllzon MSP...O 
MS""45 
MSP· !>O 
MSP-55 
Pr om.J~r~ 
Tribute 2.24 
120 0 
Cld:u:fn 1800 
c11 1:.wri rse 
Dlablo 63.5 
Dyconics 1so 

I All Prinlf! A:ef~ .. ·Ctfl 
Hewlatt·Peckllrd L•1orJo r 11 S1779 
NEC P2200 .S3Sll 
aso Stl539 
960 + S19llO 
3550 S7H 
ll810 ,8860 St0119 
P6 1421 
P7 se1a 
PS S103!1 

IAll Prtnlet !:!'!~ .Cd I 
"-nuonlc 1001 MOOoJ ::.? $180 
i060Mod91 ~ S185 
!092 I 5305 
15N 51141 
159~ •. •• · • • ••· . • • • S395 
15115 ·- . ... ... S4211 
~ 131 S249 
U151 $390 

Call 

I All Pri~=R~~·~~.Ct!! I 
TOShlbe 321 SL $499 
l41 $ L Me!I 
351,,.000111 $899 

Call 

I'll' 
HlilJWHt To111ProJOGt Mttn-190, II •• 
Mlcroso l11>roloc1 
Suoo<P10 1C1:! t Plu:t 
n rnc llno 2'.0 . 
GRAPHIC 
Logl Moo.. 
lOOi Buos MouH w/ oaln! 
No-.,...,m.a to1 • 
ln--A.Vi151 iell • 
Mk:rosQfl B l.IS.'$·MOo 5e l .lJ ••• ·~ 
Microsoft Ch•rt 3 O 

Micr0&0n S~fial Mouso , o 

Nowaroom 

PC Buu Pl u1 MCk/ao wJP111M 
PFS. Fbst PuOl ls hor 
IM SJMous.e w / Dr Halo 11 
PC Mou•o w/ l'llln r 
Pnn1mu te• 
Signrna. is:1or 
Turbo Gt•phl• Tool Box 
UTIUT! S 

Com ooSu•vl! S1.11t1u• KH 
Cro11:stnlk XV I 
MS AcrhSS 
M trrc1 II • 
Fle1nore 
Smnrtcomll l 

EMhl• 20 
Fr11m11>WOricll 
Smlill1 Sofrw.11'1! SY3tvm l 

Symt'l'\onv 
AttlMy Plu; 

TRAINING 
,::11g:t1tS1mt11llllor 
l'CL090 
Typing loslrl.JC!or 
Tyll.ng Tu!Ot IV 
MS learninlil 008 

LANGUAGES 
C Corn oiler (Mla roso" l 
Fortran Complh) r ( M1croso!tJ 
rYl.iJCro A!.wmbler (Mlc rosori ) 
PilSCBJ Compiler (M lcro.:1.0i1J 
Oulck BBli 1c oil _Q 

ruttxi JumbO P3c.I( ~ 

fu rbo Pascal 4.O 
rurt:>oC 
Tu1·boBulc 
llJt bO PrO/OQ 

9113 
$153 Wordslar 2000 + 3.0 $189 Mo ny olh"r 1111<1• av&llable. 
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To Place an Order. 1-800-528-1054 
To Follow-up on an Order. 602-944-1037 

8804 N. 23rd Ave. 
Phoenix,Arizona 85021 

Order Line HourS:: 
Mon-Fri 7:00 a.m.-6:00 p.m. 

Saturday 9:00-1 :00 
Order Processing: 

10:00 a.m.-3:00 p.m. Mon-Fri 

Call 
. S2N 
s.415 

13•1 

S4eo 

S400 
seGI 
St41 
St60 
S3HI 
S7311 
S2"I 

S289 
92&8 
S2119
s2es 

c.11 
SBQ 
s•a 

52119 
$89 

S2•9 
sea 
S30 
$99 
Call 
S02 
589 
S20 

5132 
538 

S19 
see 

St37 
1133 
sea 

511111 

Ma•ell MO? (Q ty 100) 
M~S 
Sony OS/DD (Qty IOOJ 
verneuum s <~ ostoo c100 •l 
5.25HD(100..) 
3 5DS(100'• l 
3.5H~ 10011 ) .. 
MO ITOR S 
Amdek All Mon1t.ors 
Mltsubl1hl Dl•mono s;;,,n 
Omor Mode11. 
NEC Mulllsync It 
Multisvnc Plu.s. 
Multlsync XL 
Princeton Gr•Phics All Moo•I• 
Sony Multf.a.c.an w/ca.bl6 
Mulll0<ao 1300 
Thompson u 1tr.rtsce.n 
Zenith 1• 00 F"T M 
Othf:tr Moduli 

DE S 
SN•I HAYmi 

: All Modems -. • .• !Cl! I ...,.
Prometh•u11 1•ooe w! Sol r 
Ott"IOI MOO.Ill 
US flobol~ CO<J•l<>r i•oo 
l'llHWOl'Ol200 
DI K O Al\I s 
Iomega ecrnou111 10 nHl'(I 
Bt:imootl1~mi1J-U 
Bctnoulll 40 mQQ . 
se,noulll Botn ln1emal 16~ ) 
BernooJU Bola E.xlom:d (6 ) 
M ln1M!'11bo Orrvu11 
TNC AT 1,2 MooD'l l<l 
XT ~ HTDnvu 
Magnum T!IDO Bockuo 
E.voroK 1'•po 8:.cti: Ull 

SOFTWARE 
INTEORATIVE SOFTWARE 

5319 
Call 
Cell 

5439 
S10S 

S27 
589 
$27 
S27 
S27 

s2•1 
S2411 

S83 
51U 

5153 
StlS9

c.11 
$13 

S82.l50 
S&ll 
see 
570 $38 

11311 

St33 

S379 


.C•ll 

C•ll 

SM9 

SB711 


S200S 

..Call 

MU 


""" 

Call M11Sl539 ......
se2s 


Cell 
 971111 

St20 

c.i1 
 9019$2" 


$149 
 MCI 
.9865 

......s12eo ....s1eos 
5909

ste•s 
Call 

.5100 
.sas 
.c.11 
Cati 

1127• 
91'. 

s:aa 
939...... 
SH 

K9St5 t S1411 
KBSl!'.3 .•• .... . . . . • •. S23!11 
K0101 ,$ 

IBM PC and 100% Compatibles 

MS W1nd00Nt 2 0 , 
Copy UPC • 
1 OrR Plus . . •. 
F°" lboc> 
Nor1on UhlJ!rO:'S 4 O • . • 
PnntNorlcs 
Skloldcl< (Unor oloc!O<J) 
Sloow•ys3 I 
Supo<lo.ny 
Ktroe 
soz 
Broo1\.lyn Brldge 
WOAD PROCESSOR<: 
"Nord Pof1ect E'Ae-cuh'iQ 
lelldlno fdg{I w tPw1Soo11 & Mn1i 
Tur1xi Liohionmo 
M t rosofc Wo1d "' ·O 
Mu1t1ma.1e Actv4ntnge II 
WC'Jrd~11u wliu1o r 
Word~ttir Pro P{l(:.~ 4.0 
PFS · Prole_~jon.ftl \'ifll 0 S811

IWi'd Perteet ever.4.2)$189 I 

C..11 
919 
549 
978 

, 548 
938 
S45 
C..H 
SS3 
S211 
Mii 
H'9 

S103 
'Call 
Sii& 

St BS 
92•• 
SHl2 
92011 

SPREADSHEETS 

I~~~:~~ ... ... $4151 

AST S" ·P:l<W P! sIlu lllll!~S~109--• 
Hol Shol S278 
OtM< 1.!0001, C•ll 
ATI ECiA S171 
\/GA S2911 
Hercules Colo.- Cord S 1•I 
Gf'ilpl'l lc Cil!J & Gmpnlc Cant + S1711 
Abovo Boord P<: !010 $210 
lnlel A.t>ovo8o;i1a PS/PC P 11 0J S239 
Abov• Boara Arf•OWl S3 UI 
At>ovo Boara PS/AT (41 20) , SS4ll 
386wlC.blo 9719 
lnboord w/O.blC • S 1001 
NEC MuJt lsvnc Graphx: Bnard C•lln • 

~::'~d.;.nyTur1>o2ee .::•••.•. ::: 
Paradise Flvo P>J< 
Au1oowlteh 350 . • • • • •• 
Au rosw1 rch.t80 , 
11(;.i.+ . • • • • • • • • 
llCA Prol&o<onal 
Plus Devolopmont 
~Ulll HRrd C.:iro 70 & <40 MOQabyt<t 

Mount:aln Hard Cerd.51 . 

Ouadr• m Quad ff..., .._ •• 

Tee Mer . 

Video-7 \I~ D<!lu•e 4 YG;. 

VI 0 TERMINA.L 
Qumo \01 Plu• O«•cn 
101 PluoA"'bet 
W~ae 
COM UTETI 
AS T "'odolOO 
AST Mo<lol 120 
AST Modo• "n 
AT&T 
NEC MulllOPOOCl 
NEC Mulli•oooo H 
Sn•rp •..• 
Toahlbll nooo .•• .. .. 
T3120 
1~ •100Suoortwls1 
1 3100 ' 
Zenith 

.. SH 
St 311 
S150 
S239 
S3SS 

Cati
c.11 

1275
c.11 
Call 

S3 t 5 
Utl 

Call 

S13llO 
S20llO 
St375 

c..r 
$14115 
518111 

Call 
11810 

5317S 
S1409 
S2799

c.11 

Oolktnii A Se n..'"' wJF01cn:s1 
Tobi!!~ Monna1na Your Mon<.iy .: O 
DATA B SE MANAGE 
CltPl><l' 

Ot11.itt Ill PIU! 

ExtOOd<Kf Rep.on Wr1hj ' 

r<f"ICJwlOOoe 1n~ l'l l f PtomaPttcJ,. 

OulekCO<IOPlu • 
Ouick AOOO<t 
R;.i flo• • 
08·~ L 
r>,: ..;i. Pfo 1~u 10MI Fde-

Lotu!I 1•2-3 
MuHiplan l O 

""'" VP Plannor Plu s 

!1112 
$111 
NT 

53711 
9370 
51715 
S28S 
S138 
!1138 

S78 
580 

S112 

http:Mu1t1ma.1e
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Circle ZZJ on Reader Senice Card 

Even More Power & Flexibility 

BRIEF2.0 


BRIEF easily confom1~ 10 your editing preference and style, 

ensuring you are truly comfonable and productive . 


Srraight from the box. BRIEF is as much edi tor as most people 

will ever need - thanks to features likc the real Undo. flex ible 

windowing, and unlimited file size. 


But BRIEF's hidden power is in its exclu.~ive macro language . 
Customize BRIEF to include the commands and features YOU 

• 
• 

• 

Edi1 many files 
a1once. 

• 
• 

- File size limited only 
by disk space. 

• 
• Optional bordcrlcss windows . 

- Automatic language 
scnsitivc indcmalion . 

• E'.GA and Hercules Plu 
:suppon 

- Compile & find emus within BRIEF. 

And much . much more! 

Rcquin.:$ an IBM PC. ATorcompatible 
with J92K . 

desire. It's fastan<lcasy. · 
Users and industry press alike unanimously praise BRIEF. 
··Recommended ." - Jeny Poumelle. Byte 12/ 86. 

Now BRIEF' 2.0 add.-;: 

Basic • Selllp Program for easy 1nsralla1ion and configuraiion . (Requi res no macro kn~lwlcdgd . 

Features • Increased speed for suphisticated operations like Undo and Regular fapression Search. 
All new documcmation WITH 1u1orial on the Mai::n> Language . 

Command line: e.diting (move .:ursor. add & deletecharaC"tcrs. specify parameters) . 
fapandcd Regular Expressions. wi1h matching over line bounduries. 

More block types , with marking by character. line or col umn . 
Rcconfigumble indenting forC files (~ uppons mo.~t indenting styb) . 

Enhancetl large display support. incl uding wider displays. 

Try BRIEF (S 195) for 30 da)'S -ifnot satisfied get 11 full rcfond. 

If you already own BRIEF. call for update info. 

CALL 800-821-2492 Solution 
In MA 617-337-6963 <Systems 

541 Mai n Str<<i, Su11c 41 UB 
So. Wcymou1h . MA 02190 

Computers For The Blind 

Talking computers give blind and visually impaired 
people access to electronic infonnation. The question 
is how and how much? 

The answers can be found in "The Second Beginner's 
Guide to Personal Computers for the Blind and Visu­
ally Impaired" published by the National Braille Press. 
This comprehensive book contains a Buyer's Guide 
to talking microcomputers and large print display 
processors. More importantly it includes reviews, 
written by blind users, o'f software that works with 
speech. 

Send orders to: 

National Braille Press btc., 88 St. Stephen Street 
Boston, MA 02115, (617) 266-6160 

NBP ls a non pro ht braille priming and publishing houst. 

CHAOS MANOR 

Some of the software wrinen for the 
520ST and I 040ST blows up on t.he Mega 
ST. As an example, Strategic Simu.la­
tions- Roadwar Europa is not copy-pro­
tected and instructs you to play only with 
a copy. Fine. but when I formatted a dou­
ble-sided 3 \l:i-inch disk. I kept getting 
bombs (the Atari's rather whimsical sys­
tem failure message) at disk access. 

I finally erased that disk and refor­
maned it as single-sided, after which I 
got fewer bombs-but it still crashed sev ­
eral times during 1he course of the game. 
MichTron' s M Di.sk program doesn't 
seem to find all the extra RAM in the 
Mega ST. It will still let you make a big 
RAM di k. I've had glitches with some 
other programs (mostly games; games 
are a pretty good way to rest a machine ). 

The Mega ST has a new version of the 
Atari ROM TOS operating sysrem. Ir 
fixes some bugs in the old TOS; for ex­
ample, the 520ST and I 040ST used to 
forgive writing beyond the end of mem­
ory. while the Mega ST sees that as a bus 
error. Unfortunately. although it isn't the 
machine 's fault (programmers have no 
business being that sloppy). this and 
other "fixes" introduce more incompaci ­
biliries with the 520ST and 1040ST_ 

I don't want to exaggerate. Well-writ­
ten software has no compatibility prob­
lems, and most of the okler stuff will be 
fixed in new versions. The real problem 
with the Mega ST isn't its compatibility. 
but its price. 

Education and the Atari ST 
When you chink of computers in educa­
rion, you naturally think of Apple; but in 
fact Lhere's an aw ful lot of good stuff out 
there for the Atari ST. Arrakis Advantage 
has desig ned a whole series of programs 
to teach subjects like statistics. They use: 
compu1er graphics in a very clever way to 
hold the student's interest. 

MichTron has a whole line of ST soft­
ware. from desktop utilities like M Di sk 
and MiehTron STuff thal almost every ­
one will need. to games-Time Bandit 
still has my vote as having me most excit­
ing graphics I've seen on a smal I com­
puter game-to educational program. 
like AB Zoo, which teaches keyboarding 
to children ages 3 to 6. 

Mrs. Poumclle spent an hour playing 
with AB Zoo and kept calling me over to 
look at the grdphies. Her favorite was the 
little vampire bat that pops up when you 
correctly find the V key. We did get a bit 
weary of the music; there are only three 
tunes , and after JO minutes of "Twinkle, 
Twinkle, Little Star," you wish mightily 
for a nova. Ofcourse. you can ahvays tum 
the sound off. 

A more advanced educalional game is 
continued 
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Ah, the big idea. Everyone 
has one. But not everyone can 
afford a plotter to plot one on. 
VVhichgotusthinking. VVhatil 
there was an HP quality plotter so 
reasonably priced you could afford 
to hook one up to every PC CAD 
workstation in the office? 

Presenting the HP DraftPro 
Plotter. For only $4900 any architect, 
engineer or designer can create 
perfect plots time after time. 
Consider what the DraftPro can do: 

It can draw straight lines, 
smooth arcs and perfectly-formed 
characters. All on C and D-size 
drafting film, paper or vellum, 
using eight different pen colors. 

Furthermore, it works with 

just about any PC, such as the 
HP Vectra PC and IBM PCS. As 
well as popular PC CAD programs 
like versaCAD and AutoCAD. 

If the idea of having HP 
reliability 'vVith a low price tag 
makes sense to you, call us now 
For a brochure and sample plot, 
call 1 800 752-0900, Ext. 901A. 

The HP DraftPro Plotter: 
high-quality drafting for only 
$4900."' 
The drawing shown below was produced on the 
HP Dr!iltl'To with VersaCAD sottw arn. 

r //OI HEWLETT 
~~ PACKARD 
V•r$<1Cl\D °' ~ <eg!Mrod trad@ma1k ot T !It WSyil•mll. AucoCAD LS 

• reqist.>rod 1r1Klema1k of AutoDcsk. Inc •sugges<.ed U S llS< pne<> 
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How to pull off a fantastic 

HP plot for only $4900. 
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Invasion , also published by MichTron. 
This game is similar to Type Aitack in 
that you see a city. with words falling 
onto it; as you type the letters in the 
words. a laser shoals them off the screen. 
You're supposed to get them all before a 
building is hit , and the only \VdY you'll do 
that al the faster levels is to learn touch­
typiag. There ·s no way you can stare at 
the keyboard. 

We found a glitch in this game , in that 
it wouldn't let us create a ne.w typing 
practice vocabulary although it said it 
would; we got cherry bombs on both the 

Mega ST and the 1040ST when we tried 
to save the new file, and once again I 
think it was because we fom1atted the 
playing disk as double-sided. It's not a 
critical problem: since the program ex­
pects the new vocabulary to be in a sum­
dard ASCII file , you could actually 
create one with any word processor. 

Invasion also has 11 math section; The 
enemy anacking your cit)' is an equation 
like "3 + 5 = ?'?" or "4 * 7 = ??". 
You 're supposerl to type all of it in, not 
just the right answer. The constant repeti­
tion tends to burn the addition and times 

I 

' - --1-; 
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tables into your br.iin all right; the prob­
lem is that on the Atari ST keyboard , you 
have 10 use Shift keys co produce the + 
and * signs and so forth, and that' s not 
easy given the time you have before the 
enemy blows up part of your city. Alas. 
you can't make up your own equations; 
Mrs. Pournelle thinks she could do some 
better ones. For the price, though, Inva­
sion is quite a bargain. 

That brings us to Walt Disney Personal 
Computer Software from Sierra On ­
Li ne, spcci fically Donald Duck's Play­
ground. This says it's for ages 7 to I I, 
which is si lly; I'd expect 4-year-olds to 
like it. and kid s over age 9 might tire of it 
fairly soon. 

The game was por1ed over from the 
IBM PC by a programmer who didn't 
understand the Atari ST. In order to play 
it, you must plug the mouse into the Atari 
ST, then, after the program boots up. un­
plug the mouse and put the joystick into 
the place the mouse was. Given that on 
the Atari ST the mouse and joystick ports 
ure under the machine. this is one miser­
able cask . There are separate ports, and 
you can keep both the mouse and the joy­
stick plugged into the Atari ST; but Sierra 
On-Linc didn't bother studying the ma­
chine and requires that the joystick be in 
porl 0, where the mouse usually resides. 

Once you get the game up and running . 
though, it' s pretty cute. Donald Duck 
wants to buy equipment for a playground . 
First, he has to earn money by working in 
a series of amusing if a hit tedious tasks. 
Then he can go buy th.ings, paying for 
them and making change as required . Fi­
nally, he can go inspect the new equip­
ment that has been delivered to the play­
ground and watch his nephews jump, 
slide, and atherwise enjoy themselves. 

I can •t guarantee how long it will hold 
a 7-year-old's attention , but it kept Mrs . 
Poumelle and me amused for hours. 

Languaging Up 
Given what you get for the money. I don't 
think there 's a better home/educational 
computer bargain than the Atari 520ST. 
The question is, how will Atari fare in the 
business machine market? 

The machines are technically good 
enough. There are some drawbacks. I've 
already mentioned price. The Mega ST 
has a detached keyboard and a more pro­
fessional look than the original STs, but, 
alas, the Mega ST still has those "de­
signer" function keys slanted to look just 
as cute as a bug 's ear while making it 
hard to use them properly . The mouse 
and joystick still plug in awkwardly. and 
there's only the one serial port. No inter­
nal modem and no slot. No math chjp . 
Some of these I imits may be overcome by 
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DEBUGGING SWAT TEAM 

Order Eco-C88 Rel. 4.0 New Modeling Compiler 

and get C-more at no extra charge! 

Seek and Correct 
You already know that fast compilation does not mean fast program development. Backing 

up for bogus error messages and removing the bugs takes time. Eco-C88's "Seek and Correct" 

three- way error checking finds even the most elusive bugs. clearing the path for swift program 

development. 


Double Barrel Error Checking 
Eco-C88 nails syntax errors cold and tells you about the error in plain 

English. And there's no avalanche of false error messages, either. Other 

compilers can generate up to four times the number of error messages 

actually present; they leave it up to you to guess which ones are 

real. •You'll be more productive with Eco-C88 because there is no 

guess work. 


Eco-C88 providesten levels of semantic error checking. You can 

select from almost no checking to the fussiest you've ever seen. 

Eco-C88's "picky flag" finds subtle errors that slip by 

other compilers. 


Eco-C88 also features: 
• 	 All data types, plus ANSI Enhancements 
• 	 Robust library, including many new ANSI 

functions 
• 	 CED editor with online function help, split 

windows, compile-edit-link capability 
• 	 New, expanded manual with sample pro­

grams for the library functions 

C-more Source Code 
Debugger 

Finally, if a really nasty bug persists, 

put (-more, our source code debug­

ger, to work. With ( -more you can 

watch your program as it executes, 

single-step it, set simple or conditional 

breakpoints, test complex expressions, 

use variables as indexes into other vari­

ables, initialize and trace variables, examine 

CPUregisters, display results wi th print f()­

type options and much more. C-more can help 

you trackdown bugs in minutes rather than days. 


The price for Eco..(88 is $99.95. And, for a 

limited time, we'll give you our C-more debugger 

at no extra charge. 

Ecosoft Inc. 
6413 N. College Ave. 
Indianapolis, IN 46220 

(317) 255-6476 (Tech Info) 
(800) 952-0472 (Orders) 
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third-party hardware developers. Some 
won't be. 

Atari uses Digital Research' s GEM as 
the main user intcrfoce . I could learn to 
prefer GEM to DOS , and many already 
do. My pet peeve is that the silly drop­
down menus drop whenever the cursor 
gets too close to the top of the screen; but 
there is, I 'm told, a memory-resident 
program that fixes that. so that you have 
to click to get the menu. (GEM originally 
had pull-down menus like Xerox, Lilith, 
and Macintosh. but Digital Research was 
frightened away by lawyers .) 

TWO NEW 
DESIGNS! 

The Atari ST is an extremely powerful 
tool , certainly capable of doing business 
computing; indeed. as I 've reported. the 
Europeans are doing just that. 

The Mega ST's future will not be de­
cided by Atari alone (although the com­
paay docs control the price. of course). 
The real answers will come from the 
hackers and software developers. rf 
they'll produce ·oftware that will use the 
machine's capabilities . Atari will be in 
fine shape . 

There are signs that the sof!'1.V:lre is 
coming. I saw a lot of it at COMDEX. I 

Those Jan1astlc Byie covers- and boy. 
do they look great on this stylish. !t. sleeve 
T-'shlrt from Rebert Tinney Graphics ! 

The colored sleeves and neckline vMdly 
complement the rull·color des gn, 

And don"t mlslake lhls for a rubbery 
palch that cracks and peels oM aller 
a row washings. This ~ truo four­
color process: the permanent inks 
are sllk·screened into the lab<ic, 
resulting In a beautiful, full-color 
image lhal losts l 

You 'll also appreciate the Shirl itself: 
a heavyweight coMonl polyester blend 

which combines 1oughwashabil ity with 
ine coo1. sort comfon of conon. Each 

Byte T·shln Is pr lCfld at only St 2.50 
(S 11 .50 each for 3 or more) . Be sure lo 
Include shin size : C-(chlld t O· t2). S­

(34·36), W-(38-40), L-(42-44 ). and 
XL- (46-48) . Most orders shipped 

w1tnin a wook . 

also saw the languages developers will 
need. 

Barry Workman and my son Alex of 
Workman and Associates demonmatcd 
their new fTL Modula-2 compiler for the 
Atari ST at COMDEX. There hasn·1 
been a lot of applications software written 
in Modula-2 in the TBM PC world. There 
are several reasons for this. One big one. 
I think, is Turbo Pascal, which has hall so 
many features added that it" s more like 
Modula-2 than Pascal anyway . 

In my judgment, Modula-2 is still the 
language of choice for most large proj­
ect~ . particularly in situations where a 
number of programmers have to work 
more or less independently. Workman's 
version for the Atari ST is set up to work 
with GEM. an<l 1he optional Editor Tool· 
box gives source code for writing your 
own applications. 

FTL Modu la -2 produces code that 
runs acceptably fast on the ST: a Modula­
2 version of my very math-intensive ma· 
trix benchmark (see the August 1987 
DYTE, page 243) runs in 63 seconds on 
the ST. Typical 1imes on a Zenith Z-248 
withou1 a mac.h chip are abouc 80 ~ec ­
onds. I'll be much surprised if there 
aren't several Atari ST applications pro· 
grams written in fTL Modula-2 by this 
time next year. 

There' s also HiSoft BASIC , which is 
.. interactive compiled." It" s fast (runn ing 
my benchmark in about 60 second~) an<l 
reasonably compatible with Microsoft 
Compilt:d BASIC 3 .0 for the IBM PC . ( It 
docsn 't have records and some of the fea­
tures of Microsoft QuickBASIC 4.0. but 
then nothing else does either. ) 

HiSoft BASIC supports recursion and 
has libraries for interfacing with GEM . 
It's powerful enough to write business 
applications with. I'm still doing all my 
accounting with program s I wrote in 
1978 in Compiling CBASIC (originally 
CP/M, later recompiled for PCompati­
bles) , and Hi Soft BASIC for the Atari ST 
is as powerful as CBASIC was. 

f"m told there 's a Prolog for the Atari 
ST, but I haven't seen it yet. I sure would 
like to . Then there ·s Lisp. 

John McCarthy wrote Lisp (officially . 
that stands for Iist processing, although 
Lisp detractor say it stands tor lots of in­
sane stupid parentheses) while a graduate 
student in the 1950s. It has since become 
the language of choice for much of the ar­
tifkial intelligence community, largely 
because Lisp doesn ·1 see any differences 
between data and program. That makes it 
easy to write programs !hat modify them­
selves. Of course., once you· ve done 1hm 
you could end up with a smart program, 
but unless you're pretty smart, you'll 
probably generate a colossal mess. 

mmirn•rJ 

188 BYTE • FEBRUARY 1988 



The 

Princeton 
LM-301 

More than the swn of its parts. 

Combine a PG 1600 display adaptor 

and our LM-301 monicor to create a display 
with incredible resolution and remarkable 
hardware and software compatibility. The 
PG 1600 was designed by Cornerstone 
Technology and is available exclusively from 
Princeton. 

Now you can handle Windows, Gem, 
Ventura Publisher, AutoCad, and Publisher's 
Paintbrush, to name just a few. All with a 
razor-sharp resolution of 1600 x 1200 pixels 
for 150 dpi. And on-board CGA/MDA 

hardware emulation insures complete PC 
application software support for Lotus, 
Microsoft Word, dBase III and many other 
popular packages. Get a consistently crisp 
image with no quivers, jitters, or flickers 
because of non-interlaced technology. 

That's the image you've come to 
expect from Princeton Graphic Systems. 
The Visible Edge. 

Compalibk with IBM XT, AT, PS/2 Model 30, Comp:iq DESKPRO 
386 :rnd comp3tiblcs, including Intel 80386-b·.1.Sed machines. 
PG 1600 ls a registered trademark of Cornerstone Technology. 

CORNERSTONE 
T EC HNOLOGY 

GRAPHIC SYSTEMS 

THE VISIBLE EDGE 
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TURBO SYSTEM 

The fastest IBM 1"' AT'"' Compatible 

SUPERCHARGED SPEED 
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286CPU 


lO MHz option available 
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Some C)(tTcmcly interesting programs 
are written in Lisp. Many were developed 
at universities with public money and 
lhus ought to be in the public domain. 
Some are perhaps obsolete: The first 
spelling-checker program I ever used wus 
developed at MIT for the DEC PDP- I 0. I 
thought it wonderful at the time, but there 
are much better ones now. Others, like 
MACSYMA, which docs symbolic alge­
bra , have enormous potential. 

Lisp is a memory hog. It has to be. 
since. it does a lot of its v.··ork by recursion 
(a technique i.n which a function rep.::at­
edly calls itself) . John McCarthy used to 
be fond of saying that Lisp docsn ' t really 
get interesting until you have a fast ma­
chine with 4 megabytes of memory. 

The Atari ST is a fast machine that can 
have 4 megabytes of memory . I know of 
only two Lisp programs for lhe ST: Meta­
comco's Cambridge Lisp and a program 
wrilten bv BIX Senior Editor Dave Betz 
(" dbetz".on BIX). Bmh are limited. I'd 
sure be interested in seeing a good Mac­
Lisp or some such for the ST. 

A Picture of the Future 

When IBM brought out the PC, they de­

liberately didn't build in video hardware . 

You had to buy a card that would ou1pu1 

either monochrome or color graphics. 

This was pretty clever given the advances 

that were (and still are) being made in 

video display 1echno logy, but ir sure 

made for confusion si nce there was no 

real standard . 


Aboul the same time. Zenith put both 
ROB and composi1e color in their ma­
chines , with the lauer ahle to drive a 
monochrome sc reen as well . They sti.11 do 
that on their laptops. The color on the Z­
100 dual-processor machine was better 
than anylhing IBM had for quite a long 
time, just as the Z-100 was a better ma­
chine tha.n the IBM PC. It didn't have a 
detached keyboard and had some other 
minor problems. all of which would have 
been fixed. hut the Z- l 00 , like a lot of 
other good machines. was burned up in 
lhc mad race to PCompatibility. 

IBM's monochrome and color weren't 
very good. and it wasn' t long until third 
parties like P..trndisc. Orchid. aml Her­
cules brought out improved video boards 
with far better graphics capabilities. 
However. none of the early PCompatible 
color capabilities were good enough for 
writing books. The edges of the letters 
were 100 fu zzy , and the whole display 
lacked crispness . For serious writing, 
you had to stay with monochrome or 
avoid the PCompatibles altogether. 

Then came EGA, which required a 
monitor with a higher sweep frequency, 
and at first there were problems running 
software written for the older IBM CGA 

standard. The monitors and EGA driver 
boards weren't cheap , but EGA was cer­
tainly good enough for professional writ ­
ers. For that matter, it still is. rm still 
using it for all my writing. including this 
column. EGA was responsible for bring­
ing a number of writers into the PCom­
patible fold. 

The problem was that EGA boards 
weren't well-designed . The chips don't 
have readable. registers , which me.ans that 
al!hough your software has to be written 
to take advantage of EGA , the program 
can't get feedback: there's no way to tell 
what tate the EGA hoard is in. That can 
lead to some odd di splays . Faults and all. 
though. EGA W'dS good enough that it be­
came the business color standard. and a 
lot of companies bcgirn producing EGA 
monitors. 

h was a short-I ived standard. I don't 
suppose we can say EGA has actually 
been replaced. but we can all s~ the 
handwriting on the wall . When IBM an­
nounce.d VGA. the new "standard" for 
the PS/2 bus, they didn ' t say they were 
abandoning EGA, but they didn"1 say 
they were going to support it, thereby in 
effect pronouncing EGA ·s death sen­
tence . In a few years, many expensive 
EGA monitors are going to be somewhat 
obsolete. It' s a pity they can"t be modi­
fied so they can be used with the new 
VGA graphics , but they can 't. 

Notice that I said "obsolete" and not 
"surplus." Readers of this column will 
re.:all that for a year now I've been using 
an EGA system with lntecolor's Mega­
Trend 19-inch EGA monitor. I still love 
it. That monitor is more than good 
enough for just about everything rwant to 
do. and EGA will continue to be good 
enough for what people bought it for. 
However, graphics technology moves on . 
and I'm intercste<l in keeping up. 

Electrohome and TurboPGA 
The upshot is that I have a new monitor. 
an Electrohome ECM Vari -Scan. This 
accepts everything from CGA up through 
the new PGA systems. Like the NEC 
MultiSync monitor , the ECM Vari-Scan 
accommod.ates just about everything you 
throw at it. 

Surprisingly . the monitor is slightly 
smal Ier-though heavier-than the 
MegaTrend. In EGA mode, the screen 
quality is comparable to the Mcga­
Trend's; my subjective opinion is that the 
MegaTrend· s display is crisper and the 
colors a bit more vivid, but there's not 
that much difference. 

Jn PGA mode , this thing is gorgeous. 
We 're driving it with the Orchid Turbo­
PGA board. This board, like the Ekctro­
home monitor. accepts all inputs from 
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The new LASERLINE"' 6 from OKIDATh can 
help you make a handout that's a standout. 

Add life to your text with graphics, underlining, 
boldfu.cing, and italicizing. You can even change 
your tone by choosing from 15 built-in type fonts. 

Thanks to the LaserControl"' disk you get with 
it, the OKIDATA LASER will do it all with the soft­
ware that's probably in your PC right now. It's 
also compatible v..ith LaserJet' and LaserJet Plus' 
software. And, to get economy no dai~heel can 
match, get the three-user module. 

Get an OKlDA'D\ LASER today and get more 
than applause, get the business. 
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CGA up 10 PGA. There's a software tog­
gle tc> go from EGA to PGA, since most 
programs, includfog DOS, can't talk in 
EGA . (The PGA board has separate 
screen memory for EGA and PGA; when 
you toggle from one to the other, the 
images aren't erased .) 

Once you're in PGA mode, the display 
is little short of amazing. My monitor 
came with a di s k full of three­
dimensional demonstration images, like 
architect drawings of houses in shaded 
colors and pastel s, complete with land­
scaping and trees; car bodies; robots; and 

FULL 


Let CPT give you the total view - today. 
Upgrade your PC, XT, or AT- compatible 

computer with CPT's full -page displays, at a price 
far lower than you might expect. For more 
information on how CPT can expand your 

display·ho rizons, call 1-600-447-4700. 
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the like. Any of lhose pictures would be 
good enough to photograph and use as 
pre.sentation slides. 

For that matter. you can pipe the out­
put from the board into a box that will 
make Polaroid photographs directJy. T 
can see how this could dramatically in­
crease productiv ity for anyone involved 
in color image presentation. 

My TurboPGA board came with PGA 
Palette, a paint program that lets you mix 
up any colors you like; see table l to get 
some idea of just how rich that mjx can 
be . Most of the images on the dernonstra­

tion disk were drawn with lhat. although 
some were done with RIX's EGAPaint. 
R!X, in case you missed my earlier re­
marks. nrnkes about the best IBM PC 
paint programs around. They 're always 
upgrading , and each upgrade is more 
spectacular than the last. The latest is 
EGA Paint 2005 . 

PGA is spectacular, but it's not perfect 
yet. Unlike EGA, PGA has square pixel s, 
which helps a lot , but diagonal lines still 
have some slight sawtooth texture. 

The 'TurboPGA board solves one an­
noying problem. Some older software­
like very old versions of Lotus 1-2-3 and 
games like Star Flight and Crush, Crum­
ble, and Chomp- was written well before 
EGA existed. and not only don 't use EGA 
graphics (most games still don 't), but 
can't even talk to an EGA board . You can 
get software patches for many of these. 
but it's still annoying. Orchid supplies a 
program that you run to tell the Turbo­
PGA board to expect CGA output, after 
which there's no problem. 

You may not need full PGA capability , 
in which case EGA is good enough and 
will be for a while. On the other hand. if 
you need a new monitor. you'd probably 
be smart to buy one that can accept multi­
ple sweep speeds. Color graphics are get­
ting pretty spectacular, and it would be 
wise to be ready for them. 

There' s one more feature to the Elec­
trohome monitor: you can get a box that 
accepts two video inputs, say from a VCR 
and a cable. and instantly switch from the 
computer input to that, turning your 
monitor into a TV set . The instant switch­
ing is useful if you're pretending to be 
working . 

Winding Down 
I'm running out of space, and as usual I 
haven 't touched half the stuff I laid out 
for review. In particular, the.re 's Scandi­
navian PC Systems ' Readability program 
for PCompatibles . This Lhing analyzes 
text in uuly wonderful ways and is little 
short of amazing. More next month . 

I've also got Smalltalk for the IBM PC . 
Smalltalk, Prolog , and other nonproce­
dural languages are coming into their 
own. and it's important to keep up with 
them. 

I'd intended to do a complete exposi­
tion on games. Many game designers 
seem to lose sight of the notion that 
games are supposed to be fun. They may 
also be educational. In my judgment, 
they shouldn't bt:- as some I've seen re­
cently-primarily vehicles for designers 
to show how much more. clever they are 
than their customers . 

That is nol the problem with Earl 
Weaver Baseball (I have an Amiga ver­

cominued 
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CHAOS MANOR 

AB Zoo ---- -· --· --· -··· ·· · ··· · ···· ·· $39.95 
Invasion . ...... . ... . .. . ...... .. .. ... $39.95 
M Disk .. . ... ... ... . ... . .. . .. .. . .... $39.95 
MichTron Sfuff.. . .. .... .. .. . . . . . $39.95 
Time Bandit_ __ ___ __-·· _____.. . · -__ $39.95 
MichTron 

576 South Telegraph Rd. 

Pontiac, MI 48053 

(313) 334-5700 

Inquiry 938. 


Cyber Studio. . .. . . .... .. . . .. .. .. . . $89.95 

Antic 

544 Second St. 

San Francisco, CA 94107 

(415) 957-0886 

Inquiry 939. 


Donald Duck's Playground ... . $29 .95 

Sierra On-Line 

Sierra On-Line Bldg. 

Coarsegold, CA 93614 

(209) 683-6858 

Inquiry 9.W. 


Earl Wea"er Baseball .... ....... $49 .95 

Electronic Arts 

1820 Gateway Dr. 

San Mateo, CA 94404 

(415) 572-2787 


• Inquiry 94J. 

ECM Vari-Scan 
13-inch ....... .. ... .. ... .... .. .. ... $1190 
19-inch . .. . ... .. ... .. .. ... ... .. .... $2795 

Electrohome 

1155 South Miliken Ave _ 

Suite F 

Ontario, CA 91761 

(714) 983-5660 

Inquiry 942. 


Items Discussed 

EGAPaint 2005 .. ... . . .. . .... . ... . .... $99 

RIX SoftWorks 

18552 MacArthur Blvd . 

Suite 375 

l.rvine, CA 92715 

(714) 476-8266 

Inquiry 943. 


ITL Modula-2.. . . ... . . .... .. . .... $79.95 

Workman and Associates 

1925 East Mountain SL 

Pasadena, CA 91104 

(818) 791 -7979 
Inquiry 944. 

HiSoft BASIC .. ... ... . . . . . .. . . . . $129.95 

Optimized Systems Software Inc. 

1281 Virginia Ave . 

Campbell . CA 95008 

(408) 446-3099 

Inquiry 945. 


Magic Sac . . .. . .. . . . . . . .. . . .. ... .. . $149 .95 

Translator __._ . . ___. _... __.___.. _.$279 .95 

Data Pacific 

609 East Speer 

Denver, CO 80203 

(303) 733-8158 

Inquiry 946. 


Mega 2 ---· -··- ---· · --- -·------ -- $1699 .95 

Mega 4 (with color monitor) . . _.. $2599 

Atari Corp. 

1196 Borregas Ave . 

Sunnyvale, CA 94089 

(408) 745-2000 

Inquiry 947. 


Printer Optimizer 
64K-bytc ... .. . .. ... ... ... . ... ... ... . $408 
I-megabyte ... . .. .. .... ... .. ... ..... $895 

Applied Creative Technology Inc . 

10529 Olympic 

Suite IOI 

Dallas, TX 75220 

(800) 433-5373 

(214) 358-4800 

Inquiry 948. 


Readability . . ... . ..... .. ....... .. .. $59.95 
Scandinavian PC Systems 
3 Brookside Park 
Old Greenwich, CT 06870 
(203) 698-0823 

Inquiry 949. 


Sota MotherCard 5 .0 
8 megabytes -- -· .·-· . . ___ . ____ . _____$995 
JO megabytes .... ... .. .. .. . .. ... .. $1095 
12.5 megabytes .. ... .... . . .... . .. $1295 


Sota Technology 

657 North P-.istoria Ave. 

Sunnyvale, CA 94086 

(408) 245-3366 

Inquiry 950. 


386-to-the-MAX ..... ..... ... .... $74.95 

Qua] itas Im; . 

831 4 Thoreau Dr. 

Bethesda, MD 20817-3614 

(301 ) 469-8848 

Inquiry 9.51. 


TurboPGA ... . . .. . . .. .... · -· · · . . . . . $ 1599 

Orchid Technology 

45365 Northport Loop W 

Fremont. CA 94538 

(415) 490-8586 

Inquiry 952. 


VMJ386 ..... .... ..... __ .. _._... ..... .. $245 

Intelligent Gr.iphics Corp. 

4800 Great America Parkway 

Suite 200 

Santa Clara. CA 95054-1221 

(408) 986-8373 

Inquiry 953. 


Wizard's Crown .. . ....... . . . . .. . $39.95 

SSI 

1046 Rengstorff Ave. 

Mountain View. CA 94043 

(415) 964- 1353 

Inquiry 954. 


sion , but there are others) . If you ' re a 
baseball nut, the only problem the game 
has is that you'll spend half your life play­
ing it. I knO\V my kids have. If you 're in ­
terested in hit-and-run, when to bunt, and 
that sort of thing. you can painlessly learn 
more about baseball strategy from Earl 
Weaver Baseball than from a dozen books 
on the subject. Recomme.nded for base­
ball fanatics. 

My personal game of the month is 
Wizard ' s Crown from SSI for PCompati­
bles. This is a sword and sorcery adven­
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ture game that has really nice combat res­
olution- you can play down to a blow-by ­
blow battle- with good CGA graphics 
and an interesting adventure quest with 
puzzles. 

The book of the month is From C to 
Modula-2 and Back: Bridging the Lan­
guage Gap by Claude Wiatrowski and 
Richard S. Wiener (John Wiley and Sons. 
1987). This thing ge~ technical in spots. 
but if you know either language and V.'llnl 

to know about the other. this is the book 
to get. 

Now if I can just find a place to put all 
this unreviewed stuff. • 

Jerry Pournelle welcomes readers ' com­
ments and opinions. Send a self-ad· 
dressed, stamped envelope to Jerry Pour­
nelle. clo BITE, One Phoenix Mill Lane. 
Peterborough. NH 03458. Please pw 
vour address on the leuer as well as nn 
the envelope. Due 10 the high volume of 
leuers , Jerry cannot guarantee a person­
a/ reply. You can a/sa contact him 011 BIX 
as ''jerryp. 
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NOW THERE'S AN EAsIER WAY TO CATCH UP 


ONYOUR PAPER WORK. 

If keeping up has you falling behind, try 

CompuServe's exclusive Executive New--s 
Service-an electronic clipping service 
that puts the power and scope of the 
world's most respected news sources at 
your fingertips. 

111e Executive News Service can provide 
you with all types of important iniorrnation. 
Keep an eye on financial and economic situ­
ations. Follow national and international 
market fluctuations,economic conditions, 
and lhe business, political or economic 
~nts Uiat affect specific companies. 

Keep informed of specialized areas of 
technology or the expanding health care 
industry.Stay on top of the upcoming elec­
tions. Or follow your favorite sports team on 

and off U1e field. Travel with the Olympics 
from Calgary and Seoul. 

Asingle keystroke can give you The 
Associated Press news wire, Reuters Fi­
11anciaJ Report. McGraw-Hill News,771e 
v.tishinglon fbsl and OTC NewsA.lert. 
When you need the most current news. 
it's there. 

CompuServe's Execut~ News Service 
does all the work for you.Just enter the 
'w\Qrds and phrases that define your inter­
ests. Executive News Service screens the 
sources around U1e dock, then electron­
ically files the stories for you to read at your 
con~ience. 

CompuServe's standard usage rate is 
the same any lime ot day. So you can~ 

Cirtlt 41 on Rlad~r S11rviu Can/ 

online as inexpensively during the day as 
)UU can al night. 

CompuServe delivers it all, plus a variety 
of oUler infonnation,entertainment and 
communications options. You can access 
CompuServe with almost any computer 
and modem.To buy aSubscription Kit. see 
your nearest computer dealer.To receive 
our infonnalive brochure.or to order 
direct.call 800-848-8199. In Ohio and 
Canada, call 614-457-0802. 

CoinpuServe® 

lnfomiation Services. P.Q Box 20212 
5000 Arlington Centre Blvd. Columbus, Ohio 43220 

800-848-8199 
In Ohio and Canada, call 614-457-0802. 
""'-11Bloc:lean_... 



Peoplewho deal with"baud 

of ·McGraw~Hill information. 


Nobody understands the value of good infonna­
tion better than the people who work in computers 
and communications. 

And for those people, no infoITTlation carries more 
weight than McGraw-Hill's. We provide the databases. 
analyses and news that computer and communications 
professionals rely on to illuminate the workings of 
their industries. 

Everyone in the business keeps up wi th the 
latest developments by reading McGraw-Hill maga­

zines. BYTE. Electronics and Data Communications 
are all required reading in the fie ld . So are books fror 
Osborne/ McGraw-Hill. 

For MIS/EDP and communications professional ~ 
Data pro's print and on-l ine directories and reports 
cover every aspect of computer hardware and softwa 
from mainframes to micros. as well as communication 
and office automation . 

For people who manufacture or sell microcom­
puters and microsoftware, Future Computing is the 



and"byte'use everybit 


rnmber one information source for product tests. 
malyses and comparisons. 

People who specialize in communications are 
vired into CCMl/McGraw-Hill. to receive not only the 
1ard facts on communications tariffs. but also in-depth 
malyses and bottom-line recommendations via print, 
;oftware and on-line products. 

And when telecommunications and computer 
:ompanies plan for the future. they rely on DRI 
:ommunications to provide them with forecasts 

of economic forces and industry trends. 
When it comes to turning megabytes into mega­

bucks, nothing computes like McGraw-Hill information . 
McGraw-Hill, Inc.. 1221 Avenue of the Americas. 

New York, N.Y. 10020. 

McGraw-Hill. 

Information that leads to action. 




The OS/2™Books by The OS/2™Experts 

According to Bill Gates ''Ed Iacobucci was a key architect . .. 


and made very important 

contributions. Ed is one of 

the few individuals who can 

explain the roundation that 

OSI 2 will provide ror the 

industry. . . what ;vu will 

f'FJad hef'FJ repf'flSents the 

f'FJal ideas behind the operat­

ing system and what can be 

done with iL " 


From Ille Foreword of 
OS/2 • Programmer's Guide 

OS/2™Programmer's Guide Using OS/2™ 
by Ed Iacobucci, by Kris Jamsa , 
Leader of the IBM OS /2 Design Team Author of the Bestseller 

DOS: The Complete Reference.I Foreword by Bill Gates I 
You'll get up to speed on OS/2 with Jamsa's exper­

Here are the techniques and insights on OS/2 version tise . This quick-paced guide covers fundamental to 
1.0 that serious programmers need . Learn how and advanced concepts , illustrated with numerous exam­
why the system works . Iacobucci discusses ples and screen displays. You 'll find details on 

• Dynamic linking and the system API • Redirection of 1/0• Memory management in a protected • System configurationenvironment • Multi-tasking• OS/2 multi-tasking • Similarities between DOS and OS/2• Advanced inter-process communications • Acomplete command reference with syntaxfacilities charts that are unavailable elsewhere• The system 1/0 capabilities • Tips for system configuration with• Session management, user interface. 
analyses of configuration file entriesutilities, and more. 

$24.95, ISBN: 0-07-881300-X. 650 pages $19.95, ISBN: 0-07-881306-9. 600 pages 

Available at Fine Book Stores and Computer Stores Everywhere 
Or Call Our Toll-Free Number 800-227-0900 (Outside California) 800-772-2531 (Inside California) 

(Use Your Visa or MasterCard} 

.....ldir '" C.nod& l~•o"g~ lolcGr•" H•I• Ry"""" LI~ i>ti•"• ~·s l':l3 1911 


~ '1 :.!ti OsborneMcGraw· Hill 
'i •~ 2600 Tenth Street

I 1 nI• Berkeley, California 94710 Circle 170 on Reader Seniice Card 
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ever written. For some 1ime 
now, I've wanted to make a 
~trong statement about what I 
see happening in the MS-DOS 
world. I've tried analogies. anecdotes. 
and parables . Nothing has worked . Were 
I not using a word processor, I'd be up to 
my knees in crumpled paper. 

To be bluni. I'm deeply di scurbed by 
both OS/2 and the rapid disintegration of 
stimdards in the rBM PC arena. Software 
developers and software users alike are 
going to be hurt badly . Even ifOS/2 and 
it · graphic interface . the Presentation 
Manager, are as spectacular as Microsof1 
and its hardware clients claim , the result 
is going to be confusion and bitterness all 
around . I throw out the following points 
in no order of precedence . 

OS/2 is going to create at least two tiers 
of IBM PC users. Since not even Micro ­
soft Windows 2. 0 runs acceptably on an 
8088-based computer, mi Ilions of people 
who have inve ted billions of dollars in 
both hardware and software arc going to 
feel abandoned . You i.:an 't just declare 
that kind of capital investment obsolete 
without major repercussions. 

MS-DOS will linger for a long time. 
perhaps spinning off into an indt".pendeat 
world of its own . OS/2 and MS-DOS arc 
differenl enough that people won 't be 
able lo just switch back and forth between 
operating systems. Each one will create 
its own culture , and there will be inevita­
ble clashes. if only because OS/2 soft ­
ware v.'Qn ' t run on 8088-bascd mai.:hiacs. 

The original IBM PC brought with it, 
simpl y by its dominating presence in 1he 
microcomputer market. a batch of slan­
dan.Js that made life with computers im­
measurably easier. Finally , we had a 
standard disk format. There were stan­
uards for monochrome and color video, 
character sets , add-in cards. and even 
cables. MS-DOS became the operating 
system of choice. 

It took a while for the industry to fall in 

Shortcuts for Simplicity 

Ezra Shapiro 

I was horribly late submining MaclnTax and TaxView, hard to say whether the costs 
this column to BYTE; it has will be passed on in the form of 
been one of the toughest 1·ve a brainy printer cable, TopDOS, price increases or in the number 

and PowerStation 

line, buc when it did , there was a collec ­
tive sigh of relief. With standardization , 
prices for componenls plummete.d. and 
low-cost equipment suddenly pul com­
puting wichin 1he reach of us all . Unfortu ­
nately . those stand an.ls have al ready be· 
gun deteriorating. 

The J:BM line now boasts three largely 
incompatible di sk formats. six video 
standards , and three slot architectures . If 
you throw in third-party alternati ves, ex ­
tended memory. networking , pointing 
devices, optical storage, and me.mory · 
resident-software configurations, the po­
lcntial disorder is incredible . What MS­
DOS had given us was the glue to hold 
chis fragmenting unive.rse wge1her. Until 
now. 

Disarray accompan ies any sudden 
change . On the software side , we see a 
whole gaggle of companies pushing oper­
ating systems and operating-system e-x­
tensions far more aggressively than at any 
point in the past. Control programs for 
machines from 8088s lO 80386s have cap­
ru.red a growing market. New life has 
been bre.athed into the struggle to estab­
lish Unix and its relatives in the micro­
computer community . 

On the hardware side. a number of 
firm s have announced architectures that 
di verge widely from the (BM PS/2 series. 

What does this mean for applications 
software? Well, ii will get tougher for de­
velopers. Compatibility problems are in ­
creasing at a fast pace. and Iha! pushes up 
development time and expense. 

Many companies that provide cele ­
phone. support find themselves respond­
ing to questions about operating systems 
and hardware. I expect that pressure on 
support services is going to in.crea ~e 
exponentially. 

Users are going to foot the bill; it's 

of bugs we'll have to catch on 
our own, but we'll pay one v.ay 
or i:he other. And we'll have to 
be far more astute in choosing 

1he products we buy ; ignoring one teeny 
specification might saddle us with a use­
less purchase. 

I have no solutions for any of this, and I 
don't oppose progress. I 'm a technologi­
cal junkie, and I love to see the state of the 
art advanced. I ' m just saddened that !his 
current step forward will be launched 
with a giant step backward . 

Would we have been spared some of 
the headache lf OS/2 had been delivered 
al the same time as the firs! 286-based 
computers began to ship? Probably. Can 
we minimize the personal hassle by de­
ciding, early on. whether to jump on the 
OS/2 bandW"agon or ignore it completely? 
Probably not. This whole mess is going 
to require every last one of u. to become a 
guru, and I vt0uld rather have been lt:ft 
alone to just do my work. 

There' s a poignancy in this month 's 
product selection. The overall theme is 
.. making life easier ." Ironic, isn't it, that 
the industry seems to be going out of lts 
way at lhe moment lo make life tougher . 

Best in Both Worlds 
Susan Morgan of SoftView has a nasty 
problem. The software her company sci.ls 
has, at best. an abbrev iated life cycle. 
The products are useful for less than 3 
months , a.n.d then they fade away until the 
following year. By the time a reviewer 
has rec.c.ived a shipping ver sion and eval­
uated it. it's too late to write about it and 
still be timely. So Susan Morgan twists 

continued 

Ezra Shapiro /J a consHlting ediror for 
BYTE. Comacr him at P. 0 . Box /46069, 
Sa11 Francisco. CA 94114. or on BIX as 
"ezra. "Because ofthe volume ofmail he 
receives, Ezra. regretfully. cannot re­
spond to each inquiry. 
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editors' arm~. desperately trying w get 
them 10 write about the products before 
they· re actually released. 

It 's not her fault : blame the teueral 
government. Soft View publishes income­
1ax software: MaclnTax is for the Macin­
to h, and TaxView is for MS-DOS ma ­
c hines . The IRS doesn't release its 
official tom1s until January. The people 
at SoftView hustle like crazy to finalize 
their products anu ship them to waiting 
customers around the country. and the 
whole cycle ends abruptly on April 15. 

Though you're reading this in 1988, 
l ' m writing it in 1987. I have not seen 
MaclnTax or TaxView for the 1987 tax 
year. Nobody has. So I have to base my 
recommendation on the 1986 version of 
MadnTax, which is now ancie-nt history . 

To put it simply. MaclnTax has been 
the hands-down category leader on the 
Mac. The program displays all but the 
most obscure fonns on-screen and prints 
them perfectly on either the Imagewriter 
or the Laser Writer . They're linked and 
completely se lf-calculating ; data entered 
in a form. or on one of SoftView 's spe­
cializeu worksheets. is automatically fac­
tored into your tax computations. 

You arc able to import information 
from spreadsheets or databases. as long 
as it's in tab-delimited text format (a s1ao­
dard transfer ritual on the Mac) . If you 
want to play what-if games, MadnTax 
will flag your guesswork as estimates and 
let you search and replace the trial items 
when you get the real stuff. In short. 
MaclnTax eliminates the brainwork from 
preparing your taxes. 

I did my 1986 taxes using forms de­
signed for Microsoft 's Excel. Some of 
the schedules I needed were missing, and 
1 couldn t get an acceptable printout 
using the QMS laser primer I've got 
hooked up to the Mac . I thus had to copy 
the figures off the Mac display and enter 
them by hand into the correct federal 
forms. a time-consuming nightmare . 

I clidn ' t get a chance to play with Mac­
lnTax until after I had filed . When I saw 
what it could do, I cursed my luck_ This 
year, with sweeping changes in the tax 
code that are bound to make this the most 
confusing year in recent memory, rm 
not going to be brave: I'm planning to use 
MaclnTax. I don't need uncertainty in 
this area of my life. 

Based on the elegance of MaclnTax for 
1986, and the fact that SoftView has been 
running through this drill since 1984. I 
have no qualms in endorsing its 1987 line 
sight unseen. l 've wa1ched demonstra­
tion · of the IBM PC version: as it· s a 
pretty straightforward port, I 'm sure it 
will be as valuable for the IBM PC crowd 
as it has been for the Macintosh world. 

MadnTax and TaxView each sell for 
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Grappler C/Mac/GS ... .... ..... $99 

Orange Micro Inc . 

1400 North Lakeview Ave . 

Anaheim , CA 92807 

(714) 779-2772 
Inquiry 934. 

MaclnTax __ .. ···--·----··--·· --··$ 119 
TaxView .......... -... -.... -.. . -.. $119 
Soft View 
4820 Adohr L1nc. Suite F 
Camarillo , CA 93010 
(805) 388-2626 
Inquiry 935. 

PowerStation. _ ... . ...... ...... $59_95 
Software Supply Inc. 
599 North Mathilda Ave. 
Suite 210 
Sunnyvale, CA 94086 
(408) 749-9311 
Inquiry 936. 

TopDOS ......... ..... .. . ... ... $69.95 

Front Runner Development Corp . 

14656 Oxnard St . 

Van Nuys. CA 914 l l 

(8 18) 376-l 322 
Inquiry 937. 

$119 . Once you ' ve bought the init ia l 
package, yearly updates are scheduled to 
go for $55 a pop. You can also spring for 
the Tax View Planner. a 5-year projection 
program that requires you to have the 
MaclnTax/Tax View engine , for $79 for 
either machine. As not~d. all fom1s the 
programs print out are approved by the. 
IRS: just sign the t.hings and send them on 
their way. 

The only complaint I have is that nei­
ther program imports worksheets directl y 
from Excel or Lotus 1-2-3 . But given the 
power of these programs. I'm willing to 
live with that inconvenience. 

Printer Bridge 
The best discovery of the month was the 
Grappler C/ Mac/GS (Orange Micro , 
$99) , the smartest cable I've encountered 
in a long t.ime. It's designed to hook your 
Macintosh or Apple II to dot-matrix 
printers from the MS-DOS world, in ­
cluding those manufactured by Epson 
(FX-80, FX-100, FX Plus, RX , MX. 
LX. LQ, EX , and JX) , Okida.ta (Micro­
line 192, 193. and 292). Star (Gemini 
SG, SD, SR. and IOX), and C. ltoh (C­
310XPR in Epson mode) . 

The Grappler is a serial/parallel con­
verter with an intelligent ROM that con­
verts Apple lmagewriter codes to !hose 
that drive your printer. 

The computer end hus a plug fr>r an 
Apple II serial pore (an 8-inch adapter 
cable is included for Mac u.sers); it con­
nects to your printer wi th a standard Cen ­
lronics parallel interface. A small flat 
box (4 by 3 by I inches) at the printer enJ 
houses the Grappler's smarts. You run 
the cable between your machines, set 
four DIP switches in the box to tell the 
Grappler what kind of printer it "stalking 
to. plug in a trnnsfom1er unit . and you-re 
in business. 

rhad a bit of a ha$sle getting the Grap­
pler to drive my Microline 192. lt ·eem.· 
that Okidata built two modeh of this 
printer. and I had l he wrung one. The 
documentation Jidn't help on this. but 
after a few confused calls to Orange 
Micro, I got the. printer running using one 
()f the Epson ~ettings . It was amazing 
watching the Okidata printer pretend ic 
was an lmagewri1er . prinr ing Macintosh 
screen dumps and type font!> as if it had 
been made for the job . 

The implications of this pro<lul·t an;: 
staggering. Mac and Apple II users are no 
longer trapped into huying an Image­
writer from Apple at double the price of 
~ornc pri.nters on the list. And anyone 
with both MS-DOS and Apple computers 
won't have to purchilse a separ:.ite printer 
for eac h machine . 

As I write this, the people at Orange 
Micro arc busily polishing the ROM code 
to handle other 9-pin dot-matrix printer~ 
(like the IBM Proprinter) . and they· re 
waiting to see if they can conven the 
codes f<Jr the new lmagewriter LQ lo 
drive 24-pin printers . 

This is a great product. 

Shell Game l: PC Side 
As a rule . I don't much Ii kc shells for 
MS-DOS. I find lhcy get in the way more 
than they help . And there arc so many 
products on the market that rm leery of 
writing about them for fear of being inun ­
dated with a deluge of programs that as­
sume users need to be protected from the 
operating system rather than trained to 
utilize it strengths. 

But I have been thoroughly charmed by 
TopDOS (FrontRunner Development. 
$69. 95), a shell that makes real sense. 
even for people who know what they're 
doing with MS-DOS. 

With my usual caveat that I can ·1 gua r­
untec the compatibility of any terminate­
and-stay-resident program , l"d like to 
give big bonus points to TopDOS _It adds 
a raft of desirable feat ures to DOS th<1t. if 
you were to purchase them as separate 

'omim,,·d 
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GET MORE 
MUSCLE 
BEHIND YOUR 
BUSINESS. 
COMDEX/
SPRING '88 
The most powerful spring computer event 
in the industry! Fortified with the latest infor­
mation and technologies ... solid, high-margin 
products ... and business opportunities of 
international proportions. All the muscle you 
need to keep up with the tremendous busi· 
ness demands of our thriving industry. And 
bulk up for the upcoming selling season. 

From COMDEX/Spring '87 to COMDEX/Fall '87 
to COMDEX/Spring '88, COMDEX continues 
to build. Build with it. Flex your business 
muscle at COMDEXJSpri119 '88. 

I
~ 

,~ (~M~fle~~{75pring '88 
May 9-12, 1988 

Georgia World Congress Center and Arlanta Apparel Mart 

Atlanla, Georgia 


l.nNTMOREMUSCUSEH~MYSUSINESS~--
1O Send me comp/ere artendoo Information on COMDEXJSpn'ng '88.


I D SfJnd me complete exhibitor Information on COMDEX/Spring '88. 


Io Ca/I me right sway ar ( > 


N&me---------------~ T/lle ________________ 

Compsny ______________ 

I Address ______________ 

~ 

Cfty SMre _~Zip--­

1 ~THE INTERFACE GROUP, Inc.. (617) 449-6600, ext. 4013 
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utilities , woulJ easily cost you triple ttie tions. Keyboard macros and command 
pricc ofTopDOS. aliases . Sorting. Conte,-.;t-sensitive help. 

Here' s what you get: New commands, Command completion (TopDOS will fin­
entered at the DOS prompt. including ish typing a command after a couple of 
H b TORY la command stack), .lOVE (copy keystrokes) . 
and delete from original directory), and Furthermore, TopDOS fit s in only 
l.1HER.EIS (a blindingly fast file locator). 40K bytes of RAM , supporl'i EGA di . ­
Extensi()ns to ba s ic MS -DOS com­ plays and mice. and can handle hard disks 
mands- COPY. DELETE, and MOVE can be of up to (ulp!) 1 gigabyte. The program 
performed with queries: DIR and DEL can signals that il' s loaded by doubling the> 
be given multiple file specifications. A characte,r of the srnndard DOS prompi. 
built-in full- screen text editor. A TREE Though tree an;:J help features make 
display. in which you t·an tag files and di ­ the program a useful crutch for novice.s. 
rectories for copy and/or delete opera- the rest of the package speeds things up 

w~ tc ~v<-r~.~. f::f. H~' 
GET SUPERSOFT's SERVICE DIAGNOSTICS 

All the software, alignment diskettes , parallel/serial wrap-around 
plugs, ROM POSTs and extensive , professional documentation to 

provide the most comprehensive tesling available lor IBM PCs, 
)(Ts .A Ts and all compatibles under DOS or Stand Alone. No other 

diagnostics oflers such in-depth testing on as many different 
T/J. l/fT types of equipment by isolating problems to the board and chip 

• , , I~ I\. level. 

NEW: SuperSoft's ROM POST penorms the most advanced Power·on-Self·Test 
available for system boards that are compatible with the IBM ROM BIOS. II works even in 

circumstances when the Service Diagnostics diskette cannot be loaded. 

NEW: 386 diagnos1ics for hybrids and PS/2s! 
For over nine years. major manufacturers have been relying on SuperSoft's diagnostics 
software to help them and their customers repair microcomputers. End users have been relying 
on SuperSot1 's Diagnostics 11 for the most thorough hardware error isolation available. Now 
vers ions ot Service Diagnostics are available to save everyone (including every serious repair 
technic ian) time. money, and headache5 in fixing their computers, even non-I BM equipment . 
All CPUs & Numeric Co-processors All Color Graphrcs & Monochrome Monitors 
Svs1em E~pans1on &Ex1endl!d Memory Floppy. Fixed & Non·slandaid D•sk Onves 
Parallel & Serl al rorts Slandard & Non-s1andard Printers 
Mono. CGA. Hercules & EGA Adap1e1s System Board ' OMA. Timers. lnterrupl. 
All l<eyboards & lhc !1042 Conlroller Real-time Clock &CMOS conlig RAM 

Join the ranks of XE ROX. NCR, CDC. SONY, PRIME .. .. who have bundled SuperSoft's diagnos­
11cs with !heir microcomputers at no risk because of our 30 day money back guarantee. 

Ser""" O"'gno•t1c. tor PC. PC •XT, aM comp3t1Dles only ... .. ...... .... .. ... $169 
AlignmanT 0'511.ene for PC . PC1XT and compaubles 148 IP' dr"'e,) ... . S 50 
Wrap-around Pl.,g to• PC. PC1XT ar.d c;Jmpalo~as 1parall11I Hnd "'"'al) $ 30 
S01V1ce D•agnos11o; for AT ~n<I compallbles only .,.. $169 

Ahgnment Oosk""" lo< AT and compal•bles (96 Ip• d"•e$l S 50 
Wrap·a•ound Plug for AT (•oroal) . S 15 
ROM POSr lof PC. PCIX T . and compaUbles only $24 5 
ROM POST lor AT and compa\11lles only .. . ... ....... .. ..... . . . ........ ....... S245 
Se<vlce Dl•g;n.,..Uc9: The KIT (lnc ludo •II ol th• 1bove-save 5502) ................................... ..... S~ 9 S 

Se"'"'" D•agnos11cs lor all olnllf CPUs (386. V20. V30. Hams. otc~ i .. S.195 
01agnoshcs II .s 11111~ul lon10 lh" S<>Nic& probl.,ms ol use!S ot all CPIM·SO. CP'M-86 and MS·DOS cornpu16r~ $125 

ROM POST lor P5•2 and C<l rnpa!lbl8s Ofliy .S245 
Alognmenl D•skHI!~ 101 PS.-2 ar.;j o:imp.1Tlblos 13 S •r><:n) .............................. .......... ..... ,..... $ SO 

To order, call 800-762-6629 (in Illinois 21 7-359 ·2112). write to SuperSot1. or FAX 217 -398-5923. 

~Su oft 

~ '11RS11N$0FTWARE 1'ECl4NOL0Gr' ? OBo-1 16211 Ctwnp"Rign HIN fi;'lf1~9-.2 11~T.eCC1'70:16!tll 

SU:PERSOFf r$i1 iwoisuue.:j !P~gl Supi!tScft r.nc;; CDC or COl'llPOI' o~~Corp 'IOU PC. Ai .. X'T ol Cnt4mana~ Bus.I~ MAmi1'119SCarp ~ 
1)()5 or ...cieSoll Corp NEC al N'EC ln~QrlTl.11~ s~=ll!fm; Inc:: . PRIME r1' PAllflf tNC . So-I'!' CPl' ~'/ CO"P 
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for those who want to cu~tomize their en­
vironments into truly personal systems. 

Gripes? Only that I wisb I ha<l <liscov ­
ered it ·c11_iner . 

Shell Game 2: Mar Side 
PowerStation <Software Supply. $59.95 
is the first Finder replacement on the Mac 
I've seen that' s wonh using. Written by 
Steve Bre.cher , whose earlier Way Station 
became a popular public domain offer­
ing. PowerStation lets you create up to 16 
pages with 27 item bars on each page. 
Each item is rhe name of a program or a 
desk act,cssory: dick and launch the pro­
gram. Documents created by any pro­
gram can be attached to the appropria!c 
bar. so you can jump directl y tn the file 
you w:int to be working in. 

Access to the Appl<' Finder is always 
j ust one button click away, so you can use 
PowerStation as a secondary organizing 
tool as well as a total Finder rcpla<:ement . 
It' s for this type of use that I find Power­
Starion most effective. 

As it"s possible to put program names 
that live in different fol<lers on the Sllll\C 

page. you can create task-related screens 
in an entirely <lifforent arrangement from 
the way you've set up your hard disk. I've 
got applications located in f(.1Jders orga­
nized by program type. and I group my 
documents hy project name. That · s fine 
most of the. time. but when I'm starting 
so1rn:1hing new and complex . rll switch 
ove r to PowcrStation. where I've in­
blalled programs by project type . 

As an eXJJmple. I keep SuperP-.iint in a 
folder with other art programs . Pagc­
Maker stays with layout tool ·. irnd Works 
resides with general applications. On my 
PowerStation scrccns. however. I've got a 
desktop-publishing page that how all 
three programs al 1he same time. Since 
any program can be installed as many 
times as I need it, I've al o constructed 
PowerStation pages for text handling. 
disk repair. l·nmmunications. design. 
and so on . I don't u ~e PowerStation all the 
time. but when I need it, it comes in 
mighty handy. 

As I write this, PowerS1ation is being 
patched to run under Apple's new Multi­
Finder , where it will be a major blessing . 
With MultiFinder running. a 9-inch 
screen can get so crowded with windows 
that you can ' t even recognize that you ' re 
in the Finder. lei alone sian programs 
from it. PowerStation' s nea1ly designed 
display will make identifying and launch­
ing software that much easier. 

The price. is reasonable. the program 
runs cleanly, and it's a delight if you 
aren't satisfied with the wav the Finder 
docs things. And it sure beats rolling your 
own with HyperCard. This is highly 
recommended. • 
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Intelligent statistics. 
Consider the alternatives. 

Today there are numerous micro ­
computer statistics software 
packages to consider. 

But, in the considered opinion 
of many experts. there is one 
that is clearly better. 

Highest rated . 

In its recent review of the five 
leading microcomputer statistics 
programs. lnfoWorfd concludes 
that Systat'" Version 3.0 is qu n ri ­
valed in performance". "tops in 
number crunching power" and 

"unfa ilingly accurate." 
And Info World doesn't stop 

here. but goes on to rank Systat 
as the Number One statistics 
package of the group. 

In doing so, they aren't alone. 
Every published independent 
comparative review rates Systat 
at the top of the I ist. 

8.2 

~-- -~-- _-.- - =~I 

BMDPC 4.6 

Of the statistics packages review­
ed by lnfoWorld, Systat rated 
highest, as it has in every pub­
lished competitive review 

Some p ractical benefits. 

Such ratings are important be­
cause they relate directly to the 
quality of your work. not just to 
glitzy features. For example: 

Are capabilities important to 

you? Sys tat gives you more 
statistical capabi lit ies than any 
microcomputer statistica l pack­
age. including three major 
procedures that PC SAS' and 
SPSS/PC+® programs simply 
don 't offer. 

ts accuracy important? Systat 
gives you more accuracy. In fact, 

a a aaaa aaaaaaaa aaaaaaaaa 

aaaaaaaaaa 
aaaaaaaaaa 

Although more comprehensive, 
Systat requires fess than !12 the 
commands and has 1/2 the bulk of 
competitive programs. Compare 
its 5 disks to 17 for SPSS/PC+ 
and 21 for PC SAS' 

numerous reviews and techn ical 
conference proceedings cons is ­
te n tly prove Systat to be th e 
most accurate statistical 
package available. 

Is ease of operation import ant? 
Systa t operates on less than V2 
the commands of its two largest 
competitors, with Jess than V2 the 
bulk. According to lnfoWorld, 

USys ta t's commands are terse, 
and a few keystrokes will do 
amazing things." 

Is cost important? Systat costs 
less than any other major pack­
age: less than 1/2 the price of the 
comparably equipped PC SAS or 
SPSS/PC+. 

Truly interactive. 
Unlike its major compet itors. 
Systat has not ported some 20­
year-old code from a main frame 
program. Written specifically for 
microcomputers. Systat Version 
3.0 uses an incred ibly small 
amount of disk space: only 1.4 
megabytes ve rsus their 5 to 10 
meg abytes. 

What' s more. the package is 
genuinely interactive, freeing 
you from rig id command proto­
cols . In doing so, Systat allows 
you to a pproach statistica l pro­
blems more intelligently: letting 
you work the way you think in ­
stead of forcing you to think th e 
way it works. 

Next to this, the alternatives to 
Systat don 't look very brig ht. 

TAT 

For more information and a 
complete copy of the /nfoWorfd 
review, ca ll 312 864.5670, or write 
Systat Inc., 1800 Sherman Avenue, 
Evanston, Il linois 60201. 

Systa t operates on IBM PCs'" and 
compa11b les. MS -DOS and CP/M~ 
ma chines, several UNIX minicomputers 
and ma inframes. ~ nd the VAX/M icrovax '. 
Menu/wi ndowed M aci ntosh"' version 
also available. Single copy price 
$595 USA a nd Ca nada, S695 Foreign. 
Site licenses and quanti ty prices 
available. 
The !allowin g ore reg1~tc re d ttocfe rntirkJ.t: BMDPC oi 
F!IMOP Int: •. CPJM at OigiUJ I Ro.sea rch. Inc.. t8M PC of 
IBM. lno .. l.IS·OOS ol l.l1o rosof1. Inc .. PC SAS of SAS 
lnst11u l!! Inc.., S PSSIPC+ of SPSS Inc, ST A.TG RAPHICS 
o r STSC IJl C-. LJN L'W. of AT&T e nd \/AX {11 D1JJHel 
!::qui pme rH Corpcrutmn -

Systat. Intelligent statistics. 
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Is this the new lookof 

project management? 


Plan on it. 

that's dramatically easier to use,with more 
features and increased capability. 

You'll see the difference right away. 
It starts with a more intuitive, easily 
accessible user interface. Then HTPM Il's 
unique Work Breakdown Structure 
gives you the opportunity to plan your 
project completely on-screen. You also 
have the choice of other interactive 
planning formats: PERT charts,GANTI 
charts and Task Lists. Only HTPM II 
offers all four alternatives, letting you 
plan the my that works best for you. 

HTPM !I's other sophisticated 
features help you automatically track 

Our interactive Hbrk Breakdown Strocture is a more intuitive way to statt planning. resources across multipie projects, 

We redesigned HTPM for afaster, easier 
approach to project management. 

Even though Harvard Total Project Manager 
was the category leader, we knew we could make 
it better. 

So we listened to project managers, added inno­
vations,and created Harvard Total Project Manager II. 
The result is a redesigned project management tool 

add project data more efficiently, and 
keep everyone on the project up to speed with 
comprehensive presentation quality reporting. 

We can't tell you everything about HTPM II 
here. We can invite you to call for our free trial 
disk, and find it all out for yourself. 

You'll see why the 
new look of project 
management fits 
your style. Perfectly. 

Graduate to Harvard Total Project Manager U. 


Rum an IBM XT wl!!l Mr'd dn.. ind MS !XlS c:ornp;itlblos. c So~ l'u1>U1lllr@ Co""""lkrn. r.o. ~ 7210, 
Mounciln v.-, r~ \l403Q 7210. 
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Introduction 

Lisp 

L isp has come to microcomputers-or, rather, micros 
havefi1w/ly come to Lisp. When we last covered it, Lisp 

was only a distant vision in the eyes of most microcomputer 
users. Then, if you were lucky (and rich), you had an Apple 
n with a disk drive and 48K bytes of memory. Lisp , on the 
other hand . used megabytes of memory and considerable 
di sk storage. 

Now, things have changed in both directions: Some micro­
computers have 16-bit processors and anywhere from 5 l2K 
bytes to sever-al megabytes of memory , and Lisp itself has 
grown to be simultaneously more powerful and (somewhat) 
less memory- and disk-intensive. The interest in artificial ­
imelligence 1ei:hnology has grown symbiotically with the 
memory-capacity growth of microcomputers and the avail­
abiliry of Lisp implementations for them big enough to solve 
"real-world" problems. 

Just as Lisp has changed, so has our coverage of it. The 
1979 Lisp issue contained mostly introductory articles. but 
we think that the 1988 BYTE reader is ready for articles 
going beyond the "what" of Lisp to the ·' why ." Even for 
those of you who aren't , there are numerous good tutorial 
books on Lisp, and- at some level - you can stjlJ understand 
the underpinnings of Lisp that are discussed in these arricles. 

In .. Lisp: A Language for Stratified Design, ·· Harold 
Abelson and Gerald Jay Sussman pack a lot of important 
ideas into a relatively small article, in essence showing you 
how powerful Lisp is when it is used as it was designed to be 
used. Their first example shows how Lisp can solve a prob­
lem in a "building-blocks .. way that can be changed easily to 
adapt to new conditions. The second example dem.onstrate-s 
the concept of metalinguistic abstraction , the process by 
which you can use Lisp to implement a custom programming 
language that you then use to solve the problem at hand. 

William Clinger's article, " Semantics of Scheme.·· dis­
eusses issues of semantks that make Lisp more powerful 
than and very different from other high-level languages. One 
such idea is that of the first-class object, which means , for 
example, that a Lisp procedure can be defined and invoked 
without having a name, that it can be stored in a variable, and 

that it can be passed to a procedure or returned by a proce­
dure- all of which give.s Lisp a power and a freedom 1hat 
most other languages don 't have. 

David S. Touretzky's ''How Lisp Has Changed" d~­
scribcs several important additions and evolutions to Lisp 
that have made it simuhaneously more elegam and robust . 
His artjcle direcrJy addresses Common Lisp. i_1 multifaceted 
standard that many vendors adhere to. The other articles use 
Scheme, an elegantly sparse dialect favored in 1he academic 
world. 

We think lhat this is a very rich In Depth section of BYTE 
and that it offers considerable insight into the naiure of 1hi 
unusual language. 

- David Ben. BIX Senior Editor 
Gregg Williams, BITE Senior Technical Editor 
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LISP 


Lisp: A Language 

for Stratified Design 


Lisp's power comes from the ease with which 
you can make abstractions and build on them 

Harold Abelson and Gerald Jay Sussman 

JUST AS EVERYDAY thoughts are ex­
pressed in natural language, and formal 
deductions are expressed in mathemati<.:aJ 
language, methodological thoughts are 
expressed in programming languages. A 
programming language is a mediurn for 
communicating methods , not just a 
means for getting a cornpute.r to perform 
operations . Programs are writte.n for peo­
ple to read as much as they are. written for 
machines to execute. 

This article exhibits programs that il­
lustrate the power of Lisp as a language 
for expressing the design and organiza­
tion of computational systems. The exam­
ples are chosen to highlight the impor· 
tance of abstraction in program design 
and to draw attention to the use of proce­
dun~s to express abstractions. 

Any programming language provides 
primitive components. means by which 
these can be combined, and means by 
which patterns of comhination can be 
named and manipu.lated as if they were 
primitive. With appropriate abstractions 
to separate the specification of compo­
nents from the details of th.eir implemen­
tation. you can provide a !ihrary of stan­
d a rd components that can be freely 
interconnected. allowing great flexibility 
in design . 

A language for design should not un· 
necessarily limit our abilit:y to make ab­
·tractions . Most traditional progranuning 
languages . hQ\Veve r, place arbitrary re­
strictions on procedural abstractions. 
Three common restrictions are (I) re­
4uiring that a procedure be named and 
then referred to by name, rather than stat­
ing its definition at tbe point of reference; 

(2) forbidd ing procedures to be rernrncd 
as the values of other procedures; (3) for· 
bidding procedures to be components of 
such data structures as records or arrays. 

The wel I-publicized programming 
methodology of top-down. structured de ­
sign produces systems that are organized 
as trees. Following this methodology . a 
system is designed as a predetermined 
combination of part that have been care· 
full y specified to be combined as deter­
mined . Each part is itself designed sepa­
rately by this same process. 

This methodology is flawc.d: If a sy ­
tern is to be robust. it must have rnorc 
generality than is needed for the particu­
lar application. The me.ans for comhining 
the parts must allow for after-the-fact 
changes in the design plan as bugs are. 
discovered and as requirements change. 
It must be easy to substitute parts for one 
another and to vary the arrangement by 
which parts are combined. This is neces ­
sary so that small changes in the problem 
to be solved can be accommodated by 
small changes in the design. 

To this end. expert engineers stratify 
complex designs. Each le.vet is con ­
structed as a tylized combination of in­
terchangeable parts regarded as primitive 
at that level. The parts constructed at 
each level are used as primitives at the 
next level. Each level of a stratified de­
ign can be thought of as a specialized 

language with a variety of primitives and 
means of combination appropriate lo that 
leve1 nf detail. 

For example. in electrical design , re­
s istors and Lrarn;istors are combined as 
analog circuits to make TTL a language 

appropriate t() digiial circuits . TTL parts 
are in turn combined to build processors. 
bus structures . and memory system ap­
propriate to computer architecture . The 
real power of Lisp is that its unrestricted 
abstractions support the construction of 
new languages. greatly facilitating the 
strategy of stratified design . 

The programs in this article arc written 
in the Scheme dialect of Lisp . Scheme is 
an especially good vehicle for exhibiting 
the power of procedural abstractions be ­
cause, to a greater extent than other Li sp 
dialects . Scheme does not distinguish be­
tween paltcrns that abstract over proce­
dures and patterns that abstract over other 
kinds of data. For an introduction to the 
Scheme dialect, sec the article by Wil­
liam Clinger on page 221. 

!Editor 's note: STRATDES.SCM con­
tains rh£' Scheim• soura code for rhe e.\·­
amples in this article. It contains all the 
code needeil to recreate the examples. in­
cluding support code not given in this ar­
ticle. STRATDE'S.SCM is available 011 

BIX. 011 BYTEnet, on disk, and in the 
Quarterly listings Suppfemeni . See 
"Program Listings" in the table of co11­
te111s. To "find" source code in 1he l.lst· 
in.r;s areas on BIX and B'tT£net, search 
b.v artide title , awhor, or issue dme. 
Some archi ved files may contain mmier­
ous listings for a single articli•. A descrip­

<·im1i1111ed 

Harold Al>elson and Gerald Jay Sussman 
rnn be reached at the Departmelll of 
Eleorical Engineering and Compmer 
Sdnrce. MIT. 545 Technology Square. 
Cambrid1o:e. MA 02 I 39. 
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tion vf the file also accompanies each 
entry.] 

Expressing Abstractions as 
Procedures 
Procedural abstractions can explain and 
clarify a process by lett.ing us e:-;press it as 
an insiam:e of a more general idea. Con­
sider the simple square-root program of 
listing I. The algorithm here is imple­

memed in a straightforward way-the in­
ternal procedure t ry is iterated 10 repeat­
ed! y improve a guess for the square root 
until the guess is good enough. 

Although the square-root implementa­
tion is straightf\)rward, it doe~ no! ex.­
press the underlying ide.a in generalizable 
form. It is no! built out of components 
that can be easily isolated for use in solv ­
ing other problems . A clearer way lo for-

Listing I: A first try at a square-root afgorirhm. Scheme is a block­
strnctured la11g11age , incorporating the imemal defi1zitim1s and lexical scoping 
of the Algol family oflanguages Imo a modem lisp dialect . This simple 
Scheme procedure computes the square root of it.1· urgument using the method 
ofsuccessive averaging arrributed to Heron ofAle.mndria. For this and other 
Lisp listings, remember thP fomulfli11 g co11\le11tio11 th(l[ items alii;11ed \lertically 
are members of the same list and are at 1he same logical h've/. 

(define (sqrtl x) 
(define epsilon l.0e-10) 
(define (good-enough? quess) 

(< (abs {- (square quess) xl) 

epsilon)) 


(define (improve guess) 

(average guess (/ x guess))) 


(define (try guess) 

!if (good-enough? guess) 


guess 
(try {i~prove guess)))) 


(try 1)) 


Listing 2: A simple fixecl-puinl algorithm. This procedure impleme111s the 
''boring meeting" method offinding afued point ofa function. Note the use uf 
this procedure to find a fixed point ofcosi11e. 

(def i ne (fixed-point f initial-value) 
(define epsilon 1.0e-10) 
(define (close-enough? vl v2) 

(< (abs (- vl v2)) epsilon)) 
(define (loop value) 

(let ((next-value (f value))) 
(if (close-enough? value next-value) 

next-value 
(loop next-value)))) 

(loop initial-value)) 

(fixed-point cos 1) --> .739085 

Listing 3: The procedure average-damp takes a procedure fas a11 argwnenr 
amt returns a pro<,:edure, the mlue of ( lambda ( x) ... ) . os a value. This 
retunzed procedure rakes one numeric argumem and uses the procedure f to 
compute a value. Such general methods combi11e ta allow a l'ery dear 
description of Heron's algorithm. 

(define (average-damp f) 
(lambda (x) 

(average x (f xJ))) 

(define (sqrt xi 
(fiJCed-point (average-damp (lambda (y) (/ x y)) l 

1)) 

mulate the algorithm i~ a.s a procc.~s of 
<:omputing afixed point: The square root 
of a radicand x is the number y such that 
y = xly , or, in other words. y is a fixed 
point of the procedure 

(lambda (y) (I x y)) 

How do you find a fixed poim of a 
function? In favorabk cases. vou can iter­
ate the function until the re.suit is close to 
the input. For example, during boring 
meetings many of us have noticed that we 
can find the fi:o;.e<l point of the cosine 
function by entering I on a pocket calcu· 
lator and repca1edly pressing the cosine 
button. After a while, the calculated 
value con ve rge s to approximatel y 
. 739085 . You can capture that gencrnl 
idea as the fixed- po int proce<lu re 
shown in list ing 2. Procedure fixed ­
point, given a one-argument procedure 
f and an initial value., keeps applying f 
until successive values are sufficiently 
close to ca1.:h other. 

You can attempt to find square roots by 
using the following definition of s qrt : 

(define (sqrt x) 
(rixed-point (lamb de. (y) (/ x y)) 

l)) 

(Editor's noce: The procedure ( lambd a 
(y) ( / x y) ) is a11 example of Usp '.1· abi/­
ity 10 create a procedure without naming 
it-in this case . a procedure that per­
forms f(y ) = x/y. Here. thi.1' 1mnamcd 
procedure serves as the first argument of 
the call to fixed-point ; see listing 2. ] 

Unfortunately. this doesn ' t work . Un­
like the cosine function, applying the in­
dica1etl proce.dure over and over does not 
converge to a fixed point. but rathe.r alter· 
nales be.tween the same two values, 
which are on opposite sides of the square 
root. 

In situations like this. you can often 
force convergence by averaging. The 
average-damp procedure shown in list­
ing 3 takes as its argument a pm1.:cdurc 
that computes a function/ an<l returns as 
its result a procedure tha1 computes a 
function with the same fixed point as f , 
but whose oscillations are damped out by 
averaging successive values. The new 
definition of sqrt shows how to use 
average-damp tu express the square-root 
method as a process of finding the fi xed 
poinl of an aver·age-damped function. 

The advantage of this formulation is 
that it decomposes the method into useful 
pieces-finding fixed points of g_encnil 
functions and using damping 10 encour­
age convergence. These ideas are formal­
ized as procedural abstractions, identifi­
able uni!s <1vailable to be used in other 
contexts. 
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Stratified Design 
Peter Henderson used stratified design 
in a beautiful analysis of the construc­
iion of !he "Square Limit" woodcut of 
M. C. Escher. He creaicd a sequence of 
languages lhat makes it easy to describe 
such images. There is a language of prim ­
itive pictures that arc constructed from 
points and lines. Built on top of Lhis is a 
language of geometric combination that 
describes how pictures are placed relative 
to one another to make compound pic­
tures. BuiJt on this is a language that 
abstracts common patterns of picture 
combination . 

!n Henderson' s system , a picture is 
represemed by a picture-drawing proce ­
dure Lhat takes a rectangle and drnws an 
image scaled to fit the rectangle. At lhe 
lowest level of description, a picture­
drawing procedure can be generated be­
ginning with a collection of geometric 
elements specified in tenns of (x ,y) coor­
dinates with respect to the unit square 
(0 ~ x ~ I; 0 ~ ) ~ I). Figure I shows 
two simple pictures, diamond and leg, 
each constructed from a set of line seg­
ments by the primitive-picture proce­
dure. Besides segments. other picture 
elen1ents appropriate to this level are cir ­
c le · with spec ified radii and centers, 
spline curves through designated points, 
and so on. 

The pr1m1 tive-picture procedure it­
self (listi ng 4) takes a list of liae segments 
and returns the corresponding pictme­
dr.twiag procedure . Fo r any rectangle, 
the scaling and shifting required to trans ­
fonn geometric elements to fit the rectan­
gle can be described by an affine transfor­
mation on points in the plane that maps 
the unit square to the rectangle. The 
point-map procedure shown in listing 5 
takes a rectangle and return. an unnamed 
procedure that represents the appropriate 
transformation for that rectangle. 

The next level of description in Hen­
derson's system is a language of geomet­
ric combinat0rs that place pictures beside 
or above one another and rotate pictures 
through multiples of 90 degrees. For in­
· tance , lhe beside combinator illustrated 
in figure 2 adjoins two pictures horizon ­
tally so lhat their widths are in a given 
ratio. 

One important fearure of Henderson's 
geometric combinators is that the set of 
all pictures is closed under combination : 
The beside of two picwres is itself a pic­
ture and can therefore be furthe-r com­
bined with other pictures. In addition, 
combinators can be abstracted: You can 
express common patterns of picture com­
bination as new picture combinators de­
fined in tenns of other combinators. For 
example. a triangle combination is 

cominued 

A Note on Scheme 
P rogramming languages should be programming language that is flexible 

designed not by piling feature on top enough to support most of the major 
of feature , hut by removing the weak· programming paradigms in use today. 
nesses and restrictions that make addi­ The article "Semantics of Scheme" 
tion.al features appear necessary. The by Wi.lliam Clinger on page 22 l of this 
Scheme dialect of Lisp demonstrates issue gives more information about 
that a very small number of rules for Scheme: I've included the citations for 
forming expressions. with no restric­ Clinger"s article and relevant books and 
tions on how Lhey are compos~. suf­ articles in the "Further Reading" refer­
fices 10 form a practical and efficicm ences at the end of this article. 

{de fine d iamond 
(let ((vl (vertex 0.5 0)) 

(v2 (vertex 1 0.5)) 
{v3 (vertex 0.5 1)) 
(v4 (vectex 0 0.5))) 

(pr imitive-picture 
(list 

(segment vl v2) 
(segment v2 vJ) 
(segment vJ v4) 
(segment v4 vl)Jlll 

(define leg 
(let ( (vl (vectex 0 .125 0) ) 

(v2 (vertex 0.25 0)) 
(v3 (vertex 1 0. 75)) 
(v4 (vertex 1 0.875)) 
(v5 (vertex 0 . 25 0.333)) 
(v6 (vertex 0. 125 0.5))) 

(primitive-picture 
(list 

(segment vl v6) 
{segment v6 v4) 
(segment v) v5) 
(segmen t vS v2))lll 

Figure I: Examples ofprimitive pictures diamond and leg. At the lowest level of 
description in Henderson's language, pictures are lpecified as collections of 
individual geometric elements. 

Listing 4: Tiie pri mitive-picture procedure takes a !isl ofsegments mu/ 
produces a picture. A segment is a structure from which you can extract a start 
point and a11 end poim. Procedure drawline draws a line between two 
specified poi111s. The Scheme procedure for-ee.c.h takes a procedure and a list 
and applies the procedure consecutively to each item in rhe list. See lisring 5 
for an expla11ario11 ofpoint-map. 

(define (primitive-picture seqments) 
(lambda (rect) 

(for·each 
(la!llbd.a (segment) 

(drawl ine { (point-map re ct) (start-po int .::egment) ) 
( (point-map cect) (end-point segrnent) ) ) ) 

segments))) 
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(define (beside pictl p1ct2 ratio) 
(lambda {cect) 

(pictl {left-subcectangle rect ratio)) 
(pict2 (right-subrectangle rect ratio)))) 

(define leqs (beside leg (rotate90 leg) 0.3)) 

Figure 2: Working at a higher level ofabstraction. Here is a compound pic111re formed jimn the primitive e/eme111 leg. The 
procedure beside takes rwo pictures and a ratio and retums rhe procedure that rakes a rectangle as an argw11ent. splits it 
accordin' to the ratio into right and left subrectangles. and draws one picture in each part; here. the left subrecta11gle is 0. 3 of 
the width ofrhe rota/ recwngle. The picture language includes rhis and other gevmerric combinators for adjoining pictures 
lwriwmally and vertically and for rotating pictures by 90 degrees. 

(define (tciangle pictl pict2 ratio) 
(above pictl 


{beside pict2 pict2 0.5J 

ratio)) 


(define animal (triangle diamond legs 0. 3) ) 

Flgu.re 3: The triangle combinator places one picture above two copies ofanother. fou can use triang- e to combine 
diamond and legs. 

(define (right-pu5h pict n ratio) 
{if (• n 0J 

pict 
(be:>ide pict 

(riqhr.-pu!!!n piet (- n lJ ratio) 
ratio))) 

(riqht-push leg 4 0.4) 

Flgure 4: The recursively defined combinator right-push repeatedly adjoins n copies ofa picrurt', scaled by a given ratio. 
Here you see the result afadjoining leg to itself4 times. 
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When you design a 

system that incorporates 

a custom application 

language, you must 

address metalinguistic 

issues as well as 

linguistic issues. 

formed by placing one picture above two 
copies of another, as shown in figure 3. 

Since combinators arc expressed pro­
cedurally, all the power of Li sp is at your 
disposal in de.fining complex combina­

tors . Figure 4 shows the recursive com­
binator right-push, which adjoin s n 
scaled-down copies of a picture. The 
combinator language derives its power 
from the closure and abstraction proper­
ties of the combinawrs. That is why it can 
describe seemingly complex figures 
using only a few simple ide~s. 

The combinators themselves are ma­
nipulated at a third linguistic level that de­
scribes common patterns of combining 
picture combinators . Just as the square­
root algorithm above is made clearer by 
expressing it as a fixed-point computa­
tion , right-push can be re-expressed as 
an instance of a general pattern of " push­
ing"-repeatedly applying a combinator: 

(define right-push (push beside ) ) 

Figure 5 shows how to define push as a 

Listing 5: The point-map procedure. A rec/angle is a data s/ntcture from 
which you can select vec1ors represeming the bouom and left edges of the 
recrangle (i.e . . the vec1ors thal run from the origin ofthe rectangle to the 
lower right comer and to the upper left comer) and the vector that runs from 
the origin ofthe coordinate space to the origin ofthe recrangle. Scheme, as a 
dialect of'Lisp, provides fist operations from which you can construct 
compound data objects, such as rectangles and vecwrs , together with 
operations 011 compound data objects, such as vector addition and scaling. 
Po int-map produces a transformation that, for a given rectangle rect, maps 
the unit square onto rect. The tramfonned image ofa poim (x,y ) within the 
u11it square is obtained by scaling the bottom edge by x. and the left edge by 
y, all(J l·ummi11g these together with the origin vector. 

(define (point-map rect) 
(lambda {point) 

(+vect (scale-vector (~-coordinate point) 
(sea le-vector (y-coordinate point) 
(origin rect) ) ) ) 

(bottom-edge 
(le ft-edge r

rect )) 
ect)) 

procedure that transforms combinators 10 

combinators. Having i olated the push 
abstraction, you can apply it to other 
combinators such as tr iangle and use 
the resulting derived combinators to pro­
duce simple . stratified descriptions of 
complex pictures. such as the one gi ven 
in figure 5. 

The stratified description of the picture 
in figure 5 is flexible . You can vary the 
pieces at any level: You can change the 
location of a point in the primitive picture 
l eg, replace the compound picture ani ­
mal by some olher basic repeated unit. re­
place triangl e by some other combina­
tor to be pushed, or replace push by some 
other transformation of combinators . 

Metalinguistic Abstractions 
Procedural abstractions are a source of 
power in creating stratified designs-you 
build structures by compos ing proce ­
dures, you absrract common patterns of 
usage, and you build upon this frame­
work . But for some problems. the appro­
priate means of combination may be awk­
ward to express as compositions of 
procedures; towers of abstractions may 
not suffice. 

The natural programming style for 
Lisp is functional The structural units 
are procedures that implement single­
valued mathematical functions. Within 
this style. Lisp accommodates object­
oricnted programming and imperative 
programming. 

Traditional algorithmic languages such 
as Pascal, C, and FORTRAN are more 
naturally imperative: The statements and 
the subroutines we build modify the 
memory of an abstract machine. In a 
logic programming language such as Pro­

(define {push combiner) 
(lambda (pict n ratio) 


(define (bas i c-comb i nat i on p) 

(c ombiner pict p ra t io)) 


((repeated-applicalion n bask-comb i nat i on) pict))) 

(define (repeated-application n ope rato r) 
(if 	( '- n 0) 


identity-operator 

(compose operator 


(repeated-application (- n 1) 
operator) l ) ) 

(define (compo~e ! g) 
(lambda {JC) ( f (q JC) ) I) 

{define identity-operato~ (lambda (JC) ~)) 

((push triangle) animal 3 0.5) 

Figure S: A still higher level ofabstraction. The procedure push is a higher-order combinator that lransforms combinators 10 

more elaborare combinators. Th~ helper procedure repeat-ad-application rakes a positiYe imeger n and a procedure p and 
returns the procedure that applies p n times. 
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Table 1: Examples ofthe algebraic-simplificario11 rules_ Here are some algebraic-simplification rules expressed in a 
reduction-rule languaJ?e, together with examples oftheir use. Note 1ha1 each rule is expressed as a list with three 
elements-the pattern, the extra conditions (none 1fthere are none), a11d the skeleton ofthe simplified result. Segment 
variables. ofrhe form (?? n). can match any sequence ofzero or more e/emems, which are substituted for the parrem 
( :: n) into the corresponding skeleton. See the te.rr for more derails. 

Rule 1 (- (? x} (? yJ J ;pattern 
none : extra condition 
('!' (: x) (* -1 (: y)))) ;skeleton 

Example. (-	 a b) --> (+ a (" -1 b)) 

Rule2 (* (11 11) (+ (? b) (?? c)) (?? d)) 

none 
(+I" (::a) (: b) (-· d)) (" (::a) (+ (:: e)) (:: d))) 

E:><arnple: (" 	w x (+ p q r) zJ --> (+ {" w x p z) (" w x (+ q rl z)) 

Rule3 (+ (? cl number?) (1 c2 number?) (?? s3)) 
none 
(+ (:(+cl c2)) (:: s3)) 

El<.Clmple. (+ 3 4 x y) --) (+ 7 x y) 

Rule4. 	 (* (7? sll (7 fl) (7? s2) (7 f2) (?7 ii3)) ;pattern 
(same-base? fl f2) ;extra condition 
(* ("(:(base fl)) (:{+(exponent fl) (exponent f2l l ) ) 

(:: sll (:: 	s2) (:: sJ))) ;skeleton 

Example (* a (+ b cl (A x 3) y (A x 4) ("' z 2)) 
--> (" (" x 7) a (+ b c) y (" z 2)) 

log, the natural structural units are 
(rnultivalue-d) relations rather lhan (sin­
gle-valued) functions or imperative 
operations . 

In simulation or artificial-intelligence 
applications. ir is natural to describe pro­
cesses in event-driven style by specifying 
collections of rules that correspond to 
conditions or goals. Each of these pro­
gramming paradigms is legitimate, but 
no single paradigm is sufficient; large 
systems typically have some parts that arc 
naturally described using one style and 
other parts that are more naturally ex­
pressed in other ways. 

Part of the wonder of computation is 
that you have the freedom to change the 
framework by which the descriptions of 
processes are combined. If you can pre­
cisely describe a system in any well-de­
fined notation. then you can build an in­
terpreter to execute programs expressed 
in the new notation. or you can build a 
compiler to trnnslate programs expressed 
in the new notation into any other pro­
gramming language. 

When you design a sys1em that ineor­
porales a custom applicatjon language, 
you must address metalinguistic issues as 
well as linguistic issues; that is. you must 
consider not only how 10 describe a pro­

cess, but also how to describe lhe lan­
guage in which the process is to be de­
scribed. You must view your programs 
from two perspectives. From lhe per­
spective of the intcrpre1er or compiler, an 
applications program is merely data, and 
the interpreter or compiler openttes on 
that data without reference to what the 
program is intended to express . From the 
perspective of the user programming in 
the application language, you view that 
same data as a program with meaning in 
the domain of the application. 

Interpreters and compilers are just pro-

Rule (- (? x) (? 

grams, bur they arc spec.ial program s. We 
will call the language in which the inter ­
preter is implemented or to which the 
compiler translates the underlying Ian· 
guage . An applications program to be in­
terpreted or compiled is not a composi ­
tion of abstractions in the underlying 
language. Rather, it is a composition of 
abstractions in another language, with 
primitive operations and means of combi­
nation thal need nol appear in the under­
lying language. Thus, this linguistic shift 
transcends the limits of abstraction . 

rnntmued 

y)) - ( + (: x) {" -1 (:y) )) 

Example (- a b ) - (+ a (* -1 b l) 

Figure 6: £-,;plaining an algebraic-simplification rule. A symbol of rhe form (? n) 
represenis u pattern variable ihm must match a single elemem. If the rule is carried 
our, this same element will replace the corresponding ( : n) . as shown in the 
example. This rule looks for any list ofa minus sign followed by two other elements 
a11d replaces it with the list ( + ell ( * -1 el2)). where ell and el 2 are the 
second and third element.~ in the original list. See table 1 a11d the text for derails. 
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techni4ue. Almost every large Lisp pro­
gram includes interpreters and compilers 
for several specialized languages. each 
tailored to a specific part of the appHca­
tion problem. 

A Rule Language 
Con ·ider the problem of simplifying al­
gebraic expressions . For example , it 
should be possible to simplify 

(x + sin(.ry)) (sin(xy) - x) 
+ cos(xy)cos(yx) 

to I - x2 
• The simplification process can 

be captured as a collection of rules and a 
strategy for applying them. The rules em­
body the commutative and distributive 
laws , various trigonometric identities, 
and so on. Each rule describes how to re­
duce expressions of a certain form to sim­

pier equivalent expressions. Given an ex­
pression, you find an applicable rule , 
transform the expression accordingly. 
and then attempt to simplify the trans­
formed expression. The process contin­
ues until you reach an expression to 
which no rules apply _ 

Table I shows some algcbrnic-simph­
fication rules written in a language that 
was designed specifically for implement­
ing simplifien;: figure 6 explai11s the no­
tation in more detail. A rule i1'1 •he lan ­
guage: is a list with th~c: parts : a pattenr. 
some- extra conditions , and a skeleron. 
The pattern specifies the class of exprc ­
sions to which the rule is applicable . A 
rule is applicable to an expression if the 
rule pattern matches a subexpre sion and 
if the extra conditions arc sati sfied. The 
result of a rule application is the original 
expression w.it.h the matched subexpres­
sion replaced by the instantiated rule 
skeleton . The instantiated skelecon is 
formed by substitut.ing values provided by 
the. match in place of the indicated skele ­
ton variables. 

In this algebraic-simplification lan ­
guage, a symbol of the form (? n) repre­
sents a pa11ern v<1riable that must match a 
single element (in this example . ( ? x) 
matches lhe clement a). If the rule is car· 
ried out, this same element will replace 
the corresponding (: n ) in the instant i­
ated skeleton, a. shown in lhe ex.ample in 
rule l of ( - ab ) simplifying to ( + a ( * 
-1 b) ) . Segment variables. 1)f the form 
(?? n) , can match any sequence of zero 
or more elements, which are substituted 
for the pane.rn ( :: n) into the corre­
sponding skeleton . 

You can also use pattern-11ariahle 
predicates to restrict the range of values 
of an element or segment , as shown in 
rule 3. Here c l and c2 must atisfy the 
number? predicate. In general. a panern­
variable predicate can be any Lisp proce ­
dure . Rule 4 uses an extra condit ion to 
specify that factors fl and f2 must have 
the same base if the ir exponent arc to be 
combined . Observe that instantiating the 
skeletons for rules 3 and 4 requires more 
than just substitution- embedded Lisp 
expressions must be evaJuated. The sin­
gle colon in the skeleton of rule 3 is taken 
to me.an -' the value of, " so that (: ( + 3 
L. )) evaluates to 7. 

In all , about 30 rules, such as the ones 
in table I. suffice to produce an algebraic 
simplifier that operates on expressions 
represented using Lisp-style prefix. nota· 
tion. Having created the rule language . 
you can apply it to other problems as well 
by specifying other sets of rules. For ex· 
ample. you could do algebraic simpl ifica­
tion using some other syntax for algebraic 
expressions, or you could build a peep­

conmiu~d 

A linguistic approach 

to design is an 

essential aspect not 

only ofprogramming 

but of engineering 

design in general. 

You can implement interpreters and 
compilers in any programming language. 
but Lisp 's facility with symbolic data 
provides unusually good support for de ­
veloping such subsystems . The Lisp 
community regards metalinguistic ab­
straction as a standard programming 

Listing 6: Given a set of rules , make-simplifier produces a procedure that 
applies rhese rnles to expressions. Ir recursi 11ely simplifies e11ery sube.lpression 
ofa compound expression and simplifies the resulting combination of rhe 
simplified parts. The procedure iterates the simplification until the expression 
remains unchanged. 

(define (make-simplifier the-rules) 
(define (simplify-exp exp) 

(let ({result 
(try-rules (if (compound ? exp) 

(map simplify- exp exp) 
exp) 

the-rules) l) 
(if (equal? result exp) 

result 
(simplify-exp result)))) 

s impl1 fy - e xp) 

Listing 7: Th e procedure t ry-rul es performs a sequential scan through lhe 
rules, using a pattem matcher to check whether a rule is applicable. Ir calls 
match, which has five argumems-a parrem , an expression , a dictionary of 
bindings for pattern 11ariables , a procedure to be executed ifthe matdzfails , 
and a procedure to bt' executed ifthe march succeeds. I/the match is 
successful, uy-r ules checks that the values in the dictionary satisfy the 
mle 's extra l·onditions. If they do, the dictionary is used to insramiate the 
skeleton part of the rule. This is returned as rhe result ofthe rule application. 
If the dictionary fails the extra condition tesr 1 try-rul es continues just as if 
the match had failed, by calling the fe. il procedure. 

(define (try-rules exp the-rules) 
(define (scan rules) 

{if (null1 rules) 
exp 

(match (pattern (car rules)) exp (make-empty-dictionary) 


;; procedure to call if the match fails 
( larnbde () (seen (cdr rule!I)) ) 
;; procedure to call if the match succeeds 
(lambda (diet fail) 

(if (check-predicate (rule-condition {car rules)) 
diet) 

(instantiate (skeleton (car rules)) diet) 
(fail)))))) 

(scan the-rules)) 
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hole optimizer for a compiler by specify­
ing a collection of rules that reduce speci ­
fied sequences of computer instructions 
to more efficient , equivalent sequences. 

The Rule Interpreter 
Programming a simplifier in the rule lan­
guage lets us focus on the rules them­
selves, without becoming distracted by 
concerns about the strategy and mecha­
nism by which ru.les are applied. These 
issues are faced by the rule interpreter. 

Given a list of rules, make-simpli­
fier, shown in listing 6, returns a simpli­
fication procedure that applies these 
rules, This procedure embodies a rule­
application strategy whereby rules are re­
pe-atedly applied until the expression is 
unchanged. Using this strategy with a set 
of arbitrary rules can be dangerous-the 
rule application process may not termi­
nate, or the result of applying the rules 

may not be well-defined. With this strat­
egy , you must be careful to propose rules 
that yield a reduction process-one that 
will eventually terminate with a canonical 
form. 

The mechani sm of rule application is 
implemented by try-rul es, which is 
shown in 1.isting 7. The panern-maccher 
used by try-ru l es (see listings 8, 9, and 
10) is written in continuation-passing 
style. In this style, a procedure is passed 
continuation procedures that are 10 be 
called when the procedure is done . Con­
tinuation-passing style can be used co im· 
plement many sophisticated program 
control structures. The matcher exploits 
cont.inuation style to implement the back­
tracking required to handle segme.nt 
variables. 

The difficulty with segment variables 
is rhat they allow a pattern to match a 
given data item in more than one way. For 

example, the pattern 

((??x) (??y) (??x) (?? z)) 

can be matched against the expression 

(l2Jl2J12J) 

to give the dictionary 

x: (l) 
"i: (2 J) 
z:(2J12J) 

or the dictionary 

x:(l2) 
y: (J) 
z:(J12J) 

or the dictionary 
com limed 

Listing 8: The match implements a recursive comparison that proceeds by case analysis. Pauem variables are oftwo 
classes , elements and segmems, handled by element-match and segment-match, re~pectivel). lf1he pattern and the 
datum are both general compound expressions, match calls itself recursively 10 match the first elemem ofthe pa11em 
against the fl rst element ofthe datum. The fa 11 continuation forrlzis submatch is the original fail continuation . If the 
submatcJr succeeds . the rest (cdr) ofthe pattern is matched against the rest of the datum. using the dictionar) produced 
by tire submatch and the continuations specified for the original match. 

(define (match pat dat diet fail succeed) 
(cond ((eq? pat dat) 

(succeed diet fail)) 
((arbitrary-element? pat) 

(element-match pat dat diet fail succeed)) 
( (canst ant'? pat) 

(1.f (same-constant1 pat dat) (succeed diet fail) (fail))) 

((start-arbitrary-segment'? pat) 


(segment-match pat dat diet fail succeed)) 
((constant? dat) {fail)) 
(else 

(mat ch 	 (car pat) (car dat) diet 
fail 
(lambda (diet fail) 

(match 	 (cdr pat) (edr dat) diet 

fail 

succeed)))))) 


Listing 9: The element-match procedure tokes a pattern variable, a datum to match , a dictionary, and fail and 
succeed cominuazions. When there is already an entry for the variable in the dictionary, the match succeeds if the value 
in the emry is the same as the datum to be matched. Otherwise, the original dictionary is extended by adding a binding of 
the pattern variable name ro the dawm. The extended dictionary is passed to 1he succeed continuation. 

(define (element-match pat dat diet fail succeed) 
(let ((vnama (var-name pat)) (p (var-restriction pat))) 

(let ((v (lookup vname diet))) 
(if (entry-exists? v) 

(let ( (va 1 (element-in v) ) ) 
(if (and (equal? val dat) 

(apply-restriction p val)l 
{succeed diet fail) 
(fail))) 

(if (apply-restriction p dat) 
{succeed (extend-dictionary vname dat diet) fail) 
(fail))))) l 
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Listing 10: The segment-match procedure implements backtracking via a failure continuation that tries successively 
longer segments. The utility procedure after-initial-segment returns the rest ofthe datum after a given initial se~ment. 
or notes that the initial segment ofthe datum does not match the desired segmem. ­

(define (segment-match pat dat diet fail succeed) 
(let ( (vname (var-name (car pat))) (p (var-re!ltriction (car pat)))) 

(let { ( v (look.up vname diet) ) ) 
(if (entry-exists? v) 

(let ((val (element-in v)) ) 
(if (restrict-segment p val J 

(let ((rest (after-initial-segment val dat))) 
(if 	(not (eq? rest 'no-initial-segment)) 

(match (cdr pat) rest diet fail succeed) 
(fail))) 

(faill) l 

(let () : to permit internal definition 


(define (try-segment rest) 

(de-fine (t ry-lonqer-seqment J 


(if (null? rest) (fa i 1) (try-segment (cdr rest l) l ) 

(if (restrict-segment p (make-segment dat rest)) 


(match (cdr pat) 

rest 

(extend-dictionary vname 


(make-segment dat rest) 
diet) 

try-lonqer-seqment 
succeed) 

(try-longer-segment))) 

(try-seqment dat)))))) 


x: (12 J) 
y: () 
z: (12 J) 

or l3 other possible dictionaries .. (See the 
caption of table I for an explanation of the 
?? notation.) 

One way to handle such multjple 
matches is to design the matcher so that it 
returns a list of aJl possible dictionaries 
that could complete the match. But this 
would be very inefficient-for a complex 
pattern there could easily be t.housands of 
possibilities, and I.here is no need to gen· 
erate I.hem all . 

An alternative idea is to have the 
matcher generate a smgle dictionary to be 
used by the rule interpreter, together with 
a way to go back and generate more possi­
bilities if the first one proves to be unsuit­
able-for example, if the values in the 
dictionary turn out not to satisfy the rule 
predicate. The strategy of returning to a 
previous choice point. ill a program to try 
more possibilities is calle<l back/racking. 
While there are many ways to implement 
backtracking, continuation passing fills 
the need nicely , because the "place to go 
back to" can be embedded in I.he failure 
continuation. 

Listing \0 shows the procedure seg­
ment-match, which uses continuations to 
implement backtracking in this way . 
Where there is no value for the pattern 
variable already in the dictionary, the 
matcher is free to bind the segment vari· 
able to any initial segment of the datum. 

The choice is made using the internal 
procedure try-segment , whose argu­
ment is the rest of the data after the seg­
ment to be tried. The success continua· 
tion for this choice is the same as for the 
original call. The faiJure continuation re­
runs try-segment , choosing a longer ini ­
tial segment. Successive failures will try 
longer and longer segments until either 
the match succeeds or the data runs out 
and the original fail continuation is 
invoked . 

Conclusion 
People who first learn about Lisp often 
want to know for what particular pro­
gramming problems Lisp is "the right 
language.'' The truth is that Lisp is not 
the right language for any particular 
problem. Rather, Lisp encourages you to 
attack a new problem by implementillg 
new languages that are tailored to the par­
ticular problem. 

Such a language might embody an al­
ternative computational paradigm, as in 
lhe rule language discussed above. Or it 
might be a collection of procedures that 
implement new primitives, means of 
combination, and me.ans of abstraction 
embedded within Lisp, as in the Hender­
son drawing language. A linguistic ap­
proach to desig11 i an essential aspect not 
only of programming but of engineering 
design in general. Perhaps I.hat is why 
Lisp, although the second-oldest com­
puter language in widespread use today 
(only FORTRAN is older), still seems 

new and adaptable and continues to ac­
commodare current ideas about program­
ming methodology. • 
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LISP 


Semantics of Scheme 

Much of Scheme's elegance and power comes 


from a minimal but conceptually rich programming model 


who pays any auention to the synwx of 
rhings will never wholly kiss you .. . 

-e. e . cummings 

PROGRAMMING LANGUAGES ARE 
artificial languages with syntax (gram­
mar) and semantics (meaning). Bolh syn­
tax and scmantlcs can be specified pre ­
cisely us ing formal mathematical 
notation . Semantics is more important 
than synta:-<, hut while most programmers 
todav understand svntax and can read and 
writ~ formal grammars that express syn ­
tax , most have onJy a vague understand­
ing uf programming language semantics 
and few can read formal semantics. 

The fact that programmers can under­
stand code wit.hout knowing what com­
pute.r it runs on proves that programs have 
meanings independent of their imple­
mentations. What might these be? The 
meaning of a complete program might be 
a !'unction from inputs to outputs. This 
meaning is built up from the meanings of 
the statements and other phrases that 
make up the program . For example, I.he 
meaning of a statement is typically a 
uansfonnation from one program state to 
another. As the statements combine ac­
cording 10 Lhe syntax , so do their mean­
ings compose to form new meanings , 
ultimately yielding the meaning of the 
program. 

A program's meaning is defined not in 
terms of a sequence of states, but in terms 
of state transformations that compose to 
fonn new transformations. This makes 
optimizing compilers possible. An opti­
mizing compiler can replace a compound 

William Clinger 

statement with any other statement that 
computes the ame transformation . The 
new statement does not have to step 
through the same sequence of states as the 
originaJ , so long as the optirniz.cd code 
means the same transformation as the 
original. 

Language designers bear a special re­
sponsibility to chink carefully about the 
·emantics of languages they design . If 
they do not, the relationship between 
the structure of a program and its mean­
ing may be too complicated for pro­
grammers 10 understand easily, even if 
the computer can understand it . Lan­
guage. designers should rememher that 
programming languages are used less to 
communicate with machine than with 
other programme.rs . 

This article introduces many of the 
concepts used in semantics while de­
scribing, informally , the semantics of 
Scheme, a modern dialect of Lisp that is 
especiaJly well suited 10 small computers. 
Scheme is. for severnl reasons. an excel­
lent medium for learning about seman­
tics. It is cssent.ially a superset of I.he for­
mal language most often used to specify 
semantics. The Scheme standard in ­
cludes fonnal syntax and semantics for 
most of the language (see reforeacc I). 
Furthermore, Scheme itself benefits 
from I.he simplicity and precision that for ­
maJ semantics can bring to informal con­
cepts like variables and procedures. 

Syntax 
The syntax of Scheme is very simple and 
regular. Programs consist of variable and 
procedure definitions mixed with top-

level expressions that perform initializa­
tion and initiate execution oflhe program . 
There arc only six basic kinds of expres­
s ions whose semantics must be ex­
plained : constants , variables, assign­
ments , procedure calls, conditionals, and 
lambda expressions . All but lambda ex­
pressions arc common in conventional 
programming languages. Scheme derive 
astonishing power from such a small core 
la11guage because iis primitive expres­
sions have extremely simple semantics , 
which are free of the artificial restrictjons 
that complicate and cripple conventional 
languages. 

The value of a constant is a Scheme ob ­
ject. Except for numbers , strings, charac ­
ters, and the Boolean constants #t and 
#f, constants must begin with a quotation 
mark. Symbol., for example, are like 
enumerated values in Pascal or C hul are 
more useful in Scheme (and Lisp gene.r· 
ally ) because they can be read and wrinen 
using the standard input and output pro­
cedures. The symbol green can be writ­
ten as the constant 'green . The quotation 
mark identifies what follows as a symbol. 
not a variable. 

Ordered lists form another data type 
that often appears in constants. For ex­
ample. the empty list () can be written 
as the constant ' ( ) . and the list (red 
green bl ue ) can be written as the con-

continued 
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SEMANTICS OF SCHEME 

Some Notes on Scheme 
Gregg Williams, Senior Technical Editor 

T he Scheme programming language 
was introduced by Gerald Jay Suss­

man and Guy L. Steele Jr. in 1975 as a 
distillation of Lisp into a simple, elegant 
form suitable for study of and experi· 
mentation with the language itse lf. 
Though there·s more to the language 
than I can describe here, the following 
notes will help the reader unacquainted 
with Lisp and Scheme follow the pro­
grams in this article. 

• What versus ho"·: Over the years, 
I've read and studied Lisp books seri· 
ously but couldn't get "into" the lan­
guage. One reason for this is that many 
books tell you what a particular version 
of Lisp does but not how you should use 
it to solve a problem. The one book lhat 
has single-handedly broken Lh.i in1ernal 
barrier is The Little Lisper, Trade Edi­
tion (see reference 7). It is a series of 
question-answer pairs- you read the 
questions and try to answer them; in the 
process , you write quite a few Lisp pro­
grams and build up an experiential 
understanding of the language. I highly 
recommend it as a way to understand the 
recursive, mathematical style of think­
ing for which Lisp is optimized. 

• Reading Lisp code: Yes, you say you 
get lost in a forest of parentheses when 
you try to read a Lisp program; so do l. 
But I've had an easier time of it once 
someone pointed out that Lisp programs 
arc often formatted so that elements at 
the same level are aligned vertically. For 
example, it's easy to see the structure of 
the following if statement: 

( 1f cond exprl expr2) 

but much harder to see it here: 

(1f (null? x) 
n 
(length2 ( cdrii:) ( + n 1))) 

until you see the alignment of the paren­
thesis before null?, the n, and the pa­
renthesis before length.2 as a visual cue 
that you have three items, all arguments 
to the if that precedes them . 

• Some fundamental Scheme con­
structs : The if sy ntaetic form in 
Scheme looks like this: 

(if teat-expr true-expr falae­
expr) 

and is equivalent to the following struc­
tured pseudocode : 

if test-e:.:pr is true then 
evaluate true-expr 

else 
evaluate f'alse-expr 

end if 

The cond syntactic form is like a set of 
nested if' slatement.s in other languages: 

(cond 
(test-exprl exprl] 
[test-expr2 expr2] 

[else exprn]) 

Its meaning is as follows: 

if' test-exprl is true then 
evaluate exprl 

else 
if' test-expr2 is true then 

eval uate expr2 
else 

elseevaluateexprn 
end if' 

end if 
end if' 

Some versions of cond do not allow 
square brackets to enclose each test/ 

Stant ' ( red green bl ue). 
Variables name objects. As in most 

programming languages, the naming 
rule-s are subtle, so I will describe them 
later. The spelling rules are merely un­
usual , as these six variables illuslratc : 
xl5, x-15 , +,-,null?, and list -> 
vector. 

Another unusual but more important 
aspect of Scheme variables is that they 
name procedures as well as other objects. 
Thus, + names the proce-Oure that adds 
numbers, and null? names the proce­
dure that returns flt if iL~ argument is Lhe 
empty list. 

Unlike the. familiar f{.-t:.y) notation for 

procedure calls, Scheme and other dia­
lects of Lisp move the procedure inside 
the parenthese.s and use spaces as separa­
tors instead ofcommas, as in ( f x y). All 
procedure calls use thi sy ntax . For ex­
ample. ( + j 4) returns 7. The general 
foml of a procedure call in Scheme is ( EO 
El ... ) , where EO, El, and ... are ex­
pressions. 

The procedure expression EO is usually 
a variable (as in ( f'oo a b c), where foo 
has been defined as a procedure), but it 
can be a procedure ca!J or any other kind 
of expression. It is not unusual for the ex­
pression EO itself to be a procedure call 
that returns a procedure. Scheme will 

Listing l: A procedure that returns the length ofa list. The procedure 
length takes one argument, x. recursively calls itself with a lisr rhar is one 
element shorter than its argument. and adds 1 to the answer. 

(define (lenqth x) 
(if (nul11 xl 

0 
(+ (length (cdr- x)) 1) l) 

then use lhe expressions that follow EO to 
compute the arguments to that procedure . 
This is a convenient way for programs to 
delay until run-time the decision of which 
procedure should be called on those argu­
ments, and is commonly used in object· 
oriented programming. 

Other kinds of expressions look like 
procedure calls but are distinguishe.d by 
the appearance of a keyword where the 
procedure expres.~ion EO would go. 
Keywords look like variables. so Scheme 
programmers must simply remember the 
15 keywords used in standard Scheme. 

The form of an assignment is (set I V 
E) (pronounced "set-bang v e"), where V 
is a variable and E is an expression. As· 
sig nments are not used much in Scheme. 
because binding (described later) is 
easier to think about in most cases. 

Conditional expressions arc written as 
(if EO El E2 ) where ED, El, and E2 are 
expressions. For example, the value of 
(if ( > x 0) x 0) is the value of x if x is 
positive and is 0 otherwise. Conditional 
expressions were invented for Algol 60 by 
John McCarthy, the inventor of Lisp. 
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expression pair; they use parentheses. 
The let syntactic form. written as 

(let ( ( idl vall) .... ( idM ve.lM) ) 
el:prl ... exprN) 

gives each id identifier iL~ correspond­
ing val value , then evaluates all the 
expr expressions in order. The values 
val! through valM are computed in an 
undetennined order. Finally , the le.mb­
d.e. syntactic fonn, used to de.fine an un­
named procedure, has the form 

(1M1bda (argl . , , argM) exprl •• , 
exprN) 

The lambda form returns a function that 
takes M arguments and causes expres­
sions e xprl through exprN to execute in 
sequence. Note, however, that the pro­
cedure has no name; you can give it a 
name by enclosing it with 

(define procname ... ) 

This explains why many Scheme proce­
dures begin with 

(de fine procne.me 
(lambde.(xyz) ... )) 

and are called with 

(procn8l!le xval yval zval) 

Though Pascal and Modula-2 droppeJ 
conditional expressions. they can be writ­
ten in C as EO?El:E2. 

A lambda expression (lambda ( V1 
... } E) has as its value a procedure 
whose fonna.l 11rguments are (Vl •. . ) 
and whose body is the expression E. 
Scheme owes much of its power to this 
ability to create procedures dynamically. 
as shown by Abelson and Sussman in 
1heir article " Lisp: A Language for Strat­
ified Design '' on page 207. 

The (define (length x) ... ) syntax 
used in listing I to define a procedure is 
c.quivalent to (define l ength (lambda 
(x ) ... ) ) . Hence, lengtl1. is a proce­
dure of one argument, x, which should he 
a list. If xis the empty list, then its length 
is 0. Otherwise its length is I greater than 
the length of ( cdr x) , which is the list be­
ginning wilh the second element of x. 
{The car procedure. which takes a list 
and returns its first argument, and rhe 
cdr procedure, whjch takes a list and re­
mrns the list beginning with its second 
element, derive their names from ad­
dressing modes that were used in the very 

first implementation of Lisp nearly 30 
years ago.) 

Semantic Issues in Language Design 
Knowing the syntax of Scheme doesn't 
icll you very much about it. You might 
observe from its lack of statements that 
Scheme is an expression-oriented lan­
guage, in contrast to conventional state­
ment-oriented languages . Statement-ori­
ented languages try to di stinguish 
program fragments that behave like math­
ematical expressions (expressions) from 
those that change the state of the program 
(staJements). This is a worthy goal. but 
hardly any languages achieve it because a 
ide effect (change of program state) can 

usuaUy he slipped into a function body. 
Indeed. most languages supply standard 
functions (e.g .. a random-number func­
tion) that have side effects . 

Scheme avoids this hypocrisy by drop­
ping the distinction between expressions 
and statements, while doing more than 
most statement-oriented languages to en­
courage a style of programming in which 
expressions rea.lly do behave like mathe­
matical expressions . That Scheme proce­
dures are ca.lied procedures rather than 
functions is, however, a reminder that 
some of them h3ve side effects . 

From the lack of type de.clarntions in 
the sy ntax you might guess that Scheme 
is a dynamically typed language. which 
means that type is a prope.rty of objects 
rather than a property of the variables 
that name the objects. This is correct. On 
the other hand, it is possible to imagine a 
language Like Scheme that is statically 
typed (i .e .. it associates types with vari­
ables rathe.r than objects). The language 
ML (see reference 2) is such a language. 
Though ML is srnticalJy typed, it does 
not require type declarations because the 
ML compiler can usually infor the types 
of variables by observing how they are 
used . 

Statically typed languages are more re­
strictive than dynamically typed lan­
guages. b"ut ML is much less restrictive 
than conventional languages because it 
lets you write polymorphic procedures 
that can work with arguments of many 
different types . A sort procedure, for ex­
ample, can accept a list of integers or a 
list of symbols as its first argument , and 
can accept as its second argument a pro­
cedure that defines an ordering on !be 
elements of the list. Scheme and other di· 
alects of Lisp are eve.n less restrictive 
than ML, because dynamic typing is an 
extremely simple and general (though 
some would say crude) fom1 of polymor­
phism. The main disadvantage of dynam­
ically typed languages is that they cannot 
catch type errors at compile time. 

Should procedure calls pass their argu­

ments fully evaluated (by value) or un­
evaluated (by name)? Algol 60 let the pro· 
grammer choose, but most conventional 
languages since then have passed argu­
ments by value, or have used a variation 
of pass-by-value. such as FORTRAN" s 
pass-by-reference. 

Scheme passes arguments by value be­
cause it gives lhe programmer more con­
trol over space/time trade-offs and the 
order in which side effects occur. Mod· 
em languages I.hat don't have side effects 
often pass arguments by name becau e 
pass-by-name is potentially more time­
efficient and has a very general substitu­
tion property that is useful when thinking 
about programs. 

Sh(luld arguments be copied or should 
the argument itsel f be pa sse d? In 
Scheme, objects are pointers, so the argu­
ment object will itself be passed as a 
pointer , but the structure pointed to will 
not be copied . Assignments do not copy 
objects either. Suppose that x names a 
string. Then (set! y x ) makes y name 
the same string as x, not a copy. Al so, 
suppose that the string x is passed to the 
procedure 

( (lambda ( z) (string-set! z 0 II \:)) 
x) 

This procedure will store a colon into ele­
ment 0 of that string (the prefix #\ de­
fines the colon as a character object). The 
value of x is unchanged-x still names the 
same string as before. but that string's 
contents are changed . This way of look­
ing at objects may seem strange, but it is 
the right way to think about Scheme. 
other dialects of Li sp. and many other ad­
vanced language s. 

The semaorics of a programming lan­
guage should answer all questions such as 
these. 

Semantic Model 
The semanlics of Scheme is based on a 
conventional machine model. in which 
the computer's memory plays a large 
rol.e. The memory is a set of locations 
where objects can be stored. A store is a 
particular configuration of memory . For 
each location. the store tells what is 
stored at the location. 

The semantics of Scheme would be 
simpler if Lhe model didn't involve mem­
ory and stores. They are necessary on.ly 
because Scheme expressions can have 
side effects on the program state. Many 
programming language designers have 
concluded that side eftects are not worth 
the semantic complications I.hey cause 
(see reference 3). In some algorithms, 
however. it appears that the only way to 
avoid using side effects (in the form of 

contl11ued 
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All Scheme objects 

are first-class citizens 

of the language. 

nonlocal variables whose values change 
within the procedure) is to pass extra 
arguments to every procedure in the pro­
gram. Side effects improve modularity in 
such cases. 

Though a store is needed to explain the 
semantics of Scheme expressions, the 
meanings of entfre programs are ulti­
mately the only ones that matter. Ttus lets 
an optimizing compiler keep variables in 
registers instead of memo ry whenever it 
can prove that this does not change the 
meaning of the program. 

First-Class ObjeclS 
All Scheme objects are endowed with 
certain inalienable rights: 

• Object~ have the right to remain anony­
mous. 
• Objects have an identity that is inde­
pendent of any names by which they may 
be known. 
• Objects can be stored in variables and 
in data st ructures without losing their 
identity . 
• Objects may be returned as the result of 
a procedure call. 
• Objects never die . 

All Scheme objects are first-class citizens 
of the language . In most programming 
languages, the only first-class objects are 
those that can easily fit into a machine 
register, like numbers , Booleans, and 
pointers . While numbers may be u~ed 

without being given names , procedures 
may not; while characters and pointers 
may be stored. strings may not; while 
Booleans live forever. vc~tors may die 
when the procedure that created them re­
turns. Thus, Scheme is very unusual in 
this respect. In fact, Scheme is the most 
widely used procedural language in 
which all objects are first-class. 

Though objects never die. they may be­
come inaccessible and therefore useless. 
Implementations of Scheme and other ad ­
vanced languages may in fact reclaim the 
storage occupied by an object, provided 
they can prove that the object will never 
again be used . Algorithms for perform­
ing these proofs are known as garbage­
col lection algorithms. 

Semantic Concepls 
Before plunging into the details of a pro­
gramming language's semantics, it helps 
to ask a few questions : What kinds of 
things can he stored in a memory loca­
tion? What kinds of things can result 
from evaluating an expression? What 
k.inds of things can variables name? The 
answers to these questions are known as 
the stored values , the expressed values, 
and the denoted values of the language. 

In Scheme, the tored values are the 
same as the expressed values, because all 
objects are first-class. The denoted 
values, however, are tricky : In Scheme 
the denoted values are locations. not 
objects. 

Variables name objects in t\llO steps, as 
illustrated in figure 1. A variable uirectly 
name.s a location in memory. That loca­
tion holds the object (i .e ., the pointer that 
defines the object) we usually think of as 
the value of the variable. Thanks to this 
two-step naming process. which is used 
by nearly all major programming Ian­

· (a b c),.. , 000 "" ---" 1·<;;;x 
f 

,... ~ 1001 ­ ~ #<PAOCEDUAE~n~h>n 
~· '- ~ 100 2 ........ 


length ..,. ~1003 ­ 10,..... 
.......
glass , 10'04 ­ ...,. 

~ uninitial i zed.......... 
 1005 ­
Variables Objectsunbound' ~ 

Locations 
trSoe

Environment 

Figure I: The binding and assignme11t of variables. /11 the e11viro11me11t ofa 
computer, binding is the process by which a variable is associated with a memory 
/ocario11. In the store, assignme.nt is the process by which a locaiion is associated 
with an object elsewhere in memory. Mos/ high-level languages change variables by 
assig11me111; i11 Scheme it is more c01nmo11 ro change a variable by altering its 
binding. 
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guages, there are two ways to change 
what a variable names. Through binding. 
the variable can be made lo refer to a di f­
fcrent location . Through assignment, a 
different object can be stored in the loca­
tion the variable is bound to. lu Scheme. 
binding is performed by lambda expres ­
sions, while assignment is performed by 
assignmenl expressions. 

A store can be thought of as a dictio­
nary with an entry for each location. tell­
ing what object is stored in the loca1ion . 
Most entries will o f course say that the 
location is uninitialized; that is. no ob­
ject is stored in the location, because the 
location is not yet in llse. An environ­
ment, analogously. is a dictionary with 
an entry for each variable, telling the 
location lO which the variable is bound. 
Most entries will of course say that the 
variable is unbound; that is, the variable 
is not yet bound to any location. Environ­
ments and stores are both illustrated in 
figure 1. 

Splitting the naming process into these 
two steps is necessary to explain aliasing. 
a phenomenon in which two variahles 
name the same location . Aliasi ng is re­
sponsible for pathological behavior in 
which an assignment to one varia ble 
c hanges the value of another. Scheme 
variables never suffor from this particular 
pathology, but it is possible for Scheme 
data structures (notably lists) to share 
structure, which is a form of aliasing . En­
vironments and stores are also needed to 
explain the semantics of procedures in 
Scheme and o ther hlot·k-st ructurcd 
languages. 

When a lambda expression is evalu­
ated, the resu lting procedure remembers 
the environment in which the lambda ex­
pression was evaluated : 1he procedure 
does not remember the store. When the 
procedure is called later . . everal things 
happen . The procedure allocates a new 
location for each of its formal arguments 
and stores each actual argument object in 
the corresponding new location . Thi s re­
sults in a new store. The procedure then 
binds its fom1al arguments to the new 
locations. The binding works by creating 
a new environmenl that is like the remem­
bered environment except that the formal 
arguments now refer to the new locations. 
The body of the lambda expression is 
then evaluated in lhe new store and new 
environment. 

A procedure call ( EO El ... ) is as­
sessed by ev<1lua1ing the expressions EO, 
El, . . . in any order. The results of the 
argument expressions are then sent. as 
the actual arguments , to the result of the 
expression EO , which should be a proce­
dure. An implicit argument is also senl. 
representing the continuation to which 

cominued 
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From Writing Your Own Programs to Modifying 
Existing Software, Here's the New, Easy, and Low 
Cost Way to nlock the&-erets of Your Computer 

Whether you use computers for business, /or personal 
applications, or for fun . off·lhe·shelf programs will never 
do everything you want them to do for you. That's 
because lhey were written by programmers to 
satisfy what they perceived as the nee<is of the 
greatest number ol 1JOtential users-often missing 
some or many ol your specific needs. 

That's why McGraw·Hill's new Contemporary 
Programming and Software Design Series 
teaches you how to create your own software 
. . . either from scratch or t:iy making key 

\
modifications to ·xisting programs. 

There is nothing magical about ii. You learn 
the process of building a comp11ter program 
step-by-step with Mc.Graw·Hill Concept Modules senl to you one 
at a time. once a month. Each of the ten module.~ in the Series 
takes ~·ou through an imix1rtant step in the developmenl of the 
structure and detailed logic or a program. including testing, 
debugging. and docum ntation. 

Unique Interactive Hands·Oo lostruction 
Each module includes an easy-to-understand guide PLUS n 

5'!." floppy disk containing typical programs and intem.ctive instrnl'tion that you 
can run on IBM PCs. PC compatibles and Commodore 64 and 128 computers for 
hand:;..on exp ri nee. 

In the first Module. for example. when your sample program (Dedining 
Interest Loans) appears on your screen. you'll find errors on certain program 
lines. You'll also see that the program is only thref"'<]uarters complello<J. 

Now comes the fun part . You'll discover 
how this program is built, and in the process 
you'll learn how to identify and correct errors. 
And by the end of Module I. you'll actually 
have completed this program yourself. 

But there's more. Special graphics on 
your screen work in conjunction with the 
accompanying guide lo amplify. illustrate. 
and deepen your understanding of software 
desiMn principles. 

The Crucial 95%-Leam the Foundation of Computer Programming 
While the Series includes interactive disks that run on speeilic computers. every· 

thing you learn you can apply to any language or nwchine. Why is this possible? 
Because McGraw-Hill knows programming is far more than coding a program into 
the computer using a specific language. In the real world of computer.;, 95% of the 
programming process is carried out usiog design techniques that arc independent 
of specific language or machine. It is this crudal 95% that you thoroughly under­
stand and ma.-;tcr In the Series. 

Make no mistake. Almost al\ books and courses on uprogramming" 
teach you only the final 5% of the total programming process­
namely. how to code in a specific language . , . information of little 
value ii you don't knciw how to reach the p<:>int in the programming 
process when you are ready to code. 

With the Series. however, you'll !tam to create your own pm· 
grams from scratch. even modify off-the-shell programs. You'll 
learn enough BASIC and ma hin language to get you started 
on the remaining 5% of the programming process. 

Build Your Own Personal Software Library 
The sampl " programs you work with throughout lhe 

Series are excellent !earning tools. But they're more than 
Uiat. By comhining th sample programs onto one master 
disk, you'll have the start o f your own personal softv.·arc 
library. In addition to the programs you've written and 
modille<l lhroughout the Series. you'll also receive dozens 
of the inost popular public domain and user-supported 

programs. such as data base manager. word 
processor. calendar generator, appointments 
reminder and much, much more. 

.. 

15-Day No-Risk Trial 
lb order your first module without risk. send 

the postage-paid card today. Examine the first 
module for 15 days and see how the Series will 

help you 
make your 
computer 
do exactly 
wha1 you 
want it 
to do! 

• 
•
e 

11111 111 111111 111 

If someone has beaten you lo the card, write to us for order· 
lng infonnation about the Contemporary Programming and 
Software Design Serie.5. 

McGraw-Hill 
Continuing Education Center 
3939 Wisconsin Avenue 
Washington. DC 20016 
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lhe procedure should return its resu.lt. 
{To describe it more fully, the continu­

ation represents the total context of the 
rest of Lhc program that specifies what is 
10 be done with lhe results of the proce­
dure c.all. It corresponds to the control 
stack in languages like C or Pascal , and it 
supplies the conirol context for the proce­
dure being called, just as the environment 
remembe.red by the procedure supplies 
the name context.) 

In listing I, for example. the continua­
tion for the recursive call to l ength will 
say to add I to the result of the call . Then 
it will say to return the result of that addi­
tion to lhe implicit continuation that was 
sent to length by the procedure that orig­
inally called it. 

In listing 2, on the other hand, the con­
tinuation for the recursive call to length2 
(wilhin the body of length2) will be ex­
actly the same as the continuation that 
was originally sent to l ength2. Ln listing 
I . a new continuation has to be created 
for each recursive caJI to l ength, but no 
new continuation has to be created for re ­
cursive calls to length2 in listing 2 be­
cause the original continuation can be 
used. This means the definition in li sti ng 
2 will usually run quite a bit faster than 
the definition in listing I . 

Procedure calls for which no new con­
tinuation mu t be created arc said to be 
tail-rernrsive. One advantage to seman­
tics that explajn procedure caUs in terms 
of continuations, as opposed to a more 
traditional model in which procedures al ­
ways return to the place where they were 
called, is that Scheme docs not need any 
primitive expressions for perfonning iter­
ation: Tail-recursive procedure calls , as 

in listing 2, are as efficient as iteration 
when compiled properly. 

Derived Expressions 
Though the kinds of expressions that have 
been explained so far are sufficient by 
themselves, it is convenient to have other 
kinds that express common idioms. For 
example, a nested conditional expression 
such as 

(if( = nO) 
0 
(if(= 1) 

1 

(+ (f(-n l)) (f(-n.2)))) ) 


can be replaced by a cond expression: 

(cond (( = n 0) 0) 
(( = n 1) 1) 
(else ( + (f { - n 1)) (f ( - n 

2))))) 

Local variables may be introduced by a 
let expression, where, for example, 

(let (( x 3) ( y 4 ) ) 
(* xy)) 

is equivalenl to 

((lambda (x y) ( * x y)) 
3 
4) 

and of course evaluates to 12. I mernal 
definition s. such as the defin ition of 
length2 in listing 2. are more compli ­
cated to explain . They arc actually part of 
an extended syntax for lambda ex.pres-

Listing l: A tail-recursive definitiun vfthe length procedure. Because 
length.2 is tail-recursive, it uses less memory and runs faster than the length 
proadure in listing I. 

(define (length xl 
{define {length2 x n) 

(if (null? x) 
n 

(lenqth2 (cdr x) ( + n 1) l l l 


( lenqth2 x 0) l 


Listing 3: One possible equi11alenJ for (while EO El) . lines 1 and l birul EO 
and El to the names test and loop. The define syntactic form in lines 3 
zhrough 5 define a procedure loop, and line 6 calls ii. 

(let ({test (lambda {l E0) ) 
(body (lambda () El))) 

(define (loop) 
(if (test J 

(begin (body) (loop) ) 
Hll 

(loop)) 

. 

lDtech 
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SEMANTICS OF SCHEME TECH*GRAPH*PAD 

sions and derived expressions that expand 
into lambda expressions (see reference 
l). For now it should be enough to know 
that internaJ definitions are like the decla ­
rations at the head of an Algol 60 block. 
When the internal definitions define a set 
of procedures , they are like local proce­
dure definitions in Modula-2 (or Pascal. 
except that forward references work). 

Normally, Scheme will not guarantee 
any specific sequence for the evaluation 
of the expressions in (El E2 EJ ... ) . 
However, you can pecify left-to-righr 
evaluation using begin, where (begin 
El ) is equivalent to El and (begin El E2 
. . . ) is equivalent to 

( (lambda. (first rest) (rest)) 
El 
(lambda () (begin E2 ... ) ) ) 

The reason thjs works . even though the 
order of evaluation of arguments is unde­
fined in Scheme , is that the two lambda 
expressions evaluate to proce.dure s 
without evaluating the procedure bodies . 
Even if El is evaiuated after the two 
lambda expressions , therefore, it will be 
evaluated before E2. Notice also that E2 
will be evaluated in the same environ­
ment as El. The variable.s fi rst and 
rest bound by 1he first lambda expres­
sion will not be visible to E2 because the 
semantics of lambda expressions says the 
body of the lambda wil I be evaluate-0 in an 
environment that is just like the environ­
me.nt the lambda expression itself was 
ev11luated in. except for any variables 
bound by that lambda expression. 

Scheme has two k.i.nds of derived e-x­
pressions. " na.rned l et" and do. that 
make iteration more convenient. Both are 
too comphcated to explai n here. but you 
can imagine the basic idea with a fictional 
kind of expression. the while loop, such 
that (while EO El) might expand into the 
code tha1 appears in listing 3. 

For Further Study 
The books in references 4, 5. and 6 are all 
university-level textbooks recommended 
to those who want to learn more about the 
semantics of programming languages. 

The cu.rrent Scheme standard is de­
scribed both informally and formally in 
the '· Revisedl Report on the Algorithmic 
Language Scheme·· (Sl!e reference I). The 
Liule Lisper (see reference 7) is a good 
introduction to Scheme and to recursive 
thinking. Mike Eisenberg's Programming 
in Scheme (see reference 8) is a more ex ­
tensive introduction to Scheme. Many 
universities use Sussman and Abelson 's 
challenging textbook Structure and Inter­
pretation ofCompwer Programs, written 
for the introductory computer scie.nce 
course at MIT (see reference 9) . It uses 

Scheme as its programming language. 
Implementations of Scheme are avail­

able for the IBM PC and compatibles, 
Macintosh. DEC VAX, and several work­
station-class computers. The book in ref­
erence I 0 is also a reference for Chez 
Scheme, an implementation available on 
the VAX. The T programming language, 
described in reference 11 , is a variant of 
Scheme found on larger machines. A 
portable implementation , writt.en in C 
and Scheme. is available from MIT and 
can be ported to mos! sufficiently large 
computers . For more information, see 
the Lisp Resource Guide on page 236 . 

Common Lisp is another popular dia ­
lect of Lisp (see reference 12). While like 
Scheme in some respects, ilS semantics 
are substantially more complex. Many dif­
ferent implementations are available. • 
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LISP 


How Lisp Has Changed 

After 30 years, Lisp has evolved to be 

both versatile and powerful 

LISP ISN'T WHAT ii used 10 be . The 
earliest dialect , described in the 1962 
classic The LISP /.5 Programmer 's Man ­
ual by McCarthy er al., auracted Huie at­
tention outside of a few artificiaJ· intelli· 
gence (A l) laboratories. In fact , for most 
of it~ 30-year history, Lisp remained an 
orphan, with neither a standard definition 
nor interest from any computer manu­
facturer. 

Today, Lisp is big business. Commer­
cial vendors of Lisp compilers and Lisp­
based Al applications earn millions from 
product sales and stock offerings. Text ­
books and reference manuals abound; 
each year thousands of people purchase 
Guy L. Steele· s Common LISP: The Lan­
guage . An ANSI commiuee, X3Jl3 , is at 
work on a standard to be based on Com­
mon Lisp. No longer an orphan , Lisp 
now has widespread support from almost 
all major computer manufacturers . 

Unlike some of the other aulhors in this 
issue, I will focus on Common Lisp 
rather than Scheme. Scheme is a small, 
elegant language , while Common Lisp is 
a large , powerful one. Common Lisp 
borrowed the notion of lexical scoping 
from Scheme, and I' ll have more to say 
about that later. The thrust of this article 
is the way Lisp has changed over the 
years. 

Data Types 
One of lhe most basic aspects of Lisp' s 
evolution is the matu.ration of its type. sys­
tem. The only data types in Lisp I .5 were 
symbols , numbers, and lists, the latter 
being chain.s of cons cells . All other ob­
jects, such as programs. trees, stacks, 

David S. Touretzky 

sets. tables , and so on, were built from 
conses. [Editor's note : A cons cell, or 
cons , is a unit of stortige within a IJsp 
list ; its first element points to an element 
ofthe list, while its second element points 
to either NIL (denoting the end ofthe list) 
or the cons cell holding the n1w element. 
A list is represented internally as a linked 
list ofcons cells.] 

The unifying role of conses is one of 
the strengths of Lisp; its many list primi· 
cives make it easy to manipulate olh.er 
data rypes without a lot of redundant pro­
gran:uning. For example, in Lisp (but no! 
in strongly typed languages such as Ada) , 
the same l ength function that returns the 
length of a list can also compute the cardi ­
nality of a set , the depth of a stack, or the 
size of a table. 

Recently, however, conses have been 
given a slightly less prominent role in the 
language. Since many perfunnance-criti­
cal programs, such as text editors, net­
working software , and window systems, 
are now written in Lisp , the use of def­
s t ructs (Lisp record structures) for per­
formance reasons has become wide­
spread. Normally, defstruc ts are 
implemented as vectors rather than lists; 
this allows their components to be ac­
cessed more efficiently. 

Common Lisp contains a number of 
more exotic data structures not found in 
most other languages: ratios; bignums 
(integers with an unbounded number of 
digits) ; four flavors of floating-point 
number with varying degrees of precision 
(short, single. double, and long); com­
plex numbers, whose components can be 
of any of seve.ral types; character objects; 

and hash tables . Here are some ex­
amples: 

> (/ 2 8) 
1/4 ;e. re.t1o 

> (float 1/4 OdO) 
0 . .25d0 ;a '1ouble float 

> (fact 20) 
2432902008176640000 ;a b1gnum 

> (+ J (sqrt -4)) 
#C(J 2) ;complex: J+21 

> (elt "ABC" 0) 
#\A ;character object A 
; el t returns then-th element 

The Common Lisp type hierarchy is ex­
tensible. New re.cord type.s , defined by 
defstruct, are automatically added to 
the type system , so lhat primitives such as 
typep and the check-t ype macro will 
recognize lb.em. Users can also define 
their own types directly with deftype . 
Although Lisp sti!J does not require type 
de.clarations for variables or functions .' 
Common Lisp does provide a way to 
specify this information. via optional 
declarations in lambda expressions and 
certain other forms. Compilers can often 

continu~d 
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generate more efficient code if they are 
given type information, but the semantics 
of the program do not change. 

Another important change in Lisp is 
that there is now better support for appli­
c<1.tive and iterative programming styles. 
Applicative programs try to avoid side ef­
focL~. including assignments, primarily 
for re.asons of clarity and theoretical ele· 
gance, but also because applicative pro­
grams are easier for compilers to under­
stand, which means they can generate 
better code . 

In other languages, assignments are 
conunonly used to hold on to a value tern· 
porarily and to perfocm an iteration. In 
Lisp, the let special form can be used to 
bind a new local variable-that is, totem­
porarily associate a value wilh that sym­
bol ; there is no need to use an assign· 
meat. Also, a variety of built-in iteration 
forms eliminate the need to code itera­
tions by hand using prog and go. Listing 
I a shows several functions written in the 
old Lisp programming style; listing I b 
shows versions in the new , assignment· 
free iterative style. Mode.m Lispers al­
most never need to use prog and go . 

Keyword Arguments 
Another important change introduced by 
Common Lisp is the use of kcy""urd argu· 
rnents to basic list functions, which adds 

considerable flexibility and cleans up a 
problem with equality tests that earlier 
diale-ets solved less elegantly. In dialects 
such as MacLisp , (member x y) used the 
equal predicate to check whether x was 
equal to any element of y. Another func­
tion, ( memq x y). used eq as the equality 
test. A good programmer would use memq 
rather than member whenever possible, 
because eq is the most efficient equality 
pred.icate in Lisp: It compares two ad­
dresses, which means it can compile into 
a single machine instruction . 

In contrast, the equal predicate must 
dispatch on the types of its arguments. If 
they are symbols. it compares their ad­
dresses; if they are numbers , it compares 
their values; if they are lists. equal must 
call itself recursively to check corre­
sponding elements for equality . A few 
other functions in the older dialects also 
had para.Del versions defined using eq i.n­
stead of equal. such as assq for assoc 
and delq for de l ete, but many other 
functions did not. 

Common Lisp takes a different ap­
proach. List manipulation functions that 
perfonn equality tests accept an optional 
keyword argument, :test, which can be 
used to specify an alternative predicate . 
The defauli predicate is eql, which is 
sim.Uar to eq except it compares numbers 
correctly. In Common Lisp, (member x 

y) is exactly equivalent to 

(member x y :test#' eql) 

The notation #' eq 1 is shorthand for 
( function eg 1) ; # ' is the correct way to 
quote a functfon in Common Lisp. To ob­
tain the functionality of the old MacLisp 
member predicate. you would write 

(member x y :test Al' equal) 

The value of the :t es t keyword can be 
some other sort of comparison than 
equality. For example. if y were a list of 
numbers and we wanted to find the sublist 
beginning with the first number greater 
rhan x, we could write 

(member x y :test Al'<) 

There are several other buil!-in keywords 
beside.s : test. The member function also 
accepl~ a :key keyword. If x is a lisr of 
lists. to find the first list beginning with 
t'oo, one would write 

(find ' foo x : key # 1 cfiI') 

Sequences and Assignments 
Although many Lisp dialects include vcc· 
tors and arrays . Common Lisp is lhe first 

<.'Orttinued 

Listing 1: These definitions of test- l ast , the Lisp I. 5 assoc function, and the classic factorial ftmction (fact) in 
listing (a) are written in an old-fashioned Usp style. The would earn a failing grade for their unnecessary use of 
assignments and poor choice ofcollfrol structure. Their counterparts in listing (b) are wrilten in modem Lisp style and 
contain no explicit assignment statements. The dolist macro steps a variable through the elements ofa list. The do macro 
is simultaneously stepping two index variables, 1 and res. in parallel until i is zero. 

(a) (b) 
; TEST-LAST returns T if the first or second element of X 
; is equal to the last element. It saves the value of 
; (CAR (LAST X)) to avoid haYing to compute it twice. 
(defun test-last (x) (defun test-last (x) 

(prog (temp) (let {(temp (car (last x)))) 
(setq temp {car (last x))) (or (equal (first x) temp) 
(return (or {equal (c a r x) temp) (equal (second x) temp)))) 

(equal (cadr x) temp))))) 

(defun assoc {x y) (defun assoc (x yl 
(prog () (dolist. (e y) 

loop {if (equal x (car ell (return el) l) 

(cond ( {nu 11 y) (return ni 1)) 
( (equa 1 x (caar y) l (return (car y) J J 
(t (setq y (cdr y)) 

(qa loop) ) ) ) ) 

(d.,,fun fac:t {n) (de fun fact (n) 
{prog (res) (do ((i n (1- i)) 

(setq res 11 (res 1 (•ires))) 
loop ( (zerap i) res)) l 

(if {<- n ll (return res)) 
(setq res (* n res)) 
(setq n (- n 1)) 
(qo loop))) 
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HOW LISP HAS CHANGED 


to unify lists and vector under the more 
general not.ion of ''sequence." Functions 
previously defined only for lists, such as 
length, reverse, and remove, have 
been e:i:tended to sequences, so they now 
operate on strings, ordinary vectors, and 
bit vectors as well . Several dozen new se­

quence functions have been added, and 
the entire collection has been e;i;tended to 
take a variety of keyword arguments. Pro­
grammers can write virtually all the se­
quence manipulations that they used to 
code by hand with some combination of 
built-in sequence functions . 

Listing 2: A recunive-descenr parser in Common Lisp. fa·en though this 
program solves a nontrivial problem, it does not contain n single assignment 
srmement. 

(defvac *grammar* nil 
"The grammar represented as an a - list.") 

(defun terminalp (x) 

(not (assoc x *qramm.ar•) ) ) 

(defun parse (input) 
(car {parse-symbol 'S input))) 

(defun parse-symbol (sym input) 
(if (tenninalp sym) (parse-terminal sym input) 

(parse-nonterminal sym input))) 

(defun parse-terminal (sym input) 
(if 	(eql sym (first input)) 


(values (list sym) (rest input)) 

nil)) 


(defun parse-nonterminal (sym input) 
(do li :st ( rule-se9 (cdc (assoc sym *9rammar*))) 

(multiple-value-bind (result remainder) 
(parse-rule rule-seq input ' () J 

( 1 f result 
(return (values (list (cons sym result)) 

remainder)))))) 

{defun parse-rule (rule-seg input earlier-parse) 
(if (null rule-seg) (values earlier-parse input) 

(multiple-value-bind (result remainder) 
(parse-symbol (fit st rule-seg) input) 

(if result 
(parse-rule 

(rest rule-seg) 
remainder 
(nconc earlier-parse result)))))) 

Listing 3: A sample grammar for tesring the parser. The grammar is 
represented as an association lisr ofrewrite rules. The first e111ry says tlwr a 
sentence, S. consists ofa noun phrase. NP .followed by a verb phrase. VP. 
The second entry gives four rewrite rules for noun phrases. 

(setf *grammar* 
'((s (npvp)) 

(np (npcop) (pro) (art adj list n) (art n) ) 
(nprop (john) (mary) ) 
(pro the) (she) (it)) 
(art (the) (a)) 
(adj list (adj adj list) (adj) ) 
(adj (big) (little) (red) (tasty) J 
(n (boy) (9irl) (bal ll (pizza) (stick)) 
(vp (vi) (vt np) (vrel relc)) 
(vi (laughed) (sang)) 
(vt (threw) (kicked) (ate) ) 
(vre 1 (saw) (said) (thought) ) 
(relc (thats)))) 
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One advantage of building more list 
and sequence functions into the language 
is char it allows the compiler to generate 
more efficient code for them. For exam­
ple , such functions can be open coded. 
which means the compiler generate_ ma­
chine instructions to implement chem di· 
rectly rather than perform a subroutine 
call . 

Another area where Common Lisp 
takes a cleaner. more comprehensive ap· 
proach than previous dialc.cts is the treat· 
ment of assignment. Earlier Lisps pro· 
vided one way to store values in variables 
(setq), two ways to store into cons cells 
(rplaca and rplacd), a different way to 
store into property lists (putprop) , yet 
another way to store. into vc.ctors or arrays 
(store), and so on. Common Lisp has a 
notion of "generali1.ed variable, .. which 
is any place a pointer may reside . 

All fonns of assignment are handled by 
a single macro called set f . The first ar· 
gument to se t f describe s the pl ace 
where the value is co be stored; the. sec­
ond argument is lhe value. The setf 
macro expands into implementation­
dependent code depending on the place 
desc ription , which may be quite com­
plex . Users can even define their own 
kinds of places (with de f setf) and tell 
Lisp how to generate code to store things 
there . Several operations de.rived from 
assignment are de.fined on generalized 
variable~ ; by convention, their names 
generally end with the letter/. Here are 
some examples: incf increments a vari­
able , and rotate f rotates values among a 
set of variables. 

> (setf x '(abc)) 
(ABC) 

> (setf (second x) 99) 
99 

>x 
(A 99 C) 

> (incr (car (cdr x)) 2) 
101 

>x 
(A 101 C) 

> ( rotatef ( rirst x) 
(second x)) 

NIL 

>x 
(101 A C) 

[Editor's note : Common Lisp stores and 
displays all symbols in uppercase; if you 
type in lowercase symbols, Common lisp 
converts them to uppercase before ·tor­
i11g rhem. However, the conve111ion is to 
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Under lexical scoping, test 's x ii' a dif­
terent variable than 1he global x and is not 
part of the lexical context of access­
vars. On the other hand, the binding of y 
that access-vars sees is the one estab­
lished by test; this is due to the spec 1al 
de.claration, which requests dynamic 

· ~coping. 
Common Lisp is the first Lisp dialect 

in which declarations can affect the se­
mantic· of interpreted programs. This 
feature makes Common Lisp interpreters 
rather more complex than other Lisp in­
terpreters , but it does not affect the effi­
ciency of compiled code. Unlike previous 

refer to Common lisp symbols as lower­
case when the difference makes the text 
more readable.) 

Although assignment is syntactically 
more elegant in Common Lisp than in 
many previous dialects , the most seman­
tically elegant programs are those with no 
assignments at all. Th is point is discussed 
in more detail in the article by William 
Clinger on page 221 of this issue. Listing 
2 shows a recursive-de.scent parser writ· 
ten in Common Lisp without a single as· 
signment . Listing 3 specifies a test gram· 
mar for it, and listing 4 shows it parsing 
some example sentences . The grammar 
resides in a global variable called *gram· 
mar*. By convention , Common Lisp pro­
grammers begin and end the names of 
global variables with an asterisk . 

The parse-symbol. parse-nonter­
minal , and parse-rule functions all re­
cum two values instead of one; they use 
the values special form to accomplish 
this . The first value is a list of subtrees for 
segments of the input already matched: 
the second is a list of remainfog input to­
kens . Returning multiple values directly 
on !he. stack is more efficient !han cons­
lng a list of them and returning the list. A 
specialized binding form , multiple­
va ue-bin ct . is used instead of l et to 
hold on to values when a function returns 
more than one of lhem . 

Lexical Scoping 
Common Lisp borrowed the notion of 
lexical scoping from Scheme and uses 
lexical scoping by default , while earlier 
Lisp dialects were dynamicaJly scoped . 
Basically , lexical scoping means that 
functions can access whatever bindings 
appear in their lexical environment, but 
no others . The lexical em"ironment of a 
function consists of its local bindings, 
plus those of any fom1 that textually con­
tains lhe function. For example. in listing 
5. the variable n that i. local to mul ti ­
. ly-by i part of the lexical context oftbe 
lambda expression that appears in the 
body of mu l tiply-by . 

[Editor's note: To summarize, if the 
language is le.tically scoped, you look to 
the surrounding code of the listing itself 
w see whether a symhol is bound. If it iJ 
dynamically scoped, symbols are consid­
ered bountl until the procedure enclosing 
them retums. and you must look at the 
order in which procedures are evaluated 
to see whether a symbol is hound.] 

Unlike Scheme. Common Lisp retains 
dynamic scoping as an option available 
via special forms such as declare and 
defvar. Listing 6 illustrates both kind 
of binding. In a dynan1ically scoped list, 
lhe fact that test bou.nd a variable named 
x would prevent access-vars from ac­
cessing the global x it was intended to. 

dynarnicaJly scoped dialects. Common 
Lisp programs always behave the same 
way interpreted as they do when they are 
compiled. 

Another feature borrowed from 
Scheme, related to lexical scoping, is the 
notion of a lexical closure, a function 
packaged together with the environment 
in which it was defined. When the closure. 
is called, It can reference !he variables in 
its environment and even modify them. 
The next time it is called. the variables in 
its environment will again be accessible. 
Thus, local variables in Common Lisp 

comim1ed 

Listing 4: Sample ourput from the recursfre-descem parser. 

> (pa i:-"e ' (the boy ate a ta sty little ph:-.:a)) 
(S (NP (ART THE) (N 80"{)) 

(VP (VT ATE) 
(NP {ART A) 

(ADJLIST (ADJ TAST"{) (ADJLIST (ADJ LITTLE) ) ) 
(N PIZZA)))) 

> {parse ' l john said that mary kicked the ball) ) 
(S (NP (NPROP JOHN)) 

(VP (VREL SAID) 
(RELC THAT 

(S (NP (NPROP MARY)) 
(VP (VT KICKED) 

(NP (ART THE) (N BALL))))))) 

Listing 5: This listing illustrates the creation ofa le. "ical closure. Since the 
variable n is local ro multiply-by, its binding would nonnally go (!Way when 
thefu11ctio11 retums. However , n is referenced in the body ofthe lambda 
expression to be re1umed by mul tiply-by, so 11 le.rirnl closure is created 
whose environmellf references that binding: the binding will livt' un '1.1' long 
as rhe dosurt' remains in existence. 

> (de!un multiply-by (n) 
,. (lambda (x) c• x n)) 

MULTIPL"l-8'!' 

> (setf doubler (multiply-by 2)) 
i<LEXICAL-CLOSURE 5350043> 

::> (:'letf tripler (multiply-by 3)) 
i<LEXICAL-CLOSURE 5410065> 

> n ;; note: there is no global vai:-iable N 
Error: N unbound variable. 

> (describe doubler) 

i<LEXICAL-CLOSURE 5350043> is a lexical closure. 

Its function i" (LAMBDA (X) {* X N)). 

Its environment contains the binding:'!: 


N 2 

> (mapcar doubler' (1 2 3 4 5)) 
(2 4 Ei 8 Hl) 

> (mapcar tripler ' (1 2 3 4 5)) 
(3 6 9 12 15) 
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Listing 6: Lexical and dynamic scoping in Common Lisp. The first rwo lines 
establish bindings for the global variables x and y. Function tes t binds a new 
variable named JC, whose scope is local w test, and rebinds the global 
variable y. Function access-vars returns the value ofthe global van.able JC 

rather than the local x of test because the local variable is not within the 
le:rical scope ofaccess-vars. Variable y is treated differently because it is 
declared special, which means dynamically scoped. This causes tes t ro 
rebind y rather than establish a new local y. 

(setf x '9lobal-x-value) 
(setf y 'global-y-value) 

(defun test (x y) 
(declare (special y)) 
(acc::ess- va rs)) 

(defun ac::c::ess-va~s () 
(list JC y)) 

> (test 'new-x-value 'new-y-valuel 
(GLOBAL-X-VALUE NEW-Y-VALUE) 

have potentially unbounded lifetimes, 
known as infinite extent. In earlier dia­
lects. variab les had dynamic extent . 
meaning they disappeared forever when a 
function returned . 

Another important fact about le)(ical 
closures is that, depending on the context 
in which they were defined, several clo­
su.res mjght share the ·a.me bindfog envi­
ronmen.t. Since closures arc created auto­
matically by Lisp when needed , and si.nce 
you can make any number of closures 
over the same function (each with its own 
private environment), this feature is sub­
s1ao1jaJly more powerful than static vari ­
ables provided by languages such as C. In 
listing 5, the multiply-by function re­
turns lexkal closures that multiply their 
input by a constant. Each closure con­

tains a binding for n in its environment 
because n is local to multiply-by and is 
referenced by the body of the closure . 

The Future of Lisp 
The Common Lisp standard 1s incom­
plete in a number of places where the de­
signers thought it would be premature to 
freeze the language . For example , al­
though much of the recent research in ob­
ject-oriented programming has been con ­
ducted in Lisp , beginning with the Lisp 
Machine's Flavors system, the Common 
Lisp Object Syste.m (CLOS) is stlll being 
designed; it is not yet part of the stan ­
dard . CLOS wil.J be similar to Portable 
Common Loops , an object system devel­
oped at Xerox Palo Alto Research Center 
(PARC) that is already quite popular 

among users of Common Lisp. 
Further in the future there will be a 

loop macro (modeled after the Lisp Ma­
chine's Zetalisp l oop macro) for express­
ing comp.lex iterative algorithms in an 
English-like syntax , and a Common Lisp 
standard window system interface . An 
even more exciting prospect for Lisp is 
the introduction of support for parallel­
ism. A number of experimental parallel 
Lisps already cx.ist. 

Lisp on Personal Computers 
The gap between hobbyist and profes­
sional computing ha · narrowed subst..an­
tially . Several fuJI implementations of 
Common Lisp have recently been an­
nounced for IBM PC AT and Apple Mac­
Intosh Plus rnachines with sufficient 
memory. These are high-quality imple­
mentations that include compilers and so­
ph ist.icated programming tools. Thanks 
to Common Lisp and improved hard­
ware , we are entering an age when 
hobbyists will be able to run the same re­
search software as university AI labs. 
Many of us find this prospect truly 
exciting . • 
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I~ 128 formulas at the speed of light. 

The Casio FX-5000F 

Formula Calculator. To save 
you the time and trouble of looking 
up or memorizing many of the 
most important mathematical and 
scientific formulas, we put 128 of 
them in our FX-SOOOF Formula 
Calculator. And you can call them 
up in a flash. 

The formulas are numbered 
and COier the fields of math, 
statistics, physics, electronics and 
mechanics. Plus you can input 
12 of your a.vn. Just key-in lhe 
appropriate number and the for· 

mula you need appears instan~y. 
The alpha numeric display with 
10 digit mantissa plus 2 digit expo­
nent is easy to read and scrolls 
to a.;er 70 characters. Its tv.o-line 
display shows both the formula 
and the answer simultaneously. 

And it doesn't stop there. 
Once you've recalled the formula, 
the calculator prompts~ to input 
the values of variables and 
autornatie811y the result 

lhe FX 

grams and store them until needed. 
While an instant replay feature 
lets you review and edit formulas 
at the touch of a button. 

Adding to its usefulness are 
an additional 160 povverful func­
tions, for a combined total of 288 
functions and formulas. 

To get the list of 128 formulas, 
as \Nellas more information about 
how the Casio FX-SOOOF delivers 
them with the speed of light, call 
1 800-626-2916 EXT. 85. 
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HARDWARE RESOURCES 

Al Architects Inc. 
One Kendall Square 
Cambridge, MA 02139 
(617) 577-8052 

386 HummingBoard.for IBM PC 
lllqui.ry 955. 

Symbolics Inc. 
11 Cambridge Center 
Cambridge, MA 02142 
(800) 237-2401 

3620£ Al worksra1ion 
lllqulry 956. 

Tektronix Inc. 
P.O . Box 500 

Beaverton, OR 97077 

(503) 685-3752 

4400 Workstan·on 

lllqul.ry 957. 


Teus Instruments Inc. 
Semiconductor Group 
P.O. 8011 809066 

Dallas, TX 75380 

(800) 232-3200 ext. 700 

Compact lisp Machine VU/ 
LJsp Mz'croproce.rsor 
Inquiry 958. 

Texas Instruments Inc . 
Data Systems Group 
P.O. Box 809063 

MIS 2244 

Dallas. TX 75380-9063 

(800) 527-3500 

Explorer Al works1a1/on 
Inquiry 959. 

Thinking Machines Inc. 
245 First St. 
Cambridge, MA 02142 
(617) 876-111 l 
The Connection Machine 
Inquiry 960. 

Xerox Corp. 

Special Infonnation Systems 

P.O. Bo:\ 5608 

Pasadena, CA 91107 

(818 ) 351 -235 l 
Xerox I I 86 A1 wor/wa1ion 

Inquiry 961. 

SOITWARE RESOURCES 

Cadence Research Systems 

620 Park Ridge Rd . 

BloomingtOn. IN 47401 

(812) 333-9269 

Chez Scheme (DEC VAX. Sun-3. 
Apollo Dcmainl /X) 
Inquiry 962. 
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The Coder's Source 

541·0 Main St., Suite 412 

South Weymouth, MA 02190 

(800) 255-4659 

TronsUSP, TronsUSP Plus 
(iflferpreter, can interface to C 
routines), for 1he IBM PC 
Inquiry 963. 

Coral Software 
P.O. Box 307 

Cambridge, MA 02142 

(617) 547-2662 

Coral lisp and Coral/Franz 
Extended Common lisp, 
bo1hfor 1he Macimosh 
Inquiry 964. 

Expertelligence Inc. 
559 San Ysidro Rd . 
Santa Barbara, CA 93108 

(805) 969-7874 

Exper-Commonlisp, for 1he 
Macintosh 
Inquiry 965. 

Franz Inc. 

1995 University Ave. 

Berkeley, CA 94 704 

(415) 548-3600 

Allegro CL, Franz lisp , 
and related products (various 
computers from micros ta 
main/rames) 
Inquiry 966. 

Gold Hill Computers Inc. 
163 Harvard St. 
Cambridge, MA 01239 
(800) 242-5477 

Golden Common Lisp. 
for the IBM PC 
Inquiry 967. 

Lucid Inc. 

707 Laurel Siree1 

Menlo Puk, CA 94025 

(800) 843-4204 

Lucid Common LJsp 
Inquiry 968. 

Metacomco 
26 Portland Square 
Bristol BS2 8RZ 
United Kingdom 
Cambridge lisp, for rhe Amiga 
and the Atari ST 
Inquiry 969. 

MicroProducts Inc. 

370 West Camino 

Gardens Blvd. 

Boca Raton, FL 33432 

(305) 392-9800 

Powerlisp, for the IBM PC 
(implementation afInterlisp) 
Inquiry 970. 

Microsoft 
16011Northeast361h Way 
P.O. Box 97017 

Redmond, WA 98073-9717 

(206) 882-8080 

Microso/1 Mulisp 85 

Inquiry 971. 

The Programmer's Shop 
5·F Pond Park Rd. 
Hingham, MA 02043 
(800) 421-8006 

IQ-LJsp 
Inquiry 972. 

Public Domain 
Available OD BlX 
XlJSP. for IBM PC, Macintosh, 
Aiari ST, and Commodore Amiga 
Inquiry 973. 

Public Domain 
Available from 
telecommunications netv.orks and 
user's groups 
PCUSP, for IBM PC 
PDLJSP. for /BM PC 
Inquiry 974. 

Sapiens Sof1ware Corp. 
P.O. Box 7720 

Santa Cruz. CA 95061 

(408)458-1990 

Star Sapphire Common U:sp 
Inquiry 975. 

Scheme Project 
MIT Artiflcial Intell igence 
Labora1ory 
545 Technology Square 
Cambridge, MA 02139 
(617) 253-6218 

MITScheme ( porrab/e C) 
Inquiry 976, 


Semantic Microsystems Inc. 

4470 Southwest Hail St. 

Suite 340 

Beaverton, OR 97005 

(503) 643-4539 

MacScheme + Toolsmilh, 
for the Macintosh 
Inquiry 977. 

Soft Warehouse Inc . 

3615 Harding A'·e. 

Suite 505 

Honolulu , HI 96816 

(808) 734-5801 

muUSP-87 
lnquiry 978. 

Texas Instruments Inc . 
Daia Sysiems Group 
P.O. Box 809063 

MIS 2244 

Dallas, TX 75380-9063 

(800) 527-3500 

PC Scheme, for the IBM PC. 

Tl Professional, and T1 Busilms­

Pro compu1ers 

Inquiry 979. 

T Projecl 

Computer Science Departmem 

Yale Univen;ity 

Box 2 I 58 Yale Station 

New Haven, CT 06520 

(203) 432·2381 
T, version 3 (Apollo, Sun-3, 
DEC VAX. HP t}()()()) 

Inq11iry 980. 

Illust rat ion by Roberl Tinney 
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The KODAK DATASHOW'"' System 
for projection of PC im.Jges. 
Imitations come and go, but the original from Kodak 
continues to lead in quality and onvenience. 

Used with an overhead projecwr. the Da1ashow system 
converts your PC into an interactive, big-screen presenta­
tion tool, free of image distortion fmmd in others. 

And, unlike some, it permits simultaneou~ display of 
real-time images on the PC. monitor and projection screen. 

This Kodak system a/so lets you manage presentations 
with exclusive, multi-use software, wireless remote control, 
and, new from Kodak, additional software for remote con­
trol of application programs like Lotus 1-2-3. 

Nobody but Kodak offers a package like that! 
This portable system is easy to interface with IBM PCs 

,·md 100°/o compatibles, or with 
Apple II computers using our simple 

external adapter. 
So why settle for an imitation? 

Get the genuine Datashow system, 
backed and serviced by Kodak. 

Call ·1BOO 44KODAK 
(1800 445-6325), Ext 875, 

for product and dealer 
information. 

Cl Eastman Kodak Company, 1987 
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... With a10 Day Trial Membership 

If you\t thought about joining BIX 
before but weren't sure it wa~ what you 
needed, now is the time to try it Because 
now for a limiied 1irne we're inviting 
rou to try BIX for 10 days. If at any 
lime during this 10 clay tria.1period you 
don't fed BlX has made you a more 
knowkdgtable micrm.:omputer user, 
we'll refund rour entire registration 
fee. You pay onl~· for time spent on che 
system.· (See tog·on instructions /or 
bour~)' rates). 

Explore BIX. in rour home or office. 
Put it · power to work for }OU •rnd un· 
leash your full microcomputer potenrial 
- prog1.1mming. de igning. speci~'ing , 
researching- and more. 

lry BIX for lO fulJ days and ·ee what 
it can do for you. Explore more than 
160 conferences. Access vendor support. 
Speak co expert consultants. Research 
new products and systtm . and down­
load publit: domain software. 

Prepare youn;elf for success 
It takes a sharp mind and hard work 
to ta •ahead. and ha\iing the right 
tools helps. 

looay. you can put one of the most 
powerful instruments for career ad­
vancement to work for you: BIX. 

• 	Learn about new products betore 
they bit the market. 

•	 Get qualir:y marketplace feedback on 
the products youre thinking of pur· 
chasing before you iov<.:st. 

•	 Research probkms and find the solu· 
tions that no one else has been able 
ro render. 

• 	Access some of 1he most advanced 
public domain software availabk in 
the indtL~lf)'. 

•	 Increase }OUT working knowledge 
of micros to make more confidem 
purchasing ded~ions and m:ommen­
dations. 

join BIX and arm yourself with 
the latest in mkrocomputer­

related information 
BIX's exclusive Microbytes ne,~ swire 

gives you complete, daily, up-to·date 
computer industry information.You'll 
gain insight from BYTI'. editors and writ· 
crs who analyze new product~ and their 
poremial impact , inform you of the 
late ·t me.rgers and acquisitions, and rt· 
port late·breaking news from important 
seminars and conference . 

Talk lo colleagues worldwide 
You'll stay on top of your company's 

business with BlX's electronic mail 
senrice. 

"Tall( to your east coast. wtst co~c 
- even Eu rope:m - coniaccs all in the 
same dar. 

Or, simply communicate with other 
BIX users worldwide. hare information 
and idea.~ privatcly.or in conference. 

Choose any option for 
online access with a one tim~ 

$39 membership fee 
• 	Corporate invoiced accounts with 

aminimum of fhc registered usrrs. 
(A BlX first! \bur company can 
pay for your usage.) 

• I ise American Express. Visa or 
MasterCard. 

• 	Pre·puRhasc group accounts with 
fewer than five members. 

• 	Individual Pre·purchase: draw 
again~t pre·paid time. 

Use credit card.s for imme<liarc 
access or call cbc BIX Helpline for infor­
mation on any ocher payment option at 
1·800·22 -298.'(from . . andCanad:i) 
603·92 · 681 {in ew Hampshire.: 
and d scwherr ). 

Act now! Our 10 day trial offer is 
suhject co cancellation at any time. 

' lb no1ifr HIX 1lm \'fill wish 111 dbcon1inuc service al ~ny tim~· during 1he trial pmnd, c'Jll thc HlX lklplinr. ~nd )'Uur rntirc: mc:ml~:rSl11p fn: "ill l'lt: rl'fundC"d 
''HIX ran. br Jl'l'tss~d 1·i~ T1•mnd 1hroughout 1he ll.S. and Canad~l for the Trmn(l numlx:r ncm· 1 J<IU , e1ll thr BL\ lh.:lpl.inl· or Tpnnct ~1 1·1100·'1'16·01'19 

If your toe-at ·1yrnnct mrmhn ~ J mll e:ill )"<.nl " 'ill rn:dn: addi1inn~l !'.hargc~ from your lonl phone ~· nip:mr ~ • 1hrir prc1~J1ling rJI~ 
ttCunlinrnrnl IL . Tymrll'.t r·.iic · RllC~ from other arc.as arr a1'ailahk from BIX. 
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BYTE's Subscriber Benefits 

Program 


Yur BYTE subscriprjon brings 
you a complete menu of the latest 
in microcomputer technology every 
30 	days. The kind of broad-based 
objective coverage you read in 
every issue. In addition, your 
subscription carries a wealth of 
other bendits. Check the check 
list: 

BONUSES 

Annual Separare Issues: In 
addition to BYTE's 12 monthly 
issues, subscribers also receive 
our annual IBM PC issue free 
of charge, as well as any other 
annual issues BYTE may 
produce. 

£i BYTE Deck: Subscribers 
receive five BYTE posocard 
deck mailings each year-a 
direct response sysrem for you 
to obtain information on 
advertised producrs through 
return mail. 

!£1 Reader Service: For 
information on product · adver­
tised in BYTE, circle the 
numbers on the Reader Service 
card enclosed in each issue chat 
correspond to the numbers for 
the advertisers you select. Drop 
the post-paid card in the mail 
and we'll ger your inquiries ro 
the advertisers. 

TIPS: BYTE's lelephone 
Inquiry System is available to 
subscribers who need fast 
response from advertisers. Aftt'r 
obtaining your Subscriber I.D. 
Card, dial TJPS and enter your 
inquiries. You'll save as much 
as ten days over the response to 
Reader Service cards. 

!i1 Free Programs Via BYTEnec: 
You get access to the BYTEnet 
Bulletin Board Service, which 
allows you to download, via 

modem, valuable program 
listings. There is no connect 
charge for this service. 

(£.1 Subscription Service: If you 
have a problem with, or a 
question about your subscrip­
tion , you may call our service 
department toll-free at 
800-423-8272 (in New Jersey 
call 800-367-0218) during 
regular business hours (Easrern 
Time). You can also use 
Subscription Service ro obtain 
back issues. Should you care to 
correspond, use the following 
address: P.O. Box 6821, 
Piscataway, N.J. 08855. 

[tj Editorial Indices: Available 
through our cu comer service 
department P.O. Box 328, 
Hancock, New Hampshire 
03449. 

PAID SERVICES 

ltj B/X: BYTE's Information 
Exchange puts you on-line 24 
hours a day with your peers 
via compurer conferencing and 
electronic mail. All you need to 

sign up is a microcomputer, a 
modem, and tclccomm soft­
ware. For further information 
and cost, call 1-800-227-BYTE. 

I!] Program listings: Listings of 
programs that accompany 
BYTE articles are now avai l­
able on BIX, on disks or in 
quarterly printed supplements 
(see reply cards in this issue for 
cost information) , or call 
1-800-258-5485. 

l!1 Microform: BYTE i~ available 
in miuoform from University 
Microfilm International in the 
U.S. and Europe. See Comem 
page for cost information . 

DISCOUNTS 

f!1 One-year subscription at $22.95 

1£) Two-year subscription ar $.39.95 

1£1 Three-year subscription at 
$55.95 

Y 	 One-year group subscription for 
ten or more at $18.95 each. 
(Call or writt' for derails.) 

TOLL-FREE NUMBERS FOR 
YOUR CONVENIENCE: 

SubscripriollS & Back /.<;sues: 
1-800-423-8272 
( in N.J., 1-800-367-0218 ) 

B/X: 1-800-227-BYTE 

Program Listings Orders: 
1-800-258-5485 

ll~TE 

It's indispensable. 
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CLEO 
now delivers 

3278 coax cards 
at '795.00! r 

\\ 

CLEO is your SNA or.BSC Gateway 


Remote Sites Communication 
Wharever your indusrry, your remoie 
compucers need to share information with 
your mainfr.une. Or, they need to exchange 
data with other remotes. In either case, you 
need a101al solution ar the remote sires. You 
need softw:uc1 hardware.interfaces and 
modems that all work 1oge1her smoothly. 
You need CLEO! 

CLEO software producrs allow 111icro­
compu1c:rs to communicate with mini­
computers and mainf(ames, and 10 emulate 
rheir worksiatrons. Since 1981, CLEO tw 
provided remote communications ~ween 
micros and mainframes for the automotive, 
insurance. medical and banking industries. 
Today over 66,000 CLEO users worldwide 
an: running on all major brands of micro­
processors. The greatest number of these 
users run CLEO softwaic on IBM Personal 
Computers and NE!fHJOS LANs. 

Complete 
Software/Hardware Package 
Every CLEO package contains alJ the sof1· 
ware and hardware accessories needed at the 
remote site. Your selected CLEO SNA or SSC 
software Is packaged with I) an lmemal 
modem card for dial-up applications, or 2) 
an interface card ;ind cable for use with your 
existing modem. There's no 'l'-11.iring for oon­
CLEO :idd-ons. And you ger prompt, single· 

soqrce se.n1lce. 

P'ack:age prices 
range from S795.00 for 
most stand-alooe packages, up to Sl.995.00 
for the 32-user SNA gateway. 

Call us 1oday io discuss 
your applicarion . 

CLEO Software 
1639 Norih Alpine Rd. 
Rockford. IL 61107 
Telex 703639 
FAX 815/397·6535 

Headquarters: 

USA: 1-800/233-2536 
llJinois: 1·800/4 22-2536 
International: 815/397-8110 
Sale~ an.d. DlstributJon: 
Bc:nc:lux, Sc:mdhuvla: 31(71)899202 
Canada. W t: 800/361-:ns5 
Can2d2, 'll'cst: 800/36 1-1210 
C:m2da, Montrnl: 5141737.3631 
Colombia, S.A·.: 128754"92 
Fr.ancc:: 146873366 
Ital~· : {0331) 634 j62 

CLEO~ 

CLro:IDd ,71111'1aJn:~t~<J/Cl!O~llllll>qllll'.llVtndrmftoll___ 
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by Peter Immarco 

The New LIM/EMS 

Version 4.0 of LIM/EMS supports 

memory management, interprocess 

communication, and code execution. 

major rev1s1on of the Lotus / Intel / 
Microsoft Expanded Memory Specification 
(LIM/EMS), EMS 4.0 provides significant im­
provements over version 3.2. It also represents a 
much-needed unification and standardization of 

EMS. 
EMS 4.0 is a superset of EMS 3.2 . It has 30 functions (see 

table 1 ), the first 15 of which are identicaJ 10 1hose of EMS J .2. 
The additional functions support memory management and in­
terprocess communication and make it easier to execute code 
from EMS memory . There is 
also added support for operat­
ing -system environments 
(suc h as Quarterdeck ' s 
DESQview and Microsoft 
Windows) . I will concentrate 
on the improvements in EMS 
4.0 and on how they translate 
into bene.fits to users and de­
velopers. !Editor' s note : Fora 
discussion of EMS 3.2. see. 
"Lows//ntel/Microsofr Ex­
panded Memory" by Ray 
Duncan in BITE 's Inside the 
IBM PCs, Fall 1986.) 

A Brief Review 
The LIM Expanded Memory 
Specification was developed 
to allow programmers to write 
DOS applications that could 
address memory beyond 
DOS's 640K-byte limit. This 
limit originated with the Intel 
8086/8088 microprocessor. 
which could address only a 
megabyte of memory . The 
memory below 640K, usually 
referred to as conventional 
memory, is occupied by DOS. 
The memory between 640K 
and l megabyte contains 
ROM code and video buffers. 
among other things. 

The LIM JEMS uses a 

_.:__--­

l 
- --=------__;___-----=--------' 

bank-switch.ing technique to extend the addressing range of 
DOS. fapanded memory is divided into logical pages {typically 
I6K bytes) and mapped on!o a physical block of memory. l.n 
EMS 3.2 , this physical block of memory is located in unused 
portions of memory between 640K and I megabyte . With EMS 
4.0, however . you can map logicaJ pages anywhere within the 
first megabyte of address space , depending on the ~capabilities of 
the EMS hardware you are using. This physical memory is 
called a page frame and serves as a window into the actual ex­
panded memory . A device driver, called an expanded memory 
{EM) manager, translates the expanded memory function calls 
into actuaJ memory-management events using the expanded 
memory hardware. 

Software drivers are available that can make e:uende.d mem· 
ory look like expanded memory . Extended memory is 1he mem­
ory above I megabyte that the 80286 and 80386 can address . 
True expanded memory comes on a hardware. board specifica.lly 

designed to the LIM expanded 
memory specification . 

When an application pro­
gram request s expanded 
memory pages from the EM 
manager, it is given a handle 
numbe r. This number is us<::d 
by the applica1ion program 
when ma.king any further calls 
to the EM manager. Expand­
ed memory handle numbers 
are similar to file handle num· 
bers returned by MS-DOS 
when you create or open a 
file. 

Superior Memory 
Management 
EMS 4.0 can addres up to 32 
megabyte ' of expanded mem ­
ory , whereas version J . 2 had 
a maximum limit of 8 mega­
bytes. l.n an application. there 
is a relationship between the 

conlinut:d 

Peter lmmarco is the national 
sales manager for Thoughr 
Dynamics, makers of the rer· 
minare-and-s1ay-reside111 pro­
gram. Fetch. Yo1~ can reach 
him ar JI 42 Manhauan Ave. , 
Suite CP-310, Manhatran 
Beach . CA 90266. or on Com­
puServe as CJS 73770, 123. 
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LIM/EMS 4.0 

logical pages and the phys ical pages_ This is calkd th.: mapping 
context. The EM manager maintains this relationship for you 
once you have established it wlch the proper expanJcd memory 
function calls. 

Several new calls in EMS 4.0 make ii easier to manipulate 
memory. Under EMS 3.2, logical to physical pages were 
mapped one at a time, through reiterative calls ID function 5 
\Map/UnMap HanJle P.ages). 

In version 4.0 function 17 tMap/UnMap Multiple Handle 
Pages) lets you map mul!iple logical pag~s onto multiple physi­
cal pages with a single function call. You do this by passing a list 
of paireJ elements. each containing one logical-to-physical­
page relat ionship. By creating a li st for each mapping context 
you will require. you can ·witch mapping contexts easily and 
conveniently . Another call. function 16 (Get/Set Partial Page 
Map). lets you ·ave the mapping information for only the map­
pable memory regions that you select. Saving less information 
reduces the memory requirements and could increase the speed 
of your program . 

Ta.hie I: Tiu: UM/EMS 4.0 fw1c:tion calls i11dude the 
J5 function etJlls of F.MS 3. 2. Functions 16 through 25 
add support for memory mmuigement, interprocess • 
co111mw1icarim1, and thev make it eusier to execute code 
from expanded memory.· Operating-system e1111ironmen1 
developen can usefuncrions 26 through JQ . w 
derermim' what hardware is preseflf and 10 writl' 
en vironmems that will work with nonsl<mdard 
Jwrdware. 

Functions i through 1 sere ldentlcel 10 those in LIM/EMS 3.2 

1 Gel Status 

2 Gel Page Frame. A.ddress 

3 Gel Unallocated Page Count 

4 Allocate Pages 

5 Map/Unmap Handle Pages 

6 Deallocat.e Pages 

7 Get Version 

8 Save Page Map 

9 Restore Page Map 


10 Reserved 

11 Reserved 

12 Gel Handle Counl 

13 Get Handle Pages 

14 Get All Handle Pages 

15 Get/Set Page Map 


Functions 16 through 30 were added In LIM/EMS 4.0 

16 Ge!ISet ParMI Page Map 
17 Map/Unmap Muluple Handle Pages 
18 Reallocate Pages 
19 Get/Set Handle Attnbule 
20 GettSet Handle Name 
21 Get Handle Directory 
22 Alter Page Map and Jump 
23 Alter Page Map arid Call 
24 Move/Exchange Memory Region 
25 Get Mappable Physical Address Array 

For operating-environment developers only: 

26 Get Expanded Memory Hardware ln!ormat•on 
27 Allocate Standard/Raw Pages 
28 Alternate Mao Register Set 
29 Prepare Expanded Memory Hardware tor WC1rm Bool 
30 Enable/O•sable Operating System Environment 

Under EMS 3.2, when your appl ication requ ired more ex­
panded memory pages. you could not simply increase the num­
ber of pages controlled by the handle you were using. You had to 
request a new handle to hold the extra pages. This resulted in a 
real book.keeping headache. When you wanted to access data 
re.siding in expanded memory. firs! you had to determine wh ich 
e.xpanded memory handles conia.ined 1hedata you were seek ing . 

To avoid these problems, many applications that used ex­
panded memory under EMS 3.2 took all the expamled memory 
pages they found available when they began c:i\ecution. leavi_ng 
no pages for anyone else. EMS 4.0 now includes function 18 
(Reallocate Pages). whkh lets an application i_ncrease or de­
crease the number of pages allocateJ to an expanded memory 
handle . 

In EMS 3. 2, if you wanted 10 transte r hloc k_s of memory from 
one area to another. you had to use whatever memory-transfer 
facilitie s were available to you in the programming language you 
were using and perfom1 the necessary validation checks your­
self. Having the EM manager do thi s .for you reduces the amount 
of work your application has to perform. Function 24 (Move/ 
Exchange Memory Region) in EMS 4 .0 lets you move or swap 
memory in four directions: conventional to conventional mem · 
ory , conventional to EM , EM to conventional , and EM to EM . 

One nice feature of function 24 is that it will tell vou if the 
source and destination areas overlap. Ove.rlap can oc·cur if the 
source and Jcstination handles are identical. Jn the c.ase of a 
move operatlon , if overlap is detected , the function wiJI choose 
the move dire.ction such that the de ·tination recei ves an intact 
copy of the source. The function will return a status flag inform­
ing you that the overlap occurred. ln the case of an ex.change 
operation , if overlap is detected, the function aborts the opera­
tion and returns a status flag to that effect. 

EMS 3.2 was limited to a single contiguous page frame or 
window of 64K byte.. EMS 4.0 can map memory regions out · 
side the EMS 3.2 defined window with function 25 (Gel Map­
pable Physical Address Array). Funct ion 25 has two subfunc­
tions: Subfunction 0 returns a list of the addresses of all the_ 
memory regions available for mapping . and a relat ive physical 
page number for eat·h of those adJre.~ses . This function tells you 
how big of an expanded memory window you have. and al what 
segment addresses the mappable pages that make up the expand­
ed memory window are localed. By examining the list returned . 
you can tell which portions of Lhe expanded memory window 
are contiguous and which are not. Subfunction l tell s you how 
much memory you will need to set aside to receive this list . 

Expanded memory programmers who will be using expanded 
memory boards t.hal support more than 4 pages (64K bytes) of 
mappable memory can use this function to de1ermine how many 
physical pages they can map at one 1ime. For example. an .:n­
hanced EMS board suppor t. more 1han 4 pages of mappable 
memory by allowing,you to map expanded memory into conven­
tional memory. This method of mapping memory is called 
backfilling . The mapping might look like this; 

Physical Page 
page address number 

9000h 04h 
9400h 05h 
EOOOh OOh 
E400h Olh 
E800h 02h 
ECOOh 03h 

This example snows a total of 6 mappable pages (96K bytes) . 
The physical page segmem add re ses are in ascern.ling order and 
the physical page numbers are not. The segment addresses in 
expanded memory are first , and the- conventional memory ad­
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Jress segments are listed afterwards. Only the 4 pages at EOOOh 
and the 2 pages at 9000h are contiguous. This means that the 
data structures or code fragments you put in either of those ex­
panded memory areas have to fit into a 32K-byte area partition 
or a 64K-byte partition. unless you maintain a table of pointers 
between the tv.•o contiguous data areas yourself. 

You should not use function 2 (Get PDge Frame Addre s) w 
map the pages listed by function 25. Function 2 was designed for 
boards with a single contiguous 4-page 164K) window and has 
no way of telling you where the other mappable segments arc . 

Interprocess Communication 
In EMS 4. 0, any program can use another program· s e.xpanded 
memory pages via the handk number. Under EMS 3.2 you had 
no way of finding out which active handle number belonged to 
which program. This is because there wc1s no way to assign an 
identifying label to the inte.ge.r handle number you were given 
when you requested expanded memory pages from the EM 
manager . 

With EMS 4 .0. you c.an now give that handle an eight-charac­
ter ASCH name. using function 20 (Get/ Set Handle Name) . 
Conversely. function 2 1 (Get Handle Directory) lets you deter­
mine the handle number that belongs to a particular handle 
name . 

These two functions make it simple to share datu residing in 
expanded memory between separate programs. For e~mple, 
let's say you've written a spre.adsheet program that uses ex­
panded memory , When the spreadsheet begins execution. it re ­
quests 20 pages of expanded memory and receive · the himdle 
number 7. It also assigns that handle the name ' 'CA LC-IT," 
u. ing function 20 . Lei 's say that you hiive a graphics print­
spooling program that operates in the background . The print 
spooler uses function 21 to find the handle numbe.r associated 
with the hanule name " CALC-IT" and gets number 7. Now the 
print spooler can share the data in expanded memory along. with 
the spreadsheet program . Funct ion 21 c.:an a.l so return a com ­
plete directory of all the active handles and their names, as well 
as the total number of handles that the EM manager will sup­
port. This function is useful for writing EMS utility programs. 
For example , function 21 makes it easier to write a utility that 
shows you all the acti ve expanded memory handles and their 
names-

Easier Code Execution 

With version 3.2 . you could execute code in expanded memory, 

but it was a lot of work. You had to manually calculate the 

amount of storage space required for the operation , save the cur­

rent mapping context. map in the new mapping context one page. 

at a time, make a call to the proper address. and. after that code 

rcrnrnecl. restore the saved mapping context one page at a time. 


EMS 4 .0 ha. two functions that make it easie.r to exe.cute code 
from expanded memory: function 22 (Alter P.age Map and 
Jump) and function 23 (Alter Page Map and Call) . 

Function 22 is analogous tn a Far Jump. You give the EM 
manager the target address of the code you want co branch to and 
the list of logical and physical pages you want it mapped to. In 
one stroke, the EM manager will alter the current mapping con ­
cexc to reflect the mapping context you gave it and transfer con­
trol to the target address . Be aY.1<1re that it does not save the map­
ping context that existed before you cal led function 22. 

Function 23 is like a Far Call; it differs from function 22 in 
that the mapping context is automatically saved before con1rol 
1ransfors 10 the target address. You give the EM manager a 
point~r 10 a buffe.r that reserves a place for the EM manager to 
store the curreni mapping context and contains the new mapping 
context. When the Far Return is executed, control re.turns to the. 
next instruction after the calling point. Because funct ion 23 puts 

To improve interprocess 

communication, EMS 4.0 has added 

two functions that make it simple for 

separate programs to share data 

residing in expanded memory. 

information on the ~tack. there is a ~ubfunction that tells you the 

number of memory bytes you need to set aside for the stack. 


Miscellanrous New Features 

Two function s work together in EMS 4.0 to preserve data across 

a warm boot : function 19 (Get/Set Handle Attribute ) anJ func ­

tion 29 (Prepare Expanded Memory Hardware for Warm Boot). 

(Fu.net.ion 29 b i.ntended for ope.rating-env ironment developers: 

I will describe it in the next section .) Function 19 let<; vou desiu ­

nate specific.: handles as volatile or nonvolatile . EMS p~ges a so­

ciatcd with a nonvolatile handle are preserved across a warm 

boot. You can query the EM manager to see whether a ce.rtain 

handle number is volatile or nonvolatile. or whether the EM 

manager supports this feature . Assuming an EM manager is in 

accordance with the EMS 4 .0 specification. it will return a Not 

Supported status if the expanded memory hardware does not 

support the nonvolatile attribute . To support the nonvolatile at­

tribute, the expanded memory board must have its own mem­

ory-refresh controller; it cannot be dependent on the .:omputer 

system 's refresh cont roller. 


Improved Multitasking 

Functions 26 through 30 are intended for opernt i ng~system­


envi ronment OSIE) ckvelopers only . However . fo r the sake of 

completeness, I will describe them briefly. 


Some of the more advanced expanded memory hardware sys· 
terns support alternate register sel$, wh.ich can store an alternate 
mapping context. With this feature , OS/E developers can per­
form context switching by switching regi ster sets rather than by 
saving and restoring the mapping context via software . The 
more a_ltcrnate. register sets a_n expamkd memory envi ronment 
has, the more tasks it can switch quickly. 

Through the use of function 26 (Get Expanded Memory 
Hardware Information), the 05/E developer can determine 
what hardware-based facilities are available. The items returned 
by thi · funct ion are the raw-page size. the number of alternate 
mapping register sets. the context- save area size. the number of 
register sets that can be a. signed to DMA \direct memory ac­
cess) operation , and a flag that tells whac kind of channel oper::i ­
tion the DMA register sets follow . 

A raw page is the smallest amount of me.mory in kilobytes 
that Che expanded memory environment present can use, The 
EMS standard is designed around a page size of l 6K byte s; how­
ever, EMS 4.0 allows hardware to use differing raw-page sizes. 
For example. an OS/ E developer can allocate pages ia an 80386 
system in 4K-byte increments. The context-save area size lets 
you know how much memory storage in bytes it requ ires to save 
a mapping context. 

You can also assign certain register sets to OMA channel op­
erations to greatly enhance the ability to multitask. Let's say you 
have an applications program thllt has initiated a DMA opera­
tion whose destination is expanded memory. Until this opera­
tion is completed, you cannot change the cu.rrent ma.pping con­
text. Otherwise. the DMA controller will write on top of ;my 

~-ontimH•d 
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Cooperation between the major 
players in the microcomputer market 
in regard to EMS 4. 0 has resulted in 
better and safer development tools for 
the programmer, which can only lead 
to better applications for the user. 

data or code that has been wapped into the expanded memory 
window. Through the use of OMA register set -, you can per­
form context switching even though a DMA operation might 
still he in pmgress. The OMA register set can direcl the DMA 
write operations into the expanded memory pages that were 
mapped in the expanded memory window when the OMA oper­
acion began . Even though the current mapping context has 
changed. the DMA write operation can still fini sh. 

Uthe value returned by function 26 for DMA channel opera­
tion is a one. then the expanded memory environment has only 
one OMA register set, and if one OMA channel is mapped 
through th is set , then all DMA channels will be mapped through 
it. If it is zero. then the DMA register sets can be assigned to the 
DMA channels on a one-to-one basis. depending on how many 
register sets there are and how many DMA channels there are . 

Function 27 (Allocate Standard/ Raw Pages) allocates raw 
pages to th~ operating system. Raw pages are pages that are of 
nonstandard length and must be handled differently than stan­
dard size ( l 6K-byte) pages. When you ma.ke a function 27 re­
ques1. a raw handle is returned. Tt is the EM manager's respon­
sibility to recognize raw handles and lreat all functions that are 
calle<l by a raw handle differently. 

Funct ion 28 (Alternate Map Register Se!) contains a full set of 
funclion to get and set , allocate, and llt:.allocate the alternate 
map register sets. In addition, it can enable and disable DMA 
operations on the OMA register sets and control the assignment 
of DMA channels to OM.A register sets. 

You must call function 29 (Prepare Expande.d Memory Hard­
ware for Warm Boot) before you execute a warm boot. The EM 
manager will then take responsibility for maintaining the cur­
rent mapping context. the mapping and alternate register sets, 
and any other expanded memory hardware dependencies that 
need to be initialized at boot time. 

Through Function 30 (Enable/Disable Operating System En­
vironment). the OS/E can disable the u.~e of functions 26. 28. 
and 29. thus ensuring a sate operating environment. The first 
time the OS/E calls function 30. it is given a double-word access 
key . After that, any calls to function 30 to enable or disable t.he 
OS/E functions must be accompanied by that access key. 

The Future of EEMS 
AST Research has joined in supporting EMS 4.U as the new 
standard for expanded memory. The company will rele.ase a 
driver that meets 4.0's specification. I've been told that this 
driver will also support software written to the EEMS specifica­
tion by accepting the EEMS calls that such an application would 
make. while fully upporting the EMS 4.0 function call set. 

Existing EMS 3.2 software will work just as before. EMS 4.0 
is a superset of the function calls in version 3 .2 and maintains 
full bacJ..."Ward compatjbility with applications written for ver­
sion 3.2. Software written to ta.ke advantage of 4.0's adva.nced 
feature~. however. will not operate under ve.rsion 3.2. 

To upgrade from EMS 3.2 10 4.0. you will not need to huy 
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any new hardw.ire. Whal you will need is a new EMS driver 
from the manufacturer of your expanded memory board or ex­
panded memory software emulator. In many case s, these up­
grades will come at little or no charge. 

Software-only emulators that do not u. e any hardware map­
ping registers at all may conflict with some software wrinen for 
EMS 4.0. Software-only emulators cannot support data alias­
ing. Data aliasing is a teature of expanded memory hardware 
environments that allows you to map multiple logical pages onto 
the same physical page. For instance, you can map logical pages 
0 and I onto physical page 0. Therefore. any data writes !CJ either 
of !hose logical pages will affect physical page 0. In fact. the 
EMS 4.0 specification lists this as one way to test for the pres­
ence of a sof1v.are-only emulator. 

According to some of the major applications software ven­
dors, you might be able to run their software without any con­
flict using your expanded memory sofcware-only emulator; bu1 
if you do and you discover a problem. they will tell you that lhey 
don 't endorse using them. Proceeu al your own risk. or call the 
manufacturers of your applications software and your EMS soft­
ware. emulator and ask them for EMS 4.0- ·ompatibility 
informal ion. 

To Multitask or Not to Multitask 
The abi.lity to muh.itask depends on your expanded memory 
hardware or hardware-assisted software emulator . A purely 
soflware EM emulator does not use any hardware paging regis­
ters to perfom1 mapping context switching. There are two styles 
of EMS boards: the fntel Above Boards (e.g . . Intel Above 
Board/286). and the AST EEMS boards (e.g., AST Rampage). 
The Above Board is limited to a 64K-bytc wind lW while !he 
EEMS boards can have a window equal to the entire DOS 640K· 
byte address space. To perfom1 true niultitasking . you must 
have an expanded memory window that is as big a · the largest 
application program you want to run concurrently with other ap­
plications . Otherwise. it is not possihle w swicch tasks fa s1 
enough to perform multltaski ng efficient I y. If you have an 
Above Board-type board. you will be able to swap casks. but 
cask execution for a background process will be suspended . 
True multitasking is pos. ible with EEMS-type boards , and pro­
cesses will be able to run in the background . 

In addition , some. of the expanded memory emulators like 
Qualitas's 386 to the Max also have the ability to map into the 
conventional memory area . Therefore , with a product like this , 
you can also do true mu hitask ing. None of the soft ware-only 
emulators can perform multitasking. Programs like 386 10 the 
Max , although they are not expande.u memory hardware hoard . . 
do use hardware paging registers to perform context switching. 
ln thi s case, the paging registers of the 80386 chip are used. 

The Last Word 
What can you expect in the 1-vay of new hardware and software 
developments as a result of EMS 4.0? Some of the immediate 
benefits will be ma~ ive RAM ui. ks. print-spool buffers. Lotus 
1-2-3 spreadsheets, AutoCAD drawings, and more memory for 
eve.ryone involved. As more and more memory -reside.nt utilities 
make use of EMS, you will be able to keep many of your favorite 
pop-up utilities available simultaneously. 

Although EMS 4.0 is a uramatic improvemem over EMS 3.2, 
many of the new developments you will be seeing are not direct­
ly related to the 4.0 specification itself (the driver). They arc the 
result of the stand!lrdization of both the new hardware ani.J soft· 
ware designed to support EMS 4.0. Cooperation between the 
major players in the microcomputer market in regard to EMS 
4.0 has resulted in better and safer development tools for the 
programmer, which can only lead to better and safer applica­
tions for the user. • 
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John Poplett and Rob Kurver 

The DSI Transputer 

Development System 


Definicon Systems' new Transputer 

coprocessor board puts 

concurrency in your IBM PC 

ID 
ew-generntion microproc. essors like the 80386 
;rnd the 68020 have brought the power of a mini ­
computer onto the desktop. Yee even chis power 
is inadequate for software designers who are 
working with application· that run mainly on 

supercomputers. such as ray tracing and other solid modeling 
graphics . 

Increased microcomputing power is emerging from two main 
areas of technological development: high-speed reduced-in­
structfon-set computer (RJSC) technology and parallel process ­
ing . RJSC technology offers the promise of microcomputer ys­
tcms that approach today 's supercomputers in performance, yet 
it requires little change in the way currenc software is developed. 
Parallel processing offers the promise of sy terns whose com­
puting power is limited only by the resources of the system de­
signer and the ingenuity of the programmer . 

BYTE has arranged with Definicon System. to ofter BYTE 
suhscrihers the TG2 multiprocessor board and TCC. a parallel 
C compiler , at a special introductory price (see the tc.xt box on 
page 250). The board and compiler let you develop sofiware in 
p<irallel at a cost lower than previously possible. This board con­
tains two 32-bit INMOS Transputers, a host interface. aml a 
television-quality graphics se.ction on a single IBM PC expan­
sion bus card . 

The INMOS T4141'ransputer 
The idea of yoking together a number of processors in parallel to 
perform a computationally demanding task is as conceptually 
simple <is it is difficult to implement. The appeal of this ap­
proach is that. in theory . you can add more processors to such a 
sy ·tem as computational workloads increase. The difficulty is 
that conventional microprocessor te.chnology makes littJe, if 
any, provision for the fundamental requirement of parallel pro ­
cessing; a mechanism for interprocess communications. 

The INMOS Trarniputer was designed for paraJlel process­
ing: facilities for interprocess communications are embedded in 
the chip's silicon. In addition to a 32-bit microprocessor, a dy­
namic RAM (DRAM) memory controller , and 2K bytes of 50­
nanosecond on-chip RAM, the Tr.i.nsputer implements four 
high-spe.ed direct-memory-access engines- dubbed ' ' links" by 
rNMOS-tbr serial data communication with neighlxiring Trms­
puters. Transputer links comprise t'MJ unidirectional channels 
each. The links can transfer data in both directions at a rate of up to 
20 megabits per second , The four hardware 1 inks and the micro­
processor can independently access memory simultaneously: 

this is acc9mplished with minimal Joss in proce.ssor throughput. 
The links implement a communication protocol in hardware. 

The Transputer communicates by sending data bytes down the 
output channel of a link , framing each data byte with a start and 
stop bit . Once it has sent a data byte. the Transputer waits until ic 
receives an acknowledge message on the input channel of the 
link. Programmers have acce ·s to these hardware links via in­
structions in the instruction set of the Transputer 's micro­
processor. 

The Transputer supports mul!i!asking in hardware, buc it is 
more instruc!ive , with res~t to the Transputer's de.sign, to re­
gard multitasking as virtual concurrency . In a Transputer net­
work, parallel processes may be physically concurrent (running 
on separate Tnmsputers) or virtually concurrent (multitasking 
on the same Transputer). In practice, physically concurrent and 
virtually concurrent processe.s most likely will be running on a 
Transputer network . 

The Tr~nsputer's multitasking capability makes it possible 
for you to write a concurrent program for a network of Trans· 
puters even when the number of computing nodes in the netv.'Ork 
is unknown or may vary. You could design a program embody· 
ing . say, twelve parallel processes to function the same on a sin­
gle Transputer as it would on a network of two. three, four , or 
twelve Transputers . Programs designed in thi. manner can gain 
an almost linear increase in execution speed as you add Trans­
putcrs to the network . 

TCC, A Parallel C Compiler 
TCC is a superset of the Kernighan and Ritchie definition of C 
that incorporates extensions to support concurrent program­
ming on a network ofTransputcrs. The TCC package consist of 
a compiler , an a . embler. a linker, and a run-time library . 

The TCC's run-time library closely follows the emerging 
ANSI run-time standard. It accomplishes access lo the host 
PC's file ·ystem via level-two file 1/0 functions, such as 
fopen ( ) . fread ( ) . f\/rite ( ). getc ( ) , and so on. Functions 
for low-level access to the host (e.g. , bdos( ) and sys int () ) 
and functions for sending and receiving message packets sup­
plement the standard run time_ 

You can conirol all the Transputer's devic.es directly, includ­
ing those that support concurrency. by the MPU 's microcode. 
The Transputer's instruction set has instructions to start up pru· 
cesses, to start up interprocess communications, to select a pro­
cess's priority , and co cause a process to wait on an event. Stan ­
dard high-level languages (HLLs), including C, Pascal, and 

continued 
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FORTRAN. lack any formal conscructs that correspond to the e 
operations. Consequently, conventional language implementa­
tions would never access the Transputer's concurrent program­
ming resources. 

To get at the Transputer 's parallel processing capabilities , 
you have a few options. You could provide a subroutine or func­
tion library to extend the language . Another possibility is a dis­
tributed operating system or kernel that manages all the parallel 
aspects of a system through system calls. The option we took in 
the de.velopment of ICC was to extend the definition of the C 
language. These extensions include the channel data type . the 
par construct. the alt construct, and the pseudovariable 
timer. 

fa.tending the language definition has the advantage of e.ffi­
ciency, since the compiler produces in-line code (instead of a 
function or system call) whenever a programmer uses one of 

these parallel constructs. The efficiency gained by this approach 
is similar to that gained by a compiler that generates in-line code 
for a floi1ting-point unit rather than calling floating-point 
functions. 

Parallel Extensions 

Parallel extensions include the following: 


• The channe 1 data type and imerprocess co11u111111icatio11s . 
TCC's channel data type supplies the mechanism for synchro­
nized process-to-process communications. The programmer 
uses channel variables to send data entities between two pro­
cesses. The-se processes may reside on the same Transputer or 
on two different Transputers connecced by a link. The channe 1 
data type conducts interprocess communications with equal fa­
cility in either instance. Channel variables behave in a manner 
that is consistent with the C language . They accept the cast op-

The TG2 Multiprocessor Board 

T he TG2 uses two 15-MHi INMOS 

T414 Transputers. Each Transputer 
can address 1 megabyte of supplied 
DRAM in addition 10 its 2K bytes of in ­
ternal memory. You can upgrade the 
second section of the TG2 to accommo­
date 4 megabytes of DRAM . 

'The graphics section proYides a bit­
rnappcd display of up to 512 by 512 
pixels with 24 bits of color per pixel. It 
can display over 16 million colors simul · 
taneously on low-cos1 multisync moni­
tor.>. The display system operates inde­
pendently of the host PC's display . The 
on-board Texas Instruments 34061 
video RAM controller allows complete 
programmability of the displayed pixel 
count and the sync rates (e.g., for PAL 
operation). 

The Transputer board communicates 
with the host PC for console 110 and 
other system service requests via a 
Transputer hardware link . Tb case the 
programming task. the TG2's host inter­
face causes the host to appear as though 
it were another Transputer on the 
network. 

The TG2 provides a row of pin head­
ers for interconnection of Transputer 
links, affording the developer complete 
control over network topologies. You 
can arrange the Transputers in two­
dimensional grids. binary trees, hyper­
cube.s. or systolic arrays. You can net­
work and run multiple TG2s from the 
host PC. and larger Transputer networks 
are possible with the use of a PC expan­
sion chassis. The size of lhe Transputer 
network is limited only by the number of 
available expansion slots and power 
supplies. 

You can also use the TG2 with Defini­
con's T4 multiprocessor board. The T4 
omits the graphics section to provide 

four Transputer sections on a single PC 
e:\pansion bus card . 

;\ Transputer Macro Assembler 
Definicon supplies each TG2 with a full­
featured macro assembler. TMAC . to 
support Transputer program develop­
ment at the assembly language level. 
TMAC recognizes the complete instruc­
tion set, as published by INMOS. for the 
T414 and provides e:\tensive pseudo-op 
codes to facilitate the programming 
task . These pseudo-op codes allow the 
programmer to define bytes. words, 
macros, and constants; to align code and 
data in memory; to toggle listings; and 
10 include files. 

Product Information 
Dcfinicon Systems will provide the DSI­
TG2 Transputer graphics board and the 
TCC development system at the follow ­
ing special prices for BYTE readers. 
Definicon has not allowed any margin 
for accounting overhead, so no purchase 
orders can be accepted for chese prod ­
ucts. At these prices. documentation is 
supplied on floppy disk. (You can order 
a printed copy of the documentation at 
additional cost.) 

To order, contact Definicon Systems 
(I )(X) Business Center Circle, Newbury 
Park , CA 90320, (805) 499 -0652). 
Tenns of payment are Visa, Master­
Card, or American Express only. There 
is a 30-day. no-questions-asked. mooey­
back guarantee. Goods must be returned 
in "as new" condition in original pack ­
aging for full credit. 

Software support available is limited 
to diagnosis and correction of your soft­
ware problem. The TG2 board has been 
tested in machines compatible with the 
IBM XT and AT. If it doesn't work in 

you rs. Defi n icon reserves the right 
to either correct the problem (if it per­
tains to the DSl-TG2) or refund your 
money . 

The DSl-TG2 will operate in a system 
with floppy disks , but you'll need a 
hard disk for meaningful program devel­
opment. 

The DSl-TG2 wilh a single Trans­
puter section costs $945 . One Trans­
puter section consists of l megabyte of 
dynamic RAM and one 15-MHz T414; 
a host interfat~ section; MS-DOS inter­
face software; and macro assemblcr­
assembled and tested . 

The DSl-TG2 with two Transputer 
sections costs $1595. Two Transputer 
sections consist of 1 megabyte of 
DRAM and one 15-MHz T4 I 4 per sec­
tion; a host interface section; MS-DOS 
interface software; and macro assem­
bler-assembled and tested . 

The DSl-TG2 with two Transputer 
sections and graphics costs S 1995. Two 
Transputer sect ions consist of I mega­
byte of DRAM and one 15-MHz T414 
per section; one high-definition graph­
ics section (512 by 512 pixels. 24 bits 
per pi~.el): multisync monitor output; a 
host interface section ; MS-DOS inter­
face softv.are: and macro assembler­
assemhled and tested . 

The TCC .. Parallel" Development 
System consists of a TCC compiler. 
assembler. and linker for $395. The 
Kernighan and Ritchie definition C 
compiler has extensions for paraHel pro­
gramming, in addition to many Unix and 
ANSI extensions. 

TG2 and TCC documentation cosis 
$35 and includes typeset, printed mate­
rial for the DSl-TG2 Transputer board; 
TMAC. the Transputer macro assem­
bler: and the TCC Developmem System . 
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erator. the s i zeo f operator. and type checking. 
C's assignment statement is used with channel variabJcs to 

send and receive data between t'W'O processes. When data is "as· 
signed" to a channel variable within a process, the process at· 
tempts lo send the, data; conversely, when a channel variable 
assigns its contents to a data variable, the process attempts to 
read data via the channel into the data variable. Communica1ion 
is synchroni1.ed; it occurs only when two processes become 
ready to communicate via a shared channel. The Transputer 
automatically deschedules a process that is waiting 10 communi­
cate_ The following code fragment illustrates how a process 
might send a message to a host system: 

static char *msg = •hello world!•; 
char *ptr = msg; 
channel *host = (channel*J0x80000000; /* 

host link output */ 

while {*ptr) 

*host - .. ptr++; 


Whereas this code fragment illustrates how a program might 
. end a character string down a link , the channel data type sup­
ports the transmission of a variety of data types, including 
floats, integers. arrays , and structures. Here is an example 
using nonpointer channel variables: 

channel Comrn01; 

Calc:0l () ( 
double result; 
for(;;) ( 

... code .••• 1~ a nasty 
calculation here */ 

Cornm01 • result; 
l 


) 

IOProc01 {) 


double result; 

for(;; l ( 

result - Comm0l; 

print f ("result: %g\n", resu 1t) : 


l 


In this example. CalcOl and IOProcOl run as concurrent 
processes. -oProcOl waits to receive result over the channel 
CommOl. Upon receipt of resulc, IOProcOl displays the vaJue 
on ·tandard output; Ce.laOl is released to g1art its next eakula­
tion. Pending input from CelcOl, the Transputer deschedules 
IOProcOl o that microprocessor unit (MPU) cycles are not 
wasted on an idle process, 

• The par construct. This start:. up (spawns) processes on a 
Transputer. It resembles a compound statement in C: 

void proc01(), proc02(), proc03{); 

cod"' 

pare I 
proctll(); 
proc02(); 
proc03 (l : 

code .•.. 

This example starts three separate processes to call each of 
three functions. The processes terminate when the functions re· 

turn. The parent process waits for the three processes to terrni­
nate and then resumes executjon with the code following the par 
Statement, Processes started with the pai' construct each have 
their own stack (or "workspace ," as it is known in Transputer 
nomenclature), Workspace requirements are caJculatcd by the 
compiler at compile time and dynamic.ally allocated at run time. 

• The t irner pseudovariable. The t imer pseudovariable pro­
vides the progranuner wilh access to the Transputer's on-chip 
timer. By means of this pseudovariable. you can read the hard· 
ware timer or write to it almost as if you were reading or assign­
ing a value from an integer variable: 

linclude <time,h> 

{int) timer " 0; 


..•• code ...• /*your favorite 
benchmark here */ 

printf("ELM'SED TIME IN SECONDS 'ld\n", 
timer/CLK_TCK); 

In this e:owmple. the assignment to timer is prefixed with an 
inreger cast operator. The cast opcracor informs the compiler to 
initialize the hardware timer only_ You can descheduJe a process 
for a spcci fie interval with the use of the timer pseudovariable : 

timer +• 1000; 1~ sleep for a thousand 

clock ticks */ 


• The alt construct. The alt construct provides a software 
mechanism whereby a process may arbitrate between events. 
With the alt construct , a process can te-st the readiness of any of 
several events, selecting the first event 10 become ready, An 
event may be a ready channel, a ready timer, or a Boolean true 
condition. Each component of an alt construct (i .e., . c.ach alter­
native) uses the k~yword guard. 

Its syntax and function are not unJike the C S'"i tch statement: 

typedef Boolean int; 

channel Comm01, Comm02; 

int Result; 

Boolean NoTimeOut FALSE;
c 

••• code •••• 

TimeOutBegin: 

alt ( 


guard NoTimeOut: break; /* boolean 

event ~I 


guard &Co~~01: Result - Comm01; 
break; /* channel evenL */ 

guard &Cornm02: Result = Comm02; 
break; /* channel event */ 

quarod timer +• 1000; break; /* 
timer event */ 

default: goto TimeOutBegin; /• no 
event ready just yet */ 

This c<Xle fragment illustrates how you can use the alt con­
struct to multiplex channels and to time-out a proc~ss in the event 
of a communications failure. This statement evaluates three al· 
ternatives: It cheeks for the readjness of the Boolean flag Time­
out, lhe re.idiness of channels CommOl and Comm0.2, or the readi­
ness of the timer. Alternatives are evaluated in the same order as 
they are written: from top to bottom. Thus, if two event!; should 
become ready simultaneously. the first in order is selected. The 
first alternative tests the status of the Boolean variable NoTime­
Out. If true, the alternative is skipped altogether. The next two 

co111in11~d 
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The network booter (NB) acts as a 

virus, spreading itself and a program 

throughout a Transputer network. It is 

limited to a daisy-chain topology; tor 

other .topologies, you would have to 

add more logic into NB. 

alternatives check for pending input on one of two channels. 
Should either channel become ready, an input is perfonned a.nd 
the alt statement tennin.ates. (In this instance, input from two 
processes are multiplexed; io an actual appli1:ation. an IJO rout­
ing process might funnel the output of a number of processe.s 
into a single channel.) The third altemarive will cause a time­
out if eirher of the two channels should faj) to become ready 
within a specific time int.erval. Our example merely breaks our 
of the alt statement on a time-out; you could use this alternative 
to initiate a recovery strategy or to print an error me sage. 

• The #pragma macro preprocessor directive. TCC provides 
a number of #pragme. preprocessor directive.s to give the pro­
grnmmer greater control over program execution. These direc­
tives include #pragma par. Hpragma seq, ilpragme. fast, 
#pragme. slow, and #pragma stack. 

The par a.nd seq directives allow you to control the compila­
t.ion mode of a C module. You can also select either mode from 
the command line upon compi.ler invocation . ln the parallel 
compilation mode, funciions call a workspace allocator to a re­
serve space for local variables. This dynamic allocation of pro ­
cess workspace.s ensures lhat recursion is possible even when 
multiple processes are executing concurrentJy. ln sequential 
compilation mode , a single workspace is allocate.d at program 
startup. This work.space behaves identically to a stack on a con­
ventional microprocessor. You use the sequential mode when a 
Transputer program consists of a single process. obviating the 
overhead of dynamic workspace allocation. You can use se­
quential mode when single-process programs are. run on multi­
ple Transputers. 

The stack directive instructs the compiler to reserve a spe ­
cific amount of memory for a given function or set of functions. 
This directive talces a hexadecimal value as an argument. It typi ­
cally prefa1:cs a function definition: · 

I pragma stack 8000 /* reserve a 32Kbyte 
stack */ 

main (arqc:. a rgv) 
int argc; char **argv; 
{ 


••• code ••• 


The !'a.st and s1011 directives are used in conjunction with 
the paraUel compilation mode. They provide control over the 
workspace allocator. Functjons prefaced by the fast directjve 
will first try to obtain their workspaces from the Transputer's 
on-chip RAM , while functions prefaced by the slow dfrective 
will receive their workspaces from external memory. 

Run-Time Support for Parallel Processing 

The TCC run time provides additionaJ support for the Trans­

puter's parallel processing capabilities, particularly in instances 

where t.he compiler's language extensions are ill suited. 


The functions msgsend ( ) and msgrcv( ) send and receive 
data packets of arbitrary lengths across channels. Channel as­
signments work only wlth data entities whose sile is known to 
the compiler. Consequently, you will often use these functions 
to send and receive buffers: 

channel Cornm01; 

Proc01 () ( 


s~atic char *msg - "hello 
world!\n"); 

CorNn01 = strlen(msg); 
msgsend(&Corrun01, msg, strlen(msg)); 

} 

Proc82 fl { 
char str[MAXSTRLEN]; 
int length; 
length ~ Cornmlll; 
msgrcv (st r, &Col!lf!\01, length) ; 
puts(str); 

The function start r( ) takes a function address as a param­
eter and starts the function as a separate process. A programmer 
can use startp( ) , albeit with caution, to run mult iple pro­
cesses in a program compiled in sequential mode. 

The fi.Jnction resetch( ) initializes a channel variable, tak­
ing the address of a channel variable as a parameter. <You must 
initialize channel variables before you can use them .) 

The two functions stpri ( ) and l dpri ( ) pertain to process 
priority !eve.ls, of which, on tbe Transputer, there are tv.'O: high 
and low . The function s t pri ( ) sets the priority status of the 
process that calls it; l dpd ( ) returns the priority status of the 
calling process. A high-priority process will always execute in 
preference to a low-priority process. However, 1he Transputer 
will descheduie. a high priority if that process is waiting to com­
mu.nicate or is waiting for a timer to become ready . The Trans­
puter will then grant time slices to any extant low-priority pro­
cesse.s. Should the high-priority process become ready to run 
again. the low-priority processes will be inte.rrupted . 

Programming a Transputer Network with TCC 
On a single Transputer. we can start up a number of proc.e.sses 
using TCC 'spar construct or the run-time start p ( ) function. 
Running multiple processes on a single Transputer compares to 
the kind of multitasking that operating . ystems such as Unix 
perfonn. In this case. wc do not have true concurrency but. 
rather. inual concurrency. You can achieve trne concurrency 
on a single Transputer with programs that make use of channel 
110. In such a case, it is possible to employ one or more of the 
Transputer' s links even as the MPU is e~ecuting code. 

The lin.k facilities of the Transputer make it possible for you to 
use various schemes of interconnection between mulliple Trnns· 
puters in a network. These interconnection schemes are known 
as "topologie . " 

Topology types include two-dimensional arrays. systolic 
arrays, hypercubes, and trees. Strategies i.n implementing or 
choosing a Transputer topology may involve minimjzing the dis­
tance of link paths between Transputer nodes for efficiency and 
redundancy of link paths for reliability. In the programming ex­
ample that follows. we chose to make a daisy chain of Tran.­
puter nodes; this topology has the virtue of simplicity. 

Concurrenq· with Multiple Transputers 
Two expedient techniques for concurrent programming on a 
Transputer netv.'Ork are pipelining and the FARM architecture. 

Pipelining sets up stages of a program. with each stage lodged 
on a separate Transputer. The first stage sends its output to the 
second stage. the second to the third. and so on. A compiler is a 
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good example of a program that stands to benefit from pipelin­
ing . A pipelined compiler. running on a Transputer network, 
might run its preprocessor in the first stago, the lexical analyzer 
and parser in the second stage, Lhe code generator in the third , 
and an output process, which resolves a binary image to a spe­
cific link format, in the fourth. Pipelining transforms a program 
from a single se4uential process with multiple phases to an or­
dered set of concurrent processes_ In addition to the. perfor­
mance benefit, a pipelined program imposes the kfod of modu­
lar design on a program that lends itself to ease of maintenance 
and team development efforts. 

The FARM architecture is implemented by identifying one or 
more points in a program where a calculation task iterates 
through a wide body of data. These calculation rasks are then 
coded as individual processes and replicated on each node in a 
Transputer network . Typically, a message passer process or 
processes are replicat.ed on the network along with these calcu­
lation processes. 

The following represents a simple form for a calculation pro­
cess on a FARM: 

I. Wait for input on a given channel or link. 
2. Input the data. 
3. Pcrfonn the calculation on the data. 
4. Wait for output on a given channel. 
5. Output the data . 
6. Repeat. 

The program TDHRY .C is .a version of the well-known 
Dhrystone benchmark modified to run in parallel on a Trans­
puter network. [Editor's note: TDHRY. C is available for 
uploading from BYTE11e1 and B/X. The author has also pro­
vided another example program-PWC. C. a word-counting 
program-for uploading. It a11d its documema1ia11, PWC. DOC, 
art' available on BY/'Enet and RIX.] It uses a rudimentary 
FARM archite.cture. Underpinning the TDHRY .C program is a 
network booter. NB .LIB. or NB for short. NB performs the 
fundamental task of booting TDHRY .C on multiple Trans­
putt::rs. The operation of NB , as shown in the list below, is fairly 
. traightforward: 

1 . A prebooter reads NB into Transputer memory. 
2. NB reconstructs a clone image of itself and the prebooter in 
Tro.nsputer memory. 
3. Each of the nonboot links is tested for the presence of a Trans· 
puter on the other end . 
4. The status of each of the four links. including the boot link, is 
recorded in an array. 
5. NB uploads a copy of itself (its clone image) to each of the 
active nooboot links. 
6. N-B begins to read in lhe program proper. As it reads in the 
program, copies arc sent to all the active nonboot links (those 
that received a copy of N 8). Any requisite code relocation, data 
initialization, and so on, is done at this time. 
7. NB reads in the command-line argument count and the argu­
ment vector from its boot link. To each of the active. nonboot 
links NB sends otll a null argument count. (Thus, only the pro­
gram on the rom Transputer has a non-null argument count.) 
8. NB sets up a stack for the program and calls ma in ( ) _ 

NB acts as a virus, spreading itself and a program throughout 
a Transputer network. The original copy of the program {that 
lodged on the root Transputer) diffe.rs from its clones in one re­
spect: All clones have a null argument count, wh.ile the root pro­
gram has an argument count of at least one (for argv[O)). 
Argv (OJ, of course, is a pointer 10 lhe program's name. The 
clone copies of the program are (fittingly) nameless. 

NB is limited to a daisy-chain topology; ii assumes only one 
connection between any two Transputers. For other topologies. 
we would have to incorpornte additional logic into NB; namely. 
NB vmuld have to have a strategy 10 recognize an active li.nk that 
has already been booted by another Transputer. 

With NB in place , the modifications 10 the Dhrystone bench­
mark are s.light. However. it is necessary to code in different 
logic paths that depend on whether the program is a clone copy 
or the original copy on the root Transputer. The root Transputer 
is charged with displaying the benchmark results on tht:: con­
sole. since it is the only copy of the program with direct access 
to the host system. 

The following piece of code is the initialization code at the 
stariofmain( ) : 

main(argc. argv, LinkArray) 
int arqc:; 
char *argv[]; 
channel *LinkArray[]; 
( 

int i, NoOfTxxs = l; 
if(argc > 1) ( /* if root copy 

of DHRY.C */ 
NoOfTxxs atoi(argv[l]J; 

/* get I of transpnters */ 
if (acgc: -- 0) /* if clone */ 

NoOfTxxs = * fromhost; /* get # of 
TXX:s */­

for (i ~ 0; i < 4; i+-+) ( /1' for 
total I of links */ 
channel *ChanPtr; 
if((ChanPtr Linkhrrayli]) 

!"' Ill /* if booted link "/ 
*ChanPtr = NoOfTx~s; 

/* send * of TXXs */ 

Proc0(argc, NoOfTxxs, LinkArray); /• 
call Proce */ 

exit(0); /*all done*/ 

The root copy of the program determines. from a value 
passed on the command line. the number of Transputers in the 
network. Clone copies, lacking command-line arguments, must 
dete.rmine the number of Transputers by fotching it from their 
boot link. Then for each active link. the program-be it a clone 
or the root copy-passes along NoOf THs. Evenrually. all 
copies of TDHRY.C executing in the net·work are informed of 
the total number ofTransputers in the network. 

The next poinl of interest in TDHRY .C occurs in PrccO( ): 

loops ~ LOOPS/NoOfTxxs; /• adjust 

iteration count */ 


Herc, the constant LOOPS is replaced by the variable l oops. 
which is equivalent to LOOPS divided by the total number of 
Transputers in the network. The main iteration loop of the 
benchmark replaces the con tam LOOP with the variable. Thus. 
a single Transputer running the bench.mark will iterate to the 
full value of LOOP: two Transputers running the benchmark will 
each iterate to LOOP / 2: four Transputers, to LOOP / 4; and so on. 
In any case, the number of total iterations performe.d on the net ­
work will equal LOOP, and the results, save the overall execution 
time, will be the same. 

Once the main iteration loop of the program compktt::s. each 
copy of the program on the network calculates its execution 
time, collects the execution times of any Transputers it might 
have itself booted, and forwards this value to the Transputer that 

continued 
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DSI TRANSPUTER 

booted it. Eventually. the aggregate execution time is colle..:1ed 
by the root copy of the program and dis played on the console: 

if (No OfTxxs > 1) { 

for(i 0 ; i < 4 ; 1++) {
g 

channel *ChanPtr ; 
if { (ChanPtr = 

Link.Array [ill != 0) { 
Cha n P tr ~ 

Cha nPtr &0x l 0 ; 
bench time += 

*ChanPt r; 
) 

J 
if (IsRoot) 

printf( " Dhrystone(,s) time 
f o r 'ld p a sses ~ ' ld\ r\nP , 

Ven; ion , 
(long) LOOPS , 

ben chtime ) ; 
prin t f( " This machine 

benchma rks a t 'ld 
dhry stones/second\r\n" , 

( ( l onql LOOPS ) I 

benchtime) ; 


e l se l 

0* tohost bench time; 

Theoretically. the parallel Dhrystone should yield almost 
linear increases in performance as Transputers are added to the 
network . Communications overhead will, of course , preclude 
the possibility of strict linear increases. Running TDHRY .Con 
the TG2 board confirms the theory : On a single 20-MHz Trans­
puter, TDHRY .C achieves about 4500 Dhrystones . Two Trnns­
puters boost the e)(.ecution time to about 8600 Dhrystoncs-not 
quite a factor of 2, but close . 

Conclusion 

The INMOS Transputer's on-chip support for paral lel process ­

ing make it an efficient parallel -processing engine_ The TG2 . 

TCC. and the TMAC macro assembler combined form a cost­

effect ive parallel-processing development system for PC users . 


TCC defines extensions to the C language that a high-level 
language needs to harness the potential of the Transputer in a 
multiprocessor network. TMAC offers similar capabilities for 
the assembly language programmer . With these IOI ls. software 
developers can design programs for Transputer networks of any 
size and with almost unlimited performance potential. • 
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CIARCIA' S CIRCUIT CELLAR 


Part 2: EPROMs and Compilers Steve Ciarcia 

The BCC180 

Multitasking Controller 


Using the Hitachi HD64180 CPU, 

Steve's proje,ct is a multitasking 

single-board computer/controller 

The BCC180 Auxiliary 
EPROM Programmer 
Board 
An attractive feature of the 
BCC52 (see the August 1985 
Circuit Cellar) is its on-board 
EPROM programming capa­
bility . Using the BCC52 and a 
tenuinal , you can write a pro­
gram, debug it, and burn it 
into the final EPROM. 

Since the 8052 chip used on 
the BCC52 is really a full 
microcompute.r (as opposed to 
a general-purpose micropro· 
cessor), it is capable of pro­
gramming EPROMs con ­
nected to the processor' s 
address and data lines. Unfor· 
tunately, the HD64180 used 
on the BCCI 80 needs addi­
tional circuitry to tailor its 
function to something as spe­
c i a Ii zed as programming 
EPROMs. 

While I could have added 
this circuitry and exactly du­
plicated the stand-alone utility 
of the BCC52, I felt that such 
an infre.quemly used option 
would make the final board 
overly large and more e:qien­
sive. Instead , as a compro­
mise of essential flellibility 

Photo 1: The BCC 180 
computerlco11troller. 

and price/performance, I decided to put the EPROM program­
ming circuitry on a small daughterboard that you use only as 
neede<i (see figure l). 

The daughterboard plugs into the J5 and J6 8255 peripheral 
interface adapter (PIA) parallel-port connectors on the BCC 180 
(refer to last month's circuit djagram). There are sill parallel 
ports: One is connected 10 the EPROM 's data bus and is used to 
read data from and write data to the EPROM; two more ports 
provide the EPROM with an address; 2 bits from a fourth port 
control the EPROM 's CE\ and OE \ lines , and two more bits 
from that port control power to the EPROM and control the pro­
gramming voltages : a fifth port reads the daughterboard's iden­
tjty code. 

The first problem to over­
come when designing an 
EPROM programmer is 
where to get the necessary 
programming voltages . The 
BCC 180 needs +6 volts and 
+ 12.5 V to perform fast pro­
gramming of 27256 EPROMs 
(see my October 1986 article 
for information on "fust ' ' and 
regular EPROM program­
ming techniques). 

Instead of using an extern.al 
+21- Vpower supply, as I did 
on the BCC52 , thjs time I had 
the real estate and incentive 
(performance usually takes 
priority over cost on optional 
boards) to do lhe job more 
completely. 

The BCC180 EPROM pro­
grammer requires only + 5 V 
for its operation (see figure 
1). It uses a 78S40 switching 
regulator to step +5 V up to 

comi1111ed 

Steve Ciarcia (pronounced 
"see-ARE-see-ah") is an 
electronics engineer and 
compmer consultant with ex­
perience in process control, 
digital design, nuclear instru­
mentation , and product devel­
opment. The author ofseveral 
books on electronics, he can 
be reached at P. 0. Box 582 . 
Glastonbury, CT 06033, or 
on BIX as "sciarcia. " 
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CIRCUIT CELLAR 

+12.5 V and regulates +6 V from it. 
The 78540 is a general-purpose switching regulator. It is ca ­

pable of stepping a voltage up to a hjgher voltage ( + 5 V to +12 
V) , stepping a voltage down to a lower one (+ 12 V to + 5 V), or 
inverting a voltage to a negative voltage (+12 V to -5 V). I 
wired ii up to convert from +5 V to + 12. 5 V. A variable resis­
tor on its output fine-tunes the final output voltage . 

Once we have the+ 12.5-V Vpp supply, how do we switch the 
voltages on Vpp and V,. between 0 V, +5 V for nom1al opera­
tion , and + 12. 5 V or +6 V for programming? (The 0 V is nec­
essary for safe loading and unloading of the EPROM in the zero­
insertion-force [ZIF) socket. ) The easiest way to force Vpp and 
V" to 0 V is simply to disconnect both pins from the power sup­
ply. I used a double-pole, double-throw (DPDT) relay con ­
trolled by a bit on the BCC IBO's parallel ports (PWR) to accom­
plish this. When the BCC 180 is reset , PWR floats low (due to 
the pull-down resistor, R 19) and power to the EPROM stays dis­
connected . When PWR is set high , transistor Q6 turns on and 
energizes the relay coil pulling in the relay and applying power 
to the EPROM. 

The method I used to generate 6 V and to switch the V,. line 
between +5 V and +6 V is reminisce.nt of my serial EPROM 
programmer. The LM317 is an adjustable voltage regulator 
whose output voltage depends on the vaJuc of the feedback resis­
tor (R5) connected between the output and the control input and 
a second resistor from the control input to ground . 

When transistor Q3 turns off, the total resistance from the 
control input 10 ground is 825 ohm~ . This sets the. LM3 L7 out­
put to +6 V. When Q3 iurns on, the total resistance becomes 
667 ohms, causing the ou1put to be regulated 10 +5 V. 

Upon reset , the program voltage control line coming from the 
BCC 180 (PROG) floats low, due to the pull-down resistors R9 
and Rl4 . Transistor Q2 stays turned off. so the base ofQ3 gets 
pulled high to +12.5 V. This , in tum , turns Q3 on, connecting 
R7 to ground . With R6 and R7 in parallel, the LM317 will out­
put +5 V to V "' . When PROG is pulled high , indicating that 
programming is to begin, Q2 is turned on and forces Q3 to turn 
off. With Q3 turned off, R 7 is removed from the circuit, and the 
LM317's output voltage (and V,,) becomes +6 V. 

To control the switch between +5 V and + 12.5 Von the V,,,, 
line, I used a slightly different technique. When PROG is low , 
Q4 is off, allowing the base of Q5 to be pulled to + 12.5 V. Q5 is 
a positive-negative-positive (PNP) transistor , so the high volt­
age on ilS base keeps it turned off and its collector fl oars. 

Since wc want both V« and VP• to be +5 V when PROG is 
low, we can steal +5 V from the circuit described above using a 
low-drop gcnnanium diode. In nonnal operation , V ••draws less 
than S milliamperes. so the drop across the diode is only 200 
millivolt~ or so . 

When PROG goes high, indicating that programming is to be­
gin. the system turns on Q4, pulling Q5's base to ground. Q5 
turns on and allows + 12. 5 V to get lb.rough to the V •• line. On 
the other side of the diode, V ,. goes only to + 6 V, so the diode 
is reverse-biased and stops conducting, effectively isolating V" 
from the high voltage on Y,,,.. 

The final feature on the programming daughterboard is a 
board ID number. Right now, since the BCC 180 uses only 
27256s , that 's au this progrdmmer board is des igne.d to handle. 
But because we 'll no doubt have other daughterboards, there is a 
un.ique ID number (read via a few bits on port 6) ass.igned to 
each daughtcrboard. This will allow intelligent software to 
check what board is installed. 

lo Search of Appropriate Software 
Of course., no project these days is just hardware. Like any com­
puter, the BCCI80 is not very useful without software. If it 
were a disk-based system like the SB 180. we would need only a 

BIOS. However, since it is a stand-al.one computer. it requires 
either a cross-dc.velopment environment or an embe-Oded lan­
guage with its own op.:rating system. 

Before defining what software is required for the BCC 180, 
we should look at the board 's typical applications. It is not de­
signed as another generic computer for word process ing, 
spreadsheelS, or games. The BCCI 80 is for embedded applica­
tions where it may not be particularly obvious that a computer is 
pan of the . ystem . 

For example, a factory -control system will typically use a 
number of computc:rs distributed around the building. A single 
BCC 180 might control one local process and then be linked by a 
serial line lo a master control computer. Each rcmoce processor 
independently runs a ROM-resident program directing that pro ­
cessor's activitjes. 

The system's software must fulfill certain common require­
ments . First, it must start automatically on power-up and exe­
cute out of ROM without operator intervention day after day for 
years. Ideally, you should be. able to develop code di rect! y on 
the BCC! 80 and then bum it into the EPROM. You could deve.1 ­
op larger applications on another computer with disk -like the 
SB 180- then bum the programs into the EPROM and place 
them on the BCCl80. 

Second, the software should take advantage of the extende<l 
memory of the 64180. P.art of the attrac1 ion of 16-bil micropro­
cessors is their large memory space , but , in real-time process 
control applications, an 8-bit computer will often run much 
faster than a 16-bit machine . The 64 180 overcomes the 64K­
byte memory barrier by incorporating a memory management 
unit (MM U) on the chip . The BCC J80 has 384K bytes of RAM 
and EPROM on-board; the software must be able to use this. 

Third, the software must be fast . Many real-time applications 
must respond to interrupts or other external events in millisec­
onds . The BCC180's supporting softw.ue must generate code 
that executes quickly , so that the system won ' t miss these 
events . 

Finally, while muJlitaskfag is only now be.coming common in 
the personal computer world , it has long been an important pan 
of real-time systems. I dictated from the very beginning that any 
language for the BCC 180 must implement multitasking. 

Fortunately, l didn 't have to start from scratch in finding this 
"perfect" software . Softaid created a custom-tailored operating 
system and language for the BCCl80 by . modify ing its MT­
BASIC compiler. The result was BASIC-180, which is a com­
prehensive BASIC specifically designed to meet the needs of the 
process control industry , It has all the features engineers and 
programmers have come to expect, like multitasking, floating ­
point math. multilinc user-defined fu nctions , and windowing 
(see the text box on page 263). 

Why Multitasking? 

Multitasking is the process of running two or more activitie on 

a single computer at (apparently) the same time. It is important 

to distinguish it from multiprocessing (or multiprogramming), 

which is the process of running several activities on sevcrdl pro· 

cessors al the same time. Multitasking is also not the same thing 

as "multiuse.r." A muJtitasking system is often single-user, al ­

though all multiuser systems are multitasking. 


We say "appare.ntly" because a single CPU can execute onl y 
one instruction at a time. The system perfom1s multitasking by 
switching the processor b.!tween two or more acti vities at a high 
rate of speed. If two activities are haring one CPU, t.he com­
puter might execute one for 0.0 I second , then the other for 0.0 I 
second, and the.i:i switch back to the first. Over the course of 
time , each activity gets 50 percellt of the available computer 
time. If thre.e activities are running. each gets 33 percent. 

continued 
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Even a multimillion-dollar UNIVAC or IBM mainframe 
works this way. A hundred or more users might be connec1ed to 
a sin.gle-processor machine. Each appears to have sole control 
of the compute.r. The CPU switches between users thousands of 
times per second, giving each one perhaps 0.001 compute-sec­
onds at a time. The computer is so fast , and humans so slow by 
comparison, that the users don't notice that they are sharing the 
rnachfoe. 

The building block of a multitasking program is the task. A 
task is one logical activity that runs as a whole and that com­
petes for computer time with other tasks. On a large mainframe 
computer, each task might be a single user's program, or so­
phisticated users might partition their program into a number of 
tasks that don't necessarily have to run sequentiaHy. 

Since every task competes for computer time. we say that 
tasks execute "concurrently." A simple muJtiiasking system 
might alternately run each task in order. For instance, a three­
task program would execute task 1, t:hen 2, then 3, then I again, 
in this order, forever . 

Of course, computers are never I.his simple; in most multi­
taski.ng systems, the time-critical tasks can be commande-0 to 
run more often than others. This implies that the tasks run asyn­
chronously with respect to each other. Io other words, we really 
don'! know what task is executing al any given time or in what 
order they 'U run. However, since a task is a logically complete 
proce.ssing element and does not depend on the results of other 
tasks, this isn't a problem. 

Many programmers can't envision how one program can be 
broken into asynchronous, independent activities. A simple ex­
ample is a low-cost digital thermometer using multiplexed LED 
displays. A muJtiplexed display must be constantly refreshed. 
OnJy one LED segment is actually turned on at any time, but 
each segment is cycled so quickly that to the eye, they all appear 
to be on. Although a hardware-refresh controller is usually used 
to control the display , a small system can dispense with the extra 
hardware by using software to control the refresh. 

One task would take the data 10 be displayed and cycle the 
LED segments as required. Another task would read the therm­
istor, compute the temperamre, and pass the reading to the re­

fresh task for display. Note that each task is completely indepen­
dent. Each one can run by itself and doesn't care about the 
others. The only in1ertask communication is the displayed 
temperarnre. 

Interrupts: The Key Ingredient 
All multitasking systems rely on one critica.l hardware compo­
nent: a regular source of interrupts. Whenever an interrupt is 
detected, the CPU stops executing Lhe current routine and 
branches to another section of code called an interrupt service 
routine (ISR) . In a multitasking system, an interrupt is applied 
regularly (say, 100 times per second) to the CPU . Whenever the 
CPU detects this interrupt, the ISR associated with that inter­
rupt suspends the execution of the current task, preserves the 
state of the macbfoe. at the time of the interrupt, and starts an­
other task going. 

This process is called context switching, since the current 
state, or context, of the machine is preserved before another task 
is started. Since the entire context of the interrupted task is 
saved, that task can be restarted exactly as if it had never 
stopped. ln other words, the task itself has no idea it is being 
interrupted, suspended, and then eventually restarted. 

The context-switching interrupt is called the "clock tic ," 
since it resembles the regular tick of a clock. The faster the tics 
come, the more often each task executes. If a system with 20 
tasks has a 20-Hz clock, each task will execute once per second . 

It would seem that increasing the frequency of the tics only 
makes things better, but there is a catch-22. The context task­
switchiog code requires a certain amount of time to decide 
which task to execute next and to prepare that task for execution. 
If interrupts come too quickly, the processor spends most of its 
time deciding what to do next and never actually gets to the task 
itself. 

On most microcomputers, an interrupt rate of 60 Hz tends to 
work well . This is an ideal number for generating useful timing 
vaJues, yet it is not so fast that too much time is taken up with 
task overhead . The 64180 processor includes t'MJ separate 
timers , each of which can be programmed to generate reguJnr 
interrupts at virtually any rate. BASIC-180 programs timer 0 to 
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.... Photo 2: The EPROM programmer daughterboard for the BCCJ 80. An 
£PROM is shown inserted in the <.ero-i11sertion-force socket (upper right of 
board). 

Photo 3: The EPROM programmer daughrerboard (from photo 2) is 
shown here attached to the BCCJ80 compurerkomroller . 
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How Fast Is Fast? 

B ASIC- 180 generates true native 64 J80 code. An intrinsic 

optimizer is automatically invoked with each compile to 
ensure fast, efficient code generation . Allhough BASIC- 180 is 
not as fast as a good C compiler, it compares favorably with 
other compiled languages . For comparison's sake , we bench­
marked it against the MS-DOS ve.rsion of MTBASIC. GW ­
BASIC, and CP/M's MBASIC. 

BASIC -180 was tested running at 9 .216 MHz on a BCCJ80 
board _MBASTC was tested on a 6. 144-M Hz SB l80 board. The 
MS-DOS BASICs were e)(ecuted on a 4.77-MHz IBM PC 
Comparing the CP/M and MS-DOS BAS!Cs is a little like com­
paring apples and oranges . but it gives a feel for the differences 
in speed . 

The test program used was the Sieve of Eratosthenes original­
1y de.scribed in the September 1981 BYTE. Times listed are for 
one iteration of lhe code (sec table A). 

BASIC-180 has a provision to drnstically speed up execution 
of programs. If the NOERRCRoption is specified before compil­
ing , BASIC-180 generates a smaller file that runs faster . NO­
ERROR removes much of the run-time error checking. so it 

generate mode 2 (vectored) interrupts at a 60-Hz rate (tics are 
16.67 ms apart). 

BASIC - I 80' s context switcher is started each time the timer 
interrupts. If a multitasking program is running, this interrupt 
causes the context switcher to sran another task. In the. software. 
supplied with the BCC 180, a 60-Hz internal interrupt clock re­
sults in under S percent context-switching overhead (it's less 
st ill if we use an e)(ternal 60-Hz interrupt source) _ 

Tasks can also be controlled by interrupts other than those 
generated by clock tics. In more sophisticated multitasking sys ­
tems designed from the start for process control. like the 
BCC 180. tasks can be configured to start on the receipt of an 
imerrupt from an external pus h button or limit switch , for e)(am­
plc (the BCC I 80 has four external interrupt inputs) . 

A World of Multitasking Opportunities 
Applications for multitasking abound. All large process-control 
applications involve many tasks that must be handled concur­
rently. Take a steel mill , for eicample. The computer controlling 
a steel-rolling mill' s production can't suspend operations when 
the operator enters data into a keyboard . One task should just 
handle the keyboard . Another can be assigned to reading steel 
thickness, generally by measuring the amount of absorption of 
gamma rays produced by a radioactive source like cesium or 
a mcricium . 

A third task could be responsible for control! ing the mill\ 
jack screws to alter the thickness of the steel being rolled. An­
other task could measure the steel's temperature and compute a 
correction to the Lhickness as a function of temperature (2200­
degree steel is several percent thicker than room-temperature 
steel) . Other tasks can perform calibrations of the electronic . 
display computed thickness values on various consoles, and 
provide financial and hi storical data on the steel being 
producetl _ 

Multitasking on the BCCI80 
On the BCC 180, BASIC-180 is both the high-level language and 
the operating system. It contains all the device drivers and all the 
multitasking control code. As is the case with an operating sys­
tem. BASIC-180 provides the entire environment that is seen by 
the programmer. 

should be used only on debugsed progrnms. For example, when 
NOERROR is specified, no tests are made to see if an array suh­
script exceeds its maximum allowable value. When the Sieve 
program was run with NOERROR . BASIC-180 rnn in 2. I seconds. 

Teble A: Times in seconds /fir various compilers 
and interpreters to execute rhe Sie1•e program. See 
the te.xt for a description ofeach language. 

Language Time 

BASIC-190 (compiler) 7.1 
MS-DOS MTBASIC (compiler) 6.6 
MS-DOS GWBASIC (ln1erpre1er) 101 
CPIM MBASIC (interpreter) 141 
Whrtesmrth·s C (compiler) 1 6 
Mrcrosof! FORTRAN (compiler) 1.7 
SOS C (compiler) 4.9 

Regular Circuit Cellar readers know lhat I often use BASIC 
for demonstrating projects . I' vc fountl that in the process-con­
trol industry, BASIC is t.he language of choice, too. Let' s face 
ii , BASIC is the lowest common tlenominator in programming 
languages . Everybody knows BASIC. The same cannot be said 
of any other language . 

BASIC-180 includes a complete set of statements for control­
ling multitasking . All we have to do is write our multiLasking 
BASIC program, and BASIC-180 will ensure that the tasks se­
quence properly. 

In BASIC- 180. all multitask ing program an: divided into 
some number of tasks . A lead task. sometjrnes reterred to as 
task 0 , must always exist. The lead task is the ma in program . 
For multitasking to commence , the lead task must start at least 
one other task running. Let' s look at a simple c:wmple program : 

Hl RUN l, 60 
20 GOTO 20 
30 Tl\SJ< 1 
40 PRINT "Task 1• 
50 EXIT 

Although obviously BASIC , thi s short program contains a 
number of unfamiliar statements . Lines I 0 and 20 comprise the 
lead task, while lines 30, 40 , and SO define task 1. (Remember 
that a task is a logically distinct section of code that will be exe ­
cuted concurrently with other tasks.) Every task (except the lead 
task) starts with a TASK ~tatement This define s the start of the 
task and assigns a reference to the task for use by the other state ­
ments . In this case, the task is defined as task number l. 

Line 50, the EXI T statement, defines the term ination of the 
task. Whenever an EXIT statement is executed, the task associ ­
ated with that statement will be terminated . 

Line 40 forms the body of the task . In this case, when task I 
runs , it will print Task 1 once and the task will terminate . 

Line 10 is a RUN statement, not to be confused with lhe RUN 
command that starts a program e)(.ecuting in most BASICs_ RUN 
always takes two arguments. The first argument is the number of 
the task to ex.ecute (in thi s case, task I). The second argument is 
how often to execute that task. 

co111i11ued 
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Easy to C 

with THE C WORKSHOP 

• Interactive software teaches C 
• Feedback guides you through 100+ 


program exercises 

• Standard "K&R" C compiler for exercises 

and your own programs up to 64K 
• Study at your own pace 
• Thorough from start to finish: pointers, 

structures, trees, etc. 
• Compatible with all major c compilers 
• Includes 384-page book fully coordinated 

with tutorial 
• A split-screen editor, tool 
• More effective than book and compiler, 

video, or seminar 
''As hig h qucLity a_ you ca n get " (Robe rt Alons o, 
Computer C urrents) . Join the tho u. and s o f peo ple 
who've discowre.d th~ C Workshop. 

Satisfaction Guaranteed 

or return in 30 days tor relund. To Older your own 

CWORKSHOP,call toll-tree (800) 227-2400 or 

888·0852 exl 955 day or night (Visa/MC/Am Ex), 

Or send check to Wordcraft. 3827 Penniman Av. 

Oakland. CA 94619. $69.95 plus $5.00 shwing 

(Prior~y Mail). In CA, add $4.90 sales tax. 

For IBM PC compatibjes, uses 220K RAM. 


~' 
~ 
Keyboard Protector 

Finally! A Keyboard Protector That: 
•PROTECTS CONTINUOUSLV. 24 HOURS A DAY. 

Again"t computer downtime due to liquid !ipllls, du!i'I., a11hes, 
staples , paper dips and 01hu environm.en1al hazards. 

• 	REMAINS IN PLACE during the opera1i<)!1 of your keyboard. 
SaJeSkin ie precision molded to fit each key - like a "1econd • kin." 

• 	EXCELLENT FEEL • The unique design elimin.nte.s any in· 
terference between adjacent keys, allowing 8moo1h n.ntur1'11 
operati.on of your keyboard . 

• 	SafeSld:., IS \/IRTUAL.LV TRANSPARENT. Keytops and 
sid<! markings are dearly vi•ible. In facl , SafeSkin it. so clear, 
S-Ometimea you m.ay nol know it's there! 

• DURABLE • LONG 	LASTING • SafeSkin is not a '' throw· 
nway" item. Many of ou.r proleclors have la•tcd over 3 year~ 
under- cont·inuoua dill!i.ly u.~, without l:ailur-e. 

SafeSkin is available for moi;t popular PC'• and PQrlables including: 
IBM, APPLE, AT&T, COMPAQ, DEC, EPSON, KEY­
TRONICS, NEC, TANDY, TOSHIBA. WANG, WYSE, 
ZENl'TH. Specify compuler make a.nd model. Send $29.95, Check 
or M.O.. VISA & MC include exp. dato:. Dealer inquiries invited. 
Free brochure available . 

Merritt Computer Prodact11, Inc. 
4561 S. Westmoreland I Dallas, Te><a~ 75237 / 214/339·0753 

In anv other BASIC. line 20 i ~ a bizarre aberration. It is an 
infinite ·loop , so of course no other processing can go on. Not in 
BASIC-1801 Task l and line 20 wmpetc for computer time. 
Process.ing will be shared between lhe two activities. 

When the program starts, the RIJ Nstatemenl kicks off task ! . 
It places task I in the ready for execution state. When the next tic 
is detected, task I will start running . Although ta ·k I is hon 
and simple, it is unlikely that the Task 1 message will be printed 
in less than one tic of the clock. If it is in the middle of priming 
the message and another tic comes, the loop at line 20 will be 
executed for the duration of a tic (16.67 ms). 

When another tic is detected, task I wi.11 resume from where 
it left off. The user will nor be able 10 tell the task was inter ­
rupted. After the message is printed . task I will exit. When a 
task exits , it cffectivdy dies and stops competing for processor 
time. 

The second argumenl of the RUN command (in this case, line 
60) cells the context switcher to restart task l sixty tics ( I second 
on the BCC 180) after it exits. This is amilogous 10 reincarna ­
tion . Although the EX IT statemenl makes the task die. it will be 
reborn after a cert1.1in period called the chedule inlcrval. 

Consider the following program: 

10 RUN 1,60 
20 GOTO 20 
30 TASK l 
40 <code> 
50 GOTO 40 

In this case, <code> represents ooe or more BASIC statements 
that do whatever the task is responsible tor. This case is similar 
to our previous example, except the task nt:ver dies; the GOTO at 
line 50 keeps the task active forever. It will continue to share 
time with 1he line 20 loop. but since an EX IT is never executed. 
the task never goes awav . The reschedule interval in the RUN 
stalcmcnt (line 60) is ign~red 

The concept of scheduling is an important one in multitasking 
programs. One of the most important resources in real-time sys­
1ems is proce.ssor lime; if it is all used up. the processor will not 
be able to keep up with the real-world events it is responsible for 
monitoring. 

A I though a task that has nothing to do can idle by executing an 
empty FOR .. . NEXT loop. this is a terrible waste of computer 
time . It makes much more sense for lhe rnsk to execute an EXIT 
and set a schedule interval so it will be born again when needed. 
Between the time a task: executes the EXl T and the time it is re­
born. it uses no processor time. 

In che following program. three tasks execute concurrently . 
Task l integra1es 10 reads of some asynchronous event. It as­
sumes lhat some olher task is filling variable T with data. Task l 
smooths the dala p1.1ssed in T. returning a fihered floaling-point 
value in AD. Task 2 prints the value in AD once every 2 seconds. 
Task 3 fills T with daw. (In this case. we use random numbers 
for the data.) 

10 REll.L AD 

20 INTEGER Tl.T.I 

30 RUN 1, 1 

40 RUN 2,120 

50 RUN ),20 

60 GOTO 60 

100 TASK l 

110 FOR I=l TO 10 

120 Tl..Tl + T 

130 NEXT I 

140 AD-Tl I 10.0 

150 GOTO 110 

21l0 TASK 2 
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210 PRINT AD 
220 EXIT 
300 TASK 3 
310 T•RND 
320 EXIT 

This e,umple shows that all variables in a BASIC-180 pro­
gram are global. You can pass data between task through the 
variables . (lmegers are all loaded and stor-00 using 16-bit in­
structions . Since an interrupt can be processed only when an 
instruction is complete. integers are always stored intact. Float­
ing-point uumbers are loaded and stored only with interrupis 
disabled. BASIC-J 80 briefly disables the interrupts during 
these transfers to ensure that the variable s will not be 
corrupted) . 

Let's look at a program that demonstrates Nyquist's theorem 
(also known as the sampling theorem) . Nyquist said lhat in 
order 10 accurately represent a signal , you must digitize it a1 a 
rate of at least twice the highest frequency in the sample . There­
fore , to accurately digitize 60-Hz AC. you should sample it at 
least 120 times per second . If a signaJ is sampled at too low a 
rate. the digitized signal may loo.k Like something altogether dif­
ferent from the original (an effect known as aliasing). 

In the following program , task I generates a I0'\11-frequency 
sine wave . Task 2 samples it asynchronously, as would be !he 
case if you constructed an analog-to-digital (A/Dl converter to 
read the AC power's sine:: W'dve. You can specify the sample rate 
to task 2, which is simply how often 1he task is scheduJed . A low 
number me.ans a high sample rate, and an accurate re.presenta­
tion of the sine wave is thus obtai.ned. A large number will cause 
'ask 2 to run only occasionally . yielding a distorted picture of 
the sine wave. 

100 INTEGER I,J, l<,S 
110 REAL A 
115 r ..e 
190 PRINT PRINT : PRINT : PRINT : PRINT 
200 PRINT "Sampling Theor~ demonstration" 
220 PRINT 
230 PRINT "Enter the sampling rate (1 to 

Hl00) n • 

' 
240 INPUT 5 
300 RUN l, 20 
310 RUN 2,S 
330 GOTO 330 
see TASK l 
510 A•SIN(I) 
520 I-I 1- 18 
530 IF I < 360 THEN GOTO 550 
540 1 .. 0 
550 EXTT 
600 TASK 2 
605 K=JI. .. 30. + 35 
610 FOR J .. l TO K 
620 PRINT " "; 
630 NEXT J ......640 PRINT 
650 EXIT 

BASIC-180 supports several other multitasking statements. 
These s1a1cments are designed to give you more control over the 
operation of each task. 

The WA.IT statement lets you manually suspend a task for any 
period of time. When a task issues a llAJT . that tas.k no longer 
receives access to CPU time until the number of tics given as 
WAI T' s argument have elapsed. WA. IT is es~ntially a fre.e delay 
mechanism. because the delay requires no CPU lime to manage. 
wAIT takes one argument: the number of tics to delay for. In the 
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null loops in the previous examples, El much more efficient con­
struct is 

20 WAI'i' 1000 
30 GOTO 1000 

This uses virtually no computer time, since the program spends 
most of i1s lime in the i./A1T. 

CANCEL is a means to stop a task from being rescheduled. Re­
member that all tasks will restart some time after executing an 
EXIT statement, the time being determined by the RUN state­
ment 's second argument. If you CANCEL a task, once it com­
pletes its current eitecution. ii will not be reborn . You can restart 
scheduJing for the task by issu.ing another RUN command with 
the appropriate arguments. CANCEL has onJy one argument: the 
number of the Lask to cancel. A task can cancel itself, and any 
task can cancel any other task . 

Finally, PRIORITY i.s a powerful statement that lets you set a 
rela1ive i.mponance for each task. All tasks, in the absence of a 
PRfORITY statement, operate at lhe same priority (i.e .. the.y all 
compete for time equally). Any task can raise or lower its priori ­
ty by issuing a PRIORITY statement, followed by a number indi­
cating relative importance. The number can range from 0 to 63, 
where 63 is the highest priority and 0 is the lowest. Tasks that 
don't issue a PRIORITY statement operate at priority level 0. 

Nonnally, whenever a tic interrupt is received , BASIC-180 
inierTupt.s the current task and , using the task number that is one 
greater lhan the task just interTupted, searches for another task 
that is ready to execute . In other words, it tries to run task 1, 
then 2, 3, etc. If a task has issued a WAIT instruction and the wait 
interval has no! elapsed , that task will be skipped . This schedul­
ing technique is called round-robin scheduling . 

When tasks execute at different priority levels, every t.ime a 
tic interrupt is received, BASIC-180 searches for the highe.~ t ­
prioriry task that is ready to execute. Tf several tasks arc ready. 
but one has a higher priority than any oft.he others . that task will 
execute until it executes an EX IT command or a WAIT command . 
or lowers its priority . 

A task can issue a PRIORI TY command at any time . Tasks can 
dynamically raise and lower their priorities as warranted. 
BASIC-180 allows up lo 32 tasks to be active. With each of32 
tasks raising and lowering priorities. issuing CANCEL and RUN 
commands at each other, you could construe.I quite a comple:t 
program. 

Next Month 
I'll finish this tutorial on multitasking and the BCC 180 wilh a 
discussion of BASIC-180's special windowing capability and 
memory management features. • 

l 'd like to acknowledge and personally thank. Ken Davidson and 
Jack Ganssle for their efforts on the DCCJ80 project. Ken 
Davidson 's extensive knowledge of the HD64180 helped us 
a void the omniprese-nt hardware design pitfalls , and Jack 
Gonssle 's superb software talents helped explain multitasking 
in a way that con reolly be understood. 

Editor's Note: Steve often refers to prev \ous Circuit Cell&r anicl~ . 
Most of these past articles are available in book form from BYTE 
Books, McGraw-Hill Book Co. , P.O. Box 400, Hight~town, NJ 08250. 

Ciarciu. 's Circuit Cellar, Volume l covers articles in BYTE from Sep­
tember 1977 through November 1978. Volume fl cove rs December 
l978 through June 1980. Volume lll covers July 1980 through Decem­
ber 198 l. Volwne IV cover.darmary 1982 through June 1983. Vo/umt V 
coven; July 1983 through Decemlkr 1984. Vol11me V/ covers January 
1985 lhrough June 1986. 
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It's vinualty imixiss iblc to provide all the pertinent detail of a project 
or cover all the designs .I'd Iike co i11 thc pages of BYTE. For that reason. 
I have wmed a bimonthly suppkme111al publication (with no advertis­
i11g ) called Circuil Cellar l11k , which prescms additional informat ion on 
projects published in BYTE. new proje>:ts. and supplcmc11tal applica­
tions-oriented materials. for a one-year subseriptio11. send $14.95 to 

Circuit Cellar Ink. P.O. Box 3378. WallingfonJ. CT 06494. or call 
(203) 875-2 199. 

For more infonnation on MTBASIC for ZBO, 64 l 80. or MS-DOS ma­
chines. con1.act Softaid Inc . . 8930 Route 108. Columbia. MD 21045. 
(30 1) 964-8455 . 

The following items arc available from 

Micromim Inc . 
4 Park Si. 
Vernon. CT 06066 
For orders: (800) 635-3355 
For infom1atio11: (203) 871-6170 
Telex: 643331 
Inquiry 860. 

I. A 9-MHz assembled and fully socketc<l BCC 180 computer/con ­
u olle r board with 32K bytes of static RAM, ROM monitor. BASIC- 180 
development softv,.-.:i re (same as item 3). and user' s manual . 
BCC 180- 1-20 .. .. . ... .. .. .. $395: for additio11al 256K DRAM , add S100 
2. BCC 180 PAK evaluation system. Contains a 9-M Hz BCC 180 board 
with 32K-byte static RAM. ROM monitor. BASIC- 180 development 
soft11.me, MB08 eight-s lot backplane. CCO I 10-inch card cage. UPS 10 
35- V.'lllt sw iiching power supply. and user" s manuals. 
BCC 180-PAK .... . . . ... .. .S595 ; for additional 256K ORAM. add SI 00 
3. BASJC-180 multitasking BASIC compiler for ROM- or disk-based 
development. Contains both BASIC- I8() EPROM for direct u~ on 
BCC 180 board and BASIC-180 disk for direct use or software develop­
mem on SB 180. Includes 100-pagc user' s manual. Compiled code may 
be freely used without further license. BASIC- 180 DEV ·····-···· $250 
4 . An auxiliary 27256 EPROM programmer board for the BCC 180. 
BCCl80PROG5 . .. .. . . . ..... .. .. .. . . . ... . . .. . .. . , . . .. .... ... . .. . .. .. . .. . $89 

The following items arc available from 

CCI 
P.O. Box 428 

Tolland, CT 06084 

(203) 875-275 l 

Inquiry 861. 


I . A 9 -MHz BCC 180 computer/controller complete kit with 32K bytes 
of static RAM. ROM monicor. BASIC- 180 development software. and 
user's manual . BCCI 80-KlT-20 .. ..... ...... . ...... .. .. .... . .. .. .. .. .. S295 
2 . BCC 180 au.,iliary 27256 EPROM programmer board full kit. 
BCCl80PROG5K .. . .. . . .. ... . .. . . .. . . . .. . . . . . .... . . .. .. ... .. ... .. . ... ... .. $74 

For cichcr source above, all payments should be made in U.S. dollars by 
cheek. mo11cy order, MasterCard. Visa. or American Exp~ss. Surface 
delivery (U.S. and Canada only) : add $5 for U.S ., $8 for Canada. For 
delivery IO Europe via U.S . airmail. add $14. Three-day air freight de ­
livery : add $10 for U.S . (UPS Blue). $25 for Canada (Purolator over ­
night). $45 for Europe (Federal Express ) . or S60 for Asia and el. e­
where in the world (Federal Express). Shipping co ts are the same for 
one or tv.Q units. 

There is an on-line Circuit Cellar bu lletin board system that support 
past and present projects. You arc invited to call and exchange ideas and 
corrunents with olher Circuit Cellar supportcr:s. The 300/120012400­
bps BBS i on- Ii ne 24 hours a Jay at (203J 871- l988. 

To receive informa!ion about me Circuit Cellar Ink publication for 
hardwan: designers and developers, please circle 100 on the Reader 
Service inquiry card at the back of the magazirie . 
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.-.,!Hd Vn fta(I $taM Plllitnl H 1QHJI»? 

~:~~.~., r:~~~O:.~"'*" 
°'-""' ill-'~92· ' poc v •llOl!<O 
~ 3. 35 Ot:lt:LA.1011SI.~ 1.1.11:1 

°"81'.. , Qil(lt~"'..odd 40 
:t• TJ IOC>BIO i!:'!f Beo 
Coraa u• f11 ma.I j'Y\..VW OI' • 4N'f'W'J, 11•,.a.Jr~w.1rd yo.Liii tw 

CONTIIOU£D PRINTOUT DEVICES, INC. 
P08 1169. Bakt..ui lld. Nd<tn, NC 1.810< 

(704) 684-9044 • TELEX : (FILMON-AREN) 5n454 

Inquiry 556. 

COMPUTER PROTECTION 
• UPS • LINE' COND ITION ERS • ISOLAlOAS 

• MODEM PROfEC'IOAS 
• ~ POWE R INTERRUPTERS 

- >tUNOREOS OF HINTS & PAOOUCTS ­

FAEE CATALOG 1.SOO·:l.25-411111 

ELECTRONIC SPECIAUSTS, INC. 
171 So Mal ~ SI . POB 389. Na1ic~ . Mass 01760 

1-800·225-4876 

.,_- ~ --· •• 
·i..: -

...--..-. r......-1-

THE BUYER'S MART 1sa monthly advertising section 
a unique leature, each 

which enables readers furnish typewritten copy. Ads can include headllne (23 characters maximum), 
to easily locate suppliers by prOduct category. As descriptive teil (250 characters maximum). plus company name, a.ddress and 
BU Y.,ER'S MART ad nchldes a Reader Service number to assist interested telephone number. Do not send logos or camera-ready artwork. 
readers in requesting inlormation from participating advertisers. 

DEADLINE: M copy is due approximately 2months prior to issue dale. For ex­
RATES: 1x-$475 3x-$450 6x-$425 12x-$375 

-. 

ample: March Issue closes on January 7. Send your copy and payment to THE
Prepayment must accompany each insertion. VISA/MC Accepted. BUYER'S MART,BYTE magaiine. 1Phoenix Mill Lane,Peterborough. NH 03458. 
AD FORMAT: Eachad will be designed and typeset by BYTE. Advertisers must R>r more Information call Mark Stone al BYTE, 603-924·3754,.11 

ACCESSORIES 

PROTECT YOURSELFlll 
Ergo.V'51Dn~ Plu• 2 oAadlaflOt1 Frn•r wrth palenle<J 
nrck&I mesh p1'01&e1s you rrom ra.d!Blio.n, s1auc, and 
gla1e Re<Juceo eledromagnetle <1'diatiiin by 90% ·~ 
olett10S1(Uic il!! t\Mge 10 o and allmlnatH gl,1110 

AnlilRodlSlaUGI lrller S99 

mo<Jel If F,... cat•log. 

e . POU 103 1 ~1._ C.nt re 

516-766-7782 

I nqui·ry 551. 

FREE CATALOG 

~l~

~8 ours) 
CA L))R WRITE FOR A FREE.CATALOG 

p 0 Sol< 567 Val\ Noys. 

ACCESSORIES 

1·800·826-5432 
Inquiry 552. 

SOFTWARE PACKAGING, DISKS 
~ IJnclers & ii<PS IBM ~1\'f b'lld&s ~MO 
~-mall/ sizes pages. oo~ &ra~ 
qty ¥np r rng . Bulk &branded d tv1ucn Morel Low 
p11ces. Fas sei\rlCe Ca~ i;w wn1e lo< FACE CATALOG 

Anthropomorphic Systems Limited 
376-0 Eas! St. Ctlartes Road 

Lombard, IL 60148 
1-800·DEAL-NOW (312) 629-5160 

Inquiry 553. 

11 ,., ( )ell d<?D<l(ldS. on ~ C'O<OP\J rer. you Sh.Q!,I Q 
now our FREE. ca1a)og CalJ (800) 356·5794 EJ(I 
H939 tm " FljEE ta181og rom rbe <>l!cfs larges 
\')W1Ula~re1 ol Q\ll,) pria$e rll 1erru(.!4 rblo WNCr 
supplle.s. Call or Wr!~ 1odaY! 

BEST POWER TECHNOLOGY, INC. 
PO 801< 280 ecedah> WI 5'l6Jl6 
I Wis ((i()8/ '5651200 6.1 (J!}J!> 

(800) 356-5794 E)CT. 8939 

Inquiry 554. 

Custom Cables for LAN's 
Ethernet- Token Alng. AG62. 59.-Sa 'TWJnOJ(, Dual 
Wmig. Tolao. !\lad adao1ero. ~111 . 12, .is. octopus 
cab!(i&. HarrTl<)flieas, V.35; MSO. 1EES488. RS232, 
422. 44.9, parallel, nbbon cable. swltcheS, Baluns, 
surge senlry. connector pa11e, b<Jlk cable, lools 

Communlc::•tlon Cable Company 
P;O, Bllll 600, )IVit<jno, PA 19087 • 21~"64~·!900 

Send for Catalog 

Inquiry 555 

ARTIFICIAL INTELLIGENCE 

muLISP·•.97 for MS-DOS 
Fasl. compact. efficient LISP pmgramm ng en· 
viranmem. muLISP programs rnn 2 to 3 umes 
laster & rake 'f> lo ,,., tho space of olher LISP•; 
450 Common LISP functions, mulU·wlndoW ednlng 
& dobugg1ng, llavors. grnpl'llc$ pnm l/\IOS', IEISSOns 
~ help, demo prO\J rnms compre~cns1"o rnan1rn( 

Soft Warehouse, Inc. 
l81 5" ~iatdmg Ave. , Suire 5051 •ic:mcMu(u, HI e&l 16' 

{808) 734·5801 

Inquiry 561 . 

BAR CODE 

PRINT BAR CODES 
AND BIG TEXT 

On )'OIU E.PSONllBM/OKl/laserJet pr1n!ers. • lall 161<l· 
rNdabl<> at 50 h. COdo 39, 2 of 5 Uf'CIEAN; MIL·STD. 
AIAG Menu·Drfven. Any for.le. F'~e rnput Oeolgn 
label Of1 1 screen $219 Othor ilflJ!ple prOQ!8fTI~ for bar 
codes (rom 5'19 30 doy $ Dae~ guarnnlL'e, 

Worthinaton Data Solutions 
4 IN• lng(illo; Si , SQn1~ Cr P. OS-060 

t 

• 

1 

(800) 345-4220 In CA: (408) 458·9938 

·•~ .---B-A_R_C_O_D_E_R_. E_A_ D_E_R_S_, 
For PC/XT/ AT, end ALL PS/2 models-aMach os 
as 2nd keyboard, reads es ~eyed data . fale•nal 
mounting via 11olcro 10 sk!e of monitor . OR can bo 
snort slol rnoun ted 1n PCs, PC--$365 
PS/2-$399, Cable for PC 10 PS/2 u132rade-S30 
AS·23<! MO<lef-$399 , Reads UPC EAN, 2 ol s:

I Codi> 39. 30 day $ back 
Worthlnaton Data . Solutions 

• 17-A)nQon. 51 . San «Cmz, C• $5000 
(800) 3<45-4220 l!I CA: (408) 458-!1938 

FamllyCare'" Software 
Th,. comprehensiWI me<Jlc•I d1llgnosllc ...,.,. 9)'91em 
spams expon!f\1'11 , unnecessary lrl p! lo a p~icJa,n blJ' 
guiding~u ~ld<ly ltlrovgh pcaiblo "'>'rfll*mS and g1 
1nQ )Otl opec1rK: di~IOOA for medical care, hO<T\.i lrlll· 
men1 . ond mt<1lc111ofu. Includes hundrt<ls ol ll'fml>"' 
toms. lt;1 Jur..s, and diHun of ntwboma through 
IHn~n. 

F•mllyC•re"" 8oftw•r• 
Lundin ~INiH'r Inc.. 

2Q46 1 GtMtitl4old Rd , Su~• .-2 •6. So4nM~, ,.­ 4801\5 
8001•2&-&•28 Of 31 3 /859... 8 81 

Inquiry 559 

-- .... 
PRINT BAR CODES/BIG TEXT 

FROM YOUR PROGRAM 
Add atcodes and big graphics \9>110 i our prug.ra 
Print kom Inside of dBASE. BASIC, O, _otc, 801 codnt 
UPC. EAN, 2 of 5, Codo 99 Epson/OkvlBM do! matrfx 
IOJ<l up ro 'h' . LuerJet fonts up to 2• (14• pta)1 1811 
$1 $9-,.~, 30 day $S back QUDflllllS9 

Worthln ton Data Solutions 
~ ·A I • St S!lnl" C•ul. C $-OW 

(800) 345-4220 In CA : (408) 458-9938 

_..- ........ .... 

BARCODE._.BARGAINS 
Buy direct and save. Wu'll beot any wrfuan 
quotes ror competing equi vale nt ba• oo<l o 
readers or bar coda label gen&ra1ion software. 
Call or wrhe for brocnures. Quantity dlscounlS, 
warranty, same day shippin91Bar codes are 
Bll we do al ITS. 
lnl~mlllonal Technologtoa & Sys1ema Corp. 


!Mil wr"" 5"11 D• ll'al"Clid Siar 0. \71!6 

(714) M t-7177 Tel•• W07tB 115co Ufl 


Inquiry 562. 
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Inquiry 557. 

Our FREE COl4log lnclud9$ hOndl•d• DI Swilcnos, 
Cobjool. Bu~ots. DIU Co<MJ<L- S igt!al Boosl81S, Prinl 
Spool•ra, PC Tool&, Surge Prot.aora & Mora /o< \'OU' 
ISM PC LOW Dir•.;! Prices, SAME DAV Shipping & 
Satlilact\on GUARA NTEED! w. ~. Of Ca)! lllr • FREE 
CATALOG Todayr 

TIDZ ComDuter Acc ...ortes 
J'.~ 8o:il: 680, San FrlUJCIM;Q. CA 94101-oftiO 

I00-3el'·l479 or 41!Hl26-2344 

Inquiry 558. 


ARTIFICIAL INTELLIGENCE 


YOUR OWN EXPERT SYSTEM 
MiqoExpen. an affordable oxpeJ1 S)Sfem ol!oll, allow:! 
you (t>egfnner or piogrammer) lo see how a srstefTl 
,...._ as )OU oolld t1 yotif'8811. Sollwarel ncludea 1u10nal 
fO< doSign OI 111\0W!~ f);!.Se alld cra:u Ion ol ruJes 
Source code pwvldod. 

IBM PC: 852109-2 Apple II : 852110-6 
$49.95 

McGraw--Hill Boole. Comoany 
8o)r 400 HIQ~t~own._ J 06520 

rt -800-2-MCGIFIAW 

Inquiry 560. 

http:muLISP��.97
http:603-924�3754,.11


PERCON® 
2190 W I~ SI Eugonu. 0 7402 

(503) 344-1189 

Inquiry 563. 

READ & PRINT BAR CODES 
Fast, ~II~ data entty Into you ~ programs as 11 
from_your keyll<lard Internal unit for PC , XT, AT 
PSl2·M30. AS-232 un~ for DOS & Non·DOS 
syt1eins (1~e1 all fS/'2) su,\inl&$9 s1001 wand end 
l.J\SER lnterfeCl!s Powe I Bar Coott ~nd Tex! 
printing ooltwnro. 

Seagull Selenllfle Systems 
lilJ • u ....1..-..iy /\Yo Su1e 100. S6c<"'1l<!'lto. CA B5825 

(915) 38&-1179 

Inquiry 564. 

BAR CODE READERS 
Among "'" - bNI and m"" M<loly U!i<td o..<OOe 
, _ · - .. ....,.,. ""'"""" '"'"'""' (CO<le :19. 2 "'- 5.
VPChN. oocbtl>ltl. eontteal-~o & 1Y1tem. 
-- CMOS_,, >...,oott<! - MJlllll'(. con_,. 11> 

:!"4..::::~=IJa~:,.,~~::r.....~ 0-""",. CALL b - 100.,.. ID 

Solutlona Engineering Sain 
8653 Geo<g1a Ava S.lv&r SPlmQ. MO 20910 

800-635-6533 
Inquiry 565. 

DATA INPUT DEVICES 
BAI COcle & Magnetic Strope flHdoro lor m1c1oeom· 
puteta & termmals , loc;luding IBM PSl2 & Olhltfl, DEC, 
AT&T, CT. W'(M, Weng. All f81d8re C()nne~ on rhe 
keyboatd cable & are Han111paren1 fo all &ittware_ Low 
ooa DIU cooo pnn1 programo & magnfff1c eneodet• are 
Oleo ••• leblo . GSA approved 

TPS Electror,ics 
4047 Transpo11. Palo Alto . CA 94303 

415-858-8833 Telex 371-9097 TPS PLA 

Inquiry 566. 

BUSINESS OPPORTUNITIES 

FREE LIST 
100 PC. BUSINESSES 

Penor.al Compuler Owners can earn 51()00 10 
S5000 montr>iy SGllor.g £tmpia t:<l,_ r>erlormed by 
It-er cx:rnpuler Worl< 01 horT1e •n >P810 11rne FREE 
Ji st of t 00 b&.M SlUVtCf)S w oHe, W11! t:! 

A.l.M.B.X 
P.O. Box 60369. San Diego CA 92106-8369 

Inquiry 567. 

CAD/CAM 

LOGIC SIMULATION 
Now you can have stale or 1he art logic simulallon 
for onfy $9<1. Logic, liming, vonfica~on and fautt 
slmulatlo(l. fo.u1oma11c t4t5t panem gene1111lon. llm· 
ing t111ces, & tabular output. OptlOnal part library 
& model ge1J91auon. (MADS) IBM XTIAT MCNISA 

MICRO-ANALYTIC 
2880 H•Jdson Av Coro~a . CA 9 7 l9 

rn CA: f11 ) 371·5703 (800) 521·3760 

Inquiry 568. 

270 BY T E • FEBRUARY l988 

MULTl·USER BBS (FOR IBM PC ATI 
TEAMa1e ~ a mainframe ouallty BBS. A p11n Co 
puS<!PVu Full SC18'ln cursor-<:091rolled l nterla~. topi<: 
ou1llne structuro, pubj.c a/Id pnval9 l"l'i(s. auda :rails. 
~modem , Integrated mall. conront ret rio.,11ond more 
MS·DOS, XENIX and UNIX vorSIOns.. 

MMB Development Corporation 
102 J o S.poJ\'l!da Bl1d 5'J ~ If Ila r.;nBm 'Cll , 

(213) 545-1455 

Inquiry 569. 

COMPUTER INSURANCE 

Data Security ln•urance 
The " all ris~ " Personal Computer Polk:y lrOm OSI 
lnciudeo ao•enlial C<l\l91age not availabl<> wrth 
other pohcm: protection ogafnst loss o! d&1a (ew" 
from ae<:ldontal otasl:llo), lo<.& ot CUlltom program•. 
& lreud, Ao low 1U S35 II year . COYerage can l>o 
bound Dy telephone, 9 10 4 Mounuun Timo. 

Data Security Insurance 
4800 RMVbeM Rd . P0 . Box 9003, lloU!dtw, CO 80301 

303/442.0900 I00/822-0901 

Inquiry 570. 

COMPVTl!RI + INIUllANCI a SAFIWAllE 
can toll ''" for lnlorm•llon 

• /10tAt CO'.t l'UTE~S • BUSINESS COMPlJ rEf~ 
• O\lt.f<SEA$ ~S • 1.£1.S!:O CO....PO E ..c~.~r~L~~ ;g &1*iis 

• C f!UlE RS HELO Fall, SALE. 

• orneRS c ,«PUTfRS If.I 'VOUR E 


SAFEWARE, 

The lnaurance Agency Inc. 


CALl:.I OLL FREE 1·800·848-3469 

Inquiry 571 . 


CROSS ASSEMBLERS 

CROSS ASSEMBLERS for 
VAX VMS and PC/MS DOS 

Faslef Ve rsion 2.1 Now Avallablo 

Relocatable Mec10 Cros:s Assemblers, 


Linker5 , Llbrafians 

Targeted to alrnost all M icroprocessors 


ENERTEC, INC. 
BOX t \112, Lansdale. PA 19446 

215-362-0986 MCNISA 

lnquirt 572. 

CROSS ASSEMBLERS 
Macros, PC Compatlblo, RelOCatable. Cond. 

llonBIS, Fast, Reliable ltom 1150 


also; Oiaaasemblers 

EPROM Programmer Board 


MICROCOMPUTER TOOLS CO. 

I 
I: 

Phone (800) 443-0n9 

In CA {415) B25-4200 


912 Hll!ltrngs Or .• Concord, CA 94518 


Inquiry 573. 

880XO Crou Assemblers 
t-..:~~~~~lflillil~'(f:Ye,.. PC'"01 
~ ,,....,.ram-....~--.,i;,ip ~ltri'tit...., 
V*'~--.Ni.l.a--..P>nt ...... a.G DC.'OG EClJ-ITW", 
~~(~WOOS),"9d~&nc~a-& 
~~1«1CNC.- ...~~~~~ 

=~-==s~~~~~~~~ 
~~16-14119' ~~IG--aDQS 

Bilaci~l-1,. 
c:.ni. ·~ ...CA:omm JM,...•• ~ ui.a. ~~·Q' coo,., 
- RAVEN (:(lmputer Syalems 
Bo, 1211e g PiWl. MN 55-1 i2 t112) ne-.o:s.s 

Inquiry 574. 

tNe< n ou.i.,., lull hJoct<lrl. 1as1 10Joca• 
iJ~ re i:n~cio os.~~~s. -am \l•1llilatli,e nTim.xtiJJ ; 
Scu~~lfrlJ]SlEJ.tD!l~jU.J LdI.'tC'I il1 

tlil<~ C la IO,aDOOI MS'!JOS. f'i400 1515 '°"'lltr.' 
RELMS"' 

P.O. Box 6719 

San Jose, Cah!om1a 95150 


(408) 265-5411 

TWX 910-379-0014 


lnQuiry 575. 

DATA CONVERSION 

MEDIA CONVERSION/DATA TRANSLAnoN 
M0t• l.h.n 1USJ. o &11~ghr dump 0t ASCII PtdilO!I 


Wont PmceMtng, DllMS. Ind S.,.- OA!ll on [)job 

Of T.-e lf'ln1r.,r.o di•-.C.tly i.nro 11ppWc.;t:bon1 fl.IM•nQ Ot'I 


--· lllnla, ltllcroo, _...,Word p_...

T\'PeMU•l"I• .ano E&ectron'c Pub4Wilnl 1y'lla.ms 

•Bi.t P912 & "'"'"''°"' RlJl1>0<1 0<I• I ~ Uie fr•title.tlon 1ndtmry1 

CompuData Translators, Inc. 
3325 W1ts!iir &~l<l . SU11e 1202, l°" ~s. CA 90010 

(213) 387-4477 

Inquiry 576. 

... 
OATA TRANSLATION 

Topa/Dlok • Dl•ll.IDl1k • OCR 
Transfor date 10 end fr~ Undred.s of lormat!!I , dGfe. 
typos~ and word pfOOOS"50fS Cud tumilfound l ~ 10-­
day to, ,. quot11•lon 10 hlr your-special nfl'Cd 

• "1elor.,,a1 O•ta~He.s to your s1>e<:theallo~1 
• Trantllll Ind Piiot mallrng llsio 
• Ou4'1ry ~ proctHOt IO '#OfCI ptoetl$OI t 0f\'o'9'!;40f'll 
• Au1honad KEYWORD S•rvlct BurH11 

DataCopy Service of Texas 
3lOI W WlllAIA. Surit• 40I) U.rt&na. DC t'.A-11.1 (:114) )tJ.71JI 

Inquiry 577. 

DATA/DISK CONVERSION 

Gel the ExpertlH You Needl 

Diak/Diak • Tape/Ol1k • OCR 


Over t ,000 lomiatsl 31'.!. 5't• . Ctrn6wc11 Olsks.'9 uac~ 


mag tape tO MB 0... 00Jlk cart"dge Dau. base '800 

wC•d nfOCQ(;.00~ rr.oot.1nt1011 Spoo.a.t1$td n Go\Clf'I 

mept ecui•ty DaJS Call lo• lreo consuna1{on 

Computer Conversions, Inc. 
95.SQ (ll!IC'< M1n A~ . Sco ..i Sor DeQo. C" 92126 

(019) 893·1897 

Inquiry 578. 

DISK CONVERSIONS 
M<tdia uansfttr to°' ~om: IBM. Xorox. DEC, WMQ, 
Lanlor, OPT, Mle<>m, NBI, CT, also Wf' . WS. 
MS/WAD. OW3. MM. Samna. DEC OX, MAS 11 , 
Xet0x·Wrl1or, ASCII 

FREE TEST CONVERSION 
CONVERSION SPECIALISTS 

531 M81Q S1., S1e 835 , El &lgundo, CA 90245 

(213) 545-6551 (213) 322-63 19 

Inquiry S79. 

DISK & TAPE CONVERSIONS 

AUTOMATICALLY 


SA VE TIME AND MONEY ev... 1000 ~m111 rrOl'n Mln1 . ~JC IQ ali'i ll"'UTMI Watd Pto­
""""'' &T~~tro 

TAPE Co.nwt IJOns a IOw u S:2:l 00 Y.D 
04.$.ii( Coi'i..,...~, 11 .io- &!I SZ&.00 °"'' 

011• Of WT11• TOO.AV l'Of a cost :iavui;1'UOl..iiiho1-, 

CREATIVE DATA SERVICES 
1210 W LaO mer Ave,, Ca~il CA 95006 

(4oa) au..aoao 
lnQuiry 580. 

http:nfOCQ(;.00
http:1y'lla.ms
http:Penor.al


DATA/DISK CONVERSION 

Call Toll Free 1-800-431-2577 
CONVERSIONS 

DCC DATA SERVICE 
1?,00 •811>_ St NW ST& 704 Wo>hington. DC 2003<1 .. 

dBASE Ill COMPILERS 

FREE dBASE Ill + 
DUPLICATION SERVICES 

SOFTWARE DUPLICATION 
• One Slop Shoppl ng • Tochmcat Suppcn 
• Cuslom Packaging • Drop Shipping 
• COPY Pro1ec1fon • Fas1 Tumaroun.o 

• Compenuve Pricing 

SATISFACTION GUARANTEED 
800-222-0490 NJ 201-462-7628 

MEGASoft 
• Q. Bo• i o fl~, om11 

, 

0 c 12021 ·~-,..~ Cl t:?OJ) 7'6-5.58• 

UNBEATABLE PRICES 
Low .. $20/MB . 9 Thick - 5V4. Conv. 


Hlghea1 Ou1llty • Full Guerenl" 

24 Hr. TUm1round • Progr9mmlng 

15 V.1<9 EJCjMrlence • c.JI 'll>day 


PRECISION CO,.V!RSIONS 
• (518) 281-1200 • 

15 Hart>or <:<role • Conwrpor1 • NV • 11121 

1 


P.0 , 8os 29M, Oeldand, CA M:ll 11 

Inquiry 581 0: 

IBM PC •to• HPftLE COO'I 

IBM PC 10 t!P Flle Copy a loWs IBM PCs~ PS/2, com· 
pauOles to read, wr•te !dH "'' "~" oy H~en Packllrc 
Serles 70. SQ, 200. JOO, 1000 ~· , We oner cuSlooo 
~"{Jrk us~ng our Uli! copy u'ilirhr.ii und program trans.. 
lalors CaAI fDI esttmate ca1a109 1 da:Ja :s.Met. 

011wego Software 3121554-3567 
507 North Adams St F•x 3121554-3573 
Oswego. llllno s 605'13 Telex 858-757 

Inquiry 582. 

Inquiry 583 

•
I 

DEMOS/TUTORIALS 

Inquiry 587. 

DESKTOP PUBLISHING 

Profeulo_n1l 'JYp• ComposHlon 
M P· XL­ lford-<Jore lypogrophy and 'rypelonl$ lor 
llw HP la$11fJ~ II. O~ldata Lase Lina S. dr Ricoh 
PC 6000 Lase1 Prlnte<S; ti4/. Indents, Tabs. 
GraplllcsJ v. pL ktaalng, ranaom m x oC slm &. lace, 
&-n pt. lonts. MP,XL comp1e1e with 22 /onis, P1 ~ 
Bkmn 6-24 pl S195. WC VISA 

fo.flll!y B<k!il1onal rype races 8Vilflallie IJ-3() pi 
llh:ro Prlnt-X, lnr:. 

RO. •u UI, ..._ rx ?UZI 
t•ISJ Jlll4'43 

Inquiry 588. 

DISK DRIVES 

~ 
- - 3­

' 

lnquir 584. 

FUii rel.lllonel 

1as1 

l 7B M ll! 

Inquiry 585. 

Inquiry 586. 

PS/2 DRIVES FOR PC's AT's 
Com(>a.1fi<it1PC • • • • • • • • • • • • • .1329 

Cprnp!Jt/K1t!AT .$309 


Bu1ll·m 11oepy conrro/lors- na problorrr. 
Suppcm mu//1p/o dril'll• ana /ormal$. L•t• )<>Ur 
computer U!$0 IBM PS/2 l .4M d1skortes p) us f1!()(6/ 
Call for runner lnlormouon 01 lo Dfae<i on order 

vi~CIOCJG'CHEcK 
Micro Solutlons Computer Products 
Jl 1.J. ~ ()of!MU I !>O : !;' 11!1/7~'1 

Inquiry 589. 

DISKETTES 

DISKETTES ALL BRANDS 

XidGlC OSIOD Sulk 5 \(o • .39 

3M DS/00/fjH BOJ<Od 5Y• • .75 

Compua1a OSIDO Boxed s v. · .40 

Ashton Th.t~ Oegauuetl 5y, • .25 


0$/DD Bulk 3 ' • LOO 
Xlde> HO Bo:<od_.5 • 1.1111 

1-800-544-0141 
Computech Producls Inc. 

•()(MIS.e S•na......,cu.. Phlt..,.,1p1Ja.J>A 101 6 

Inquiry 590. 

51/•" DISKS 23.9C 

MINIMUM QUANTITY 1000 ~ 


3 1/2" DISKS SBO ~er 100 


==1!'!~~n::.s:i·~:J 
~~~=~ Doubt••>. C<iil lo<J F~EE S""'Ql<I mua - ,_ 

Luge Ot, P"'-• -·· Soi<f)n 1,00() /t><"' IMI•
O~r ~all UllppIDg ch.argtt Sario e'f~ OI 

,,_, ra ELECTRONIC LIQUIDATORS 
l'(l Ile> ~. Mair-. MA 02•7!l 1617) &62·93~ 

Inquiry 591 . ' 


Inquiry 592. 

BLANKET SERVICES 
Dlskene dupllcallon • Packaging • Stock· 
nQ/Drop shipping • 48 hour Cle llvery • 
EVEALOCK copy protection • No rria~ler· 
ing lea • No o~a_rge (or s(andatd labels • 

Star-Byte, Inc. 
713 W, Main SI., Lansdale , PA 19446 

215-368-1200 800-243-1515 

Inqui ry 593, 

ENTERTAINMENT 

"DRACO'' MASTER CHESS 
"ORAco·, ·· powo1lul lealu.res mclud~; 2/JO col 
or g111p t1 IC$ • l)lonocllrome • Easy to uoo .on­
scroon monu struc\urc • Uso1 may >wlllCI Of"!0­
" 19 lrom large )ibrnt)' • Play lhrQUgh master g:an;cs 
or set up ond l)llmes • Time clocl<S: tourriey mooe, 
$~9'.gfe:;:;MJ more. For IBM/comp ( t 2BK) 

ArrowhHd Sottw•re 
P.O. Bo• 591, Chart~essen, M('I SS~ tJ 

612/559-81 09 

Inquiry 594 . 

FLOWCHARTS 

F'LOW CHARTIN,G II+ HELPS YOU! 

ProcfM tlowonartl "lj )1 losl or>d ,aJmplo w!!h Flgw Chortl"IJ 


n •. 0r...,..,.,_"'""~'"""""""'"""~ -~ 2'A a.na.DoOt t)S-_tit.&1.... 11t".<1n1ey ~ ttt l'OWll~. t::yp..ia.u.u & con­
r•eoors,,, Fw nsen Unc: shr1nli; SCJO'ftfl 41-~~'! 2.00-cOO.JmJ\ 

IHll P1. "'° C'Ol ufl'1J' •<M K r6on fOf dttl~c_ 'M)l'IC u.i:ri fnO! Oj 

PATTON & PATTON 
, o BJ.., ,"sar, ~s o 

1-IOO/m-34711, ext. 8!17 (CA re»dento)11 1·800/!138-4157, .,1.8!17 (Oul!i1do CAI 
4081629-5044 (Ourslde tho U S. /\_,) 

Inquiry 595. 


FOREIGN LANGUAGES 


ON THE IBM PC & PS/2 
u ... ~ab~ Cynl~~ f anu, Fronch. G01mon1 Gree~, 
Hebt'CllW, UnJ lnll , Sp_an1sh 1 Turkish. V1t!!tnamo):e, Sc1&n· 

t1liC NOl.llti<ll>s; ""' \n popular sotfWaf•. WOtd~ 
\°""'d>l.\f, lol>t-n1e< PC.WM DD..... 59roacW!eos 

....,,e ..ic. ProlOg, DMi!IOI' PUD!isntng. Ott rnlf•L• """ 1
pnntenJoplN)ll EGA S1S. YGA $65 CGA. MQA.S!)S OM 
l•nQulll)O 

VN Labs 
•l:/O c.om,.... ' , Su:to 1 4 ~jewp<111 &ooh CA c 

(7U) 4]4-38&9 

Inquiry 596. 

HARDWARE 

DISCOUNT CLONES 
~ XT iuroo Uto. 

.. R Bi"JO UJ.(I ~ 11100. 

• sPii;d STZ2!!':i ZCMS NICI d'Jl\IO '-" n con:rott- - noo. 
•a..a... S'r.!I• M)t.19 w~:~~~~=:~~~tt- IH. 

• .ttPLJ»1..ld_ ~.- 11 - 1naa. 

Autom•ted Business Solutions 
516-379-3995 

Cl.~~~.)tJ
• # } lpnl'f t .wn-. 
CICU - DJ'I'.:~O!a1!1u I~ I0'.1'6C 


Inquiry 597. 
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DATABASE MGMT. SYSTEMS 

ID_ ENTITY RELATIOl-IAL DBMS 
power )Yitnout programming , 

Flo<mM > dalQ 1n multiple labloo "'4Slly. Modr!y l.lble 
s1ructun11 to speed q uerfos. Import & E.icpo<t data 

Aopon wri ter-. ID ­ ENTITY mlll<&s rela1ional 
•asks Q!her D8~1S'. aVofd EASY. $295 Al!\I. For 
tlm1ted tlnui $99 pluo UPS. 

Horliona Unllmlted & Aasocs. 

dBASE Ill WORKALIKE $29 
11 ·~ lrue!JI ' I on 1 • 3!1f' a SlaM eJoM emutauon 
o1 aBASE tit PLUS i!!'d mom. Includes: dBASE p<0­
grnmm1ng WJlh ox1ra:1. laster dot ptO!N>I commana 
modo rhan dBASE , fa51er assist mode with mote 
iea1u res, lUloMJ, OI\ li ne holp. MS-DOS 512!< nuo 
$29 • S4 slh chl</mo. COO ~ $2. dBASE lll PWS 
'" a 1rademe1k di AShlon·Tete 
I on. I Computer Solutlona, Inc.. 

26 ""nc~ Ot . Tl\H"buH, CT CMI \ 
203-375-01114 

Fu 

1;-.~

http:�.ttPLJ�1..ld


WE'RE SICK 
Just look at these prices 

CMS 20MB Hard Card • , • • • . S285 
CMS 40MB Ha.rd Card S449 
Seagate 20MB ST -225 Kit • ~r .$268 
Seagate 30MB ST-238 Kit . . • $297 
USRobotlCll VARmodem 2400 nt r' $179 

IAS • 1111214711.4124 • 
p 0 Bev 25':7 • Ne-N 8 

Inquiry 598. 

87C51 PROG. $125.00 
TM PA 87C51 Programol.ao Alu.pier le!S \IOU use 
your general purpo-.ie prog rammer 10 p1ogram 111~ 
B7t!i I 8751 H. MD8753H. 87C252 , and 87S2BH 
Aisolf!!syoo µrogmm1re 8 ?CS1[8~S 1 1-i sa.--u11ty btl~ 
81"\d me 87051 cncryollon army (s very !i111!0le and 
v Y 00<1 ottocwe 

LOGICAL SYSTEMS CORPORATION 
6\9-1 Toall StJllfon. Syraouoe NV 13217 

(315) '78-0722 Telex 57151117 LOOS 

Inquiry 599. 

NEW/USED APPLES & STUFF 
MACINTOSH - Call 
Apple Par1,s - Call 

Mac accessories- hard drives Call 
W(J l!IJy. 0011 ,. hOrsetraCIO ­ Apple. IBM. 

SHREVE SYSTEMS 
845 Lark Ave., Shreveport , LA 711 

31H8H743 4- 9 p.m. • FAX- 311HH;2008 
ln!&tnatronal ulroes "9lcomll C S T -VISA/MC 

Inquiry 600. 

HARDWARE/ ADD-ONS 

zeo· I HD64180/CP/M~ CO-PROCESSORS 
Plug-in co-processors for PC. PC/AT 

Blue ThunCMr Z80 co-proceuora 
6 MHz 1249.95 10 Ml:f> $399.95 

12 S MHz SSS'l.95 
HDM180 co-proce"°'11 S295 "" Q 
"'Ol-Pfocesstlr5W!lh CPIM em BIOi SoliwaieOOy 
em lator ZSIM only $99.95. 
Z·WORLD 916·753·3722 

1772A Picasso Ave, . Davis, CA 95616 
S.... our ac! Oil page 2~ 

Inquiry 603. 

HARDWARE/CO-PROCESSOR 

AT/FORCE RISC SYSTEM 
R~• Bii-Siie• T.chnology 

>Mlf'S' I BM/AT coprocessor ona software system W\th 
n.w Force Core 11om Hanis Semloo<1doct0<. For1h Op. 
Umized RISC Engjne Core Se! tOl'nllnHs 5 HCMOS 
standard cell Ch pe: Core. ln!8rrupt ConiroJler. l<ycf• 
Munlplier, and 2 Sta<k Con11oJfers. FoM devolol!tTlent 
l•r><]U•g<I inc•u<liid ~!195 

SILICON COMPOSERS 
(415) 322-8783 

210 C..a..ilduM AWJ Si.a.le, K Palu ;IJ:io CA 94306 

MAILING LIST PROGRAMS 

COMPUTERIUD ZIPCODf DIRfCTORY 
Z~t ia,_e cJ-~nOo: I .IOIJICJ;, ,, 'Im. 
--'"''"'""""I1~ ,~ro-. -HQQl , r~ l1U.OC r~(C, 1~45. 00 
~~ ~"Y""Vfl'ottl"Q;~CaT.l~r.ciW: 
~:liCiai'o(I; 111*.:.o>,We,. Pr! ~ fJf ~ 
4SGION-A.-2JP "i-oiQ1 "'°P ti U~ . o,. br~I .:t:i;• 
Q..fAH-A..f..ft!IT E" •"'J WiJotl f:.y ,..,, lTJ,! :Y 

CA.LL TOLL FREE 1·800-•31·2677 

DCC DATA SERVICE 
1200 18th St fl.W" Sia. 71).1 

WBihfnglan , OC 20038 
202 452·14 19 

Inquiry 608. 

MEMORY CHIPS 

MEMORY CHIPS 
'12!;6-1;. 12' 10 Call ~1000 I ""111 c.11 
4164- 1 ~ c.11 512511 !Of c.mo.a 386 M3 
(1&4-J2 Coll ll007.J. 2 M11U 
111128 Ptm' Bid: IOr AT 2.63 '10287~1 0 1S5Qlll2'il 
..£s... ,2 1e.ooc..• r l .11 BOJll> eai1 
n•256 r2561U,•1 Ct!I tlEC.H0-3 QIU 
17&1,27 12&27256.21!il2 CMI 

ESSKAY 

Inquiry 609. 

MUSIC 

, ·100-3117-3237 
711-3113-3:163 

Electronic Muelcl•n 
Th<l lea Ing magazine on using computers lor muSlc. 
EM fnMK ll1IClet Ol'I "4101. l"V!llC 10ltw111. tle<:tron.: 
lntl tu~nts and noma <ecordlng. 

"th• BYTE of me oiecrronlc music world ' 
--J.rr, P­ . UV! E'. t218G. 

St>ecl•I olter: only $11 US ($21 US lore1gn) 
bro ngs you a lull year (12 lssoes)J 
~,..152; 819·7•&-06.97 In CA 

Eleclrontc Mualclen 
Dept B. 2&18 Ninrh S<. . S..tOl<ry. CA !M7t0 

In uiry 610. 

NEURAL NETWORKS 

Neural Net + Compller 
Netwurkz demos neu ral pe1 nndlng nearest ma1ch 
ot 1npu1 w01d 10 1151 01 words. PUO compiles Not· 
wu rkz and ts.ell forretaryet 10 now CPUs, Three 
manuals tol•1 1!50 pages, All source. Nee<! 
PCl')(T/AT w258KB . Oclober 1987 Issue of BYTE. 
page 46. has more Info, 
Netwurkz: 79.95 PUO: 24.95 Bolll: s154,95 
DAIR Computer Syatema 

"' ~ •rineoi r:;1 Palo i</!O DI 94300 
(41!1] '94-70f t 

Jnquiry 611 

• • PfOOl&ml io oc.mom111ta • ~rel notwor\ 1Llgot '11UN 
• Au~ OQ IBU Poe ' and ~t!I 2SfiK FtA • MS-005 Ot 

oos 2 Q or ~ 'tllo-o'IJ' ii or1pn'k: t. cara 
• ~Orel 1!1 •we or BVlE "NE URA L-NETWORK 

f<euAJSncs" by G JoSlN 1or ''"" "' AWARENESS °"' 
• NEtiRllLSVSTEMSm-..,m p•n oyuwCAUFOO.iiA;S 

INSITT= Of JECHNOLOO VfJET PllOPl.ILSKJN U B 
• 62SO l.i'l\111 12131-1'87 Plut S&H To iJ1'"8f. i:;al ~ ~ 

NEURAL SYSTEMS INC. 
2827 ~ 431a AWJ V~ 8 C VfaN Jli.9 

11104 ) 2113-311117 

Inquiry 612 

....,,.. c:> L.J Fl .JO.. c::> 
COULD FIL L:: THIS WHIT E.SPACE. 

For information 
Call II.ARK BTONE a1 ·~ 

603-924-3754 

GREAT PRICE&I 
o .. ,,,, .......,, "'" :;..~ \l<>MWli E'J."<i'O") COjOI Gtopllle• 
T..-rnln.ll1 at cJo• .... Ol./1 D'K: tndl.Jdef 30·03iy airmrrty 
'16~ ><l!!fjpai,,,1c 
"640 •llil J~""" ' 
' D!Ot; ·'I' oo.JAflSI ~ oomp.11""'1, 
. r~ 101'40t'U 1a o:i-noouw 

HH (-17107) 

Cell 714-974-4113 or write: Wells Ca.ta Systems. 
2•61 E. Orangethorpe Ave. , Fullerton. CA 9263 t 
In Canada. call 1-800-387·9537 

Inquiry 601 . 


HARDWARE/ ADD-ONS 


640K MotherBosrd UPGRADE 
8olOt< .._-..IAlnf},,,_ sl«l Ou. - ­
--~ol2511Kchi!loon !I•~- 100'):0
"""1Dliiblo 00doy$tl6Cl<Qlll<-. 2yrwmiy. ~P.,,,. 
,_, ;.,..,, 1.si, "' & 1&" S2l !$9< ....,, ""!IJO'Y) rs... 
)(T, 3270 & -- $311 ($100 """" -~ l8M.f'C; $09 
fl1 1'whh~ . $.C SileOl-'CIDt,ln'I ~WlliCOmtt 

Arista 
t 681 1 El C;i111<00 ~ 3" fiCIO$lon JI( 770511 

7131480-62881 80013ARISTO. 

EDISK (apromlram disk) 
F0<: PCIXT/AT 
U..So 01skjfts Wofi< Stltion•. lnaumial Controllers 
F..1u,.o: I or 2 dlskS/card. btrHory b•<:i<ed ram. Mil· 
bootin~ . eprom allowl onllne updoles

"*"' 18()1( """'-only $2W. 720I< eprom(R/WJ $:;60
360K eprom(RrN) r tOOK ram SSOO 

(604) 85 _,, 55 

WIZOOM computer P06 121 , L~WA_ 
{Of/ 11503 M1. L•hmlrf Fld .. ~oro. ac. c.n. ~.swe 

Inquiry 602. 
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Inquiry 604. 

PC MINI-SUPERCOMPUTER 
Up to 40 MIPS In Your PC! 


.,__ l'Ql(TIA f Wl!h 1la 6 PCA000 bollrOo tor a lligl1 _.o 

PCR!SC S)'Slem The l'C4CIXl .-tile NCAO 18 RL~ Er9ns 

wNch •~....,,'>' lllQh 1eY01 FOllh \n oltico<i Eac/l pciOOO " a 

genet oJ ~por,..~ 1111! ........ .,_.. ., 

ttie 5 lo T MIPSrange °"" o 100 ttmoo laot11 lhan o PC, 
K& R -d C and Fotth ..- Fr $1295~ 

SILICON COMPOSERS (415) 322-8763 
210 Calilornla Ave .• Suite K. PalO Alto. CA 94306 

Inquiry 604. 

LAPTOP COMPUTERS 

LAPTOPS SPECIALS 
Zenith 181 & 183 • Toshiba • NEC Mullispeed EL 
• Dalltvue Sharp • AFFOflOABl.E 514" o.-3~" DRIVE 
UNITS FOR LAPTOPS a DESKTOPS • OICONIX 
PRINnRS • 1200 & 2400 BAUD MODEMS (lor 

LAPTOPS) • Flt$/ delivery & rllrtt/J/e lrren<Jly &eMCe 
Call tor low pricing 1 

COMPUTER OPTIONS UNLIMITED 
201-46!1-7678 (7 Dayo. 9AM-9PM Eastom Umo) 

Inquiry 605. 

LAP-LINK 
~=~~~~~·"';:c:·:.:r.:: 
~Mn a.ny OU'!« product 1111...al lM:M. NO lnal:d£bon ~. 
OM¥' '° UfJ8 5f)lfl tiO'OOf1 o~- tnch . .dM lnotMl!.90 ..utlM!f­
s.al C;M)lt" m11~1 11.ny rwo ~s T'Ms.ltf otThfo "'"'" ,_ '"°" o DOS OOfJY commendi Ooly St:lll.115 .,. 
di.di'~ Lrii'lltlilll ~n:t bmh 3¥'1" i*1d 5!1· - ciR · ·~· · 
CMnOrS an rrllld9 ~ kw only sat.-" •to ~ 
Travellng Software, Inc. 

19310 North Creel< Parkway. Bothell WA 98011 
1 · 800-343-8080 (208) 483-a088 

Inquiry 606. 

LEGAL 

DESIGNED FOR LEGAL WORK 
The SoftWars" Substantive System. "'Tl:tis 
could save a law office 30% - 45% ol the 
lime to process pleadfngs." Brief, 9/87. 
Version 3.3 $159. Free brocriure 

TSC 

The Software Company 


P.O. Bo> 872687. \'V&sllla, A 99687 

90 74!H267 

Inquiry 607. 

http:lnotMl!.90


I 

OPTICAL SCANNING 

STOP TYPING! 
OCfl SeAVICE BUAE'/.u Wt Seal\ IVliRYTHING 

PrO~OUllil:t Prlnll!KI M.aleri.1111 
• JnvotcH • 8oott1 • Oocumt11n tti • Pf\one 0 JfJ!I 

• Otitput to • 3¥t.~ • 511 
• • B • MAC • 

ltiOO 8PI • WOR.M • CO ROM 
We CM>vo~ IVER'fTHING . 

Al l Wotd Proco"tng Ind Oa:o a...., Su-.:od 
ICunwoll • PolanUJ Scanning 

Pnoto~no I Printing • °")' & N;()hl 

DATA&CAN 
I ~ ftf f t"ildio Qr-; N-ow- Yorio; NY 100..:8 (212) 9.)8..57:3:7 

Inquiry 614 . 

PROGRAMMER'S TOOLS 

PUBLIC DOMAIN 

S3 SOFTWARE FOFI IBM PC 
Public Domain g U"1r Supported Software, Hund•ods 
to c-hoose lromJWotdprocessors, data baSes, sproud­
shuete, MSOl11td onmu.s for all .clge:,. commu:nlcaUons. 
buslnes5, musSa. an. PfOQ'famming ~ ar'ld U'SefoJ 
utiflll1es for making your COtTIJkfler ua'ier lo loumT~st 
pmgrams have doc:umeole.tion on the disli: ~ WritlJ tor 
'f90r f AEE c•J!~log lodoyl 

SEST SITS & BYTES 

., 

P.O Bo• 8245. Dept·B. Voo /'luyt, CA 91409 I 
'-~~~~~-'-e-11_1_•~--13-CM~~~~~~-'-I• .. 

~ -.:: -­Inquiry 620. - -­.._ 

-­---~~--.....;;;;,,;;....__...;,·•t 

SOFTWARE/ACCOUNTING 

ACCOUNTING SOFTWARE 
Appllcarlons ror Mlc1osortt' Wo•~o. Prinl• ohooko, In· 
voloea. Sl&l""'81ll$. and p<.rrd>.... °'°""' on pr&pmted 
!0<ms T5 repo.1&!JM! you t<>!al• lo l'O*l lo you< oanorlll 
lodger, AJA , A/P . Payroll. and Purc~ul ng al $49.tlli 
oaclo. Alf lour at S169.00 

BAKERForms 
P O. So• G·s:!SIOepl. f, New Beol0<d. MA 02742 
(800) 338-1753 (617) 996-6732 ln MA 

Inquiry 626. 

FINITE STATE COMPILERS 
Soiwate ""'llf.!00 Fjn110 Siil' Prog1 rn• d"11 
qr or ruri f et tlM lflilP rl"EeOlO,f 1t}an secJ.!JWl'i 

~=-«l!~~~:.m~,'nE~~':( 1~"l" r&'ffi..~ 
& P>'.,SCAL 

$"100 Ed,1or (Wilh primer) $75 per Comp,ter 
IBM F'C 1291< RAM Oo5 2.0 • 

AYECO 5025 Na<\Sau Cllcic Orlando 
INCORPORATED FL 32800 {305) 29~30 

Inquiry 615. 

TLIB"' 4.0 Version Control 
The be5l gets Deru!tl They IC>ved TUB 3.°' "paci<.IKJ wtth 
IOllUfBS (doss dBll•S/ amazingly /HI ••. 
~lonr"-f'C T.ctt Journal S.pt 17. ''has my n(g/1"51 
tOCMrm ond1rlon •r- A. AIChar dson , Computer Shop­
per Aug 17. Now TUB 4.0 ha&: bronohing. m0<0 
keyword•, INl!dcard9 & Ille listo, (..lalon mer90, lAN 
ono WORM dnve support. more MSIPC-OOS 2"' & 3 .x 
HI.85 <- 13 s&h Vita/MC . 

BURTON SYSTEMS SOFTWARE 
0 	 Bo• •156 Car~. C 15!9 (111> 4e9· 30H 

Inquiry 616. 

Modula-2 
Qnpllls HI Ille M2 >nlGtl... to lhD wtdety usocl -•Window 
Q<&Ohre5 l1btll)'. St.tl>POfT_I mu11l p.11 !ont!I, mouM tretlclng, 
many pr1ntor'J (fncl Pos1ScriP1 & Udle1Je1 1. CMtr 30 diapl1y 
llClaplOfl. ~ l'lunclriDCls Ol. moclff l1 o49 lll89 With 901.UCO). 
ll'loClude' ~aWil\dow pac;k;t00 FOf ~toch. S10ttvBroow. 
11C, FTL . FST i:;ompUe~ From the cuu11are or Ropertom1. 
Mooe.... MK~ •nd EmtSIOf~ 

MCNISA/AMEXJPOICOO 

PM14536 SE 60th , P0<1laod , OR 97206 
(503) 777-8844; TLX: 650Z691013 

Inquiry 617. 

NETWORK CONTROL LIBRARIES 
NETWORK "JT£11FACE0.10..,.J"° • •"'"O '"' 1cOt«""'1 
rfu D()S-· $99 

NE1'B ROUTINES - """""w .,...,_ """"""lure 
~ N~mc. M!!dllQI\ S ~ 11J1;m1m root14'Jel ~Bill iJ'\O l"lO- Nllf 
tX*lm. SI 09 

~~~R~=~'~ ~4f - ~k~~~ ~~,~ 
i>OO r~Q\ll d-'m. S:.299 

St111rllght Software 

2881 Cuntral Strlftlo• 1 Evanslon , ll 60201 


312 814-9370 

Inquiry 618. 


PUBLIC DOMAIN 


OUTSTANDING SOFTWARE 
For IBM and compstlbles· 

FREE CATALOG of ll1e 6,,.l Publl<: Domain. and 
Shorewart1 Pfograms &'9'!11~. Most are menu-.dnwo. 
<>llSY"' 1"'1fll. w<tn ltlll aocumeoiatfon. Ol11y $2 76/ddl~. 

O•def:S sh pp&d Fl1111 Class wlth1n 24 hours. 
SaMfat:llon Guaranteed. 

Wr11s Of Call 

A.C.L. (916) 973-1850 
1621 Ful!on A"e , Suite 135-8. S8c1amento, CA 9582S 

Inquiry 619. 

QUALITY l.B.M. SHAREWARE 
$3.95/Dlsk - 10 for S"30.00 

P.C Write 2.7, DOS u1 111t1os, commercl al unlock. 

B088 as:;embler DOS lutor. BASIC lutor. print 


Inquiry 621 . 

FREE CATALOGUE 

PUBLIC DOMAIN/SHAREWARE 


• -00 191-! PC-A comp•i.olft dill\S • 

200 A/T\lga dlaka • 125 Alari ST <h'W 


f'Cdlt IUIQWUll ,26tKh. Ami91-&STu1owus1 .60 

&IChl Anrtl DI buy F,flfl shfpP{i.g~ Ca11 tolt lree, wnte ~ clr~ 

ct• road"' - r..'FJU:E 910 CATAl.OOUE ""t" full 

MK.!fptien ~~Gi l~ oomputtk--48 rK°1turnaJOOnd l 


Computer Solution• 
P,O ao, 354- 0'opl B, 6SQl1, Mlchlg 46894 

,_.oo-t74-N75 IM- F tG-8 EST) 1-51'7-62'·21'3 

Inquiry 622. 

RENT SOFTWARE $1/DISK 
Rant Public Domain and User Supponed Soltwil!e 
ror $1 per disklull or we 'll copy. IBM (31/:i • alao). 
Apple, C-64, Sanyo 550 and}"ac. Sampler $3, 
VISA/MC. 24 hr . inlo/order line . (619) 941-324.tot 
send) 10 SASE {specify computer) Money 8ac 
GuaranteeI 

FutureSystems
Box 3040 m Vis!a, CA 92083 


omc.: 10-e PST Mon •.S.t. (&19) 941-9761 


Inquiry 623. 

QUALITY SOFTWARE IBM/COMPATIBLES 
Get a Word Processor, Spreadsheol . Oalabase. 
Mon~y Manager 3nd 5 a.rclldo games plu• our 
10,000 program catalog ror ONLY $10,00 ( +alll) 

800.992-1992 {N1tlon1I) 

800.992·1993 (Ca only) 

619·942-9996 (Foreign) 


VISA. MC. AMEX Accepted. (COD + 1.90) 

The lntematlonal Software Ubnuy 


511 ~ 1<)"4 Endn1tll 8 hld, , E.ncinl!M, CA 9202A 

Inquiry 624. 


SALES/MKTG. SOFTWARE 


SALES MAGIC 
Software solutions· for better selling from 

MARKET POWER INC. 
computer Innovation• 

w=.,~"."~=-=~'=~~~~,!;:;
Nallon.iil Haial.s, and more.,. 

1Mlmhor :,-ou ar"..a i;ompany OI'" an ~4.lf.) • ..,.., CMJ hllilp 

you .Gail<>< W!H.O (918) 432•1 200 
101 Pro~ M1no Rd .. Su1to 106 A F11E.E 
N""ada City • Cal~om1a 95959 llEJIO DISK 

Inquiry 625. 

IJtlll!les, games [7 disks). many mo1e ree lisu 
MCMsa. 

C. D. I. 
305473-9117 

91~ Sim Rd.. '84, Ste. 141l, o.:M, FL 33324 

TAX PAK' 
Sch. ~ 8 C DE FA S Frm• 10£0, 1040A, 2106. 2119, 
2441 .34!ie. "800, JOO:!. 4562. 4684. 47'!17, 4972. 6251, 62521 
8582, 8596, 650e, 116 \S. IRS aPP<Vd piint IOI IBM PC CPM 
fZ!!O) CPM86 illypfo 4Momrw M3 PrnlHslonll irldd> Bald\ 
Processing &Ta~ 0rga111zer $185 (sep S2SJ P9!10011l has 
~di~5~t lo!ms & lealures $37: Updl S125 & $27· GA 

Candelaria Works 
3955 Club Dr.. Atlanta, GA 30319 

(404) 266--2420 

Inquiry 627, 

dBASE BUSINESS TOOLS 
• General ledger • Purch Ordllnvntory 
• Accounts Rer.vbl. • ,Acwunts PQy~ble 
• Order Enl.ry • Job Cosl1ng 
' Sales Analys s • Job Eslimatlng 
'" EA. + 1.\n wlOBASE 2. 3 Of 3 + SOURCE CODE 

dATAMAR SYSTEMS . c1. Crd/Cnle/COD 
487~ Sarita MOnfca Ave. 
San Olego~A 92107 (619) 223-3344 

Inquiry 628. 

Inquiry 629. 

SOFTWARE/A.I 

Learn Al Fast 
11/!han~ Is a booll ilnd Q disk Of Lotus op<eadll>eets. 

"A mlf!VOl<>us litt le Al trat'ning pac.lcaga . , 
you'll find 11 an BKaellent tutotlal 

th!S producr Is a must " 
ELfk Sri11.p(,o, 

BV'TE •L>fl '87, p.2«1 
11/lh•n I• only $119.95 

If/then Solution• -
Inquiry 630. 

SOFTWARE/ARCHITECTURE 

NATURAL 3-D NAVIGATION 
• 3 V1~ilhlng Poin!S Nav1ga1or. Greo1 help Jor an­

:: 	!.::i;.:; 1~t'!. ~1~~~~~1~W' ,;,o;r1::i:;;~~i 
llanrod fOl•llon The pe,rspec1lve can llso l>e 
supprHS<td or ennanC<ld,, S449.95 • 54.00 S&H 
(may chon90 whhoul rouco.1 

t 	 Roqulrn IBM PC or oompatitiln (256K up) 

Dem<>-dool< $7~00 + $ 1.00 S&H (Voffil<l<) 2.0) 


bD-Codlng Svstems Inc. 
2'44!> UniVerslry Ho19n1s X\Jo .~ BoUldt!r~ C'o S0302 

1e1&phane (30:!) 449-3640 • !16'lmUe (303) 442· 1967 

Inquiry 631 . 
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Cf</l IOl'free 30 Olly naJ pertOd 

COMPUTER KEYES 

21929 Maka fld Woodway WA 96020 


(201) 771-8443 

Inquiry 633. 

LPBB - SPREADSHEET LP 

Inquiry 634. 

dFELLER Inventory 
~or\" ~O(J<iiJJ1P'Trt )ri~ ~ 

coao. 
dFELl ER lnv•ntory $160.00 

roqw os d6ASE II or Ill POOOSICPM 

d~eLLeA r1u1 U00.00 


"'Iii Hl•tory ar)d Purchuo Order> 

Qqllrr6& p BASE 111 ()( dBllSE. Ill PIUS (For S1ockroor1<11 


Feller Asaoclatea 

550 CR PPA, Route 3, ISllpern1ng. Ml 49849 


(906) 486-6024 

Inquiry 635. 

SOFTWARE/CHURCH 

PowerChurch Plus@ 
Fast lrillndlr · relrable cnurcti admin.lsuatio 
system Fill !und acoolml!ng mailing lists. 
membership con1ribu11oos . allondance, 
word processing, accts. payable. payroll. 
muf!l·user s~poon , and much more al( fer 
$695 co plate, FREE demo versio 

F1 SOFTWARE 
P 0 Box 3096, Beverly Hills, CA,,902j 2 

213 854--0865 

Inquiry 636. 

Inquiry 637. 
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SOFTWARE/BASIC 

XGRAF DRAWS IN BASIC! 
FlNALLYI XORAF repla<:H OulckSAStc ·s poor 
drawlno commanae With assembly lanlllJ&ge caJts 
that w011< 01J HMCliles, EGA, VGA, CGA and EEGA 
screens. Only $99.00 + $4 .00 S&H Call us at 
1400-423·3400 (9:00--"M to 8:00 PM EST) 

KOMPUTERWERK, INC. 
851 Parkvlew Brvd,, Plnsburgti, PA 15215 

For info ,, caO (412) 782-0384 

Inquiry 632 

SOFTWARE/BUSINESS 

DATA ENTRY SYSTEM 
~n daU1Cnlly Ill """'f"'SS •ertlicalJon lor 
;M PC/XT!At & compamlles Loaded wll:lfeatures 
~ke.. o'IUlQ d o & .shoo.}.~' ty bVPQ1l$. rar\tlc c eci<S. 
& ta oot'ups Fuoy monu (lro on only 1395 

SOFTWARE/CREDIT 

CREDIT REPAIR SYSTEMS Softwert 
Now you ca n clean up your c redit ror 
a fraction of the cos1 wilh no hassles 

or proble111s trorn o cu1dl1 repa ir agency. 

For IBM PC/XT/AT or compallblea 

For free Tn tormaUon write: 

C-SYSTEMS 
P.0 BoJC77399, Colemon Spr,ngs, CO 80907 

Inquiry 638. 

SOFTWARE/DISK LABELING 

SOFTWARE/DISK LABEUNG 
" Dl1k1tt1 Labeler" 

M<lk • proloulcna( labalo lot 525• d.sks on VoUf 
pr1nlor wi\h <:Of" notio n ol 23 cnaraC101 Tiiie. !20 f lkl 
N•l'J'9'. tO tlna ct 80 ch:ar•cter Comments, and com. 
pU1! t SUllS lricludef p•rman&nt 'adhelNt. For IBM & 

SOFTWARE/ENGINEERING 

SIMULATION WITH GPSS/PC·* 
GPSSIPC • on !BM """"""1 <Wlll'A"' ~ 
tiono!U... flOl>Ulol"""'11""!"'~ lar9Jil90GPSS 
Grnphb, ......,_ - "" ox!Jamoly ln!oradlYo f!JJYV""" 
.,,.,,, "1IDW • JOOWY ,_ 1liilw ol 'fOUf simlJl,lllonS. 
8" • OOITll'l<>x .......Wlll1d •y1t•ms Wllh \Ill most 
t&r~cwe ond visulll 1111 eoonomlcal simultUIOn IK>ITW1lro 

MrNUTEMAN Software 
°"So~1'11'1' 5"' -~ 1.J5 1, 

(617) 897-5662 ext S40 (800) 223- 1430 t-1. S40 

Inquiry 644. 

;Circuit Analysts ­ SPICE 
Non-linear OC & Translenr~Uoear AC.*Ve<Slq<l 381 "(• I~ BSIM. GaAs. JFET, 

MOSFET, BJT, diode. et~. models, !iCleen 
Jlrap!\ics. impr<l'ied speed end convergeOO!. 

• PC Versii>n 2G6 available Ill $95'. call, wr•te , 
ccmpatlbles ltl'I IBM/Epson compa!Lble dot malru 
pnnt..i 

WeedPatch Productions, Inc. 

Box 71 H~n. DE 19707 


(BOO) 451.(M74 (302) 2311-9261 


Inquiry 639. 

SOFTWARE/ENGINEERING 

Atrordablt Engineering Sottw.rt 
FREE PPLIGe.TION GUIDE & CATALOG 

Cor t A I>""• • FlOOI l.bc.u~ • f)1ec A )'SI.! • 
l'l(Jtte< 0 - • ll4W1U)9 Gfapnlcs • Signal Pf P 
C8SSl"IJ • ,Act1"81f05Sl'1! Filter Oesrgn • TrallSfer 
f\Jr)Cl•on!FFT AnBlys•s • log•c Slmulnuon • Mtcri> 
sirip Oos>gn • PCIMSDOS • Maar,i,osr1 • !SA/MC 
Aocl!@<l 

BY Engineering • (714) 181-0252 
2200 &J$/l!CS6 'lay St1te 207. RivetSJdc CA 92SO I 

Inquiry 640. 

OPTIMIZATION WITH MICRO-DO}' 
Moo-Doi 06 an ojfo 1, ~r, oorisvucooo ~ 
lo. ""ll"" '"rli>g d05111n \'lr10en '"FORTRAN M1ero-Dol 

~~~~~I ~·~01.~=J: ~':,,~ ~!'. 
=r~~~~c1, ~;,~ ''t~~n"['~;: 
aurchll.. VISAJMCfC/Jdck 

Engln..rtng Dellgn Optlmlatlon, Inc. 
12'76C o 011:10, 5anraBarba.raCA931 1 

(805) HNIOSI 

Inquiry 641. 

Somebody Had to DO ITI 
wan MATHMATE. 1 new Rudy re UH lJld vaue 
r eck9<1 IC>flw111 pecl<ag9. now your PC IMC<>mH 
• -equation ION4tr • curv.ffnlng &ytttm • mA1r1x 
Ot\JIJ;Y't< • ropoi:1 genei.ior • rnu!TJ.i'unctlon ealcuillOI • IXOtT.,,.,,,.. •-al• tdiJfr6fJc • Allor <riy S99.9i5 
....,,,,.. 100 pogo - - Olld ·~ort ""'"911 beclcpuorariteo. c.JI 40W71- UH MCNISAICOO 

MCAE Technologles, Inc. 
..3474 Nova Soolla Avo. . San .Jose, C"'"95124 

Inquiry 642. 

PROFESSIONA.L SOLUTIONS 

FOR Pea and ~S.OOS 


CEf\.E(;TIQN OF IJEAAIS OF UNWOll':l Cf\ Vrlll!ASLE 

CAOSSSECTION("",..,~: 51&_-ll'OI> 

SIMet-£ OR MULT!PlE Si<AfNK.FITS' Stv"'b90 .,._... '-··-·­"1-..,... l>olcl<no ao<111y 

t\Ellrb - .__. ­

MICROMIN - Software 
Oen- PO Bel> UI Id-*"!. • 4G« 
~ M"""'!IO 18001 J36.21J1'.4 M 6776 

Inquiry 643. 

Of oh<IGl( mquirf fl loc m01e inlo 
Northern Valley Softw•r• 

28:J:)7 Rot!Vock Or Rancito Pala!! V~ CA 90274 

(2 13) 541-3677 

Inquiry' 645. 

--A"°"r'fil! .. 
..:!"1..,..~-i-=~
·~ a,wnu...i
•SI i-~ 


· Cob-°"*"'> 

- - ~ 
(19) ~ ­

Inquiry 646. 

I CA·2, M Advanced 
A•aJIAl)/e IOI' ,l,pOllO ..or1<$..JlOnJ, tnd.!ldeS. 

• AC , DC, T ran1ien1, Founer onelyais, 

• LBl91' circulta, 

iiii18 ~-. 

Inquiry ~7. 

NEWI Lono Pldi.w • 

Vou g8t Ill& PICKS. not 8 

ildd StO. 

GE RIDGE 110 B


Inquiry 648. 

Your 1.0.? 

CoonftMtlon? 


.,_,..., ~ 

you ~ 

does, ind, 2S 1.0 


No ll>lfll>inV clt"rg<t II> lfl 

JI 12,A WK'. C"Ulll"" Me.. 
~7380 

Inquiry 649. 

mfAB* /SAP86 * 
~~~ 
=-~ 

· ~~ •r~~'S!!:S'AAOl'JE'°""" 
lilO-~-""Jc .,,.. 

STRUCTURAL ANALYSIS, INC. 
1701 Oil\oc.'l(Q 8Mr.. So.JO ll!IO."""'" '1J! 187... 

1S 1i1 ~ 

CIRCUIT ANALYSIS FOR WOllKSTATIOHS 
1nal!>g cnCUJI ll!T\UIAI~, "°"' 

• WOt11 C.U., Mcntt>-Crulo. noollneat •tmuiAll<HI 
rM10< srmula- 11\an SPICE_ 

ECM! Apollo $3,000. ApollO Ev;ai Kll S38D 
ECA·2 IBM PC/l<TIAT .$6]5, PC Eva! Krt ·$95 

Call 313-86W810 for Df!MO. 
Tmtum Lllba, Inc. 

Twain Q ., Ann Ar'bOr , Ml "8103 

SOFTWARE/GAMBLING 

BE A LOTTO MILLIONAll;tEI 
Pim v2.0 5lDr1!s w1nrnng Lot· 

10 & Piel< 314 nu rnt>e rs & uses prooab!lity a11alyS!s 
In order !() selftcl wt\al m~hl be your million doilaF 
dci<atl Guaiantae<l 10 -.cr1< rOf aa -Wot10wido 

bunch O) .st"1isliall For 
IBM, $4K Apple II, C64/128 134.t!i f+ 4.55 Sl\). '3ii" 

'<tway, ' 2QJ8, NVC 10008 
ORDERS 1-800-634·5463 ext. 293 

Int() 71~lZ·1!16t 

SOFTWARE/GENERAL 

WOULD YOU LIKE TO KNOW? 
ltileniory L~ RelponN nm.? 

VlllMl Perception? 
mlnO wllti MEHTOR•-SO!tware 11\al -

'fOUf hl<ldon talenll. sa ~ H«·'"°"' IBM~• 2561( 
• CGAIEGNVClA • $49f95 • VISA/MC 

In lh• ~ 
Heurtsrlc Research, Inc. 

MldlanO. TX 79701 
(In JX. roU ..ct 91~11311 

http:Sottw.rt


SOFTWARE/GRAPHICS 

FORTRAN PROGRAMMER? 
Now vou con c.&IJ 2-0 ana 3-0 9raphk:s rou1ine.• 

With 
0G~~~~~I~~~ ~~~i:rou•• nos '°' 

sc::iroun CK..1tpu1.. 1135. 
PLOTMATlCi Pen plonor drlvor. S-13:5. 

F°' thB IBM PC. XT1 AT11nd compal}bl..,­Wlf!l •Up­
Po'f • Vftti•ty of ~mpn.,,.. , grnpn ct ooa1ds .and 
plorrer•. 

MICROCOMPATIBLES 
31l1 PreludH Drive, OcpL B 

Sllvor Spring, MP 20901 
(301) 593-0683 

PC MAPPtNG SOFTWARE 
M•plnto software can: 

- Oo;Nr~ ~0'71!2" 10 6.llQO .... _ 

• ~ odd<n.., you l)pO "' 
• p..rt.,y clall '"'Idly ft'"'1 oBASe I~ 
• Colot<>Ollld<i­
• coo Diily mo. "'"°' eOVWDM> 

Maplnfo CorD. 
200 Broadway', Troy. N'/ 12.180 

1-100-FASlMAP 

SOFTWARE/GEOLOGICAL 

FREE CATALOG! 
GeoloQICal and scien11fic software lot ail applka 
11CM· 10g plO!llng, 9rlddr~con1oorin9, hydrology, 
dighlzlng, 3·0 solid moao11111g, syniMl(c 
soismoyram, lraclure analys~. rmage prncesslng, 
GCO!Jl llcM1 manager. ave< SO progtams in catalog. 
Mac1nr0$ll 1001 

RockWare, Inc. 
7195 W. 30th A've ., Onnvor, CO 80215 USA 

(303) 238-9113 

lnQuiry 650. 

SOFTWARE/GRAPHICS 

PC TECHNICAl GRAPl11CS 
TEKMAR I>a graphics Ubrary lor 11>1 IGA or Tocmu 
G"1pilkts Moster Similar to PLOT-10, Include WIN­
DOW, VlEWPORT, AXIS. Suppatt lor 1-iP. HI plottore. 
Ct.uve flftlOQ , ~· ploiting P"l!llOm. LOg. ~. 
mutr•..,.i.. 3-0, oonloo••· Jcory Pournolle tAuo 86 f!>'ro): 
" M gOod Ila any I l\Di\IO evor .snn ·· Demo d 11 • 
11tM11ture ev.UD.bH>, 

Advanced Syatama Conaultanla 
21115 De-.snJre S1 . #329, Clllltswonh , CA 913..11 

(811) 407-1059 

Inquiry 651 . 

POPULAR HGRAPH"' 

sc1ENnE1c 20 & JD 11<• '"" ''l<l'"'"' '"' •BM PC .a11a 

VAX' eo-""1'1ul . ea•1 IO u<a !1i !J11L e OO:S <!IMCC aro:i 

If~ .fldo ef10e lJ ~l{ testlii!..lb(:r'\ t. "",1 

FORI RAN Pascal !UIOO Paoc:nl lo,)llCCll MOdaa -2­
17'.0C Custo(I\ ~trw.,.. dr1tlopm9nt, 

Or~IC$ tdi1or 1 •.Uablt $00tl. 

HearlLand Software, Inc. 
23'1 S . Franklin, AmH , IA 50010 

(515} 29N1216 

Inquiry 652 . 

ANNOUNCING UGraph 

Th• Grephlca Editor 


Full lnJur..i ..:ientlric gr-.>hlt1 .0110•, fllo p1og,.mrn­
1ngl U•• your ow n dllo or gener11e d1taJ nte<n•l!'I• 

SpeoDI lurtctions & FFT'1 aupponod lrmterpretor 
hondlH oomp11x valued m1111ce_ uu1 1n11rlace 11 
<a•rQn•d lo< •Pead ind •t1• ol use. Can 0. tallor6d 
to m... l'<)ut n-. Eopaod$ °" HGr-i>!l 

Heartland Software, Inc. 
234 S. Franklin, Ames IA 50010 

(515) 292-8218 

Inquiry 653. 

FPLOT PEN PLOTTER EMULATOR 
UU! your dOI ma1rht or ranr prlnier as ao HP pen 
plotjel , FllSI hkv• oulpUI. V""Y llno Wtdlh. Includes 
VPLOT Yi'1ual plonet unltty 10 cap!U/8 ploltino CO!"­
man<ia.. Su~rts NEC P5/P6, IBM Propnn!Or, Ep­
t.on LO/M,XIF.X, HP L.aaerje1 , U- Hercule9, CGA. 
EGA OI VGA for sc:nH!n preview. $64 chock 0< m.o. 

HORIZON SOFTWARE 
Sun• 605, 2'·16 Sltlnway SI,. As1or1a . NY 11103 

Inquiry 654. 

GRAPHICS PRINTER SUPPORT 
•l I LAST• ()sq tha PnSc 1<ey10 m.,l<c qtJ,J.\ty sr4/efi 
B&W D• coJor re;:xaduoi!an< o/ your GJSpkly on dllY 
dol mu/n• inJqel. (JI la>O< au(lier GRAFPLl/S:sup­
parl;; .!Ill vefSlons of PC or MS·OOS v.'l/li 18/,1 (me! 
EGA VGAJ Te<>l1ar andHerCU!eS Onl,<)/>CS 008r<1S 
1-49.95. 

Jewell T8chnologlea, Inc. 
•740 4A!h A•t SW. S&aUlt, W,._ !let 16 

800-628-2828 x 527(206} 937-1081 
Inquiry 655.. 

Inquiry 656. 

SOFTWARE/LANGUAGES 

Inquiry 657. 

THE PUM CONNECTION 
• xow lkn• IO I/II lflM PC from PlJM oe 

~: ~=~er•:::,utiu tOI 

• ComlllO!e oyorern 1ruo:'l:.. l!lw..,.. 
• Oas 1. Oas 2, Ooo 3. 8io0, Graphcs 
• Lorge ond comp"" rnornory Jnodlllos 
• 200 P1Qt' Te<M~lll Rflt1tnc. "'anull 
• Cofrlpltto """°" 1n PUIA IJ6 """ Auo<r> • r 
• 0.mOl'l.rltaUon t.1hl 1 1~.4" W:lh 1 01.lfc:it 

CompuFlrm Corporwllon i 
7141 .._A••·· Sit a10, Son m.go, CA 

(81 II) 1!171-02.28 

Inquiry 658. 

DRUMA FORTH-83 
Slriel '13 STAHOAAO. Oevolopea 1or In llOu•• use. 
,No 641<. imltaUon. 64K sPelld &00111paone&1 to320I<. 

• 1811 PC/XT/Al ' cornpol.OIH, 008 2.0. 
• RO t.17 Hoa<!ortoM eod4t, ""l>UO!ed •arlabl.. 
• Editor, aue!J1bler, rtlO & DOS 1ntor1aces 
• Many powerlul and lnno•All•e featur .. 
• Full !'leg. 171. o.mo 110. S&>! 12. VISAIMO 

DRUMA FORTH·83, DRUMA INC. 

P.O. Box 8111097, ~usun. TIC 78781 


Ordera: 512-323-0403 BBOard: 512-323-2402 


Inquiry 659. 

SOFTWARE/LASER FONTS 

LaserJet Soft BIGfonta 
PC-OOSIMS-OOS Ptogtam prtn1s 76 pi and 153 p1 (2"J 
big charadtlf5. AJ111> Includes 1" , ,2" , .3' , & -1i" lool• 
Co-toosts with any ooft lonls Prim !1om W01dstar. 
Lows• .ANY progiam. $159 fno!udn 20I( Resident 
Printer· MA!llgement and Prln! PlllOfllm Fur Biie!) 
Font OownlOa 30 Oay $$ BaCJc 

Worthington Data Solutions 
417-A log St Sonlll Cw1 CA Qti060 

(BOO) 345-4220 In CA: (408) 458·9938 

Inquiry 661 . 

SOFTWARE/OPERATING SYS. 

Sottw•r• for Op•r•tlng Sy•l•m• 

MINIX For th<I 181111' Pe. XT, ••d AT 


Cr-ad by Alldraw Tonenbaum , oh• """' opo1a11no 

•vstemll slmltur to UNIX. bU1 Wllll •U Uie SOURCE 
CODE, and 01 a much lower pt..:•1 
&<OK IBM PC ~o Xl wislon ... '... St 10 
512K IBM' F>CJAT •t••lon 1110 
Manual Only 132 

COni~ Prtnlloe tt.n Publlll'I•'" 
C<N>Qi!N.liil. OOJIO Ot!pr. E.~,oo:J ~tis. J 0Ml2. 
Alln R Coll (2Ql) 717-IH7 

lnQujry 662. 

SOFTWARE/PRINTER 

PRINTER GENIUS 
"°'"1llful lllllfllOIY r~eol p!lnlet man*"11lnt - COn­
trol printer tealures from menus 01 wi!nln ooaumont' 
- Prmt~ 10 d.'sk rites - Bldgrcund pnn1 - C»ec;· 
1ory & l1le b<owSG - Edi\ 5mall told - Rodi•eel oulptrt 
- user 1r1e11diy pop-up scieeM - 92 peoe rriaoual -
Prete! Ill' all prln!e<$ - Compl_etoly ttuib!o - PC MS. 
DOS - $69 $.& ~ - VJSAJMC 

Nor Software Inc. 
527 31d r-•• .SUttO t50, NO'" VQ( NY TOOlp 

1212) 213-11 ti 

lnQuiry 663. 

SOFTWARE/SCIENTIFIC 

Inquiry 664. 

ORDINARY/PARTIAL 

DIFFERENT/Al EQN 


SOLVER 

FOR THE 1BM PC & CO'-IPATIBLES 

MICROCOMPATIBLES INC 
301 P1eludo Or , Sliver Spring. MO 20001 

(301) 593·0683 
Inquiry 665. 

SCl·GRAF and SCl·DATA 
~1~:~ 1~p=w~.~r~t. 
~1eorr ano pmitt.~ Otd~ 

SCI.CATA w,;tlrlO~"I ~>I t;QUO •..,uO<J """"1!110llfvO 
GC.a11(\{J ofld ~1' eootdinoio lran!.fOfmruiore.. 

Prices start al $59.95. 
Microcomputer Systems Con11ultanta 

~ 7•7. 5.11110 Sarb~r:a- CA A3 102" 

805 963-3412 

~ 

lnQuiry 666. 

FEBRUARY I 88 • B YT E .275 

SOFTWARE/LOANS 

Execamorf"' Amo.rllzer + 
'-""" M>Orlial.iClll "°"""""~"'....-.""" ­"°"'""-' APA"• (por ~- ZI. ­ - tot 
~~IAFf~~p~~ 
;;~~:.:==~-:;~:1°":':~ 
..... l/ru/MC/M>&i 30 di; MBG. 

Electroaonlcs 
36360 Gotlltl!i2 t 1 re..,. 14602\i 

800/B56-8448, 3131791.0770. 

Inquiry 660. 

http:1!171-02.28
http:ev.UD.bH


SOFTWARE/SCIENTIFIC 

ScltnllflWEnglneering/Gtaphlce Ubraries 
Turbo & llghtl!MMd P1~I. Module·2 C 

Sond for FAEE C4tofoguo o! ooftwOJo tools lot Sdon· 
,1'$11 end f l'ipneers lndudiJ5~ Scie.f}rtric. s ubrou!irw 
llbrorlo . devlcol ndopondonl gr111>hrco llbrorlos (In· 
clVdlng EGA, HP Piolter and l._..,!)91 •uppo11), scien. 
tir., <11arri'19 bbr61klt, 3-0 plonlr!Q 1~ da:la a<QU s~ 
hon 11cr111e·s, "'91'.IU·CHiv9n proce» co"trof wttwtue. 
V1i<slons11V11lloble for a variety of popular languages, 

Qulnn-Curtle 
41 HJrghJand A We•• f+Mdhem , MA 02 \9"' 

Inquiry 667. 

SOFTWARE/SORT 

OPT·TECH SORT/MERGE 
" l•emely ras1Sott/Merg<>ISciL'C1 ul1f1ly !1un as " 0. 
MS.DOS command or CALL as a sulJ•Ollb!'C &Jo 
~ mc<il uuf!C'"• Q/ld MctyPer. \rdilarnq Sinl!'te 
a1 oBASE Unltffi!IOO Ml1Sl1.es fllull tple • cys an<J 
mucri fll()r~ LMS DOS $149. XENIX $249. 

(702) 588·3737 
Opt·Tech Data Processing 

P.0 , !lo~ e78 · Zopl\yr CoYe, NV 89448 

Inquiry 668. 


SOFTWARE/TAX PREP . 


TaxEase"' System 
Fode< al & Stole relurns on omgl• d•sk-only $69,95 
Euy 10 uso. C~cu11111os 1u1omoU"lty, IM!l'forms com· 
pie• "Whll •I . CJl)llOl\I, pqn!I IRS.JPPfOVe<I forms AZ. 
Cll , CO , DC, Gii IL IN, Mii, MO, Ml. MN. MO, NC. 
N.I. NY, OH, ol( Pll~ A, WI. Requlros Lotul 1·2·30r 
comp . •Pf9adl/IOO! VISA/MO S:l s.'11 Cllg. Maney Dack 
g\Ja rantM Pr te!i.!llkmal pod:agei avaUatile-IH. 

P•rk T•chnoloal••· Inc. 
P 0 Bo o. \iJ 1 C\. p'iri.- f'il-Y t-2065 

51111n·Ml1 Of 100/0WIH ..,_HY 

Inquiry 669. 

SOFTWARE/TOOLS 

Turbo Pascal 4.0 Software 
Spec your customer !his AM. show a demo 
this PM. Save 80% of programming lime 
in Turbo Pascal 4 .0. Create a complete 
database In 6 seconds. B-Tree file manager 
Included! $99 Turbo GhostWrlter stan.er 
pkg. or $269 ror everylhfng. 
800/227-7881. MC. ViSa·Cno1ce·COD 

ASCII ::J239 Mlfl Run, Rolt»g/J, NG 2161:' 

Inquiry 670. 

SCREEN MANAGER 
MEN U. l.','lf\IOOW, and DATA ENTRY Suppon for 
lho Prolasslonol P1ogrammerl lnlerfaoos 10 m011I 
IRJlguege.9 BASIC, c , FORTRAN, COBOL. 
PASCAL: ASSEMBLER, 100 Pago r.,anvaL Thrr· 
ty day niooey back 9uaran11111. No Aoyall~s. 

lrom 171. v..111MC 
Th• Weal Ch••t•r Gro1.1p 

~ p 0 [IQ> 13()4, Wm C~4'1!0! . PAJ e:iell 
1215) 9".. :IOI 

~UFORF~EOEMO 

Inquiry 671 . 

STATISTICS 

DISK & TAPE CONVERSIONS 

A.UTOMATICALLY 


SAVE TIME AND MONEY°""'' 1000 klfmlJJ. r1om Mm,, M'IUo M•ln tr&~ WGf4 PfC> 

~:~-:.o.. )OW UQ l iraOO MB 
DI Sl< Ccx)...,,....,. u low as W _,OO pJ. 0.... 

Qll O! O rooM IQ< I ~ll P""'9 Quotll'O'I 

CREATIVE DATA SERVICES 
1210 W Latimer Ave . Campi,.,11. CA 95008 

(408) &ea-6080 

Inquiry 672. 
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STATISTICS 

NUMBER CRUNCHER STAT SYS 
M nll-drwen Mulhplo !'. stepw1sa regr~on. 
AN OVA 1Hrie ries. d•scom•naril C1Gste1and lactor 
a aly~.s. u;-1no pa1 components n~ r !:':. 
t.•"5IOQrs_m~ H agi:s1 cont ir,~e..nc ta es. non 

run>l:lriCS 1!1ll)Orl e•oo<I dalU Spreudsliecl , S()O'. 
n, rrioroo $99. MS·OOS uan1ih1 <l!scooni 

NCSS·B 
8S5 East 400 North, Kal"'ville . T S.1037 

801-546-0445 

Inquiry 673. 

STATISTIX"' II 
Comprehensl\te, powerful and lncrec!tt>ly e&y·t<>­
use. Full sc.199 n edi,or, transformat ons . lmear 
models (ANOVA. r~resslbn , 1ogu. PCA. etc), 
AFllMA, mos1 slllndard •lal procoduro-s. Cloar, wcU 
orgun lzod documunta ll on . Sa1i9lec1 lon 
guaronteell $169 PC DOS. $99 Apple II 

NH AN"-lYTICAL SOFTWARE 
P:O Bo• 1320-I ~ 051!Vlll0 MN 55113 

..........,.------~'~'6~~~ 63 ~212 ~~1~·2~85~--------~" 
lnqu1ry 674. 

SL-MICRO 
Tabulale survey resul1s or analyze ex· 
perimen1a1 data using SL-MICRO, It has Fr&­
quencles with statistics. Crosstabs, Anova. 
T·Test, Muldple Regression & Correlation. 
DaJa Edilor & Data Transformations. 
Only $250 for PC-DOS. MS·DOS or CP/t.1 

QSC, Box 178, East Lansing , !>If 48826 
(Stn 641 -4428 

Inqui ry 675. 

RATS! Version 2.11 
B accH'tul l f!IOCi l)f 1nr11 Ovt·t 4000 co 
~ Ol.S '2Sl5 IPQL1 . probll i!llO' m mQfe1 

fOIOCJUll•"fl Ml~ RIMA \IAR E•po•lrl!JI< r..HOOll\1J1!J 
Mood-'" t•k1r0otii Supl)O(t ror duJv/w~y dbtu H 1gri 

~~~~ =1~:= 01~{-t P•lrJIOI $200- $300 

VAR Econometrics, Inc. 
F>,O_Bcx 1818. Evanston, IL 60204· 1818 

(312) 864-8n2; (800) &22·8038 

Inquiry 676. 

Spreadsheet Statistics 
NEW 23 comprol!Qnsrvo SlallS11C$ ana 1orecas!log 
~ules for 0oatyt1ng l.OTUS worksheets Low 
cost $24 .95 each. Easy 10 use, Includes w1orial...ii 
Baslc and "°'ance<J ataliShcs wrlh grapnlcs anel 
many u~r-Oeflns.ble option~ . Compare F1ee 
brochu re 

I ~ 

Walonlck Associates, Inc. 
6500 Nicollet llva S.. Mlnneapolls • MN 55-123 

(612) 866·9022 

Inquiry fiTl. 

UTILITIES 

MATCH PRINTERS TO PC 

MATCH SOFTWARE 
c.<2G Cel""'jlIO! C.n;oo. Nonn IJOll\'Y<OOO. CA 9Ui~·lllO 

Toll free ~ 1 {800) FLOPPYO 

Inquiry 678. 

UTILITIES 

COPY AT TO PC 
T~ \ 2n'i8 d' 'l"• Pti.S ~0 OOt.n Kn0¥ii't't JO AEAO o1J1 NOT 
rr!l lantf'WRrTE on 380ilB Hopples:. llr.in ""CPVAT2.PC" '..,. 
1 2tnB dr•'"'H C A1" f~ 8DI)' WRll 'E J60il.fJ rlC>pple.a QY!.ng 5 
llo! 1-m • :s.KCIOd he/d d l5ie:OI tk'\'!3"-UP .<tptt " CpYAT2PC '" 
fr''li a1 Cop)' Protectttdl othm: '1fll!I P' a ro1ablo SOFT\'JARE 
SOU.ITION ~l S1ll • S.. SIH VIS AIMC/c.)D UPS BIR 

MICROBAIDGE COMPUTERS 

650$"i'W•~· S.n Carlos. CA ~70 


Order 1ot1free 1.soo-s23.en7 

U 593•1n7 (CA) 2·12-334·1158 (NV) 

TELEX EZLNK 626?3<l89 Dealer nauJoo> ln led 


Inquiry 679. 

Recover deleted tiles laatl 

Inquiry 680. 

EmNDED BATC" U.NGUAG.E fEBL) 
INTEGRATE and customlZe V')Ur pr"'ilramo v"lh 
EBL! Wrilo powerful ut1h11es. nsulole your pro­
g1ams lrom novices. build custom menus 
au10tna11ca11y, Many pewer user tea1ures rroa11n9 
po1nf 011th11101lc, simulate •oygrrokos, t-1 on.else , 
.1nd m0t0 Money back guarantoo. CaJJ or wr1t0" ror 
tnlormollon S49 +' S3 s/h. 

Seaware Corp. 
~ ['J 0.n •tf-.5ftll Ot-1 •• ,.~. "U'.t"'4 

IOOll!l4-<11U 30$13~2·20<'6 

Inquiry 681 . 

HANDS OFF"' PC SECURITY 
locli.s Hi; d Ct ~ Rwli rr1C111- 1oppy U1o4 
P_1oroets SUbdjfet:mt e 5 

· Norriu1I Uao o! 00$ Com m.11rKb and A(:iplatlon Sotlwlll • 
· 18M PC. ~T . AT ;11. nd Tru9' COmpatlblet 
• oos V2 a~ H1,_oo, Ha1c1 Olt..k Sy1rorn 
• t<HP O,M1 ?ooplo' 1 HANDS OFF VOUr S:;S1om 

VISA/M C• 119 19-S 

SYST!M CONSULTING, INC. 

3 4 Canlerbury Dr. Pol!sburgh , PA l5231! 


(412) 963·1 624 

Inquiry 682. 

$59.95!! 
Buy 1hl!_,AED Ulfli!ies now! Progral)'ls include: 
Dislc cache 10 speed hard disk. Printer spooler. 
Batch file compiler. Palh command for data 
files. Wild card exceptions. Protecl hard disk 
from accidental !ormalllng. Sort dlrllctories. 
Over 10 more programs:J [BM PC. VfsaJMC. 
The Wenham Sohware Company 
s Buile'1 '.ll wemam MA o19&1 101 n,:,7o:lb 

Inquiry 683. 

WORD PROCESSING 

HEBREW I GREEK I ARABIC 
All 1a o il)ld E\ 11apea11 l~a11g ag_es Pull 
f<:-i\l~ r lld u11r.1nngunge Word p<PC<i5so! Oil· 
oous Ot1·sr.r<l<!nlo1ergn <;t1arar.teri>'. ,1h no ilarO 
W~fC fJ1 tli\;,'1110[1'; $350 QI m:<!\flX) p r , ~ 
~I) + : °' sen $1 + S4 I O< 
d o fie 5 21</grapl •CS 

Gamma Productions, Inc. 
710 Wll'lllrn Blvo,1 Suite 609, San!aJAoruca CA ~1 

(213) 394-8622 

Inquiry 684. 

http:J60il.fJ
http:CPVAT2.PC
http:Ml1Sl1.es


ADVERTISE 

NOW 
IN 

For information call 

MARK STONE 
at BYTE 

(603) 924-3754 

WORD PROCESSING 

DuangJan 1.3 
Bilingual word procossou or Engfioh and ona of 
these: Armenian. Bel)gali. Euro/Latin, Greek, H i n~ 
dr. Khmer. Lao, Ausslao. Tamil, T plugll . Thal, V•et . 
, . , o, create: your own language with fo nr cdnor 
$69 + $4 !l/11 ( + S tO lor.) LaserJor + $49. DerT\O 
IBM compa!lbles , 

MegaChomp Company 
352-' ltn\ill .I\,. Cid pt,·~p1 • ) 91 ,:. g , ~, 

(215) 331 -2748/8 138 

Inquiry 685. 

WORD PROCESSING 

PC·Wrlte" Shareware Ver. 2.71 
Fa!I. lull featured word p1ocessorllex1 edllor lor 
IBM PC , With spell chock, screen clrp, mallmerge 
split screen. ASC II mes, macros. Easv 10 use Sul)' 
ports • 00 primers · LaserJet+ and PostScnpt. 
Sohware. US&\ Gulde. and Tmonal on 2 disks tor 
S 16. Try , then raglslcr will) us 101 only Sll9 and 
ger Uaer "1anual. 1 yea1 1ele-suppon, newslette• 
and 2 opgrades 90-day guoranree VISA/MC . 

Qulcksott1-800·888-8088CALL TODAY ! 
219 Ffral N., #224·9YTC. Se1Ulo. WA 98 109 

Inquiry 686. 

2400 BAUD 9600 BAUD 
NOW s149 NOW •519~ 
ONLY ONLY 

WHILE SUPPLY LASTS 

PS/2 

,I 
MODEL 50 

FULL OF OPTIONS 

s12e •. 
LEASE TO OWN 

MULTI-LINE BBS 
INFORMATION HOST SYSTEM 

s99 
PEALINE 

. 

~rn-~~_;~~~~§~~~~ ~ 
This secure, reliable BBSIE-mail system can be 
operated unattended, 24 hours a day, and can 
simultaneouslysupport up to 16modemson 16dial· 
up telephone lines under nothing more than MS or 
PC DOS.Includes interfacehardware and software. 
Sixteen 2400 baud S/A modems '189 each. 

~~~ 386 

a 
100 MB H/DISK 
GRAPHICS SYSTEM 

S78 •. 
LEASE TO OWN 

INCREDIBLE PRICES ON FAMOUS BRAND NAME PRODUCTS 

VENTEL 0 386 GENOA ®FAX 
PS/2 MODEM BY QUADRAM 800 x600 EGA BY QUADRAM 

8299 
2400 HAVES COMPAT. 

FU LL LINE VENTEL DIST. 

8899 
INSTANT 386 

UPGRADEBOARD 

8199 
SUPER HI-RES EGA/VGA 
HERCULES 132COWMN 

8289 
INSTANT FAX 

FOR PC & COMPATS. 
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•cvaoaV30 CHIPS 
~.,,. IOHi OI' •oal W. llbvt -.pc Ind-Ho. ........... ­ ....... ..,60""' P«oo 

UP070108-5 (5MHz) V20 Chip.,,., $ 8.75 
UPD701 Ofl..8 (8MHz) V20 Chip.. . .. $10.75 
UP070108-10 (10MHz) V20 Chip.... $29.95 
UPD70116-8 (8MH•) V30Chlp . . • . • $~ 3.75 
UP070116-10 (10MHz) V30 Chip •••• $29.95 

7400 ,..., .... M 10+ 
748S GS .55 
7..00 ' .•5 3S 
7-IU;). : : . 2.0~ 1.95 
7490 •19 39 
7• 00 AS 35 
/ 41::.ll ... 35 
7 412.'.) 55 ·1" 
7·~1 2S: 55 
7..:i12e, .60 
74143 3.95 
?4150 •35 
7 41S.1 I 5 
74 156. . l.!°r.) 
7-11 73. ilS 
74174. ' ... -"" 
74175. .. 50 
74 116 9'J 
1... 181 195 
7 41 89. • .115 
7.111}3_ 79 
74 100. 1..85 
7422 1 !J'J 
74273. l9!i 
H385 SS 
7 •3G7 GS 

74LB 
NLSOO...• .2'J .H.• Hl.5165. . 75 65 
7'4LS02•.••. 29 19 7•1LS100. ••.. .99 .BO 
Ml.S04 35 '" 74L.$173, .. 59 -•e 
74LS05. 35 26 74LS174. .~!I 3>) 
74LS.06.. - - 1.09 00 74LS 17!a. . •9 39 
74l.S07. -· H)Q _gg 7'-LS~Sil. • ..59 4 .4 9 
741.S06 .2S •9 7 •1LSl9l .59 4g 
7J.l..Sl0 .29 IQ 7•11..51 93. ... 79 00 
14LS l 4.. _4g 39 741..S221 . 69 ~SU 
74LS27 .35 25 74l.S2"10. • ,69 5g 
74LS;l0. 25 1G 74LS2"3 00 59 
14ls.3~ 35 ..25 7 4LS244.. 69 S!l 
., ... l.:$;.62 .A9 .39 7•1-52•5.. 09 79 
741..$4 7, .99 .00 74!.$2:>9. -""" J3'i) 
74LS73. 39 .29 74LS273.. .89 79 
74LSH . -35 .26 7dL$279•.. ~ .•9 .39 
71H • .S76 39 .:19 74l5322. •LOS 3-95 
74LS76.. .5.5 A~ 7•lS36!i.. .. .•9 30 
74i.585. .!9 .40 ?4 LS:l&i _.,, 39 
7'l.586­ 35 .25 74LS3e7 49 3g 
7•~590.. - '.' .40 .30 74LSJ68. A9 :J<J 
74t.51ll . - •• .49 ..39 74l.S373. .:: _ .70 .6!) 
74LS123. . .59 49 ?'4L..S3;4,. 79 .aQ 
7•l.S12l> ... ,49 .39 741.5393. !)9 79 
?4L$138. . .•9 .39 7• LS590 . 60$ 5.95 
7•LSl39... : ,49 .:39 70l.S624. ' : .. 2.05 1.95 
74LS1s.t •. f.09 99 74LS629••... 2.95 2.85 
'"'lSt57. ,.15 35 7•tl.Sft.CO 1.09 .99 
7'4l.ST58- . ·~ JS 74LS6ol5. 1.09 .99 
74L..5U!3. .59 • 9 NLS670. 1.09 .9'.l 
74L511!4 ... .59 40 74l.5888. 2.39 229 

7 • 
74SOO.. - ~ 74SUl.ll' l .4Q 
7"504, .2ll 74$1!19 ' • . 6~ 
7~ .;)$ 7 4$100 2.49 
74$10. .• 29 7•$240.' - •• .... . i .4 9 
7~ .35 74$2"14,. ·-·. .. , ,..;.!:) 
7..$74.. •• HS2S3. . -­ ·­ .79 
1..i.sss ' 1,79 74$2Q7• 149 
74600 ,49 ?•SW&' 149 
74$, 24. : . : ' • : .. : : 2.75 74S:l73. ..... ::: •. 1 .~11 
74517.t•.• ,,, 74$37.\. . 1.'4.9 
7 45175. 79 745-,72• ' a.95 

74P 
74R.l0. .211 74Ff39... ..•• .. .&l 
74F04. , .. : : . : . : : : : .2ll 74F 151•• , •.• :·, •S!I 
'4F08. . 29 74FHll.•.... ' ... : 2.96 
74F-f0. .29 741'240 00 
?4F32. .29 7•f2.W, 99 
74F74. 9 741":163•• ''. 6'J 
14F'OO. . •.•••• : : .. .:s9 7.iiF:J73. •.•.• - - ' -"" 
74F"138. •• .6ll NF37-1. · ­ _\19 

C04001.. .. . I 0 CQ.4076.. .... .. . • . .so 
C0400e. .... 6ll CO•OSI..... ... ... ..25 
CD40\ 1. . 19 CQ.408.2_ . . ~s 
CC-'013 .29 ('.()409:). 35 
CCM-016 . .29 ~.... .00 
C0-40l 7 .. . .. A9 C040103. ..... . 2.49 
co+o18. . .511) CCHOrn7... , •. A'B 
C04020.. • -59 C0401 og_• 79 
co.&Cl24 . •O CQ.1510 . 6!I 
C04027 .35 CQ.l511 . &:l 
Ct.'M0:30 • 21'.1 ==' . '~ 
C040o'Q.. .. ' .65 Q0.41522. ........ '79 
C04049. .. ' :.Ill C04 !;38. ' 79 
(;04()50. .. ' " :19 C0454 I" . ' 99 
C04051 . . . . • . • ..s-'J <:::D454.3. . • • . 70 
C040S2. . 50 C0-45~ . . , • . . 4.0:5 
co.<003. - "" ()0.155.S. ' . ' '9 
"°406(), ' • • ' • ' , .•9 COASS9. 7.95 
CO.W6<L ... .. .. :29 C0456<i .. .. . 2.49 
CQ.4067., , , .• 1.29 CD4561 •.. , ...89 
CD-<009. . ,. " • ., • .2S C04584, .. J.9 
CQ.1070, - • ' ' • . .25 co.<sas. . . 89 
CQ.407' ,. ....... 25 MCl ...1\P . _ . 6..95 
C0.C072. .. . . 25 MCI ...OOP......... •.49 

111sa:u.um1us ClllPS-­ ...... 
076~.AC .i.r.s fifM~ I I~ I~+ I .').!>0 
WD92 •6 6.95 (;8.;Q, I <;!; 
1151190. 9.95 8852. - - ­ 1 4 9 

Ziii, ZllGA. ZllllB SEftlES MC&llll)OUl - " 95 
MC68000l10, l :J__g5lll(l. 1.25 

ZBO-<'.:TC "" 
MC680 IOL 1 O, , , , . 40.05 

Vl<_>.OAA'f • -115 MC"8020ACIW 169.95 
zeo­ ""l 1.79 MC688B l RC12A 149.Q.S 
ZllOI'. .. -.. 1.69 00.J I, -. U~IH
ZBDA-CTC. 179 3-0~ 
lllOA-l lAHT ·\.95 llOC:l 1... 9 ,95 

Z!IOA-PI()_ - 1G') """"· l.f)5 

lOOA-SIOIO. , ;JS S]Q73. 9 s 
200fl. ... J.49 

OOUOA. :: ' :/. 5 
ll0fl5A. ..... : 2.·UlZOOB-CTC J.95 0066. . 

... 
5.95Z!IOB·PIO. ·120 8()86.2. :.-. " G.95 

1511C1 / lllllO/ -SEll. B067(5MHZ'­ ... l29.95 
6502. ' - 2.65 eoe1 - 1 r, ()\M-t.;:1 , .229.95 
"'5012 1c"'6sJ .• 6-95' 0067w2[8MH1:) •• 16995 
6520, ' 1.95 aoee..... &•9 
6522." .. :. : • "' 3..95 008&-2. ..... : ' 8..95 
~2.. 6 ... Q 811&. .. 4.95 
G5'5 1,' A....41$ e1s.s. 2. 4~ 
65Ce02 iCMO~>i '. , 995 81!>5·2. . ' 3,4ij
6800. 1.95 Bl5'l 3,05 
6A0:2.. 3.llS =­ 5.9.~ 
6810. ' 1-<!5 9203 9-95 
6821. . . l ,7S 8212. 1.49 
i;s40. ' . :),Q5 8224. 225 

41 1.e.. 15" 16,384:.i: l (liSOnS} 6'0 
4 , ~Q..20 131.07·2 x I ~2'00n9 I t?.ogy!).)(Jc) • 3 ~ 5 
•• s-<-- • ~ 65.536x , l':lOn•l..... .. ... 2.25 

::::::~ ~~:: l~:l... , ·: 
TM&o411>-12 16.3&<. • o~.,_ ... 3.4o 

~g~ tCXJ ~~.J: 1 g~~- ~' : : ~:: 
41256-120 262.14'4 x t l l.20ru1) ...•. •••• ii.BS 
it1 2!!\6-t00 262..144 x I 1~). , JOO 
5()41;4. 15 65,536 x 4 l 50ns)(4464). 4Jl6 
Ell lco:::fl.10 1,048..576x 1 (100rmJ 1 tvtf.tg. . 34.96 
51 -'2.sdP-10 2¢Z. I""' :t 4 {1C0n8) 1 MOO 29.95 

- ­ ---- ­ m11c RAMS------­
20J6-12 
<o)18-45 
2102 ·2L 
2 11-iN 
2t 14N~2L 
2 10 14 
2•·19 
5 101 
6 • l<lf'-:l 
5l 161.P-3 
626'1LP-12 
e:>ll4P.15 
6264L..P-15 
55 1• 
4325&15'­

20-la • s I' <Orw).. .. ' 69 
20.se • a c•-Sn•l- ..... , ,. ... c.as 
1024;.ct f2'50nslLO'W'~ .•. 195 
102ol ;w;; .\ (450ne). , •• '' • .99 
I 024 x ... j 200ns) Lcl-N Fower .. I 49 
I024 • 4 (200ns) (CMOS). .. _4\l 
1024i;4 (45r'IS) . ·-- ­ - ·· ­ 2..49 
258 I 4 (.4.!llt'i9) Cf\AOS. 1.95 
2048 x B ( l50n!ll CMOS.... ., • 1.fl!l 
2046 • a \150n8) LP CMOS. .. 1.95 
8192.111 a (120ft9) LPCfv\OS. . 4:25 
9 192x8 ( lOOl'l>ICMOS. .... 3.A9 
8H12. a pSOoo) lPCMOS .. ­ - J.75 
I02• • A <350n.>i CMOS. , . 3.49 
:l2.768:x H (150rUl•lllWPowR'tr , 11.95 

------ ­ l1llGlll ------ ­
'IMS251tl 
TMS2G32 
TMS25:12A 
TMS25B-4 
Tlv\S.2116 
1702A 
2708 
:nu:i 
7116-1 
27C l 5 
2732 
2?3'.!A--20 
:nJ:2A-25 
27C:l2 
2?&-1-20 
276"-·25 
27!i-4.0.·25 
276-1-1.15 
27C64- 15 
27128-20 
27126-:25 
27 J2SA-25 
27C'28-25 
2nSG-20 
27256-25 
27C256-25 
275,2-20 
275•2-25 
6876"­

281&A 
28f1A 
285'>A 
528 13 (2 TV) 

2048 • a. (~1'Jr>6 ) 25V. • , •.• , • 6.1)5
"W6 x S {450no) 25V.. .. .. ... fi95 
-4096 :ii: H f450nt.) 21 V ••• , .• ~Q5 
8192 :c 0 {.S:50n"') 25V.. - 9.95 
2048 ' 8 l• OOnsl 3 -- ­ - 9.9!;
256 I( 8 ( J11!Jl. • 695 
1024 x e (4 5Cn¥). "'95 
2046 !It~ ( 4~) 25V . • 3 ,75 
2Q4.6 :i: 0 f35CW'\~~ 25V. • . .t 25 
2Q.!.8 >t 6 (4~~ 25V (CM05J ,,, 5 49 

=~: ~=~ ~i~:·::.:: .. : ~ 
..w9fi x 8 (250na' 21 V . , . , 3.'05 
-t096 x 8 C• SOn.o) 25V (CMOS) 5 95 
a192 • a t200n•' 2w.. . _•.25 
9Hl2 • S (250o;i) 21V.... , , .... 3.75 
a192 x e t250nel 12.sv . ...... , 3»5 
8192 x 6 (<t5Ctif>) 21V...•...•. :!..95­
8192'8 P00<>s)2 1V(CMOS) .. <'>.49 
•6,38<& • a (:>()On>J 21V. !ill5 
16,..J8.4:ic8 c2~s):2:1V. . 5~ 
16.384xa (250rtG> 12,5V. .. '. 52S 
l6,:1Bo4 x 8 {250n!il 21V (CMOS! .. 6.95 
32.768 < 8 (200no) I25V.. • .. .. Wl5 
32,768 x 8 ~50na) 12.SV. M5 
3.2,768 lil: 8 (;:250ruo I 2..5V (CMOS) • 7.93 
~filll:S ~200n:.'• 1.2.5V. , . 13..t9 
65.536 " a t2ID->o) 1:u;v. 1 , .9'3 
&192 x a '450nsl 2sv. . ...... 1J.9> 

l.£PllOllS 
2CW8 it 8 (3~9) 5V f.1 ""'1..1L11VWil..g $$5 
204.a x.B (350n'I~ ~VFleedNrll"'i'le •. 100 
a1ro ;.1; B {2'5()'\,,) ·5VRe~e . ~.Q6 
2046 " 8 1350nil} 5V Read Only .. _ 1 .•9 

l800 SIMS CM!.-­ ,,,_ 
6228 ' . 2.95 
0237-5. o4, .:""!) 

62"3. 22~ 
6'2SOA 6.49 
02508 <FOi lllMJ .... 6 .95 
a:25,A •.Bil 
8.<53-.S 1!')5 
fJ2f3.4 I . '1..:!:r.5 
0255A-5,'' \ ,69 
8257.-..."'l 1.9:-t 
~oo s 225 
8272. J..'JS 
827!'.l--5 2.00 
87•\l 9 .95 
0~·12,' ' "9.~5 

g?~tf~~ ~ I V) 79S 
9.Q~ 

8749, . 0% 
6751 3".11-S 
8755 ' 1•95 

DATA ~SITIGM 
AOCQOO.<L • . 3 .19 
AOC0008CCN. . , 5.{>'; 

AOCOeooCCN. ' ' 395
ADC08l6CCN ... 11 .95 
ADC 1205CCJ · l . 19'!>5 
OA.OOBOBlCN. 1 as 
OAC 1008l.CN. • .9!i 
AY-3 - ,0ISD. 4!!5 
AY - $- 101JA.. ~:: . 2.95 

LAG570. . 10.95 
W01770. 11.95 
S l3052P. 2.49 
6502.' 2.65 
6504A. 1.95 
6507 4.39 
6510, . 9.95 
ss20.. 1.es 
8522 . 3.95 
6525. 4.95 
6526. 14.95 
6529.. ­ 2.95 
6532. 6.49 
6545-\ 4,95 
6551 ... ' 4.49 
6560. 10.95 
6567. 14.95 
6569. 24,95 
6572. 8,95 
6581 i 12V) 14,95 
6582 19V) 14 9 5 

8360 14 95 
8501 . . . 10.95 
8502.' 7.95 
8563. 1595 
8564 9.95 
6566. ....... . ' 24 .95 
870 1 9.95 
8721 . • 14.95 
8722. 9,95 
·251104-04.. 10.95 
310654-05. 9.95 
318018-03.' 10.95 
318019-03. ­ 10.95 
318020-04. , ... 10.95 
325302-0t. . 10.95 
325572-01 .. ' . 14 .95 
'82S100PlA.. 15.95 
901225-01 11 95 

901226·01 . ' 11.95 
901227·03 .. ''. 11 ,95 
901229-05. 11.95 

•No !)P'(IC!!I o\Qll a~e­
••,.,,., 6~$100PLA ~ 

U'1 IC-G<l 

SATEU.ITE TV 
DESCRAMBLER CHIP 

Hr . MM~J2 t l lli !t fV c11morl1i o!Vf'IC: 9fitW!l'tHOr Cl~nM :o 
.:"autUv lh'll h.ic.ic. ~nc f~i oc.1lons !QI PJthC' OJl4)r Qll" mofl{I 
dul)fll(' 5:2 5 1in 6QHl fnrorti:wOCI l)l"ld camc1i1 vlOOO r«:Olt:ler 
aool' uo1u1 COLOA BURST OJ.ff I SYNC 

ALLOW STABL.£ COLOR OPERAUOP't 

MM5321N...... . ..... $11.95 
INTERSIL Also Available! 

74HCHl-BPl!l!DCMOS ..,....,_ ...... -• ·1f-tCoo :?5 
7-11-«;X,r'2. .:I~ 
74HC04. 2!) 
7 41-fCOS. . 29 
7-1HC10 29 
74HC\4. ·•9 
7•HC30 .... .29 
NMC32 29 
7JHC74 39 
Nl"fC7S.. . g 
7• HC76. ·15 
7·1HCB5. 79 
1.-HC86. . .... ; .... 39 
7 .1t-te123 .110 

•H-tC' 12!i, .:g 
74HCl3<. 59 
7JHC13/J, -19 
741"1Cl39. •9 
i"·i HCUA. 1 ·19 
7·H'iC163. 5 
MHG174 .69 

74HCT- CMOS TTL 
1•..CIOO 29
1·.u1c ro2 2~ 
14HCT04 <9 
74HCJ08 19 
W+C110 29 
' "+cn2 20 
r.cHCT74 •9 
74HCf86 •9 
1•~CT138 :;9 

740-CMOS 
7 4C:OO. 
1o\CQ2•• 
74C0.I• • 
74C08. 
7'4C 10 
14C1·t 
74C.'J2. ' 
7'.4C? .t 
1•0&. 
7'C&;> ' 
T4C89 
14C90. 
74C15ot 
1AC173, 

29 7 ·\C 17•t 
.2Q 7o1C, 75. 
29 74C221. 
;JS HQ4Q 
.35 74C2:44 
.59 NC373. 
..3S 1 40374_ 
.59 7409•2. 

I 49 74C9l5 
35 7"'°920. 

.... 79 
.79 

1.79 
' 79 
! 79 
19/; 
1.9$ 
695 
•.30 ao5 
69:> 
3.95 
3Q5 
595 

5·19 74C921 
.!)<) 140922. 

2.95 1-'C923 
I 05 74C9.2_5 

UNEAR 
OS0026CN 1 95 
TI..074CN. 1 19 
TLO&-<CN Q9 
AF100· 1CN. 8115 
l.JV'307N. . .-t!li 
L.M30!JK. • • 125 
i..w11 N.. ~s 
l.M317T.. .79 
W"J1SN. .. ' 00 
L.M:l 19N I :19 
LM323K. . 3.1>5 
LMJ24N. .Jg
LM336K. ., ,95 
L.M33g,..,i .)9 
LF:J.o7N... ....... t.7D 
1.M346N. .. ' .. .. .. .69 
LM:l50T. • - .. .. • 2.95 
L.F35 1N. . .. ..... .39 
L.F353N. ­ • . . - .. .•9 
LF35SN. . . .711 
LF356N . .69 
LF3S7N.. .. .. 1.09 
LM356N , .49 
LMJ60N_ . 2. I 9 
LM361N I 79 
l.M:lOON-<1 99 
LM386N-3 .00 
LM3a7N. .!)') 
l.M393N. - .!l9 
L.M3991"'l • 2..95 
LF·l 11CN. 79 
Tl491ACN. I 1!9 
t..IE54()-t i~C1P11 ~ es 
NE.555V. 29 
)(RL.555. .59 
U\i1551JN .ig 
NE.558N. 09 
LM56SN. , 00 
LM!>67V . .nl 
NE5Q~N. 89 
lM7•t.lct\I 29 
LM1•1CN .... .. 59 
MC1350P. , .•. , • 1.00 
MC1372P. 1.95 
N'C1377P ~·· 2..29
MC1398P. _____ . _ 8.95 
Uv1141""N ;29 

L.M , 4SllN. • 39 
LMl460N. 49 
DS1·1C88N iCMOSJ , 19 
LMl469N. . . -:a 
OS14C89N IC:MOS) 1.10 
LM 1496N. 8il 
MC16411P, .. . • • 3.49 
l,,'\.118711'!. 1,95 
U.-1 1812N, 1 IJ5 
t.M, 8'l6."'l~ ' ' ' . 1 ,-19 
Ul.N2003A. 79 
)(R22QG. •• ~,. 3.9S 
XH2211 7~5 
XfU243. 196 
2&.5211. . . - 3.11~ 
261.531... .. , , , 9 
:let.532 . . \ , l G 
~••• 1.-=9 
LM2901N. . - .. 39 
LM2\l07N. .. .. . " • t.29 
LM2917N 18 ""11.. . t.95 
MC:l419CL. .. ' 6.95 
MC:l+IGN. .. .. T.69 
MC:3450P. • , .95 
MC347oP. .. 1.95 
MC3471P t.05 
MC3479P • .70 
MC34ll6P 1 69 
MCJ.1ll7P l 69 
LM3900N. -ll.l 
~905N 1.19 
LVl3909t.L . ­ • .00 
LM39 14N,,. , , • l ~ 
LM:l•J\ 6N. . 1.95 
NE5~2. . .. •. &'.) 
NE..6&3-1.. . • 00 
7805)( (L.M.J.10K.-5l . t ,2Q 

;g:~ ~~~;J ~ ~ 
7805T (Uw'tl40T·5) ~9 

78 12 T eT- 12) 49 
78 1.ST L,.M3.40T.1 5) 49 
7905>< 20l<.6) •.35 
19/J51 20T~5) 5Q 
,.,.,12. ._ .. 59 
7 5477 .89 
MC145100P.. 3.2.5 
MC., ·1&106P , 295 

IC SOCKETS 
LOw PtoftM W'lt• Wrao (Gold} i.....1 lf3 

8 1.P. ,,, BWN. . , ,59 
14LP . 12 14V'Nv. 65 
IGLP 13 !6W\V GO 
2•LP. .25 241/1M,. ,,,, II 1,19 
:26LP. ;n 2.8WW. • • • . • 1 . :~g 
-'OLP.... ...... 2f:J 401/VW. ......... 1-119 

---•....!•-....-- ­

........ 1-9 10 • 

1 .. 00 _;>;:) 11) 
NW :29 .19 

740.1, 29 19 

7'1~ .35 2-G 

7;105. .39 .29 

1.W1 :m 29 

7400 ;!!> 20 

7 ·t1 0 29 19 

741-' •9 -20 

7416. . 3g .29 

7 .. , 7 •4 .39 29 

7420. 3 5 .25 

7..ac> .35 ZS 

N.J2•. .:Ill .:xi 

7<38 39 29 

7"142 4!i
., 
7445 79 ~ 

1...~ .89 r9 

7"'-4 7 .119 .1g 

7•41! 2.05 1.95 

7.t72.. .9') .711 

747'3_, 39 29 

747•1. 39 29 

7475 .49 39 

74 76 45 .35 


..,...,_ 
7.1HQll5 69 

7.:0HC22 1 1, 10 

7;1t-1C!?o10. .!Ml 

7•iHC2·M 1l!l 

74HC24S .99 

7•HC250 .59 

'/4HC25\I .00 
7·1HC27J 911 

74HC3?J, (\<) 
7·U·tC37•._ _gg 
74MC595 1.29 

7-•HCGea \)') 

74HC.~•. 8.90 

7'\!-tC40-.i.o m 

7-11-iC-40.;9 59 

7•HC<OM S9 

7-IHC-4060. j)g 

"i4H<'A511 1 ?9 

Nt+cA0 1·1 '79 

N l-+C4-538 89 

7 tU-104543 , 19 


7.i.HCT!JIJ ~o 
14HCfl 57 69 

7.41-1Ct17o.t GO 

14HCTl75 69 

74t-tCT2.llO, 9D 
NHCT2.t..: 99 

rn+CT;>.16. I 19 

1'HCl373 I IG 

14HCQ7• . l ID 


PARTIAL LlmNO • OVER 4000 COMPONENTS AND ACCESSORIES IN STOCK! • CALL FOR QUANTITY DISCOUNTS 
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Jf2J JE24 JE:!I ..... Dim. Con­ 8.8ifiin~ -· llo. L· · vr .....,.. ...... 
JE20 5b < 200 0 s 2.29 
JE21 J , 2.. •100 0 s 4.49 

TM:SOS......... ,, .. $11.95 
l0t11"1 ll'ldua'°"'" c"' sa~ so . 50 '"""'' 
Sina I . ....... ... __ . $11.9& 
EGIG ~otron (3 1 2~· IQu+n!ll. 3'6 i:fmJ 

+SV • SA. + 12V lil 1A • 2 

• AtWJtdalt!l1, 11OV.AC 1""2:20Vo\C 

Franklin 12" Green Monochrome -~---­
Apple II, II+, lie, lie Compatible 
• Composite video output · 18MHz 
• Resolution : 800 lines at center 
SMON. .............. $59.95 

12" Amber Monochrome ­
TTL lnPLll, High Rnsolurlon 1PC/ >CTI AT I 
AMBER . .. . . _ •. .. .. . . .. _ • .. $109.95 

14" RGB Color ­ CGA Compatible Amber/Groonl Color SwHchul>le, 
640 x 200 f\Ql<O lution IPCIXTIAn 
TI'X1410•...• • ..• • ...•.. . •.. • • • ..••..••.. $279.95 

14" EGA Color" EG.A/CGA CornpaL, 720 • 350 l•nlU.I r~lullon (PCIXTI ATJ 
TE5154.. . •.. • •... • ..•• . ..• . ..••.. . •..••. $399.95 

ST22~ !Plctu<e<!I 

20MO "'"only IPCll<TlAn . . • 5269.95 
JOMB w!Cam...- IPC/)(T) . . $319.95 
)() ..9 ().iwonly (PC/XTI AT) .•• $299.95 
JOllfl w/C<>nl (PC/XTI AT) , , , , S339.95 
•OMDO<iwonly(PCIXT/AT) • • • $469.95 
COMB w/Cool Conl (PC/XT) ,, . $549.95 
&Olol9 "'"""'· Conl (AT) .• ' • . $589.95 

Jameco PC/XT 
Bo AT Compatible 

Disk Drives 
JE1022(Plc1urotl) 

JE22 51> X I '-' 630 0 s 5.95 
JE23 6 ~ 21· 8-JO 0 $ 7.49 
JE24 61' . 3 1.360 2 $14.95 
JE25 6 \ol )( •1 1 ~ \,660 3 $22.95 
JE26 6 x 51 ... 2.J90 $27.95 
JE27 7'4 ~ , ., 3,220 4 $.37.95 

Jameco General Purpose 
Prototype PC Boards . ·Wire Wrap

• • Componenl
..j ' Testing 

• PoinMo·
j Point Wiring 

• 31162 
J£•11 !"l<W'""l Connection 

JE415 1~ .,-. No-.PCmJ... . . .. SH.95 
JE417 16.,•. Plo<oa wll'odo. PCIXT). , •• $ 19.95 

Extender Board 
JE421 1• "'· ~1• .-.J11'52eon-.,,1 • . $19.95 

DA'IJlBOOKS 
300()3 M•llonlM U....' D•lo - 182). , ••• , $ t 9.95 
30005 L<>QkO... Book · ""'-11 IS41••.• , •• St9.95 
30009 1....... 0.18 Booh 187). .• ... ' •.• ' $14.95 
21393 CMOS COOl<IKIOI! 188) .. . ......... $14. 95 
21 0830 lnlol M""""Y- (87).... .. , $17.95 
23oa.13 l• ttl Mio'°""' ""' Hndl>lc. S.. 187). • , . $24.95 

SM~ ·411 llllllllll ·Su:11 8hi.. • 3"VJ . 2'-i"H · weJ;nr 
1 1 lbe- •Olt:I~ 

PSCC07.. . . . . • .. .... .. .. $14.95 

Jameco 
Computer 
Power 
Protection 

JE1190 --·· ..•..• . . $29.95 
JE1191 &-Outlet ~Strip •••. $11.95 
JE1192 300 - -~P- ... $299.95 
JE1193 500 w..11 ILlck.-Up•••• $399.95 

14" Ultrascan Color - CGNEGN PGCNGAComp.>liblc , 800 x 560 (max.) 
fleoolullon iPCIXTIATI 
4375M. .• .. .. .. . . . .. . ..• • . . .•. . .•...••.. • $579.95 
. . IBM PC/XT/AT Compatible Cards 

JE1050 Mono Gr~phlcs Ca rd • .• ••. $ 59.9 5 
JE1052 Color Grap/lies Card ••• •• • $ 49.95 
JE1055 EGA Card •. . ••.•• •. . •• $ 149.95 

JAMl!CO COMPUnR KITS 
RIEEI PC_..WDrd Prac111lngSoftwantlndudadl 

Jameco's IBM"' AT Compatible 
Mini·286 6/8/10/12MHz Kit! 

...,, llo. Doocrlolloo! Ptl<• 

JE1043 UM/350!< fl~ ConltQI . . $ 49.95 
JEl015 XTIATStylo~ • • . • S 59.95 
41256-120 612l\IWoll18Cllic>t) , .. $ 69.10 
Jl;10l2 - AT _.ToP c-.... , $ 69.95 
JE1032 200W-8-l)o. . . ... $ 89.95 
JE1022 5\<o ' t;19h O...olbO!ol< Ort... $11>9.95 

tl!..~~='=~Ololl . ' 5399.95 

"'°t1=:"~.H Reg. Usf $868.80
m-om14UI SAVE' $88.851 
(not ...,....., 

JE1008 IBM"' AT Compatible KJt. •••••••• $799.95 
Jameco's 4.7718MHz Turbo 
IBM PC/XT Compatible Kit 

4164·150 1261\fWllHCNoo).. $ 35.10 
41256-150 SU1t1Wo1 (1&c..<p.J.. S 77.10 
JE1010 1'111>-l'o!IC-.,,, ... $ 34.95 
JE1015 XT/ATS.... - ..$ 59.95 
J£1030 150--Supply$ 69.95 
JE1020 SI>' oaoo OW. Drtot .. $ 89.95 
AMBEA 12·--.. -$109.95 
JE1001 	 4,n/61#111\itl>O-t<I 

(llftl-K JlAM - tnc:llJdet. Awietd 
lll08 A<*)•• ' . ' • ' ' $104.95 

JE1071 	 ~ 110 wt1h c.onuna.r 
-io..111\a. .. . . .. $119.95 

RegulfJtU•t $695.85 
SAVE $95.fKJI 

JE1005 (IBM '" PC/XT Turbo Compatible Kit) •• $599. 95 
.- Jameco's IBM PC/XT/AT . . Compatible Motherboards 

. 	 • Award BIOS ROM Included 

JE1000 4.77MHz (PC!JCT)•..•• $ 89.95' JE1001 4.7718MHJ.(PC!XTJ•••• $104.95 
- . 1 JE1003 lll!r10/12MHz (AT).... $399.95 

Additional Add-Ons Available! 

JE1020 - -•Oz!,1PCJXT1An.. . $ 89.95 
JE1021 *"1>o4goed(PC1"tT1•n•. $ 69.95 
JE1022 1.2MB-MIAn. .. ..... $109.95 

r::l~7ID/%lf!%lf lROlflUC§ 
2400/1200/300 Modems 

• Mayt:!' (Oml,1lfl'l(J C(llllfl41­

u 
itllto ·~"'I 100ri..12'' oom­
Pitllbr• · Av10 - Cli\ll t ~1,1to ­. ·. ~· 111nalf'l'C!r ·FCCo\tJOfOrt°'i · 1 · 
j'll&t .,,arrancv · Tn. 12Q(ltl-= !:I 4 24005 11"l(:ludo M~~,Ma~e 

~ Cornniu nIUli(ln S-Ortw~n~ 
• Tho 1200C..&.2~00E oo l'loOll 
~O:lt1<'1~ In """1119 

1200H 1200/300 llo\KI ''"""" Mo<iom.. .. S 79. 95 
24005 2CQOrt 200!300 lnlo"'ol Modern. . • $174.95 
1200C t 200r.IOO 8a\KI E.xl.,nol Modom. . •• S119. 95 
2400E >COOl12001300 E>w..t u-.. .. .. $219.95 

Prometheus 12008 Internal Modem 
PM12008-2S 1Sottwm-a 1nc1.1. 5"49-:95 $119.95 

Jameco Extended 80-Columo 

Card for Apple lie 


• 60 Col, 16-lk RAM • Dou~•• 
ft(tl(IOnl o f data '.t'Oll ~ lie 
can dlsui.y ae \lillU't u !ta mitm· 
o ry CltllClly · Idol llor word 
pr<Jcoulng • Ccm plet• '#tlh 
11n1i1n;cti0na 

JE864 $49.95 
ADD12 (0... ,,..... "·II •, 110) $99.95 

ZUC:l\1:1~1~0·41?1) 
TANDY 1000 


Expansion Memory 

Half Card 


E...pn.nd h f1H!lnDfV of 'JOI.JI 
fo.nd\' IOOO 1128k -I ID 
16Fm.ch61 6"0K...AJtOenck.IOtt: 
OMA oontrotef CN.CI 

TE512 -~nKRAM...... . ,. , . 5119.95 
TANC P!•O'<n CIO<O °"''°" el\lo lonlyl • . •. $39.95 

20Meg Hard Disk for Tandy 1000/SX 
T20MB 20MB Hard Qj<J< Dnll<l 9o011l 

fo< 'lllnely IOOO. , •• .. •• • $494.95 
SX20MB 20MB Hard Dl•k Drive Boord 

lor Tandy IOOOSX. , • •. .• $499.95 

Accessories 

for Commodore 


VIC-20, C-64 & C-128 

JEtt~M l""""'odl 

JE232CM ~:g_~~':·,;'.oc;;:,.~ .. $39.95 
CPS10 !c.6"-Su-1..... $39.95 
CPS128 1e-12a-Su..,i,>.. • . S59.95 

US. Funds Only $20 Minimum Order Data Sheets - 50¢ each 
Shipping: Add 5% plus $1.50 Insurance Prices Subject to Change 
(May """I 0<:<>0rtjl ng to welgl'rlJ 	 -.. ·~- ..-- ­

Send $1.00 Posta9B for a California Residents: FREE 1988 CATALOG 
Add 6%, 6V2% or 7% 


Sales Tax 
 [ffi]Jamecoe Telex: 176043 
FAX 415·592-2503 ELECTRONICS 0 1988 Jamooo Eleclronlcs 

2188 

1355 SHOREWAY RO., BELMONT, CA 94002 • FOR ORDERS ONLY 415-592-8097 • ALL OTHER INQUIRIES 415-592~8121 
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Cirde 113 on Rt adtrService Card (DEALERS: 114) 

FCC APPROVED! 

Sub-Mini AT! 
The Space Saver 
3·DR. Capability 
&·Expansion Slots! 

Come!J with: 
• 6-10-12 MHz Speed. I wait state 
• 8 Expansion Slots 
• Award Software BIOS 
• 1 ea . 1.2MB high density floppy drive 
• Floppy & HD controller 
• 512K RAM (Expandable to lM) 
• 200-watt power supply 
• AT Style keyboard 
• Assembled & Tested 
• Expansion op1ions available 
Order i MAT-1 S96!5.00 

XT Turbo Basic System AT Turbo Basic System 
• 4.nt8MHz keyboard • 6110MHz, 0 11 wai! state 

seledable (6/12MHz option) 
• 8 expans•on slots • 8 expansion slots 
• Award Software • Award Software BIOS 

BIOS • 512K RAM 
• XT Style slide case (Expandable to lM) 
• 256K RAM • t. 2MB high density 

Ewandable lloppy drive 
10 640K) • Floppy & HD controller 

• XT Style keyooard • 200.W power supply 
• AssemOle<l & Tested • AT Style keyboard 
• Expansion opl1ons • Assembled &TeSled 

ava1lable • Expansion options 
ava.i lable 

Order I XT .TUASO·I Order I Al'IUABO·I 

s:zeo.oo •94S.OO 

PERIPHERALS 
1. Floppy Disk Con1roller · 2Dr. S29.00 
2 Flop~ Disk Controller· 4Dr. $34.00 
J. WDC H.D. Controller S75.00 
4. woe H.D. Conlroller · RLL $105.00 
5. Floppy & HD Controller· XT/AT $155.00 
6. woe Floppy & HD Controller $155.00 
7. 0-384K MultlfuncMn Card S7'9.00 
8 Multi 110 (Ser/Par/Game/Clk) $54.00 
9. Multi 110 With Controller S75.00 

10. Multi 110 For AT (Ser/Par/Game) 552.00 
11. 0-640K RAM Card $40.00 
12. 0-2M EMS RAM Card For XT $99.00 
13- 0-2M EMS RAM Card For AT $119.00 
14. Color Graphics Card $45.00 
15. Color Graphics Card WfPrinter $55.00 
16. EGA Card (Made in USA) $139.00 
17. Mono Gr Card W/Pnnter $50.00 
18. XT Turbo Mo1herboard WIBIOS $95.00 
19. 6110 MHz AT Motherboard $370.00 
20 8112 MHz AT Motherboard $410.00 
21. 6112 M•ni AT Motherboarci 5410.00 
22. XT Style Keyboard $47.00 
23- AT Style Keyboard (ATIXT) $54.00 
24. Enhanced Keyboard (ATIXT) $67.00 
25. ISO-wan Power Sypply $49.00 
26 tSO-waH Power Supply-UL $60.00 
2:1, 200-watf FVNer Supply-UL $95.00 
28. XT Flip Top Case S32.00 
29 XT Shde Case 534.00 
30. XT Slide Case (AT Style) $47.00 
31. AT Slide Case 563.00 
32 Mini AT Slide Case $54.00 

ORDER HOT LINE 1-800-543-5107 

Technical Information (714) 990-2097 


Hours: Mon . - Fri . 9:00 am· 6:00 pm PST 

JAWIN COMPUTER PRODUCTS 
565 W. Lambert Ad., /IC 

Brea, CA 92621 

Terms: ....... ...., ... ,"'S'2oo • "'<'-"'"'l>""'I PM w 
lQf o;acr-. 'S IOOOO CA 1Mio0unt1 oi aw aoa tiQ.fi Alil'I \.all: w 1«ap1 
VISA / MC/Car.h ~i'I cmM:ka Ul•llH' AU0w 2 ......I.Ji 10 C'£ol, Ml 
l'T\4.'C:M"'1lM Id wIH.,'IUX2 1or 1 '(O_., uNes.t cibtltwJi~ lllAl.tcl 

• nsm.1ER.•'~ A ~LO Haldx>dc ,riat 
• Slioiopi,,,i&S..-• iitn.IDlH YW lo (.'(11'.alagUIO U'I(!.._c-m 

BEST piOdYCtu •rom lht ""Orlrfl 
· ~-.aflC'\. Mrdll'lg PC N1n:!wrl111 Md 
• JlildiWl:;.toimiari.ml 

!:laltw1u• vondo1'1 tnlg ' trM

l • LllliY~,......... 
wm-kff)' 11r.tan1 m&.tion1 ll\a1• I WliZ 4.0 
rn.t VOl.K "ffdl 

1 . ...- .. ,,., ....,..... ...~ ~ Toti FllM' HodlllV ICK ~Kwl 
• W~~~ "-~•~ 11nd cor1\l'Ol'Wllr1i 'llnl!!I 
• 0.."-> 5i'O;> ~rlljjl ..[ oonlJIO)'lrvn 
• PCb~~ ~ IOC1'\. 5.a!lfacborl 

· AN~~ 
 "'"""""'°" 
C•l::na~~~~Ell! ~ 

203-766·5151:f.' • OS.• - ''-"- Cl...,. 
1VOO AMt.G!OOl't.IE-$TI F1h flO:J1~ 1~91o;,•·~c11!JJ1 

Circle 61 "" ifftMhr Sentitt Con/ 

The MIDI Starter Systemtu·' 
for yuilJI' IBl't1 PC cJr cnmparlb ln 

MIDI Co-Processor Card 

Easy-8 Sequencer 


Edi1or / librarian Soflware 


$199 
1t11I. nlA•ut orsr Prngr11n1n11•r'tr T<Hlll<lt 

uslc Quest, Inc. 
1700 ,\Imo l>r .. ~uU' 260 
Pl..tno. Tnn 75ll7S i214l8Al -7Q 

!lnwn.,..,.,_ I 
0,.., •000 b-W~l>twl I 

f.,,.,t:nl~ Sal"lw&rs 

--.-.si­
W.IUl!l:l l ~ 

-~' 
LASERJET PREVIEW SOFTWARE 
High >P=l ,oft,.afl' 'irnulatiun of lh( 10' 
L~rJ~1 • l:i'<'.r pnnttr. <<1/IJ[T all<l11 > .iccur-JlC. 

<>n->ercen prc\•101\'mg nl ullt pul !rum JO)' 

drplica11nnf< ): including word pH>l.'<'>~11> and 1e~1 

lurmancr.,, (Jn lie run m~mor: re1idc111 "r <land 

alone. AII PC L com mdnd., arc >Upponcd 
indudin~ >t>ft font\. ~rnphi,-.-, rub p•tlcrn< and 
macros for the IBM PC and PS ~ "'•th rr. ·\, 
[[; ,\, \!(] ,\ "' llm·uk< ¥'••rh•c>. 

ale $120.00 • 
(604) 732-4323 mTheta Systems Corpora~an 

307 - 2150 West Broadway 
Vancouver. B.C, Canada 
V6K 4L9 (604) 732-4323 

AT on a card -· CARDAT-286 
. - . 

_, Cot ­-== ' ~. ­

- ' 

,,....,_,,_ 
·1~.1,r , crrw~ ·u•&l11\oOi1to11~...... ,,,,_.t!fll-. 

'llft,:'lllllf~ 1nY.iit .UU.lkz..&~~1~1 


'llllU.~: i u 11"1 ~ -~-~!\~'IA.,,, tillolr~ npMWil ~:t I 1,ie 

·~· ~IJ '\Iott• .,.,"1" .._ """''Ii• l\at6' - , ... 11.l't- ~lY "~Ill) r..4Pilt. 

'IP~ll'll\i"t.0 ·~'"'<...,~~fll'I ~ 1:: -..n.1/1~ 


""~N~"'°....,, ·1~ 1.'U.~ 1 IY'lll• "'° 

I tliABliif·Sll -...";IADRA.lii'),,\llDm. _ L~ 

li~l-r.r!..JJ'lill.."1----llr~b ....... :U, 
~·.1u1.M1t L'\\"..o 

I (Jii0.'l:l-G117-17?~1il ~~{r.__ L'i·Uw 

l•lnVIYH'. .................... ~l .'\. ..... ~f~I~ 
11.1t--"'. 1111111 ,--. '011111: °""*)\j \A'llQ m Ji1 flN.. Tll •~ .-.-.. ... 
ll ~ "' rn--l\U\ilt.I '"Vi. " ·"' M~"K It fJJr!I l", I'A! r• "'''.. 

\1 "'llJ t~"\1~,40'\-A. 1"'41!\tl "l!t\Alni.ll [ fW 

"'iO·!~ ~I lrJIU "I(. RD \H • 1-'Rr, TWA.°' lii!CJC 


r1l ...,. ~i 711 wruf11 1'' !Ct 1.1.:'1 ~~ -.-..,1 1r1 "1ll ~"'~· 


Circlt 18 OJI RH#hr !krvlu C.ortl 

DYNAMIC RAMS 
1 MBIT 100n. $29.00 
51258 IOOns $ 5.95 
41464 \.50ns $ 3.75 
41256 1oons $ 4.60 
41256 12Qna $ 3.85 

&;' 41256 150n• •#Btt•X 
41264 150n& $ 5.95 

&;' 4164 150no CIJfk-f 
' Fcr~Zfk.PU..~ ...._. r 

·1 '"""' 50297·1 0 '~ 
90287... .-....u 
IOH7.. ~ 
8087•1 , ~ 
aoe1.2 ~-7 ..... 
V-30 """ 
Y·20 'r.i-11: 
V· ZO IWnllt: 

•l 

"''"" " ""' .. f0JIL!5......~"'..,.. ........ 
-'T"r.11......i"""'"or""P-.~ 

Easiest IEEE 488(GPIBIHPIB) 
Interfaces for your PC, PS/2, 
Macintosh. HP and more! 
• Controllers 
• Converters 
·Extenders 
·Buffers 
•Boards 

&le our ad Call or send 
()fl pg 226 

for your FREE 
j ~ . h Technical Guide 
~L8C (21&> 43M091 
25ll71 C-"9lcl • Clftllencl, Olllo 4.,41 
Tete~ 6502Jl20864 • Fu 21'0 4~3 
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'N/SF. ) l)J 

SCANNERS 
D<tacw1 Model 731l 11~5 

PGS LS·llll Willi OCR Sollnc &"-lllfil1 ~1'! 
Pan..on FX-RSSO& i7'l 
AST H!h/e~-P;~>J1a l;i.r.;n Ulrl-;i l SAYE 

Science & Engineering Software Co . 15 the 
only source with all tM software you need to 

A!lusV 469 W,Se 30 262 
IBM !E1m ' '5 CALL Wptfl41 355 
Kun11 011 l(fiOFl'.: l59 W,SetiO 392 
Telmtro90$ 2S'l WptSSG 419 
Ttlmdro8r.5 J6!I Wpt!llJlil 
i\rnpe.r. H~1 111e, l11ien1· ·lJOk·' flu 11 1 e 

• No one offer• you 111or1 nriety. 
• If you ron't see e ~tie- Wl! 'l l 6(18Cial order 1t 

SCIENTIFIC TEXT PROCESSING 
$1 ,500 

Cird~ 46 an Rt!t¥lu Suvicl! CQrd 

Compu$ave 

Call Toll Free: 1-800-624-8949 

BOARDS COMPUTERS 
Abim fuJ<d 2&i 31'l Midl 1159 NECMullil?l!t!I IZ99 ASTMllllll:l80 1338 
ATIEGl llbldtr 17!1 ATIV.l.P 265 NECMutllifl 1565 WMllllllOO 1699 
AS1 Ramp.J1J! X1 1!19 Aolllil!lme ~O 5"~ NE.CMullitHO 2.iis ASTMlldrl 120 119'1 
~TRarriPJg<:_>&i 309 8lO. RAMAi 1~ SnJrp-150? 1229 A.ST Nodt! uo 2299 
AST AUv;i n PremnJrn 2&5 NEC GB•I rn Sndip f>~-7000A 1<"15 AST Nodt! l'll! 172!1 
G-EGA H~lles 225 NECft1024 li19 Snar~ fl: -1100 196!1 ATl.16.llJ.5 SM. 
~r~ule\ Gra~h-c< • 175 P'•radc>eAuli) \39 Tmllib1 l!OO '20 2!149 Todiih1Wl 1&8 
l'mlllu i6A Pru 365 1'atH151!~ 155 !Q~h tbl 1100 I 1425 TM~b13200 l1'95 
Ja~ tr'-'<: J-LmrAl 429 Pmmse~A , 245 Tolhtbi 1200 m~ /e•.1mz .1a 1515 
!;;111re. J.P..AM All 119 Duirlr;mHPr, ~E Tosll1"1SIOO 4495 /er111 Z183 21ti9 
Yid ro 7\tp i6A 11'9 \lttjaDelu11 20! ltcer 811386: ISMlll.•CWI 1\140M Dliw 3065 
AIJC;A rBri~ fafl'l !l~mlle19 Orch '.11 CAl.L PJ<'JooJrtj 186 12 MH! &.:OKI 2M 01 14!19 
P!:rl)'St~18'TecmlrlT>en91~r1 IC~ITV VMI r.Al.L SJMilTj IT: 1M!L4 M0tM 'Kt!IJ01nl ms 

le'-'111l;o:i 386.IfiMl1L ?M I 2~' U1~" 1495MONITORS 
W1s. 1~ 10~'l!i . 640K I 1M Driie 1339Miqn;M !:-Ompo11 ~ 89 AA!deHll>I\ 139 
W,Sr21611:8Mlili5!211.!1 ,2MOnw 1129

•rlllJblslll 1J71A 415 ~•1280 658 
W1~ ?112 · 12 I MHz. IM·I 2MDrtW; !545MllsuD;sht 69?< 21195 ,l{,llu1ti<J 14'19 
V"-se 2714 I~ 5Mlll 'OI'll• t 2M Orr l94SNEC Mullispi; II ~ KlacnJ r.Al.L 
W,Si 336: 16 MHt,111111.2111 D1i'1t mi;NfC Mulbspi; + "5 f'G:,1 MJOO 41!9 
Al lo~ IfliM1tsuD1stw·-msullQ' lanoo.1 r.Al.LNEC Mulbspi; XL ~ PGSUnn 4!19 

~:qi rv. Lllser t9- !~ fa.GIL 77!1 528 
TERMINALS

\'. rr arm l~1lf 17'JS ll-llnC r ~ ,1; 1 l(!llJ 
IQ Iii 47!1 IJJ031010 29'.l

Z~llll149Q 629 67! 

solve your speclahzed problems; Sre~•st1ca1 
data eoalysos . circui t desogn, date acquis1· • II you ron't kn°'" ~publisher we'll find rt 
tlon and signal analysis. solving complex 

t Over 30'.J protTllmS !IVll!lable 
equations, 30 CAO /CAM_high· tech graph­

ics. technical word proce ssing and more. • W. offer a 3il-dll'j, rroney-back ~uaran I.et! • 


CIRCUIT DESUlN rSCHEMATIC CAPTURE 
•MUllt.DH1WI*•·w.n\e~ Coro s 0•9 r..ombqo<O ""'~Mot•~. Uio IEo•lblj· 

..,c~.u 11. Speowm Sol •"""' 759 ft.I' ot 9 ~C~ad M'li:I tl'Mr ~I" t]'f YrlVT' PC.­
Pl.DI D.r lll1 CAO Saltw!'it'CI C~LL 

MDI •Cl, CAO Sbllw.,.._ Cllu. 
 ..- -"<K lf<l ~"'"'1~~ 

tW.C~" Qurity,a bclfQC"W. oflJ!l"l"~t<I word 
MDI IHA, CAO Sa,twi'tnl ·······••H~······· ·· CALL ""'°"Oi1r1Q Mod iJ1<lA "'"1!ar/'*11-""" -t.PltM• . Micrv&m CAU """"-IDB
.!!'..i.r•."Co. 
.-.AATWO•K. ' ~te\ Corg EQUATION SOLVERS

,_•Cl, .CCEL feoh. 
 • .....a:: n.. .......,., Bananc.L s 109T- ,._,., ACCE.L led> 

....c.AD 2-0. M1t.h5c;ift_ 2?5 
i11N MATH.M1C'lt:t1c lt. lfl~DATA ACQUISITION SIGNAL ANALYSIS a.rw•ITI, Sll"uGWt'od Sdenufi..c Solt~ 19 

Alpc:eM P9w .,,, MKl'ffi.lw\ ll-19 h!.-.¥-4. SODC.... 79-...-. ...-... ...... • GE TKll.._..,. P~. Um~ loch~ 385
749g:g::~ 6~"'s':..~. . ............... 
1?5 


,......, n.•1,.t:c·rnl1 n. AJhl',l'aur Trl!lltlS 32.9 

"TPl••IGMA~ t.f'{Pe!OQt1Dft '.l09 
 Aftt:tt.n"t., b~ AutoC.AO . GS 

CALI. SD.cci.d Enhdn( od Vnraaon. 79t::m: ~.;M:~~~-~- On•• C:AD , li l'T\BM'.:a11 S JNljj.... Ct•nll 219109 
2'.19 

LAPICM A.nt T-. •r;G:H•, Lr.b f1ch. Corp 25B g;:.~ ~:r::~~e...gr,~ 169 
lAlltteKltl-. Liii) !ooh. c.... 7S9 

~.......... IAIVCAD. EltOIUUon Compul.il"IQ i:ru•4~ 
Q.1 .0 . O.A. ... ct..,..., hM\ 5oer\tll1C- 199 lCAD, PtJtal E"!l'flV"""~ 43~ 

UIAP-Cl.U:1 ~EM OiK..t CO!ll 3SO N11TCAO, E olutJt.> CompuUO\J , 84.9 

IMAN'n. HEM o... c...p . 295 G•Mrir. CAOD 69 
Ul.UIHllf I TOHGI ICDP"&. <95 O.tMrlc 3·D 11.lltl Mt4fl'-t 1)9 
u.bll.nirl .......,, Un• !!! 5uflwM.._ 109 3-0....,.r._,ll_.'9. 119 

u-.rtu•• u .., i . Ul'liie1 Soh:wil!lre. 31~ l1111" A~VltlM. M1"00ftl l '1 •59 
Utlblllt"9IM L.n.I I +, Unh.uj Su' t ·N lf1L.. ·~9 L..ffllAD, DSt Lln\ 89 

PRD.311/ll C, ~r~ ;""""""""'' 311~ 
'lllrMCIO. Mtl<~ 79GAAPHICSUBAARIES • ''-'·-l 

HALO. M~• C\'lwmtit.11;;!1 AUTOCAD ADD ·DNS
"""'· 1"'""" Sof,.,... 

=~5;;~s"::~:m~:' CA 189~If:;.,~~~-:":" ....." 279 

FllMPU.1 , SnUt.mi. U~cm 69 
PLOTTING AND GRAPHING - V- Sull!C!Jl(!Col-p 449 

369 APL LANGUAGE 
269 Al'l' PUJ llT'C, S l"5C s 439 
J19 APL' PLUI PC I DOLI. SiSC 20S 
2~9 -•.. .u1.. s rsc 

2119 

79 

AvJ!a f.Jse1h11 r!!>.,UOS.loom tAU 

419 
•29 FORTRAN LANGUAGE 
379 01,,~(..Q , Ii; r'OC.Qf~Gto tl l r1 s 449 
445 l..RM4., 0Hl~0~ 119 
229 Grata.tac ..,.,._.Kie-, M~ 119 
.,gg L.Oor FDllTRAN . ... ... CA LL 

Ulotr Por-•I FOATTIAN as 
5TATISTIC!I .._.,.,ec:,s,.LOihc Syti.tArn1.­

279 
Cll, St..otSolt N-1col ......itl. MOQU' 249 
MkN.H~ EcC111CIL llMIFDllTll&N. A,an--Mcf..-1"""- . .:!IS 
NtM IUTNll, NOl'" thwieSt S,Mrift UO.. ,,... Lobtn<CJr'l lTO i:.rn 
P-IYllT '"""*' ....,. """'"'"*""" 

Ali1bt, ~.,.IHI' 0eH Mk,..•ett •D•T•AN . ,c....vn ··~ 

llPIJ'C, lOt/.10~ , ?79 
IPltl l'C < 
ll.atlll-. O•W, ~· A..tllCICl•Ura. .. GAUSS 

ITITS-1, S!.bLSol l 


'""•' 
ADDITIONAL 5U PRODUCTS MODULA 2 

ATLll'GUPMICI, SfSC 
 199' :le.9au... Cl.lft.iti lecrwt•UI son ~ 65 
IOfloH•~ litll, fog E"1lQ r-"""'µLI 1!49 
PC.II....... I'"' M•U• \lb· 6~9 PASCAL 

c........,..... ru:r.u. 37~ 
 ~ 89 ,.,_.'-Ml to rw~·­ J75 r;ALL 
Po1111r FIVi. P>GJl'c r;re. . 2 79 329 
n. Pf'9ft.............11 Ot1..., Inc. B9 
 65 
ft.. Sc~tf"lC Wt.HI. 0$liff I~ 139 289 
UMu. Cifo1 rect.,.1-=- SliJlrL 25 r;; 

69

'J!!!t'ci!Z:1it1ti ti X·ASMS SIMULATDllS 
T IAllC, Trans!ro C°"' "145 

- IHIC-, SoMond. 65 CAU 

Tilr.. IAltcT....11:11 CAU 
Call lur your FREE c&alog tod..,! 


C COMPILERS 
 In r:he U.S. CALL
Laduc ~69 
Mic- C ... 269 r1-800-333-3141 
~ C . M~t­ 65 

Twlte c.. Borl.,,d 65 ntemat•W•al Orders 914-332-0756 


Ord•r i111 Info-rmation 
'M. ~ l.llERC'.t.H ~,S.S. I.AC llSJ. .c ~P!CNA!. 
OECx.S T_.,.,.._,...,""'~_. .. C DIJ ...._, 
""'~~"-'1.0lllltl-~ ....... .... ,_~
g._._ a.-.-110t ........... 

·~~Nl t lO~UiO"t.......,..,. 


• "'"e"~---"""1~ -~~llCI 
-~ .... ~ ......... .....-~ 

• ..,iltrOKllll~Atltiil-._..~~ -lulo• 
,._,~_....,.._ 

Sc•ence fi 

Eng•neer•n


SOFTWllAE CO . 
55 South 8roe dwov, Torrytown, NY 10591 

PRINTERS 
C.t~l?OD 1•2 Alo>224 ~ 


C~u.t!MSl'.O 28Z A:p1 324 ti15 

Citi!n MSl'45 llftf'660 m ·~ C.l!lri\Pf1'miefl5 4'2 HECCPWJ 519 
O~"VnL< D15(] 294 NECP7t.O m 
O~d•ti 192 ·· 299 NECCm6 612 
0mJati J93C 11149 NfCP'lXI. m 
P;n;~}{l lC 10il0t-M2 151 NEC f".lll 10\ll 
f>anJ $!10tCIO'llt ·M1 17!i NHP2200 342 
l'wlOlllC15l4 S39 1Wlttr."321SL 05 
l'laoRI' 1595 412 lo<,1!1t1;341Sl ~g 

Sl.JrN~IOO'.I 179 l~lSISI: 1112!1 
i)JlaSu Clt0Mu111su OTt:.>Se<qiwJTI i;ALL 
Buflu~ Sl'etl ~s:Swildle\. Trac1ors S.WE 

LOW PRICES FOR LlSEll PRINTERS 

G1111enOm1u11! 139'l .Ii.Si luroo [l 1/tili 

Hl'um.11:111 •••• 1729 Cl011n6·ll •• 1~ 

l}j l.i>erlr1e 6 1365 NEC 890 mg 
lax;o Crym1J<I 2445 P•n.iwr.1cH:-O SNIE 
Tothibi 1'1g112 2515 Gtn.t".r.AT'iil10 1995 

DISK DRIVES 
MinilirilletiO~ 535 8'mvun111 !ME 
M·•~SCll~ 30MCJ ILl l9! COC\JlJM 1679 
MlniS(JiOt li08S li15 ~C'.1ni20!.I •.. .~5 
SeaQ11e 20111 KU m f'!IJ1ca~ 40M 81! 
~te301UH 286 ~40ll 395 
Tosh1~a3S Kil 109 Supll40'A 8'9 
AST 1 A1ia/ 1£i.tl~1. GenoalM;t)'r.<r4 Mdl'Qr CAU 
Mou111auvPnan1lfaltgr;i~~1ecm~1 CALL 

PLOTTERS 
Cll""ll 1041 GTO _4495 £Dier SPfiXl 
Cllm11p !043CT M~ IO•l'11:'Ji00 

~11M2GT 7695 ro ilri~4000 

HoJust~n 411.12 10!i Hou11on ':IJ/J. 
Houiron51.'52 ~ HOlltloali1 
Hoo:iton 5152MP $ME HllUdon 62 
R<li.Jlld 980 11!19 HP 147511 

Roiano -JJOO - !00 Rcitan~88() 

Nwnoo1cs.'lrun·'Ai r>.ilet. Orhe1 MooeIi 

DIGITIZERS 
i:a1c;mo 1a ' 24 
Ci.ltomp44 ,. li(i 

lu'11IS8.5• 11 
1ur1a IS 12 x12 
r.&IJ!ilS 12 • 17 
Nu111®1ts 12 · 12 
lfo11-,:)!", t(:S 20 • 2() 

Mull~rdl Z24E 
Muttil!cli 22'EC 
1-'ilct.1"1Btl i200 
~~11l00 

l'IOOl!lheu; '1~00 81"2 
P!Q~heiJ'S 240CJ.i 
Raca1.·;,~~ 2~00VP 

IJSR CQur ' ' 2~ 00 

USR Coo-~r 2-IOOE 

I.I! ~· i el 1400 ldNP 


1795 G.J i(l)fllp 12 .- 12 

'795 Glt:1!24 · 3fi 
259 GTCO~ · 48 
34g Hd;Uli 11 · 11 
599 .So.pt~ 

lll Su1111111112 ~ 12 + 
1245 Summa12x 18 

MODEMS 
388 
j'19 
!la 

105 
1l5 
165 
l9e 
J25 
J6i 
'62 

AllcMr1200·1 
/.Sl 'lliOO 

AST2400B 
H~1200 

Hptn1ZOD8 
I' i"S l@ 
Ml\ltnif'tx:k•I 
~1,on f'l11or '" S'l 
USR~l 9600 . GM 
'ol>n·Tel 1800'.l !149 

Wl 
3099 
4095 
:ms 
J:_"5 

449:5 
1429 
939 

tAU 

339 
lOi9 
2545 
4S5 

SAVE 
l6i 
529 

7'i 
795 
299 
m 
~9 

.f15 
15.5 

FEBRUARY 1988 • BYTE 281Circle 208 on Rewier Senice Card 

http:AutoC.AO
http:MKl'ffi.lw


--

MICROMINT'S Gold Standard in Sin~le Board 

· f' Computers &. Controllers 

:r. illft ·rI 
• } 1'. • ., .. 

. .. -, . 
:Iit, ·., ru • 
. t! r ' s. _--:­ ' 

/\ - ,. 
.. _ 

. ·­ - - ­ - , ­ .. ' ' . 
I.. 

. ,·· 
•'!;• . ~· •• l .. 

) ' -·..!.. • • 

w... ~ ...,. l..H \Jl.X.Jt.l!! A stl...lfO ,l l lJSI! ~L'.W U'l•.Jlt'l l!iUIOL"i\J ~'01W Ilic 
~~-. r~·s.ttai~ ......~n1r~"in:.1 IXl' r ~ 

_ ,__,..,,. 
""°"""" · flllmc& ~- -..... c;i.1 • • . ,.. ....o: ~ 
· ~--%-Ci----­---­•........-i..._.,-., ­

_,,..,.,."
• Ci-*~a.~~­­
~1 --• • "'_...,•,..,..,..,..Dhl_.ill'l'f, ...._. 
~.. 1» ___._. 

)l..,."6 

o~ 1 00 Q1~r1rv 1'°'L~ 

!ICU) 
~1 r..._1u 1 l •l*90l lt-...., i ...C... 

fll\~..cl..CL,.-. '1~00 
w-J~ 1tli. 1,~-n t~fn.u"- t: 1o•· ""·"'" ...... ..,)~,,i..:::i~?fi.11•::n .::1 1cht 1 1"•L.:l 1l \llt: 
" "' 1.-~...·'C'>'-....• , ..-,.i,,.,, hot) ~TI dn •,,,-,.;J w liir1'. 0C"ILIP .i 1i.-,~ tli\i!CIX"I u ~ 
._, •. 1i."l..1' 1".QT!i ~.Jf'"or.•·u . • •.:l•"l . ,l l~ W.• ,."ii ;i ._; 4""11n 1 .....,.,_..... wn,.,~ b.t 

~~:.1 1:1?::'~~~l ~~~:~ .~~~:~4~~;"c:J\' ;;~~'" 
L•Yl...~ W"'"-1111'11,; 1111 1r1o.1111. IT"i"Jt t~ 111 .:.oi l "<01n~ api:lllo\ '1 ') Wl'.'o 
n·"' ·~ ~, ~lf1 • ] I ..., ir, ..._...,. I c..k!.t1:JD .wd pcJ W IL' 1c;.;li:i~· bi' 

...,., 1 "'r. ,.._, 1 ,,.~ :o1nl•ro••~nt L!l\_'' 1 ir<:: uarwn.:.• ~.,.1 ,s ... lr oe.'ft"l1 "<'l •-A1 
~l'IC CO!'l 'Ph I rJI ~"1'.lmpt1~'.lo'1 1. .ir..l oAl'I bt• .:h'('".-4.M!l ll •V\'IMOUi;,:1! IS. l( ,1j 
r-.klrl ; ., L•n-.·C'!!14J.l ~ .,,... ,, ,,1...,~w ul u..UU•l"l' ...-..w~l-Wt~· 1Mcoi: rw.w•• 

....... ~...,,~ 4..,1.Anrr. o l_l~~.'llT 


•l"•1illlroi;:i'4. """,,..~,., "' ·""" '"'-""'"' ~.L...,.~ "'4!1.. 
~-.~ u-.1.1.uiii. , ,_..*..rcllf\~'1' 1 ....,. ti ~•l
*"" 'fCl.lll""l~"&' lM "'' "''ll i'io'l"o; ft '11\,~1! 


• 'A.•1-.,ll.OliiD.wnM 'H~ •<I: ~...,_~ "41irW'~~-· 
• 	._._... ,.U~W't:l~"l'ft ._, :r-,.1 ~1.lid.. .t 


, .,__.. ... t .. Nlr'n+. t til 

_...IA* Un.•1a.~,, 

~-~ :::.:~~ 
........ 114..... ~ 


• \ .o\o'\ • ~d t 'Wll '.. ,~ .. . ..... ,.... . .. . J., ... ~.,,,..."'"" 
.,,..,.,, .••,.,, ,,,,.,,. ' ' ""rr~ p-• ..-r.-:- 1 ~-. -~ ...)t> 

• ~ ..~... \ -........ 11'> . !'I .t.. . ...... ~,........... ,....., ... . . 

~11 ......~Lloe..-oR J.l.n \On.w,..,,_.fll~'\~ I 

lll*a.&. · •~a.n.\Afl 
• 	 .., dr'l':I C•~'IN.- !a,,...._ CM"Yi &,~ ,..,,.t lo~Clho::t w ._....., 
~~~41llli 

-~~~~~~~~~e'd~l.lt"~t"'--~ 

J L t • 

~ 

QfM .. ""'JUPIS 
··~,,_.. ,~~ 
• ..,..litio:J<,apn:a ........ l 1t1 t .. Ml'<,1 

·~w i i.. ... l"Kll:4'*1o1~_4'.lil 

"""'tma r_it '°'o-..i c."l.a..cutT'•'"'~ :..iu.v­

• •t al~..i rt...,.. 

•~IC:on~ 

·~•...t'IL,"l'l&I• 
.~ .. W1f,ll.~klh1!'rf'l,lo: '·•~ " ~" •n......,,r.-w.) 1...,.in.1... .ul 
•....Ub.lt.:D11o...ll.UN 

ODii Zl!Wiil ~ ~ A'DC.Pll H IJ_OO 
Of».26'/I 0 10 lilHl A'tfCll\I YU.00 
otM-2161'liP f !I.Of M.m't W'~C" t i IJ,00 

282 B Y TE • FEBRUARY 1988 

•t..i-,....... l·-· 

Ul9 ..t1nt1D!"m~... • r• C..t.t...,.w::itW~ 

. ... ~ leJ ~~·:-0-..-~.... ... ... QC!_ ,.. .......... ( ..
....,,.~~· 

· Q..:M--111(]~ ~~._...rw,,,_ .. 
• \.Mbc~_...., ... Q11..i t 

rdi:I~....,_ 

• • l~~..._ _._ 
··~._°""""_.,a-. . __ .......
......,~ ~ ._. 

0:.:----"-· 
'1.-.pi:~fltlll'-+1f.U 
• l.1'1!1 "'-'-4~ ·- -­•A­

• 1,Mtl19 ....... mJioliilll~ ..d......
-~_ ~-~ ..._ . ....... hip...,,.. .... ~ 
• t •4¥CIU.<ll ......... ....i !S • 


·u...~J•"Hi· ···~ _,., .....__..........
~ 
· ~air....""........, ...
• :i.1,. .... ~Q."'6191.... 
.,,.~.....,"°'"""'ID.....,,,.,,_,. .. _.,_..................~-· 

t~ .,..--...... 

--~~.... ,.,,,,_,,,_,..,.. 
.. ................,,,.,Gil ...-............ _ 

•M'-'- • Ql'"__,w...._ 

• C:...mfA."K~C-.--. 

lietlOt-..1 A l- fl•tWU~l•..O~#
l,._t: ,\M '"'""Df"W.lllL••..,_ ...... 'lo.: I~ 

Ml \"'t•~ lr••Wl\t 

~'"°"""' )'1 :A~ .......... t.-1 •• • .,..._....,.. 
......:~ ..... ,on, " 

--· ....... "''-"""" - 1inM "'4A., • .... 

_,......,..~• .,....o..-.,1')111)')•'"-""M'll • 
~,_.,_, • 1i1111110brrl_.r'*'O......_ 

58180-$299.00 

58180 
~'11~· .mo Aillt"S.!lerk'"~ 

......... UJ11Qrm Dall rum- r.:...~in • ~ .._u
......._.,.. :.~"'"4rflDl).'"oWilf,," I uoo oo 
M llO-W002 rwov~~ 1 ...IXI,.,..,,.....,... ........,.., 
 ~~1!~bc*a ...... 

'tbuir:~~1~ -.i.- tJ1J9'~ ,, . , eo 
~~~ K i>.-1 
~t!b lht. Sll.l~C. sp.190,,.-:1 
X1cl i ~~~ll..lm ,,., .. 
clltl>ll'itJpr•• 

BCC22- 5249.00 
krm-M..u~~lC"fTilJl'\.l.I 

\Vtlfpi!J~ am.oirb1..m.rl~ RI( nl)lifl. Mff'fl fl (.,._.1,.11,1• •~U 
~m•wOrl1L..:iUtit.11i.t •t. Ucpnc­

• 11\l'"""'",,..OOW"":o·~ ·· · · ··­• 1'11. ..)11t*'~ • '1!lhllnc1CWTW ,aco~~ 
• v • aupr~· ··~ 1 IOdmJio.~ ·~~4~-tllU:I • 1• t.011ut.i 

11*:'!flfOIO~ -~~~ 
• C'lf rdtfttt•~ ltt ~r-·llC\S~ lll••ll•IJI' 
• S..'f~~l.-0~-ded • "' l~lnC'""W& ......"""'"' ............ cm.!"*°d Xv« cc« .- ­

·NDr~•VClul1""'11 K'M!Ulil~-~rt.*~ 

8CC11---$139.00 
ntl'\1C: Cnnfnlih.-r 

• U:i..tliJ~~.:tltpr::.r"J~ -­• ~1l•;iWii."ll lll'1~11rlC"1•.....,. 

: :~~~·~ ""-"' 
· ~· "~a an...i...,..,"""",.

l"'r4'*Bl'I.,,,__ 
• u.""""uia..v. l..... a-1>"".-IW 

ll'CI,.,,..,.. ut~• .'l'J 
· ~r1.1a11~vq,. 
•	 l.W4wod..;_,..~~-... 

INftD't' ~ 1n aiwm•
• c.,.,.,,....... """' • ~ _,.,. •! 

.I - 1"9 

accn· 
MSJ("~i.'."Msnkt..,. .. 

8CC40-S159.00 
l'~r l/(l l.~'tlon Bo.lrd 

rl'W Nilt~P"I M:C..0 PCN'l:ll U0 Cl:Mmlm! ~ 
r~,-.,,~rtJllnJ ~WV(./~ ,,, wc .......~~vp-...fl 


~llO~ttWJb.-~""' """"""" k:aiA 

••-ut • i...,""""1•..Wt11.o11w~tJ1 


O<C.. 
POl"llrllO~~ 
l"n111 Rl<1 LlUW'IPTR'odulii:W 

,..... 
...... 

BCC52 & BCC 11 
~ftwatt dfld J\l;((UQf1C' 

bCC.~:J • U{Uilll ""lU,J., l l .._flit.\!Jl. 1 -:-.... ~1 

&CC~l~ R'0.11(,ilfe. ~A-:!_~~ 

i. H.00lilrlM .,,· u.....-• ..... fr.N Lluo L 
•t l ro -Jl1)lltl'I' IC 

IM:dl..0.:.-CU: lit\_'-\ b;i.;.1" ~ .,.. 

KC,2-P~'l"'IJI: W'H.M.!.. l".:t.. • '""'..... 
KC~~ r\.ll:"~t. 1f\ (• Wll '" ~·"' cN

.>Lb 6 p.•l' •1tl e. ~ ~ 
fl.C(OO :.0.~ \l'O ~I e..-3 
ft.4.:(001 ........ ~.~"" 
KC·I) I "' • c.lw:•d Ntl Ol..-.J 
tlC.t-J.o •• l'W. ••.JWrJ>d 4.10 t~u 
flC(:H -4 ~ /lJlLD I~ 
bCC2,-9 .... ..,ta~ 

~1 

....
,......... 

~ ... 00 

,.... 
,.... 

To order call 

l-Soo-635-3355 
for technical information l-{lt03)-871-til 70 

TELEX: 643331 

Mlcromlnt, ln~~/li~~ 
4 Park Stre>i! '~~~ 
Vernon. CT 06066 f "­

IM.' Ctt1; ?.•lf1 14, lll;• 

...... 
co> • 
CCO'I 

""'" 
w""' 

"""'" 
'"'"' 

""'' "'"" 

-

u .......... 

: I
' . .._ . 

'1in0L" Hc.t.n.! '-.nmpuh!J 

SIUIO· I =~~.1~~.:.u~t~(II 
lii9 1.. l •W. ~-~ W1.1111 >0:.M"6oindU(W..._.,._..., 
C0"4.M tl0 '4 Q~lMhi..-rla.< 

58 ' '°' I 0 0. IOO OUAl'l1TTV PIHCll UU ClO 

GTISO- $395.00 
GrnJthh.:.! l>UJilav !-yttt".m 

...... oo 

tl1t0T1IO l.-l,),,.o0 rf\. 
Q<..&1;t1M -'llilr.w 

=~::!lt 
"'"~-i1t1nn1.-..or 
·~ftjm,u........,, 

ur1 ~-i1-.. 
«n-...u • ., 1l'IM r--.:-

http:r\.ll:"~t.1f
http:8CC11---$139.00
http:BCC22-5249.00
http:58180-$299.00
http:�....Ub.lt.:D11o...ll
http:1...,.in


RS·422 

Communications Board . 
~, lt ll 1 111. ~· 

i. ''"'"" ' 

.~JI jl 

' -
I~ 

••
{ II =~ •• 

Ji 
1,J - ' 

I II HllH ti 

• For IBM PC/XT/ATIPS/2 
• Dual channel RS.422/RS-485 
• Selectable/shareable interrupts 
• Differential drivers to 4000 ~ 
• Immediate delivery 

1-800-553-1170 

bT~111fii 

Lea: ln ommunlootJ ochnology 
478 E. Exchanll" St. , Akmn, OH 44304 
(218) 434-3154 TUC; 5101012726 

Cirrlr 191 Oii Rullo-~ Cmd 

IEEE·488 


• GPIB controller board for IBM 
PC/ XT/ AJ 

• Control up to 14 Devices 
• User lrlendly Software Commands 
• 	OMA Transfer to 200k byte/ sec. 

$345.00 including sohware 

478 E. Exchongo St .. Akron, OH 443()4 
(216) 434-3154 TU<: 5101012726 

t-eoo.553-1!70 

CJrdr IH 011 RNMr xt'Yicr Clllfl 

RS·422 

Communications Board 

FOR 

PS/2 

MODELS 50. 60, 80 


- DUAL CHANNEL 

• ADDRESS SELECT ABLE 

" BAUD RATE TO 256 K 

" INTERRUPT SELECT ABLE 


1-800-553-11 70 

l eod41fl In Communleoffon !e<:l>nology 

478 E El<CHANGE ST 


AKRON . OH 4430<1 


1216) 43-1-3154 Q)( : 5101012726 

FAlC (211;!1 434· 1409 


Oi<ck 193 011 ._., xn>ict Can/ 

• FOR IBM & Compatibles 
• Flexible and Inexpensive 
• Money Back Guarantee 
• Free Technical Support 

Fast Delivery 
1-800-553·1170 

leaders ho Communleiulon Techr>Olo(ly 
478 E. Elcchllllge St, Akron, OH 4430<! 
(216) 434-3154 TU< : 5101012726 

EPROM/PAL Programmer 

• PAL llOOOt.f Ht5 
• 	 P10Q"rtl'l't:I 20 .a. :2• pin M~t 

IA.Bl. NS Tl ""'-S 
• 	 RMCP JEOEC f\.t IJO.rmat 
• 	 Sec ur'i!Y, Otfl. LOAD. ~. 

EO<T. READ. WAtrE, llEf\tFV, 
• u... ~,,..,..,-SNI 

• EPROM MOOUL~ (\ • • • a eock•ll $145 

·16K 10 102•K EPROM, CMOS EEPROM. 

-Relld lnlel. MQIO<Qla, TEI< HEX mo 

"lfl<y laat (Oulci< DWU), r.il&bl euy to u.. 

• BIPOLAR ROM MODULE UtS 
-MMI, NS. Tl & Signllk:I partJI 
-RH<! lnlel, Moto<olo. TEl< HEX r.11 

tl95• 17•1142141/4al50 -·· -t 4. 6 - modulo BYD.lloblo 
-8748 oous1m1>10< l/lcl ud<Kl 
·FIM<I lnlol, MotO<ola. Tf:K HEX mo 
• 1751111'212&214• Module 

.f\=-'.,;.~:-"~r~~~ .?'''hm 
' T'TI. & M£M0AV IC TESTER lolODULE 
·Tioll almost ~ CMOS. Ovnnmlc. Sla!Jc )C'a 
-.'\UIC - •ch !Of unknown IC pan No. 
-u- CIJ\ make hlo """' 10.. PQlhom 
• INTERFACE c:ARO & CABLE S50 
,fhl• ca.-cl lo common 10 1JI - n>O<lulfl 
·Fil! in .,,.,. PCfl(fllJ °' compatibles 
-sp.ce wving htlf "u. 

XELTEK 
473 Sap6rui Cl.. 124 CA tetldoflUi 

Santa Cl.,., CA ~54 :E - od<J !i!i"" tax 
(408) 72Nl995 · """ 1S 1l>f SIH 

Cinle 93 011 R.eadtr St1Vke Card (DEALERS: 94) 

MODEL. ROMX-2 
EPROM EMULATOR 

~ 

-EMULATES 2716-27256 E PROMS. 
-FAST 19,200 BPS TRANSFER RA TE 
-MENU DRIVEN EPROM SELECTION. 
-AUTO EMULATION ON POWER·UP. 
·BATIERY BACK-UP MEMORY. 
·FACILITIES FOR FORMAnED 
CODE LISTINGS. 

·PAYS FOR ITSELF WITH FIRST PRO­
JECT. 

"50FTWARE INCLUDED, SUPPORTS 
SPLITS FOR 16 AND 32 BIT SYS· 
TEMS. 

MODEL PCSS-8X MULTIPORT 
SERIAL BOARD 

·ALL EIGHT PORTS ARE DOS 
COMPATIBLE. 

·EIGHT RS232 PORTS; CAPABLE OF 
SIMULTANEOUS OPERATION. 

·ENHANCED INT 14H BIOS DEVICE 
DRIVER WITH INTERRUPT DRIVEN 
RECEIVE QUEUES AND AUTO· 
MATIC HANDSHAK)NG. 

·USED IN REAL TIME EVENT DRIVEN 
APPLICATIONS. 

-OPTIONAL RS422 INTERFACES 
AVAILABLE. 

MODEL9000 
(E)(E)PROM PROGRAMMER 

~ 

-SUPER FAST PROGRAMMING 
SPEED ! 

·QUICK ANO INTELLIGENT PAO· 
GRAMM ING ALGORITHMS. 

·SUPPORTS MEGABIT EPROMS. 
-PROGRAMS THE LARGEST VARIETY 
OF CHIPS, PROM REPLACEMENTS, 
EPROMS, EEPROMS. MPUs. 

Distributor Inquiries Welcome! 
P.0. Drawer 1346; 399 Hwy. 90 
Bay St. Louis, MS 39520 
601-467·8048 Telex: 315814 (GTEK UD) 
FAX: 601·467·0935 
Order Toll Free I'!. T E • 
1-soo.255·4835 '-II K '"" 
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1•1·1•111 tlE 	 1•ePlllME P c PHl1tlE 

BB 	 286 386
6-101' 8 i.,H: 
10 ,tfff: IJptlo-1 IJ.,·1:; ,tlf,."6Abf11~ Ul .tlH: 

12 !flH: /"'(J .. M"alt llpllo-1 11,'\"/h.: .tU>t;Abr11~ 16 .tlH: 
··11•0 M'.-UT 

'1~100 


PcPRIME 88 W/20 MB & 1 Floppy 
Seagate ST 225. 65 MS . . .. $900 
PcPRIME 88 w/30 MB & 1 Floppy 
Seagate ST 238. 65 MS . ... S950 

Network/Multi-User PcPRIME 286 Systems $1,600 
Installations W140 MB Seagate ST-251, 40 MS 

AU Pcl'lllME SUTIMS flATUlll: 
• /1no...;1 "4'!1 P°W llCKI PcPRIME 386 Systems $2.800 
• )'.)-O a.y UOll~y Bte; Gu~r ;1t11t , 
• t11r nM~ufty •.-,i .,,,.r14n1o1,.. ~ tKJE l f'•U 	 W/40 MB Seagate ST-251 • .OMS 

• 	 (fl.IM~ $Nl'l /~;t1h ~-VS 
. r rMIW!f'te 

• Po-.i LQC".k Kty V. '1 ~ 
.. CQn~ ..,, A.Qp.i~~ ~ Meo 
• 8/'9"1r1tHAOp.r•1.n; iu..oti 
.. T"'"'lbo~lJQ~N lC>t! 
• M11C• ~tRift'tl.8"n~ 
• 'l"tf~•M 17.!().llQllo•I 

~~~n'"~~·~ 
Colot C..• 

• i)n"+"!S.llO" l1J'lt"•eirH 
1 ISf"O 

.. Wf-tCf'l!j~i!l l tlS 
• 1!.0W Ol XlM ~ ..ti ~c.r.ty 
• T'htH· Hl~i)i- 1$iQ1 ' 
• Ait-.."\l o r(tcJ AJa.l~ f1 iJl'.I(· 
• J E.t.pi~Slot••· •=-'-t 
I ~ £CilJC;iioi S~i1tmi 

PcPIUME 99 Porllbl1 11.000 
Ctollltutld S- • PdlllllE 88 wnu Q lugllo ST-225. lllS 118. Ono Aowl Sl.300 

P'~lli!IMI Zll l"wtlll!t Sl.IGO 
c..1..,-..i S- • Mllllll zm 
W14'11118S..... ST-Zlll.«lll& . 12.ISO 

'i:f'•• - l'Or1allle . . . . ll.IDJ
c..ii.r.i '- • Ptnlll! ­
W/ 40 Ill l4aple IH51, «l llS ll.llGO 
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See how well 
you can p ro­
gram for 

Z80 or HD64180 
ThtS prnt~onal . IBM·PC based, mmp.ler is a com· 
plele Implementationof lhe ·c· 1anguage 101 the Z80 
or H0&4180 rr.iaoproces.scr. lnciude s featu res such 
as: lunctlon pro1otyping. 31 ·cllaracter names, single 
po-eclsmn floaling poinl, lull ~brary source. MBO-L80 
and SLR Systems com~1ibllity, etc. Hi-Tedi™ ·c· 
has been established lor yeais In Australia Pri ng 
from $195,00. We also have ZSOIHD54 tao co-proc· 
essor cards lor IBM-PC and PCIAT. Call for a lull 
e<ilalOQ or Ml010processor development 1ools 

Z-World 
1772A ~so Ave . 

Davis. CA S5616 
"Z80 Sp•clsll sts"(916) 753-3722 

In Gennany· iSy~tem Tei: 081~111687 

Cirrle 145 on &al/er Serl'ite Cant 

ANALOG 1/0 and DSP 
ideal lar PC based 

MeasuremenVTesl, Canlral, 
Acoustics, and Signal Processing 

PC-12 1:;.,sDTiffe~'.~~~l~1~~ v..;~y~.~;",t~~ g~~~
12-bll DIA. 110 F1lte18, 8-blt digi tal 1/0 , 
memory mopped 110 as.siswd by llmer. 
S650 

PC·12SC 	 • t 2·b•I NO & 0/A wllh 1/0 Fille ts anrJ 
II mer. for voice 110 , IEEE Speech Course. 
etc. $450. 

P(;.DMA 1291 2·bll ND and DIA lo 100 KHz. dual· 
channot OMA conuo 11 01 ror co11curra1\1 
110 capablll ty, programmable HNI llmar 
tor zero timing lttler. t/ 0 fll!ors. progrnm· 
m.nblo gnin and 0Uso1 ampUfler, 16--chan· 
nel outo-ocan mulllple•er. B-blt dl\l ll ol 110, 
etc. $1250. 

11
PC-OMA 

1B~~gi't"~~~;;f3~~l~ ~~~If&~~~s~5'. ' 
PC-DSP 22 • 22-bll flootlng point DSP board lo r PC, 

r~"Wr1~~i1~ 1~~~.~.~r:trff1~~8:::'.r:. 
SAMPLE • SIW lor PC-OMA perlarma canllnuous 
EDITOR hard d isk t1Bnsfer, ~earch, audio edit, DIC. 
Ocher now ptOducts Inc lude I MHz t 2-011 ND and 
DI A.servo motorconltolle!. etc. All producis suppot1ed 
by S/W drrver end applloa!lan p<iCkag,;a 

CAIH"nC.., /,,.,. 

PO Box 70M8. PHadena . CA 9 1 107 


18161 564 ·0438 


Cirrle J 1 011 R~ad1r Sm•i« Card 

9TRACK 
TAPE SYSTEM 

• M•m!r•m• lo PC Data Tr3nsltr 
• ll•an Soeed 6a ck up 
• A11 so11warn. Complm System 
· Servi ct and Suppor!. easy 

lnml lanon 

ca ll !818) 343·8505 or w<lteto· 
eo.tlCll c.,.11111., CMP­
P O 80< 153 Tm;rna , Call i 91356 

CONTE CH 

Cittlt 54 Ofl llnMUr ~rviu Uinl 

8080 

Z80 

HD64180 
 [)64180 

CP/M-80 
Develop code for embedded microproces ­
sor>: on your IBM-PC us ing our software 
tools aod coproces~or cards. Tcsc your 
'oflwa"' on our Z80 ilnd H D64 I 80 
coproce sor card.•. E:<:ecuce your CP/M-80 
dcvelopmcnl tools at clock speeds up to 
12.S MHZ! Use our re mote debugge r to 
debug in your llll"gcl system. Complete 
development sys!cms for less th.en S l 000. 

Z -World 
1772 A Pk • no Av<. 


D•vis. CA 9S6 i 6 


{91 6) 7SJ-37 22 


In G~rrnnn y: iSy<tcm Tel: OR l ) l/1687 

Clrclt 166 on &athr Smiet Ctlnl 

EPROM PROGRAMMER 
$349 

l HE EP· l's A GREAT VALUE & KERE 'S WHY 
•R!ADS. m>bllAMS. CDPl!S MR :m [f'!l'.IMS A/ID EEPllOMS rooi.t 

29 ~Wl..f"'11.f\(f'S ~ 2116:1751'.l 2&'.)l.282!& Vi)l1 
• il£AD5 ~ V.IUITS IITTL MC11lJOO\.A. SlllAIGfl l£X lo! !!lit.RY 
•Ol'OOWL 1iu.os P10GAAM Mn 610', 6751. ocs~ 3151. ~ 
• ~ _,Dl'Mll CIF SillCllOI IJf r.tfG & ~!I. flll MOO!lES 
•rm SUl>Y. 000< P\lS! ~M GAl.00\llHMS 
• SPUT'S FUS IJf II.'& AOOllSS /Jiil ODOO'fll lli & 32 l!IT} 
• ALL HTRJ.WICf ~ lllll: 1M l.l.(Ml'l'()CESSCIR 11#.S<D 
• i ~ zt 15 IOO l,,•lGAAMUllG RJl COOS Al:tl ·A Slffill'. Pl.Al'; 
• FR!£ PC DOS SOflWo\111' • RS;J? IO WI COIJP\ITE R 
• OOlD TOOOOt i. SOOlfl • I BIW ilM[S 10 3!<00 
• SAW! oo SHll'Mtrll •GIJ(TW{~ 0£00 CHl:K'UG 
• at.\ ID.A IV.WWI IY • l\'.0 ll!Ef f'R.f.\'All ~llS 
• MDNflMO\ WIRA!lll'E • lll EAASillS f!IJM~ 

CA.LL TODAY FOR MORE INFORMAT IDrl 

BP~ 
800'225·2102 7131461 ·9430 TELEX 15614n 

106.'ll HAOOINffiON Ii 190 HOUSTON, TX 7lll43 

Cirde JO on Rfflkr Sen-icr Card 

GRRPHICS TOOLKIT 
COHP~TIBLE WITH 

PC/XT/RT RNO NE~ PS/2 
$59 95 LIMrTE.O I NTROOUCTORY 

• OF FER CADO I~ S/H I 

• SUPPORTS NEW VGA GRAPHICS MODES 
• 50+ FUNCTIONS 
• SUPERFAST SAVE/RESTORE FUNCTION 
• FREE LISTING UTILITY 
• ORTA COMPRESSION ~LGORITHM 
• ALL SOURCE CODE INCLUDED 
• ROUTINES WRITT EN I N MICROSOFT C 

llND llSSEH BLER 

• NO ROY AL TIES 
• PAOGARMMEA SUPPORT PROVIDED 

ml ~;::o~;::· INC. 

~ A1t.AHTlC ll6ICK. FLA. ~ 
OA'OERS CH. Yo 1-0011-!32-42.ll! V:ISIVllC/IPEX 

TECHNI CAL I NQUIRIE S• C !18• J ?.• l -~1 

Cirr:l1 64 IHI •ader SrniC't C'.anl 

Circle 68 on Reader Service Card 

TYVEK 
SL EEVES" ~" WITH 29 

tooo. 	 ea. 

BULK 5~4' DISKS 

D o u b le S ide - Dou ble O en. 

1003 Tested &Certified Error Free, 
at "Minimum S53 Clippin/; Level or 
Higher~ "Lifetime Warran y7 W-rth 
Tyvek Sleeves &Write on Labels 

100 200 600 

.384 

each 
.354 

each 
.32c 
each 

DEALERS W E L COM E 
Telex "'4933362 • Fax ""405·495·4598 

Snipping Charges Va ry With Quan tity Call 
.... __ OeH'l'Wnre 1 · 800·4.§_1 ·18~ 

- l"OMIX 'VtH ......,.., g(

D" ~ tt O••<"•Om<• 1·800·654 -4058'e ne e1111r<rt• iou· ·· -·" 1..._.·621"""' ......ao ·600 -6221
• • • OtlO:I •~ ' '"''tCU W ..u'I 

touo•~~~ · r u·p~;. ~~~~~Mt5S1 M~~~,t~r..~~~rk, 
•'!< H1 ''4 :Jk ,11'K1 A :tl1~ lit 11M\rU ,Qi PALn 

~~ume 

~ 

RIBBONS 

Multistrike J,,.,. _ 1.99 
M u lt1st rike a,.,, _ 2.05 
Multistrike ffi ,,, _ 2.55 
M ul t1str1ke N ,,, _ 4.29 
Fabric 1v.... __ 4 .38 
Super Str ike '"' _ 3.35 

• Printwheels• 
96 characte r _ 3 .65 
130 c h a r acter_ 6 .00 

RIBBON PRICES PER EAC H AT ONE DOZEN 

_--- oe1f~.RrttJ;. s.5!0..:.:i~tJf!_~~ 

Oi,~ette+o""""':'J'.J:~.~.; (!.M~O~ 
vOllltCCl.iOlf "''l~':l:' ..lJ~:£1·~~.l 

..._ · .;: •-=:~w..\1~w. ~,.~";r-.wt.'~=:-~·~
Ci 1N,f f'OM~• •~•IMl_.~J. llL P.,~ -..:.:;.,n- .;~~..-:i 

HL EX1"49JJ362 - FAX#405·495·4598 

!a DYtiDJiJ 

Orders Accepted Worldwide 

5114D·Side S'l4 HIGH 
D· Density Density 

II~ 13~ 


Telex #4933362 •Fax # 405.495·4598 
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_A;~ 

.'?'./~

~:' IM 

CAT sMHZ 
BASE SYSTEM 
• 256K (Oplionel 640K) 


• 150 Watt Power Supply 

• AT Style Keyboard 


• 4.77 or 8 MHZ 

KeYboard Selectable 


• FOC Controls 4 Disk Drives 

• 8087 Socket 


• 360K Floppy Drive 

s35900 

o'no• a Ol'TlllM I 

12 " Mono Amber Monitor 64 Ox200 Co!Of Mon•1o• 
G,.phlc• C.nlG"'phlca Card 

wlpu por1 wlpar pon 

s499oo s73900 

HARD DRIVES 
&)>Seagate 

COMPLETE KITS 

ST225 20Meg wlcont . & Cables ••••• • 27980 


STZ38 30Meg wlconl. & Cables . _ •• __ z99eo 


ST251 40Meg 1/2 HT 40 M ii w/sof\ware 42900 

ST4051 40Meg Full HT w/sof\ware 45900 

ST225 !!o ST2J8 come w•lh Woo tern D 1g•1a1 Control I ers 


TAPE BACKUPS 
E£VEREX-:: 

40Meg Internal XT or AT • . ....•. 349DD 
by THC 

60Meg Internal w/Qic-02 . .••..•• 59500 

60Meg External w/Qic-02 . . ___ .. . 868" 


This Months SPECIALS at our COST 

CMS 21MB Hard Card . . • .. _•. . , 274DD 

AB Switch Box ___ . ___ . ___ . . _ . . _ 2400 


(Expires 2-29·88) 


LIQUIDATION SALE - ALL ITEMS LISTED BELOWMac 11 Monllor 
• Major Mfgr. 
• 640x480 VGA 50% - 80% OFF LIST PRICE 
• 14" w/cable 

MEAD Computer has just purchased these items from an OEM at a liquidation priceUtt tte-oan 49!511 

PC Security Lock 
Securrly lock guards lhe onloll powe• 
switch on you r PC. Somply turn off the 
power and lock ur 1he swilch The lock 
Is constructed o h9avy ·guage melal 
ll's easy 10 1ns1a 11 ano won·1 void your 
computer's warranl y 

UST 7911 Mud's 1900 

Intel Abowe IOll rd 
• W10 · 126K EJ(!I to 2Meg 
• PC AT Compatibles 
• 	P<O'J1des Conven11onal·E•panaea & 

E•tend9d 

Lbt 54500 MeMl'l 19900 
ill TRADEMARKS ARE REGISTERED 


whh their respec!iv• companl•s 


800-654-7762 

SALES 


7AM-6PM PST 


702-2 94-0204 
Customer Senlte • Order Stalus 

9AM--4PM PST 

-

I 
~ 

1~1111111111111 

We are passing these savings and warranties on to you! 

10MEG HARD DRIVE 
• •;, Height/Factory Fresh 

• 80 M,1 Sec 
• 3 Month W;;ir1.in1 y 

llsl 2911'" Mean 12900 

TANDON TM100-2A 
• 	n~.s was the 011g1rnJI ouve 

used by IBM 
• Full He•gl1I 
• 360k agoo

list 249" Mud's 

FAX 
102.. 294..1168 

1000 Nevada Highway • Unit 101 
Boulder City, Nevada 89005 

OPTNIM C 
12 · Mono Amoer 1111on11or 

G'!f~~~~rd 
20 Mog Hom Drive 

s79goo 

-6~0 MODEMS a~<,
-.\\ ~ o~~r~ 

~.p>~ ~VEREX-:: 111(# 
EV·920 EverCom 12 300/1200bps ••••• 8400 
EV-940 1n1ernal 30011200/2400 ___ • • • 17900 

EV·945 E~ter~al 30011200/2400 ..••.. 23900 

Complus 
1200 Baud w/B1tcom 1 yr Warranty • • 6900 

COPROCESSORS 
Intel 8087 5Mhz • . • . . . . ... 102tt 
Intel IOS7 8Mhz . . . . . . . . . . . . • .... 141" 
Intel 80287 6M11z . .. _.. _.•...•..•••• 179" 
lnttl llOZll 8Mh z ...... ... - - .. .•... 241" 
Intel IOZl7 10Mhz ...........•.• - - .. Zit" 
Intel 80387 16Mhz .. •.• - . - ... - - ... _. 479" 
Intel 80387 20Mhz . _ . _ _ __ • • • • 747" 
lnltl Above Board . . . .... CALL 

MEMORY UPBRADES 
256k 100NS ................•...• , 511 ea 
256k 120NS •.....•. - . •. - • ..... ... 411 ea 
256k 150NS . _. _... 3" ea 

3M Equivalent Data Cartridges 
• DC 300 XLP 

• 45 M 9(] (450 It) 
• 1nd•v•dually Wrapped 

• 5 Year Warranty 

ll1! ]9" Mud's 1400 ea 

MOUSE 

• Requ u es SIO! & S eria I Port 
• Comna1101e w1m PC·XT 

• Mouse System Compallble 
• 3 Buiron Mouse 

list 99"• Mead 's J900 

JdP£ 
<'.""~~A ..... - ' TM 

CAT 286-10 
BASE SYSTEM 

• 512K (120 NS) 
• 200 Watt Power Supply 

• AT Slyle Keyboard 
• Western Dlgllal Controller 

• Teac 1.2 Meg Floppy 
• legal Blos wlmanuala 

• Systems Documenlallon 
• 1 Yur Wsrranty 
• Clock Calendar 

• 1CI MHz - 0 Wall Stale w/1 00 NS 

sagsoo 

DPTIOll A 


l 2-· Mono Amt., ~on•1or 

Gt11phlc • Co rd 


WIJ>llf porl 


'109900 

Ol'TIHI 

6'0•200 Color ~0011~' 


(l rophl<a Ca <ti 

wJpiir pen 


s12s500 

POWER SUPPLIES 
• 150 Watt 

• UL Approved 
• Direct PC Replacement 

5900 
31/2 DISK DRIVES 

by TOSHIBA 

720k w/mount ing Brackets 


109°0 

DIAMOND SCAN MONITOR 
• MITSU BIS'll ' 

•'- ELECTRONICS 

• 1371A 
• EGA-CGA-PGA-MDA 

NTSC Video 

List 88900 • eooxs~~ad's s50900 

4128·128k Upgrades 

225 ea 
NEC V-20 80 Mhz 

goo 

MIGENT DATABASE 
Software 

• Ab1l11y I 0A 
• 	Datab~se Manage< 

Spreadshool • 'Noro p1ocessor 
Commumca1rons & More 

Mud's 2900ll~I 19!1'" 

NO SURCHARGE FOR MC/VISA 

TERMS: 
MC • VISA • COD • CASH 

Purchase Orders from Qualttled Firms 

Personal Checks • AE add 4% 


~ ~ 
SHIPPING: (Min imum 6"1 

UPS • Federal Express 

OPllO" C 
12· Mono Ambe1 Mt>n lto1 

Graphl~s Cerd 
wlpar por1 

20 Meg Hud Onve 
51325°0 

1.2 Meg Floppy 
Drive 

• 5''' · ''> HT 
• fi Mon1h WArcanty 
• Mcl"Sutush• 
llil ltl.. MUO~ 79"' 
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• Multi-user Database! 
•Powerful! 
• Multiple Operating 

System Compatibility/ 
• Actract1ve Dealer 

PricingI 

•Full Dealer Support! 

Dealer Inquiries Invited 

L4UOU frlL'U'~iJf1 Ro.lei 
Soulhl•t•ILJ M•cl11yan 480 _1 I USA 

IJI 11 ISl-23~5 

9-TRACK MAG. TAPE SUBSYSTEM" 
FOR THE IBM PC/XT/AT AND... 

~ •"Oi' ...... TIC)f'l~. ~IOAM.rwcnival•ll:lrllQtl. 

"'- =~::!!;.~.~=~~~~ 
• SOM Joi mot t!';OOt :J}OQ end 60D cpl 

• l<lrtwM• lot PC~l>08, MS-00S, J!ENJl... 

•Al90P.G1 At.11 , O'EC.,VAX. 
YM.f.. S..100, RS-»2. 
IE£E 411. AKSyst:erna 

·~· •ltL.L- ,xi:"' "'"'-"" 
Chol~ •ri l)A ')U n 
6--I'~ .. ........_. ~~~ a •"f.1Q1 1 

5%11 OS/DD 59c 
3%" DS/DD 1.19 
5%" OS/HD 1.59 
Price based on auanUtv or JOO 

Includes aleeves, labels and tab1. 

800-222-0490 
In NJ 201-462-7628 

e 24 Hour Shipment • 

MEGASoft 

P.O. Box 710, Freehold. NJ 07728 


Full servlco dupbca1lc11 ladUty 


I 
I 
I 
I 
I 
I 

almost 50% less than what you could pay 
for a comparable system. Why buy a no­
name clone when you can own a Zenith? 
This kind of quality, at such a LOW price. 
makes this a computer deal you can't afford 
10 pass up! 
Zenith Data System• are made by skilled 
engineers to exacting spedfications. The 
Zenith Model 157-2 Cornpuler is ex.pan­
dable to 640K RAM. A hard disk drive can 
be added with addition of controller card. 
The MS-DOS Disk operating System is the 
most widely used system available. Order 
one or more Zenith Computers for your 
home or business today! 

Includes MS-DOS Operating Syatem. Two Program Dlsks,For Home, School, 
Uwa Guide, Quick-Reference Guide, and Owner's Manual. Or Office! 

• 512K Random Access 
Memory. 

• Two 51/.'' 360K Drives. 
• 	12" Monochrome 

Monitor. 
• 	IBM Style 84-Key 

Keyboard. 
• MS-DOS 3.2 Operatinc System 

"¥Ith User's Gulde and 2 Disks. 
• Parallel Interface. 
• 4 Expansion Slots. 
• Hercules Graphics Compatible. 
• Color Card Included. 

Zenith-The Quality Goes In Before 
the Name Goes On. For decades, Zenith 
has been making line electronics for home 
and business. Products built 10 perform and 
to last They have put their experience to 
work to develop the 157-2 Personal 
Computer. Now you can order this IBM 
compatible computer at a price that's 

~DayUmlted 
Manufacturer>s Warranty. S::~~:e>c>. _$799

IBM •nd IBM PC/XT •t• r~l1le<ed 
tr•d•m•rk1 ot lnt•rnatlonal 8u1lne11 Item H·32n-7344·054 
Mldlin. Coop, S/H: $49.50 each 

~Card~ can om..
To Order Toll-Free: 1-800-328-0609 bV pllone, 24 hotn • day, 7 <i-ro I ..,..i.. 

B·CJ:D Authorized Uquldator 
1405 X.nlum Lane N/Mlnneapoli1, MN 55441-4494 
Send-Ztnilll Com1111tert•l nen1 H-3271-7344-054 a1 
$700 each, plus $49.50 Mch for tn-'Ured !!hipping, 
handling . (Min neaolll realdoots add 6% sales we. Sorry. 
nc C.0 .0 . o rdera) 

~~~si oz o ~~ ~-l o d o• 
O My check or money oideT '" enclosed (No delays In 

proce.;.s,ng or~ paod by ct>eck.) 

Acct NO. 	 p___J__ 

Name I 
Ma,.,.. 	 '-- I 
C.!y I 
si..1e P I 
pt.one II 
S<g<l He<~ ----------- ­

L---- - - - - - - - - - - - - - - - - - --- --~ 
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Circle 48 on Reader &rvice Card 

Discover the 
Difference .. . 
2 FOR , LIFETIME WARRANTY NOW IN 

or boxed COLOR 

8 9 • COLOR • 

.69 C~UL~A 1.25 

. 

' 
' 
' 
; 

1 

1 

' 

,, 

-
1 

~ - ~ - ... ~· - . 

BIGMe UTlt 
REAL VOICE lJ1g1ra1 Recording 

,I) ~ )"OH, P r,. x r A r or C<Jmp.JrrtHO 

•VOICE MAIL SYSTEM 
uJl-F fUHi 11,xJ. LJrphm1100 tfO • fil~ 

•TELEMARKETING 
l1Jtc1N1amrl lnbUur rd ni1d Outt>urmtl 

pnb1/l fjf'lis U5tJf·Dal rt •soJe Srruc lLJre 

•ADVANCED ANSWER 
CAPABILITIES 
fOl/S iW Of ;,.,fOS:S RQO ()n~ frmed Ca_llS 
roueh inn" R,imor,1 

OUTODIALER-DATABASE 
li ofO $(.Mc.n no or; A uro ne-oia' 

•VOICEPAD'" 
voicD AND Sovnc fl10<1• 101 )'O<I' 
Programs Oemw. und fu lOIUds 

Cc:rmofere w1rfl H(Jtdw 10 ' : cu rci. ~ot1w111a 

1>11one caWL•_~md 1.dernal 1pealfo1 

3: s239oc · s 11 h •(415) 339-TALK 
TalkJng TKhnology , In<:. 

~558 L""'" Svite 301 Ott"1llll<I. CA ?4011 

~ ~ - ~ ..... 

' 
~ 

• 
t;. 

I> 

t 

t 
~ 

II 

t 
I> 

I 

/ Plcg'<I In 6 mrroren1 «il0r$. cu 

.I Backll<l oy 2 lor 1 Ulellme Wau anty 

/ I 00% te-Sled and cenllt&d 

/ Made 10 etc:eed A. N.S,I Sp<ICS by 62.5% wi1h B 

guoranleed c~ ppUllJ IO"el 01 &5% or above 
./ lnciUOo • ly\lek an~e\Opes lrlol paptir) . wn!o prol eCI 

labs and user labels 
.r Bmnd·name Quar11y al a11ardl1ble price,; 

5-114" - 48 TPI OS-HD 96 TPI 
OS-DD IBM-AT Compa\lble 

.49 o9i~~~Y 1.09 

.59 ~g~g~ 1.19 
, r.C iii .. America's 

I~ EN ECli Premium Quality 
Color Diskettes 

/ TIMELESS WARRA NTY 

/ Porlorma1101 <JXC<JodS A N.S I spoc. by 88% 

" E;>Qh <llsk I 00% teo10d and co ndtOO 

/ 1 • COLORS ror oats organl;auon 

/ Pl<o s. ol 10 tyvek sleeves. wlp 1aos. & ID labe ls 


S. 114" • 48 TPI Os-HD 96 TP1 
OS.OD IBM-AT CompaUble 

PLASTIC STORAGE BOX 1 5 5 

TEAMS: P 0 . orden; accep100.govemment and $ci'loclson 
net 30 SHIPPING: U.S. orders add $3.00 per I 00 disk•ll•S 
or lmcbon lhoraot, add SJ 00 Im COD 0odors 
PRICE PROMISE: We wiH oetw any IOwer de&vor&d p<lce 
oo the same pt:Oducts and <1uannn•• adv~~lsed nalionaOy 

Toll FN• Ordor Line · lr\lormatton Une: 

1-800·233·2477 1·801·561·0092 

S1 
1376 WEST 8040 SOUTH 

omputer WEST JORDAN, UT 84088 
HRS: 8 AM TO 5 PM,,ain• inc• (MTN, TIME) 

ll's ii 51mple equohon To plug rour PC O• PC­
companb!e 1n10 The mOdDfn world ol mus.1c ­
mdli;1ng ustt Hie complt:lti l1r1ti of MIDI W t! w..;1~ 
and hardware lrom VOYETRA TECHNOLOGIES. 

0 SEQUENCER PLUS· 65-i.aek '°'" 'MIDI 
recordsr/eduo' 

0 CONVERSION PLUS: ldu conve• •e• !or mu"'~ 
OOl.Ol 10n progr.'.HTH; 

0 PA.TCH MASTER: nu11•0• ~ 1.»o~ n, l.e< ~na 
sound l1branari. 

0 OP-4001 : PC1MIDI m1erla e<, < ••~ .,..., _ _,,,,,..,..._,i,,,,Hori<>-""" 
musie aM ro~"!I ~"'"''" b.,q.1- · 

!PC c;oi..,,,.NION t 

Far more mtorrnauon c.orH.lC:I YOYETRA 
TE Ct1NO LOG IES, Oepl PC • 26 M1 Pl~ "'an1 
Avt!lnuo, Mamamnecll: NY iD54'1 m t..aU 
1914) 600-3'.!77 

6809 
Single Board Computer ·­

; 
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Get the whole 

story on .UcU>hics 


terminal eintilation. 


Tn find out more 11bout soti:wan: 

that lets yuur PC cmulat~ 

TEKTRONIX~ '1105/617/9 ,1nd 

DEC VTUX>~ termm11ls. 

<.:.11ll or writ~: 


0 GRAFPOlnT 

Serial Data $495 
An a I yze r 1n1roduc1orv 

Oll e r 

DataScoul '~ 

turn s your PC 
in to a too l for 
solving AS-232 
In te rfaci ng 
problem s. 
Features : 

• Monitor lu ll duplex async data 
• Log Monitored Data to Disk 
• Posl Acquis i tion Analys ts 
• lnjecl Data In Ei ther Direc tion 
• Integrated Breakout Box 
• 9 LEDs Moni tor Signal Levels 
• Simple menu driven in terface 

HITech Equipment Corp. H'T'E 9560 Black Mtn . Rd . 
San Diego , CA 92126 

(619) 566· , 892 

PAU EPROM PROGRAMMER CARD 

NEW ~ 'YfRSK>N l: o~ SO~'lW&~e a.r.io ttlAOW&AE 

~~jl'Off_,,t 
Pto i.11~ 1 . ttS. n.All!l. 
~UcRA C'l"PAfSS . 
RIC.OH , w PAJ-.TE C 
•ou; ~ll'U) 
~, RA_,.,_ 

p<ocMllf' 'I!'" 
·Fl.RliilOrwlncbiitl'.ta.Ai! 
Wrl'lt v11111.,. Ptallld 
~. -.,..,llto'>Od 
~Uvtd~ 
.Jl'OEC~ 
·Sor.• iil .. ~t 

lOOMHZ LOGIC ANALYZER CARD 

2•~1M~~.l4'( 

·6~"00"""
'°'-'""' c-,..1o1..i ..... 
E~CtdL.(11.ct:"!....,_..1 

.fllt--t14EQ. 
O!l~,,.,,...,l)tu .. 10¥I ""' ·. Cain '5:.-~ IA Boaun- ,.. ..""... ~_..., 

CALL NOW FOli OliDERS AND 
TECHNICAL INFO <201J 994-6669 

Cln:I• 126 °" ....,.w,.fu Cenl 

http:E~CtdL.(11.ct
http:2�~1M~~.l4
http:Fl.RliilOrwlncbiitl'.ta.Ai


BYTE 
LISTINGS 
0 WAY! 


l!'s easy. Now there are 
three ways to get source­
code listings that go with 
BYTE articles- on disk, 
in print or on line. 

LISTINGS 	ON 
DISK BYTE listings on 
d isk are right for you if 
you want to compile or 
run programs quickly. 
Disks are now available 
by annual subscription as 
well as individual orders _ 
BYTE offers listings 1n 11 
popular disk formats. 

LISTINGS IN 
PRINT This print sup 
plement contains source­
code listings described in 
the issues of BYTE. 

LISTINGS 	FROM 

BIX !BYTE Information 
Exchange) By Joining 
BIX, you can download 
BYTE source-code 
listings at standard BIX 
rates See BI X info rma ­
tiona I ad listed in Reade r 
Service index 1n this 
issue. 

FOR DIRECT 
ORDERING CALL 
TOLL FREE: 
800-258-5485 
Call; M-F, 8:30 a.m. to 
4:30 p.m. Eastern Time 

(603-924-9281 for New 
Hampshire residents) 

For ctedit card 
orders only. 

ON DISK 

~ Hnd me aingle diab in 
the fonMt checbd f(W lhe 
followlng 1117 1.......: 

0 January 0 Augus! 

0 Februijry D Sep1embe1 

D March 0 October 

D April D Novumbe< 

D May D December 

D June D IBM PC Issue 

0 July 

Diab of llftingil fot Dec:erntNw 
1986 end au 1eee i..u.. en; 
avallable Ill the pricu -ed st 
the right. ""- meril: the 
appropriate format and note 
the luue <kt• below. 

Month ------- ­

Year -------- ­

1987 Annual 
Supplement 
Subscription Rates 

IN USA: 
o n/v $18 00 
ISnvr: $9 ROI 

OUTSIDE USA: 
0 11 1 S21 00 

aw $10 

IN USA: 

Single Annutil 
Month Sub1criJ)tlon 

!one dlllcl (13 dlaks) 

OUTSIDE USA: 

Single Annual 
Month Sub1crlptlon 

lone disk) (13 dishl 

5% Inch: 
0 IBM PC 
D Apple 11 

D Kavpro 2 CP / M 
0 Tandy Mod 4 

0 MS-DOS 8 Sec/or 

0 Tl Proless:onal 

l 'n ndl: 
0 Appte Mac1mosh 
0 Alan ST 

0 Amiga 
0 HP 150 
0 IBM PS/2 

8 Inch: 
0 CP!M 

0 $8.95 D S69.95 
!Save S46.401 

0 $<3.$ D $79.!li 
!SCMI 549 &QI 

0 S9.!li 0 s79.00 
1s,.,., s.i9.d01 

1987 Supplement Issues 
IN USA: 

0 Janl.lllfV through March 1987 lor 
only $fl .915. 

0 	A.onl through June 1907 for on· 
ly ~.$ . 

0 	July !hrough Sep!ember 1957 
!or only 00 !li 

0 	Ociober 1hrough Decembe< 
1957 for only $6.00. 

OUTSIDE USA.: 

D January through Ma.ch 19117 lo r 
onty S7.$ . 

0 	Apnl !hrough June 1937 for on ­
ly $7.96. 

0 June thlllugh Sep1ember 1987 
for only S7.95 

D Octa bef through Decem be< 
19117 for only $7 .11'.i. 

0 $10.95 0 $89 .95 
{S<MJ $52.<IOI 

D $11 .95 0 S99.~ 
1s .....i $55.401 

0rn11'.i 0 '99 .~ 
IS;r.e S5(i_4()1 

1988 Supplement Issues re 
IN USA: 

0 January through June 1006 !o1 
only $8 915. 

H 

D July lhrough S ep!embel 1986 
for only ~. !li . 

D Oc!ober through D9Cember 
1986 for only S6 !ll 

D 1906 Annual Subscnp11on for 
only $18 00 IS<Mi $4 851 

0\Tl'SlOE USA: 

0 January lh rough June fa< only 
$9.$ . 

D June thlllugh Sep1ember lor 
only $7 :6. 

D Octobe< through Decembe' for 
only $7 95 . 

0 1986 Annual Subswp1oon for 
only $21.00 !SIM! $4.SS!. 

IN USA: 
Annual SubKriptmn 

11 3 dlsb a. 4 •-1 

OLTTSIDE USA: 
Annu1I Suboc:rlpejon 
(13d!Ma&41asuesl 

5% ~: 

0 IBM PC 
0 Apple II 
0 Kaypro 2 CP / M 
0 Tandy Mod 4 
0 MS DOS B Sector 
D Tl Proloc.slonal 

0 $84.96 
!Saw $59.201 

0 s104 .95 
iS<Ml $69.201 

3~ ncti: 
0 Apple M11Cintnsh 
0 Atari ST 
0 Amiga 
0 HP 160 
0 IBM PS ! 2 

0 $94 .95 
ISaw $62 .20) 

0 $114 .95 
!Save sn.20l 

8 inch: 
0 CP!M 

D s94 .95 
ISave $62.20) 

0 ;114 95 
ISavu $72. 20) 

COMBINED DISK 
AND PRINT 
SUBSCRIPTION 
Bundled together, 
giving you the 
convenience of disk­
based source-code plus 
the ease of reference of 
print. 

Narru> __ _ 

.<\t:lrlress 

City _________ 

F­

l-

FEB RUARY 

Staie ___ Zip 

County or Pan~ -------~ Country 

Credrl Card' - - ------------- ­
E.p 	 Date __ Signature Dete ____ 

P!e.;ise <11/ow 4 -8 wo&e•s lor Oel1,,.,ry 

0 	 (hed< ~rv.:k>>ed 

0 	 MasterCa<<.l 

0 	 VISA 

0 	U.S. Funds onclo:-.cd Ill ordering 
Imrn outS<de 1n@ U S pJe.a;.e ·~rn1 I m 
U.S. funds d<awu on a IJ S oank 
Thank \OU I 

http:onclo:-.cd


NO POSTAGE 

NECESSARY 

IF MAILED 


IN THE 

UNITED STATES 


BUSINESS REPLY MAIL 
FIRST CLASS MAIL PERM IT NO 10 PETERBOROUGH, NH 

POSTAGE WILL BE PAID BY ADDRESSEE 

~~J( Listings 
One Phoenix Mill Lane 

Peterborough, NH 03458-9990 


Ill 1111tll 1.l11l .l.l1I11 l1lil11l.l11 I d .. 11,,,, ,ll,I 



,- . 

IBM PC(XT 
COMPATIBLE 

PACKAGE 

~L~ ~~_:..:.;: 
· 640 RAM w/ Cloek Calendar • 2 

J60K 0""'" · Keybo&! d · S..rtal/ Pa1al· 
iel Pon s • , 'Z' H4gti Ae-5oluh¢n Monitor 
• Ek>• of 10 D!sJ<eUH 

s949 
Same Pac""g• wilh s1 049 

I Floppy & 2t>MB 
Karo Qr....., 

PACKAGE 

• 800286 8 MHz Pfoe~sso 1 • 640K 
RAM • 1.2 MB Floppy • 12" Moollot 

51349 
w/ 2'JM8 Hllld Or•w•....­ ........ $157' 

POWERMATE JI 

HMO DRIVES & CARDS 
SEAGATE 
20MB I/ 2 Ht. w/ Conltollor ....•..••..•..$271 
JOMB 1 / 2 HI. w/ Co11 uollar..............$31t 
40 MB 1/ 2 HI. w/ Controller......­ .•..*44t 
EVEREX EGA CARO. ..... ..... $1 39.115 

MINISCRIBE 
40MB 1/ 2 111. w/ Con!rol1or.•••­ ...... .mt 
CMS 20MB c..td.·-···· ········-----*33t 
CMS JOM B Co:d.............................U7t 

TOSHl8A 
360K 1/ 2 HI . w /Floppy Drlw............SH 

MODEMS & CVlDS 

~:~~t:::·:.::::::::::·~:::::·.::\: 
EVEREX 2400..................................1171 
M·2 Mouse... ............. ... .................$71 

t .7 MHL ·Dual Floppy°'"'"' ' 7&pan"°" 
Slols ·512~EJCpa.od•bl 10 teai< • Parallel & 
S.1i 1I P0t11 . MotJ.. . Av.II• In ~DI 
Moooctuome Syalern , Owr i 1000 Won.n or 
SollN<l'o·NO 01M1GEr 

Mono System 

sagg 

Pots0nftl Syatom 11 Modol 25............ ...SI 049 

PS II Mo<lol 21> w/ColOr Monl1or.... ....$ 1299 

PS II Model 60 w/ 44MB Hllfd Dtiva & 
1 720 k Flopov Dtlve........................$3599 

IBM P.1eon al Syalllm II Moni lora 
am Mono..................... ...... .. .............-$249 
~12Color .-- ................... ..............."479 
~13Colof................ ........ ................. .~ 

FX·88E.......$319.95 
FX·286E.....$469.9S 
FX.OOO.......$.d 29.95 

t0 ·800...... .$380.95 o-aso.......$.489.95 
l.0- 1000.....'639.95 
l 0-1050.....$6S9.95 
EX·800.......~ 19.9!5 
EX·I000,....$459.95 

~TA 
OKl· 120,.....$ 180.95 
O<IMA~.$ 1 39.lli 
O<DATAI00.$219.95 

Laserjet 
Serles II 

l¥1•1649 

• Kt ~bou-d • U OK RAM Powu 
T 1111 1b0Spud~ I 7}1 MHt • T-wo JI.OK 
Happy Onu'·~S 005 
Mo111 0 - Gu~l1110 C•·•d • Hl1h Ruolu1 10 -. 
Mon~ MHh t:11 ·FRE E Wotd Ptoccnll'lll 
t oltw • r4! 

'679 

TOSHIBA 1000 720K Floppy Drive 5 12K RAM '799 
4.77M H.z SuperTwl11LCOScleen Color Monl!or.. ................ .. .. ........... ..$214 
NEC MULTISPEE'D El.......... ..................Sls.-19 
NEC MULTJSPEEO.. . ... _ ..,..- .............$ 1'149 
TOSHIBA 1200.- ...... """ " ........ ,,,._ ..,SZ!Oll 

~r.fa~'.~'20: ...···:: ..:::··:: ·~:·~; ·· ·:: ..::~ 
ZENITH 16J.. ..........................--··· ......$2239 

~'if~/~",~J~~~........ ...................$1099 
SPARt<EL...-··-----~--.- .... ..$ 11 99 

c o mmodore 
121 PA CKAGE 
Commodore 121 Compulu • Commodou 
Orive • Commodor< 1902 Color Monilor 
Commodort 151 5 50 Column P1i11lcr 

THOM PSON 14· CGA 
Monitor... ................. .........................$.289 
fliO M PSO N ULHlA SCAN ........ ... $469 
MAGNAVOX EGA 
Monuor..........................................$J39 
wnr1EGA Caro..............................$459 

• 512K RAM Compu1er •KtyDOata •360K 
Floppy Qn,. • 4.T·7. 16 MHz • 1:2' Monll0< 
• &060·:2 Ptoc. tot 

s799 
Samo Packagttwiih S1049 

20MB H111d Orilltl 



3NI MARKO 
performance l/1rough quality 

OS -DD Ou&i 111y 0 ~:ICOU'11~ 
AvaJlable DS·HD 

Ce ll fer ev:s t Pr4cQ C eblos • Sw•tch0.!1 

Ni::i Mlmmu.m. COD',: and NAPO'!J •c; c:•P\•d 
5~1pi;ii1n.( • :t-4.6nelrtflll 11ch:U1d. l.,.. :1h.1ri:f"l•rlt• 
DI"! MC/VI 111 . POB i909!SI Tul:1.a. o~ ?.c I 59 

Circle 67 on Reader Service Card 

n DISK-KING 
Q 

WORLDWIDE SALE!! 
WNY lllSK THE UNKNOWN .. .wheti you can get 
prcrruum quality disks horn lhe Leader and 
lnvenror of magner1c media. lor leas!! 

• , l!ft.tm & catt.Diml .11 

.. !iLaa\o •O!P•l"'V'l,,~ 111 ~ -I~~;r:=r=A:~Uell • 
5.Z!i" OS-DD Oluettu: Bulk Boxed 

DISK-KING .35 .38 
DISK -KING Color. .48 . .55 
3M No Logo ... .. ...... , . . 52 .. .. . 62 
DISK-K\NG OSHD-"AT' •••• . •95 ... 1.05 
DISK-KING Col0<·DSHD •••• 1.05 . , 1.15 
3.5" DS·DD Ollklf!a: 
DISK-KING ............ 1.09 .. 1.19 
DISK-KING Color •.•..•..• 1.19 ... 1.29 

.79 . . . . . . . . . 5.25" ......... 1.59 

1.59 ........ . 3.50" ......... 4.75 

1.53 SSISO .... . 8.00" ... OSIOD 2.05 
3M Mndcln Kil tm 5.25" • , . 6 .99 !()( 3 5- . , 10.99 
3M Meg Tape 2400'w lseel . .. .. ...... 10.99 
3M Mag. Tape 12oo·w1seal . . .... , ... 7.99 
OC ·lOOO .. . .... 12.75 0C·300XUP ..... 19.45 
OC·2000 .... . .. 17.25 DC ·SOOA .... . .. 21.65 

Shar~ Your Printers1 

Thi" Swffg.-.,d Autom~tic Pl"inl ­
Cont.-olhir" he" 4 Per-ell<•/ Input,., 
end 2 p~,..011.,1 Output"I PC end 
Lo""'" Compellbl"' SlmullenRou" 
Dole Pelh, Mullipl" Copi<>" "nd 
Num.. .-ic Qi,.plo~I 641< Suffgr- ;,. 
E~oondobl" lo 25GKI 0.utomot lc 
or M"nuel Dp<>r,,lionl Th" 9.,,.l 
<1 lo 2 Prinl<>r-Sh.,r"ing Choic<> 111 

64K Model Onlt:J $278! 

ffiaxTech Computer Products 
CIC! Call(91B)i37-2600 ft(] 

os 00 JM"s Highland Oiskelles os MD 

.50 11 11•·•;, dl · "' ' ' " ·" ' , ,, 1.25 
*FREEBASF Color-Coded Modular 

Flexy FllH a •19u 11aluel 

5 25" DS ·OD 1n "Minidul60 - - \ _~... .83 
J so· OS·OO 1n 'Mlc.rodeif25 1.49 
5 25" OS·HO <n Soft BoK . . . . . --~ 1.29 
3 50" OS ·DO 1n Soltbox ...... .. . ....... , 1.42 
' • ' , IJ 1111 Plas11c L1br<11y Case .79 

pr~-f11rmQ1tl!dNashua 
abo u•·ailubl~.1!.'BRAND l)ISKElTES 

5 25" M020~ OSIOO I ll<lx!KI . . . 53 
525" MD2HO <OS·HO) Boxed ..... . . ., •••. 1.29 
5.25" MD·2F (OS-OD ~Tl'I) &mid •..•..••• 1.19 
J 60" MF ·2 iOS-00) Box~d 1.39 

RIBBONS STORAGE 
E.PKJ'IMX l~;ll / FX/ 018Qfe5 l -19 \M Dr O~'f!I SO • • . • • , 7.95 
E:~ .M.Xl iol;l;IF;t 1001 111~ J.7S jMI Ot0tol~Ol1l or l 'I.~ u ,9:i. 
~ LOlrol ••··• l .H l M 11.au llr1-Q'".J) 14.1111 
"'"°110 •")(1 , 3.98 SRW " """"''60 . . . . . 9.9S 
OW~lili hirru 'ipiJO!i 1. 19 .St!W .Y <i~J:.i'::t .. Qi•.$0 
[ ' IOl1• li7J t!;l1t1'113 . l .4! IBM. l"ra;ITltlll' J .ID 
A. PfaA!! l~Md ~ 2..7~ ~ AXP 4 ,99 

tE.RMS : ~O~Jl' .. VISA MJlllaUl!'U ~ 4Mfl l.-OO •t.llJ OO Plt1,1.M,1 

~I i" ~ ~I P1h. -.uJllMi Pram ·~tel •~t•lul•" eod 

Ol"Pr- ~ • .t.i e'I JO Sh~~U· t..c nuo ... ,....., '""....,, 
Affl i f~ ~ ~ ~~'IJl•'""''.11' •)l:d• l •4 

l ·&D0-523-9681 .m: 1-801-572-3589 
TLX -91024047 t 2 FAX-801-572-3327 

n DISKCOTECH 
OISKCO TECHNOLOGIES. INC. 

po Box 1339 Sandy. Ulah 84092 

SAFEWARE~ !rnur.rna> prowles full 

replwmem of hardware, media aml 


purch:l.5t'd SQftware. A.<. linle J.) S39/1T cover... 

• fir? • Theh • Pl'.lll'tr Sur~o 


• Earthquake • W.uer l.tamage • Auto Acride111 

FOi information or 1mlllt'di:ue cover:ige oil 


1-800-848-3469 

111 Ohf,J w ll 1·614·262·0559 

E1&11E) 
.WEWARL Tilt! /11.Surana .~...,m · inc 

=­
j ~ Tt.S.-. 
~ -'S. \;uh ,._, 
::i -=:._..= 

• 	Cash Register/Point of 
Sale/Inventory 

• 	100% dBASE Ill data files 
• 	Import into 1-2-3, Accounting,and 

most other programs 
• 	Interface to Bar Code, Receipt 

Printer, Cash Drawer, Register 

WE CARRY ALL 

HARDWARE, TOO!!! 


ORDER NOW 
(915) 837-7180 

SCR - Box 714 

Alpine, TX 79831 


Convert What 't'ou Have 
To What 't'ou Want I 

Antd&blt IMl!et11er 
rw IDr·PO o• 
.....Cl.... 

· ~~~r... 
• ~9•2=.at»e at • ~lfJ.:Ti~•~·:==r •=k11~Jd Birt lo 

• ~~ J JIOllwlti • : ~~~~ •-1 .. 
r~~..,"II muoh •• 2llO'OJ 

Sollw1110 • ~~~C VW CPU 
e MAlnlaino "°'­ option oriy $1 &.Jl!> · 

ovwoem cloci< - "(Pluo •hipping) 

1llSll ILIOftOIJOS, DIO. 
!'382 NE 115111 SI.. Redmond. WA 00052 

(106) 1181-lOlle 
IDMlot ln<1ulf... ln"'lt<JI• -~-·_.._._ 

~1'~9.!.t~ DATS~Ju~'!m1.~:H,,,~~-­

!!::1:; :~~,:i!;;
.,_ 

• 
,,:::;P'!lilii....~ 

IT E ~~-~=t ·,~-~~ 
I NE'):PfN5J\1£ ,. ,\'.f'I Ol"~W""'1:1 ' " 
co, ....f• ,& f I BU:. W•ll• 
I LIC Om()iU14!n 

Bu~..u~· .~.,.~ H'r"" 

WE ,o\LSO o r HJ' 
D•llll B u l !eta, L 1 r ~ t1 ()11 -.- A.j .. 
MOOllrti 5. p ,t>:J:X.04 CQri..., ~rtn. 

F'•r;11U • J S.1 1411 Cort'l'!l dl);l111. 
C. DI . Cornpu tf:!ort . P• 1n r1H
o .• o,Q ri" mndmOt(I 

AUTOMATIC CAAETAK EA ll 10.. fll l fUf 1 tiu.l.l•\tn O• 
..:n.oer to• l l4ll••1111 p1tt111111 U• m O<tem amo" 9 m.oin 1-" c.omprn1:or• 
OPG•11t 10.0 •• ruilv ''-' ' IJM41 11C "Wl~n ,.,o tt.ifh••.'U • rnJuir tlo.J 
Puall""I 01 S.r..at 4 c.n ;,ini~••• . S".295 eCrJ tfllfUll 'l - $.J- ~ 

.Y.... N'LJ,olll MA.!ltOI WJtCH •ti l)~ie L ...1 ..,. ,, " 1n• ra p GI 

' "' ' 1( 1"'1 2. J •M '1 .t man..i:.i Allow •l rriultArl~" C9Vl""'' U'• 
IUJl\lf" 

s.tt.<iel t 2 J.511- I ~ S: g.J i 2' IHJ'ill :t" 1\1!!8 
P11r .:-.: 1 2 .O Q 1 .i: j. 1'.Hl 1 2 si:g 2.i11 S1QQ 
k.W an~ •P• ~ • OICtte<lt0n O!'I Mital ,.,_.)06['1 .t00 '2G 
CODE AC1HIA16 CJ - P·O~T'ER :::~ Me,, ,-..n.,., (' e m~ur•r ro 
m 11l1lj'.ll fll l)lff phj1r•IL A aolr,.,;·110 c..txl'• wlw<.tt-•l'l• IJ4••~•1 
Piit•!l41 t U. r SottWlil -t c.n111lln iflJ I~ $2'0!i eeri.ru:11neh i.Jiil~ 
OuH111r OPCkOr'I l!li-4 1< • S. 100 ~ - $2~ 

Fl.Er.IOH! • 1'1!.Lt!PATH o:.v1tnf< 1a lll 1,1111.:i,. i::<:im~"ll'l'•I 1"1 

mu ll•Ol• rtp11i(lr• I• /I. Ml«1ot di• "4t'"-" e~•l"l"lfK.11•' er !"11"1m•J111-I 
C.l"iDOMh Oil l a " ~01)1'1'1' 1-.1....n iJ 1tl&Qol.icy1 bv~'I' :i.l•!Y:!o 

" • • '"~ "' 15 t.1' li'5 ,,.1.ctor - pjj 

==== ~' °1!..w•,....... ~--~­
11ose ELECTRONICS (713J 933-7673 

fl 0 - I OlC '4::"-'11 ..(: Ii 91SA Ar;oe9'l'1911 
110\llTONI. n n1 14 °""'' t~t ~"'"'~ 

C.AU. U :i FOR .A U l"Oc.tR i UTE lli'if:.liCE l\lf"f"OS 

http:p,t>:J:X.04
http:IJl�'""''.11


HAPPY 
NEW YEAR!TIMELINE INC. 

~------ ORDER DESK ONLY ------~ ~--------- .------~ 

<ac>°o1>8872~8s1a <aoor223~9911 11 ,21A3) T2c1h7:89'12 11 oe~~~~~~es 
INCREDIBLE PRICE 

..BLOWOUTS!. 

188 WATT 

SWITCHING POWER SUPPLY 
What a DEAL at $25.00! 

On/off switch in the front. Built in filter for easy 
power cord plug-in. Two 4-pin power plugs for 
floppy and/or hard disk drives. Large quantity in 
stock, but ORDER NOW: WHILE THEY LAST! 

Output: + 5.05V at 22A 
+12.02V al 4A 
-12.0V at 1A 
+ 12.59 Reg., 1.5A D.C. 

Dim: 131/2L X S1/2W X 23/4H 

(0-K MEMOnY) 

AST™ADVANTAGEfM 
MULTIFUNCTION CARD 

FOR YOUR IBM PC/AT 

Serial, parallel and game port standard 128Kb 
memory expandable to 1.5 Mb Piggyback allows 
expansion to 3.0 Mb. 
Board with: 512K Memory ...... ...... ............ $175.00 

1Mb Memory .. ... ... ...... ..... .... .. $235.00 
1.SMb Memory ..... .. ....... ........ $299.00 

Option for 2nd Serial Port ... .... ..... .... ....... . $ 20 .00 
We bought these from an OEM - BULK PACK. 
So, no AST'" box or manual. We supply our own 
manual. 1 Year Warranty. 

NIPPON PERIPHERALS 

FULL HEIGHT HARD DISK DRIVE 

~~~$,~b~m~O 8.2 Mb Formatted·i 75 ms average access time 

WITH WESTERN DIGITAL V2 CARD 

$149.00 

* FLOPPY DRIVES * 
OLIVETTI 

"The Ouiece~ c Drive" 
DIRECT DRIVE 

S65.00 
360K OS/OS 1/2 HT. 

QUME 
TRACK 142 

$65.00 
360K OS/OS 112 HT. 

REMEX 
RFD 480 

$35.00 
360K OS/OD 2/3 HT. 

~ THE SPY IN 
~ THE SKY 

NEC UPD791D 
(CHARGE COUPLED DEVICE) 

4096 ELEMENT 
This uni1 is a 4096 element linear image 
sensor lhal comes with a pre.amplifier board 
and AID board . The device can be used tor 
optical character recognit ion , documenl 
scanning or as a spectrometer . 

LINEAR IMAGE SENSOR 

' 
r 

S99.00 
SCSI CONTROLLER ADAPTEC 4070A 

S99.00 
1/0 for the ST 412-506 interface using RLL encoding 

FULCRUM TRACK BALL 
•Stationary Mouse sag
• PC Magazine Editors 

First Choice for CAD Use 

ORIG. PRICE $~ 
NOW $499 

1-9 ' .•..•.... • ........... 499 
10·99 . . ...... • ...... . .. ' 449 
100-499 . . . . . . . . . . . . . . . . . . 399 
500-999 . ... . . . .... ' .... ' . 375 
1000 + . ... . .. ... . "Let's Talk" 

(NO SHORTAGES HERE!) 

NEED A 
COLOR MONITOR 

.. FOR YOUR ~ 
MAC 1rM1 ~ 

" Makes all other Color 
Monitors look like faded 
curtains against this profes­
sional graphics display" 

1 YEAR WARRANTY 

ASK ABOUT OUR COLOR 
MONITORS FOR IBM PS/2 

Minimum Order: s2s.oo . Shipping & nanaung cM rgea .,ia 

UPS Ground: $.50/lb. UPS Air: S 1.00/ lb Minimum Charge: 
$4.00. We accept cashiers checks . MC or VISA. No pe1sona1 
check COD's- Items reflect 5% cash or check discount- Clllifor· 
nia residents aad 6•h% :;ales tax. Wa are not responsible lor 
typographical errors. All merchandise subjec t to prier sale. 
Phone orders welcome. Foreign Orders require spec ial 
handling. Prices subject to ch"nge wllhoul notice. 

FEBRUARY !988 • BYTE 291Circle 241 on Reader Senice Card 



Circle J74 011 Reader Service Carrl 

PC PERIPHERALS 


PCP 
FLOPPY DISK DRIVES Price 

Fujitsu 3-5" kit 7ZOK 119 00 
Toshiba 3.5" kit l.44mb 179.00 
Toshiba 360k dri~s 89.00 
Fujitsu 1.Zmb drives !10.00 
EXTERNAL 3.5 DRIVE 
IBMIATIXT 279_00 

INTEL MATH 

CO·PROCESSORS/ 


ABOVE/INBOARDS 

8087-2 149.00 
80287-8 249.00 
80287-10 289.00 
80387-16 499.00 
80387-20 !new 20mHz) 799.00 

lc<1ll for prices on inboard.I/ii~ bo<1rdsj 

RAM CHIPS. ALL BRANDS 
4164-1011211 Sns 
41256-10112/l Sns 

call for today's pricell 

SEFCO MIRAGE 

VIDEO CARD 


Emulates color programs 
on monochrome monitor. 
Runs color or PCP 
monochrome. Runs EGA SPECIAL 
1n text mode_ PRICE 
CALL FOR FULL SPECS! 119.00 

PRIAM LARGE CAPACITY 

HARD DRIVES 


Priam 45mb hard drive 
28ms average access time 619.00 

Priam 60mb hard drive 
23 ms average access 
time .••••••••••••••••• 895 .00 

Priam 75mb nard drive 
!8 ms average access time 
1ndudes controller card . . !029.00 

Priam IOOmb hard drive 
16ms average access time 
Includes controller card . • 1210.00 

Prram 130mb hard drive 
13ms Connects to AT 
conrroller . . . . . . . . . • • • • 1985.00 

Pr iam 233mb hard dnve 
12ms includes controller 
card. . . • • . . . • • • . • . . . . . 2295.00 

1804 N. Creek Parkway S., Suite JOS. 

Bothell, WA 9801 J 


(206) 487-9799 (BOO) 527-5677 

Tl.aMJ • CONDfTION:Sf Pi io:: o m lilt-~itr-1 l9 S(OO: ~~r~ Pr.:n 
.>rf' good'°" ~o ~· tt;ji~ th~ d~ll" °' ""1f..""lrJIJOl't .-~'"' 
P.:.otJ ~lt..-. C 0 0 . Cornp¥Py C.J"wlf.L C...'lttic'r1 Chn:ll; « r~~ 
... NJ':1r1JlC~ 1'0u r~ "'!~ IJ,.,. )Qll VM . 1\ t A;S'ia<".Am Oo! 

AM[Ji':IC.AN E-:..r.ll'.. Nrl lO I.Pl m~ •tr ......ll..IOtr' 10 c..l'.Jr~O'I~ O' 
rl:o~~ lr'Ul ift. f_-.YO. frl'l_.lnc:l.!il lnU1h1Ull ftl M\d {DI'~ ~ ~ ,.0 -\ .«· 
r ll!l)C«l w roth ..,3 I Dur111 & jr~'"1;~t !:.f.lM"lo;)
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5EALEVEL 
PROUDLY 
PRESENTS 

• 

• 

Du•I SIO S•rl•I lnqrf.ae.
Two 1~d8f!len.denb 8250116450 
ports. COM1 ·N, vusatile. ATS 
and c-rs. RS-232/ 422/ 485J 
448 compatible. 

ACB•ll AdvmncH Communr• 
~ou Soard. SYNC/ASYNC 
to 880K, OMA. 82530 sec. 
ATS. CTS. RXC. TXC signals. 
RS-232 / 422/ 485/ 449 
compatible 

SEALEVEL SYSTEMS INC. 
PO BOX 1808 

EASLEY. SC 29641 USA 

l803J 855-1581 

PC-WRITER TM 

IBM PC GtAPHICS 

LETTER QUALITY 
Enhancement for• 
Okidata MLl2A/'3A 
Ool Mitri• Printer• 

• Pl u 9 i n m o dule •.in1l y 1n\t1 ll is 

I' 

• O r1 lt I 120 CPSI & l•C! er Ou1 li t 
1n p 

1 

~ 
• Elut c h• r1c t• r p 11c ri 
• f ,. 0 0 1 o •nel • cce n to a l e u 
• Emul at ion o f IB M PC ~.Ot.if'm 
• Su p e t1c r l o n I \u b cqo u 
• f oreign I t C•il n t 1f c het .i! CUH ' 
•WotltJ w11h p een ~ iuv 1" 

gra p n 1c t 1 

• P rln tt v K '"••n Cf\l t .1 C: 1• ' ' 
in d b ci'f. 1 1y m bo l s • x.oc i l \I IS 
th•,. n d 1\0l ev (dou b l e h n • u 

e li ne bo x 1y m bo•is: I 

out OK ·WRITER"O k ld a ta 
~ea t \~,;~: f o1 $99 w i t h m any o f abo ve 

0 RAINBOW !IC~fK)o.OG<1$ INC 

18011·A ~llchell So., Irvine, CA 112714 
171•) 261 ·0221 Telo 316078 
UK D istributer : X -DATA 075 7 

Ciirr.lt 101 on ~ad.tr Stn•ict C.rd 

JKL's FEBRUARY BARGA! S 
JKL AT: 80386 (16 MHZ) 
w/case 20WI P.S., Keyboard $2195.00 
JKL AT 40: Above plus 40 Meg. HD. l 2 
Floppy. EGA Graphics Card, & Monitor S329S.OO 
JKL AT 80: Above plus 80 Meg. HD. 
1.2 Floppy, EGA & VGA Card. 
& Color Monllor S449S.OO 
JKL XT 30: 8088 (10 MHz). 15!MI. floppy. 
30 Mei1. HD. EGA graphic. 640K A.AM. monitor. 
par.. ser.• clock . . • • . • • $1095.00 
JKl ATP 30: 8286 (10 MHz), 640K RAM . 
40 Meg. HO, 31/l" & 51/• " lloppies. EGA. 
VGA. & MCGA monitor. par.. ser.. clock $1595.00 
VGA card with EGA & CGA grapnlcs !or XT& ATS295 

PJlce a. Mll1blllty sub)ICI IO ch1ng1 wit hout naUce 

Ja.:k Krochmal, Ltd. 
Compute rs, 

Pn1phe r.1h. & S1.1 ppHc.s 
i li Ell ,wmlh Dn V< 
s;i-,,, Sptrn~. M D '10910 
(3(!1 ) 565-29 10 I j87·32 3'2• 

Toll Free: 1-800-JK3·0386 

Ord• 118 ilfll Rnilu s.,m, Card 

REAL WORW 110 
For PC/XTIATs

AD20D • 4 cn1nnel 
1 2 ·~ 1 1 j\.Q UO •!O - . :=: 
10 ~HI <;-0mp1111g 
r~1e j 
lnst1umc-n1.a11on .. 
amp lrorn 

A0500end SlJ9 
l0l300 • 8 cnarmel. 8-b1I A'O. 51n9le 01A. 24 
P•OQrammaule 01g11a1 110 li nes S239 
•OSDU · acnannel 12-D•I A"O board Soll'Ware 
p1og1a:nma ~ 1e gains 01 1. 10 a n ~ 100 H1gn<y 
Jtcur'1e in1ogra11ng r,on , or1er 
7 01g11a1 l·O110'' H1gn-Z 1npu1 s. '239 
AD100 • Smg'• chillMI "" s1un ul AD500 10 0 1~1ta l 
I 0 ltnes Same o(C u"cy l!JHJ P•OIJ!ommablc 
Q""' s149 
DA600 • F,.1 s•\llmg l { ·bll rlu•I 01A co<1m1er $169 
DG24 • Drgtl31 I 0 tio.11a ~ 1 lh 2~ nL 1111" 
conhguran1e lri 1otwwt 595 
Xll-'O • [ ; sy r.oonP.ct ... 1-.n~wp101otype 
board iNrrti ter mma! s:1r1os 
OEM d1scoun1s avarlaDle 

Real Time Devices. Inc.. 
j'51Jl:.l'll'~ #'i;i.i;tfS'Al'(llN.f 

'10 ~JJllOI 
sr.6 t~ .i;:oou;c l'f.'M5rt11'.U.• 1...,. 

(814) 234-8087 

Circ/~ 103 on Rlail~r S•tTkt CanJ 

ATTENTION p•cad USERS 

Now you can increase the product­
iv ity of your software by using the 
new. . . 

RAPICAD buffer/decoder. 
Two buffers in one unit with parallel 
and serial in/out. Up to 1 M eg rota! 
memory. 

NO EXTERNAL DECODER 
need ed any more . . . b ecau se 

RAPICAD is fully p cad box compati · 

ble and sohware t ransparent , aflow· 

ing 1he use ~( p·cad and any o ther 

software with any pr inter, p lo tter, 

laser. etc. 

Prices as low as $995.00 


z•
..
INTECTRA Inc. 

2629 Ter111inal Blvd. 

Mtn . View, CA 94043 
(415) 964-5018 

SAME-DAY SHIPMENT! 
MONEY-BACK GUARANTEE! 
"RS·232C TO CURRENT LOOP 
Bl-DIRECTIONAL 
CONVERTER" 
Model 232CL2 
ooty S89.95 
lnr en.1c.e 'fOw RS -232 pon 1a ~XLS.Ung aJn~n. r loop 
sy>I.,., Model 2JlCL2COUl)i4s ~na isoialos Tr.1n.\mll 
•M J\O(t/Vt om WC1!J11h n.cn•P<•d <IPllUI ... Ja[CtL
Po"""" lrom prn< 4. 5,6. B•nO 20 on1he RS-232 
s1de . o.1t JJ ~n mus!~ tllQh . one.mus.l be IO'iN 
No~J l~i)JilllC-4~Ur. l ~OO/'T" Jt K.t .!ik«1 iilPS·11V lY. 
~~ltlUlfr.fl lto.trK1tl!):'(l (IOl"lr4;~jt.i\t. Oii'tT ~ U_95 

Ordt1 cllieel from 1111oulac!ore1 TODAY 1od SAVE • 
,.,,,..., ,.,... FllEE copy ol 8 & ' EucrROlilCS . 
Clllltlf wNM UllU /Jiltl o/ llrllrl1<u/ld • 
monl/olhlglqlllpmffllttt RS-132 ~II. -~--

' lemtt. VIM MC tun oi t~ UOl!.Dl!IG , PO 1t1llm ~ 
l).!.l!lllf(l Iii ' rirf~ lf«cOted 1l 1 ~~1:s. .i.1Ci 6 V1 ii. u .1u 

B11B~~~~ 
l!fill 'llj(t\lio'ra;a' lho•tll b 100·~ l 6U':ll 

Phone: 815-434·0846 

Circle 16 on RHIJ~r S.mcr C.Onl 

http:ltlUlfr.fl
http:r.oonP.ct
http:S449S.OO
http:S329S.OO
http:Ciirr.lt
http:ift.f_-.YO
http:E-:..r.ll
http:AM[Ji':IC.AN
http:A;S'ia<".Am


The Amazing A·BUS 

Plug into the future 

With the A-BUS you can plug your PC (IBM, Apple. 
TRS-80) into a future of exciting new applications in the fields 
of control. monitoring, automation, sensing, robotics. etc. 

Alpha's modular A·BUS offers a proven method to build your 
"custom" system today. Tomorrow, when you are ready to take 
another step. you will be able to add more functions. This is ideal for 
first time experimenting and teaching. 

A-BUS control can be entirely done in simple BASIC or Pascal, 
and no knowledge of electronics is required! 

An A-BUS system consists of the A-BUS adapter plugged into 
your computer and a cable to connect the Adapter to 1 or 2 A-BUS 
cards. The same cable will also fit an A-BUS Motherboard for 
expansion up to 25 cards in any combination. 

The A-BUS is backed by Alpha's continuing support (our 11th 
An A·BUS system with two Motherboard!I year. 50000 customers in over 60 countries). 

"·BUS •d11>1er llBMl In lcreoround 

About the A-BUS: 
• All lhe A· BUS cards aie very easy to use with any l~nguage Ihat can 
<ead or w11te lo a Po1t or Memory. In BASIC.use INP and OUT {or PE EK and 
POKE wilh ~101es and Tandy Color C-Omoutersl 
• Thev are all compatlblew1lh each olher You can mix and match un 10 25 
cards 10 ht voui apolccat1on Card addresses are eas<ly set wrth 1um!)€rs 
• A· BUS cards are sh1oood wllh power suoo11es 1exceo1 PO· l23l and 
detailed manuals hncltiding schemal1cs and programming examples) ST· t4 3 

Relay Card RE-140: s129 
Includes e1ghl 1ndustnal relays {3 amo contacts SPSn 1ndiv1dually 
controlled and latched. 8 LED's show stalUs Easy to use !OUT or POK£ In 
BASIC) Card address •s 1umoer selecTable 

Reed Relay Card RE-15a: S99 
Same le.i1ures .1s abo~e . Uut uses BReed Aetays 10switch1ow level sionals 
120mA ma•\ Use as .1 channel se lec10r solid state relay driver. etc Cl · t 4~ 

Ana log In put Ca rd AD·142: s12e 
Eight analog inputs O 10 +5V range can be c~panded 10 1 OOV IJy adding a 
resistm 8 b11 resolul1on (20mV) Convcr sio11 lime 120us Perfecl 10 
measure voltage. 1omocrature. li9h1 levels. pressure. e1c Very aasy lo use 

12 Bit AID Converter AN-146: $139 
This analCl(I to digital convener is acr.uralP. IO .025% lnpu! rnnge 1s - 4V 10 
+4V Resolulion- 1 m1llivoll Th eon board ampt iTie1 !lOOS!S siQnals up 10 50 RE·140 
times 10 read nucrovolls . Conve1s1on 11me is 130ms. ldea1 tor thermocouple. 
slrain gauge.elc 1 channel (Expand to achannels using !he RE-156 card I 

Digital Input Card 1N-141: S59 
The eight inouls are oot1ca11y Iso lated. so 11 ·s sa le and easy to connect a11y 
"onlolr' devices. such as switches. 1hermosta1s . alarm loops. elc. to your 
compute1 To read lhe eiQht 1npuls. simply use BASIC INP for PEEK). 

24 Line TTL 1/0 DG·148: S65 
Coonecl 24 Input or output signals (switches or any ITL device\ to your 

IN-141comouter The card can be set for input. latcned outout . s1roi>ed oulout. 
strobed 1npul , and/or bid irectional strobed 1/0 Uses lhe 8255 A ch1D 

Clock with Alarm CL-144: S89 
Powerlul clock/calendar wilh: tlaltery backup for lime, Oate and Alarm 
setting (lime and date): burtt in alarm relay. led and ttuner timing In 1/100 
second Easy to use decimal lormat Lithium ball~rv included. 

Touch Tone®Decoder PH-145; S79 
Each lone 1s converted into a number which is stored on the board Simply 
read the number with INP or POKE Use lor remote con1rol oroiecls, etc 

A·BUS Prototyping Card PR-152: s1 s 
31'2 by 41k in with oower and grnund bus Fits up to 10 1.C.s 

AO· t4 2 

The complete set of A-BUS User's Manuals is available for $10. 

Smart Stepper Controller sc-149: s2g9 
World's lines! s1e poer controller On boa'd 1111C1Qorocesso< con!<ols 4 
1T10lors stmullaneOIJSlv lncredibty.11 Jtceots pla in English commands like 
"Move aim 1 0.2 iocMs lefl" Many cornolex seouenccs can be de lined as 
"macros" and s1ored in !he on board memory For each a"s vo11 cancon1 ,01 
co0rdmate lrelalrve or absolu tel. ramo1ng.snee~ s1en tvoe !halt. full. "'"vel 
scale lactor. unils. holding oower etc Many 1nouts 8 11 0111 & "wait un11I " 
switches. panic outton. etc On lhe lly ieoort1n~ oT POSJ!lon speed etc On 
ooard drivers 1350mAI 101small sleooerslM0·1031 Sendlor SC· 149 ltyer 
Remote Control Keypad Option RC· 1 21 : $49 
To conlrol Ille 4 molors d1rncllv. and "leach" seQuences ol mol •ans 
Power Driver Board Option PD·123: S89 
EX!oSI controller drive 10 5 amps per ohase For two motors ieighl dr1ve1 I 
Breakout Board Option BB· l 22: S19 
For easy connec11on ot 2mo1ors 3 It cable ends w•th screw terminal board 

Stepper Motor Driver sT-143: s19 
S1eoper mnlnrs 3re rhe t11T1mate 1n moiron con1ror The special oar,k age 
{below) includes everyTh1ng you need 10 ge l familiar with 1heru Each c~rd 
dr ives two steo[)t!r motors 112v. bid11ec11ona1 4 ohase 350mA Iler nhasel 
Special Package: 2motors (MO· 1031 + ST·t43 PA-181 : $99 

Stepper Motors M0·103: s15or41orS39 
Pancake lype_211•· d1a. 'I;'' shall . 7 5° ls leo 4 phase b1d1rect•0na1 300 
steolsec. 12V.36 ohm. b•oolar.5oz·m 101oue. same as Airoa~ K82701 ·P2. 

Current Developments 
Intelligent Voice Synthes11ei . 14 BH Analog 10 01gilal convener 4 Cha1111ttl 
01grtal to Analog converter Co11nter Timer . Vo ice Re<:ognrt100 

A·BUS Adapters for: 
IBM PC. XT AT and compatibles. Uses "'"' S~ll<I <!OP AR· 133 S69 
Tandy 1000. 1000 EX &SX. 1200,3000.Usosane •ho:I s•al AR-133 $69 
Aople II. II+ lie Uses anv slol AA·134 ...S49 
TRS·80 Model 102 200 Pi1JQS onlO 40 oin "<vsrem oos· AR-136 S69 
Model 100 U>"540 pon socl<el 1Socker '' du[ll •cai~oon adjote•l AA · \35 S69 
TRS·80 Mod 3.4 .4 0 f'1t s 50 n•n ll!1s (W.in ~a<d a.Sk us~ v- ca~1~1 AR·132 $49 
TAS·80 Model 4 P lnoluden.iro c.at>I• 150 01nil!Js "1ccM,,nl AR·137 $62 
TRS·BO Model I Pl"q' 1n10 40 pin 1/0 ill•s on ~ 8 or Ell AR·131 $39 
Corm Computers 1Tandy).F11' ROM s1 01 Mu ltma ~ or Y·c.;tJ<; AR·l.18 $49 

A· BUS Cable (3 ft, so cond.) CA·1 63: S24 
Olnr1ects lhe A· BUS adapter to one A· BUS card or to l 1r~! Mo1herboa1d 
Special cable for two A-BUS cards: CA·162: $34 

A·BUS Motherboard Me-120: S99 
Each Motherboard holds live A·BUS cards A smh connm; 101 allows a 
secona Motherwara to be added 10 lhr. llrst lw•Th r.onneciino cao1e CA· 
161 · S121 Up to live Motherboards c-an t>e jo"1ed this way to-a smgle A· 
BUS adao1er . Sturdv alum <11um frame amt card guides included 

Technical into: (203) 856·1806Add s3.oo pero•d•• ror•Mpp1ng . Ai~~ ALPiflA {Jtl@@~~Vlu. MC, cneck1, M.O. welcome. 
CT & NY rHldenl• odd ,.,.. le>. ?1~~5.,~VY 800 221-091 6
C.O.D. odd $3.00 exln1. 

Connetlicul orders: (203) 348·9436 
~:~1d:~.·~~~P:~1•S5 ,5,•"" '""""""'c ....... , 242- B West Avenue, Darien, CT 06820 All lines open weekdays 9 to 5 Eastern time 
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EPROM 

PROGRAMMER 

From 
$250.00 

PC BASED OR --._-' 
TAND-ALONE/ RS-23 2 

From A No.me You Can Tru.st 

LOGICAL DEVICES INC. 

1101 N.W. 6'i1h Plai:c 


Ft. Liu<lcrda!c, Fl 33309 


1-800-331-7766 (305) 974-0967 
Telex 38 :H42 Fax (305) 974-853 1 

C'irrlt 127 on IWHlttr Sen·iu Can/ 

PROMPT DELIVERY!!! 
SAME DAY SHIPPING (USUALLY! 
OJ,.Umtv OP-.'E P'f'llC"E5 SCMW '°" DfiC la. lW7 

DYNAMIC RAM 
1048Kx I 100 ns 
256Kx• 100 ns 

• 256Kx 1 100 ns 
r,.i KA•I 150 ns 

2fi6Kx I 60 nS 
256KJ< 1 100 ns 
256Kx1 120 ns 
256Klc 1 150 ns 

• s-nv.• 120 ns 
EPROM 

•2BKx8 150 ns 
64Kx8 200 ns 
:i<K>:B 250 ns 
,SKxll 250 ns 

STATIC RAM 
.. 43256L-12 J2Kx8 l 20 ns 

5565PL·15 BKJ<B 150 ns 

( 'frr/, 151 on Rudtr Str'l'iu Caffl 

PDK51 


The $595 Solution to 8051 

Product D• velopment 


The POK5 I 1s a powerlul and econonncal 
chOlce for tne d11V111ojlmen1 o! 8051-bBMd 
oysre.ms. The POK51 '" used with an IB '-!·PC or 
oqu1.alem .00 Includes: 

• SIBEC-1 1 8052 Bas ic Mlcroconlroller 
• SXA5 I Cro~5 ~arnbltH 
• ROM·B..,ed Monllor/O<>bugger 
• PROM Pr09rammer 
• P,,..,.,r Suppli es 

" Doc.umeme1 on. Turonal and More 


Call Now/ (603) 469-3232 

[IBinary Technology. Inc. 
f.la ,n St. P .O. 6o• 57. Mertd•n. NH 03770 

• Call JO< ewe prices. 
• Conlltlller mill uals $8 oac~ 

" WE 
BUY 
ANO 

SELl " 

Motion Control & 
Data Acquisition 

ow do_you do It? Use our Locet Appllcallona 
Bus. LAB 40. One host adapter($! 50) su"f8rt5 
~~n~'.dtl, like I hose ebovo, on e It. 

ADAPTEC 
PC.XT ConlrollOI ST!i061412 , • , , , • , • • J.l5 
0012 Pet:>:'T RU . • • • • • • • • • • . s._qa 
35:lO SCSI 10 ll!pe OIC 36 , ••• , . •• • . • •. . • • ,ml 
4000 SCSI 10 $1506/415 . . . •... , . • • . . . • . • . . • S89 
4010 SCSI 10 ST&l61A12 All • _ •••• , • • 198 
4520 SCSllo ES{)I . , • . • • . . ... . . . . .. • . . .$00 
5500 SCSI 10 ST506/4l2 $1~ 
55811 SCSI lo SMO .. • ,... , • • • • $175 
XEBEC 
81410 SASI Con11Cllol $109 
51420 Si'SI ID 5 " Floppy &HBJd Disk Ccnuollei $99 
i\Wl6 II, II+, II E H~ !\daj)4er . $29 
Toshiba PC 10 S,.S VSCSI HoSI /'<iap1or .$29 
9205 Mulllbu> Hard Disk Con1rolloI S-1911 
9:lQ5D IEEE 48& (HPIB) IO ST506/412 C<>ntroll&r l89 
MOO $ASI IO Si.10 Controller ' ' • $149 
OTHERS 
OMTI 20C. l SASI Con1rcjler " • , . -$99 
UfC 5IOA SASI Cool/Oller $99 
SllugBI1 1610.1.3 O! • SASllSCSI Con1rollOI - _$79 
WO 1002.sHO Xebec Compa!Jble SASJ C<l<>~OIJ&< S-109 

Pluae cti ll (41 6) 756-1978 forlrH lltentture. 

( omputer ' ontinuum 
(•\IS) 7~t:i 197S 

75 Southg.010 Av~, Surto 6 Mntl••m 1'11'i~ 755 1524 
Only C11y. CA 94015 Toto• Jn7UD 

ii VT240 Smarl Tennlnsl Emulstot 
and CammunlcBIJons Program 
lot m. 1111 XT. AT. rsn lllld ump«t/Jln 

VT241 

$295 
plus your PC 
or compallble 

..&.w.laJ.~ .1 ni.ui.. 1 a.t l..i& 
l"""Li><~ 

.. lom,r*1r \Tl.at) ·'\1'.~i c..rni.:ilr.lll.oo 

nd1M1111s 1 1ocdt.11..1~·t:ith r dut..bk· 

111"'ii::~.1r-~ \"tlOOO'J'C!~ 

""--~·andpnloodob~r""" 

•A1 rbl 1:!ii roh1.mr1~ d~~.1.~ 

in lll<Olurnn....;."" 11>< (Go\. 
ff.A. \~ IOI! Hae.la ..i..~"' 

... fU~ T~l.:rronil .:.lQ.'iOt..i. U\tl l...-ld 

RcG IS Vll'ii" '"'1fO'l­

·ilR.\tlT .IOI! XMODB I """''"'­
.Uol<l'ftW'n 8m Ntt!O.. and 
VMS s.om. ror is.oos _. 

Also !Miiiabie VT220. VT100, 0400. 4014 
emule!ors and the " ""'"'' ' 1a1io11" VT200 61yle 
keyboard. 
KE.A SYS TEMS LTD. 
5*412. 215/l lllts!8'WOll3i ~BC GIWI ~4<9 
ftltpl/or.t j6)4/ r.I2.Ull r~.d)f.JS28410l Fa: '6D'l l'WJ715 
i)tlli" M1t: ~lrll Tai FTH 
31!<Uy_lll<j;_ ~ 

LOCAL AND REMOTE 1/0 

THE EASY WAY 


111 8 (ln•fog lnfXlflJ. 

• 8 r:r;nr•rl l~l•W~J Jl"fPU~ 
111 8 ,,,1,,v t1ri "r'f1r ootpul& 
1111 6 option•J ~Is.~ •r.wmr.1Jltt1J~ 
• S..H Pnc• wrth ln'(}(j•m· 1 595 00 

The MOJAVE LMX 1/0 processor communi ­
cates wi1h any compu ter or terminal In ASCII 
over RS -232 o r over built in Bell 103 or Bell 
202 modems, Operates ovor v ir1ually any 
distance O\lilr dial up or over multl--drop •odio 
or cable. A small battery can pow er the LMX 
for up to 4 years. Larger capaci ty 110 pro ­
cessors are available. 

~ .;} :£~.t!:'I '. I "W•'re lh• 1/0 SP'JCill lU.ls" 
7100 Hovvenrwrs1 A"8. . Ven Nuvo. CA 91406 

BIS-902·1611 , FAX 918·902 ·1934 

Qnk 1'2M llatJUr.~ Caffl 

rrs NOT 29" PWS THIS AND THAT, IT'S

29¢ 

2 lot 1 ·~ guAOOIOe 111 tul 6V.O" 

io.ni ""'"°' OOi«tNe - .....,.. 
Widl -- tab&, W>tl• EAOi 

51/t OS!IO ill<I 001 ••... 2Sc 
!IS·OOMo !ol) l9! 
Ct.JU 5'1• OS.ttl IWtl. 50t •!le 
;w oell.,ll HO II.lo Ioli! l"I< 
~<I io 5'1dJSOO IWwl 1 ~1 IU9 
e.:.~ 1~Uxiw.-osoo 

F..-"-C... 1U..IJ 
J1..;· 'SS.Ol ilM. 251 . . . . . 1181 

'O!.00 (Yr\ lSi lllll 

Dlll !Clllllllll1'n~ 
)ft00~1* 11 l lUO 
llro , !IWll IM:I CMIPllQt 
ilaol) !laJo 

-~~ 
~""--"'·- _IOCl'lt~W...·s..i.,, .... 

~ 13!0"'""' ""'''!C-m allC'l!Sl... ­

1.aoo.s31.1eoo .1 r-o 
~No. 2Il ~· 

Doil!~ 112JP.O Bot!1@.S...FMOllQ. CA9'111 

controls up~~~ ~ 
to 4 motors ~ 

tromanyan, ~~~# 
terminal!' .,./-; #'... 1 
compuMr~ /..... 'nJ 

o 
0 

~EP~~ 
MOTOR 

• Self Co~talned & 'ie~~Ji~~R 
All logic , ~Mes & pow•t •upplles bull! in 

• Sland·Alone opera1ion - or ­
• Acts as a Slave 10 a nost compuler 
• RS·232 Interface @ up to 19.2Kbaud 
• Switch Inputs & Relay Outputs 
• Dnves any size molor 
• New " Smooth-Stepping" Drives Avall 
• Simple Menu·Driven programming 

(800) 346·017 B 

Box 739, State College, PA 16804 


mailto:Bot!1@.S...FMOllQ
http:SP'JCilllU.ls
http:oysre.ms


We accept cash, checks. 
purchase orders from qualifled firms and 
lnslltutions. Minimum prepaid order $15.00. 

SATISFACTION GUARANTEED 
OR YOUR MONEY BACK I 

8 MHz TURBO-XT 
• 6 .1 0K o f RAM 

• B Slots 
• .160K D•sk Dr ive • DelLJx<:< Keyboard 
• 150 Watt Power Supply • 0 s C t lier 
• 4 77 & 8 MH.: ' c 0 

" ro 

OPTION A 
• H1Qt1 Resoiu11on Arn bor F'Jat Sc1een 
., ....hgl, Ae-30lu iion GrnphlC& CMO 
• PtuaUel Printer Pon 

ADD s149 
OPTION B 

• Ht-fies RGB Colol Monolo• 
• H tQ h Aesolut•on ClraphjClJ Coro 
• Parallel Pr1ntfH Porc 

OPTION C 
• Hard Ot~~ Do1w1 10., Cabl@'S 
• 01Jnl Hurd 01'iiti: Co r1u 0Uer 
30M8XT 20MBAT 

ADD S298 ADD $298 ADD $298 

Turbo-AT 
• &40K o! RAM 

E•1>11ndo 10 1 "1B 
• 2QQ Woll Pow er Supply 

• AT-S!yl& Key~o~rd 
• Ono Year WiurantY 
• Clo ell !Calendar 

~~ 200 CPS RADIX

$19995: f LV2015 

L•SI Pnce '649 $2 9 9 
• '6K auum srAn A~o1;: LW010 

• 17 x 9 !ea r Lellef Ou hi 'I • A..:lp• .ti l aole Pust\e! f1 c tor 
• IBM Gr;ipt11c~ • Opt> 'Ve.@r F~ t:, ~' Y \Y;:l1 M nrv 

• 200 CPS B•-01reC11or.n1 15" wide. 

132 Coh1mn 
• Parnuel A Se''''' 

TOSHIBA P341e 

$498 
L t5l Pn~e 11049 

• 180 CPS, 24 PIN 
• IBM Emulation 
• One Vear Toshiba warranty 
• For Tractor adc1 199 

30 MB HARD DISK@ 
1 

Complete Kit with 
3H~~~i~~~~c~~~l~eE LASER PRINTER 

• . . . ::, ~."~' 6$958 $~'~'§*~ 
..Coniroller !or Your PC/XT 

ATDRIVES $298 
20 MB 30 M[3 40 MB 20 MB PC I XT Kit 

l198 '398 s42s &278 

1200 BAUD 
DE.LUXE MODEM 

$75 
lndudlng FrM Sollw•r• 

Hayes Compa!lble \7 Slot Card 
On-board Speaker 

1200 External .. . .. , . • • . • . '99 
2400 In ternal w/ so tiwere . •. '149 
2400 External . .... ...... . . 1169 

• 300 x 300 DPI Resolu tion 1.5 M B RA M 198 
Limited Quantify TM100·2 • 8 PoQo• Per M lnutu Exira Toner Cartndg 159 

EGA PACKAGE 

$498 
L•tl l 1C<' "198 

Hi-res EGA Vid eo Card .. ~ i 4 8 

H l · r ~S EGA Mooitor•. '378 
• Dual Moda Mont101 
• Non-olMe :.u mm Dot Pi tch 
• &.lO • 3~0 . 6 ~0 • 200 
• EG/'I, CO A MOA ., ~GA 
• 1CXJ'lfo IBM Cornpo11n10 
• 2.56K o• Vlaoo RA M 

HI-RES RGB 
MONITOR 

$258 
L•::II Pr 1C:tl' 1699 

• &Ul • 240 I~ " Non-glare Tuoe 
• s~. o x 200. 16 Cu10111 
• lncluOes Fr< Caul~ ii. T ll1-n-Swlvel 

M 11mdacu.i19tf 

e\' ~..am.sung 

HARDCARD -~s) Plus ''iim 
21 MB Card Hardcard 20 

s33s s55a 
43 MB Card Hardcard 40

s4aa sa2a 

NEC 
MULTISVNC 

$529 
MOUSE 
~$58 

MICROSOFT. 

MOUSE 
Serial or BUS 

EPSON 
$198 

Isl Price '299 

PRINTER 

LX-800, FX-86e, FX-286e, L0-800, L0-850, LQ- 1050 
L0-1000. EX-800, EX­ 1000, L0­ 2500, G0-3500 1:r Cot.or Monilor 

With Software With Software Call For Our Best Price! 

NO-SLOT CLOCK 31h" DISK DRIVE 
fi...,. HEWL.E T1' 
11.."'l"'...9 PACKARD 

For Vcu• PC-XT (C ion&) or ,l,pplo l'OA YOUR PC IXT/AT LASERJET II 
Math Co-Processor 

8087 5109 
8087-2 s149 
8087·1 5199 

• U~~~ No Sio • 80287 5179 
• 70 Ya•• 8a11 ery 
"' lru:lud6:5 Soll ware 80287-8 ~249 

s128 
72ClK 01slo. D n"'I! Fo r 
M 5.5 su,,~ ue o, i o r 

Oow n L01tdrng 10 yaut 
L~1p- Jop Comp u l! 1 
l'lequlr.. O O S :1. 20 

$1798 
~ 

. 
l 1'-o l ~(!Cf! 

' 15.\\~ 

PIL4 p-ln Cloc.k Goud ror PC.. . •49 80287-10 --~299 Includes Mounting Kil 

PL,ACE ORDERS TOLL FREE! 

Continental U.S.A. (800)421-5500 

Inside California (800)262-171 0
JADECOMPUTER Tele Fax (213) 675-25.22 

4901 W Rosecrans Ave Box 5046 	 Price' al our six slore localions will be Ca 8 Ti 1esoi:Jsn1> odd ~les la' Prices & 

higher. avaltabill ly subjec1lo c hange w l lhoul nutlcc:. Hawthorne, CA 90251-5046 
crndl! card .s or 	 Sh1po.ng ,~ 11ana1ing r:ti.;rge s ,.~ U l'S 

Gruuno Soc ·10 U S A,r Sl OO'lli Minimum 
charge S3 .oo 

http:Sh1po.ng
http:675-25.22


PAL®/EPLD 
PROGRAMMER 

f'rom 

$689.00 


St.i nd AlnneJ R -l}~ Programs and V ~ ri fie5 
2012·1 pin PL O!< fro ru MMI. Tl, N•rlonnl 
C:yprc~. Latrice. AMD. Alt era 

From A Name You Can T'rU.st 

LOGICAL DEVICES INC. 

1101 N.W. 651h Pl.ic( 


h . I a11dmfal~. 1l HIO'J 


1-800-331-7766 (305) 974·0967 

Telex ; s3142 Fax (30}) 974 ·8~}1 


6805/6305 SINGLE CHIP 

MICROCOMPUTER 


DEVELOPMENT SYSTEMS 

"TINO gys1em1SllOW lh9 16M PCIXTIAT 10 bo used ilD 

n complete dowlopmonl syslom f<l< lhe MOTOROLA 

6805 serlas single chip mlcrocom_pu1ors. Mooel 

MCPM·I eupporl!l ll!o MC68705P3. PS. UJ. US, R3. 

& RS ehlpa . Model MCPM·2 svppOllS •~e 

MC1468705"2 & G2 cmoo "'"'Ions. Both S'f.l!l!rn:J we 

prtced Ill $495 •nd Include a cross asaembler p<o­

gram, n SlmulolodOob~r program lllld n pn>gl11!TI· 


1 ~~,:ri~ 1o~.rr!J.~H"l°~~r;~~lm"r:.~m 1' 
THE ENGINEERS COLLABORATIVE 

P.O. Box 53, Wesl Glovar, VT 05675 
(802) 525-3468 

5.25 DSDD 
,"Jt __, DISKETTES 

100% CERTIF'IED 
100% GUARANTEED 

N Mt; BRANO QUALITY AT DISCOU NT PRJCt:S 
96 TPI DISKt:m:s ~9t 


CALL f'OR QUANTITY DISCOUNTS 

Pt:~NAL. t..\IJEIJNGAVAHJ.Bl.E 

IRAP- IT SllRINK WRAPPING KIT 


OISKtrn: PACKAGING MAClllN F.RY 

3.5 & 5.25 SLEF.VING 
IABWllC. PRIJmlk). 8U1J( PAOOClllG 


VACIJ\lllOO, tlfl:AlllmC 


lfl'SCO/(fl lfOf?jj) f/?;11)£ 
1- (800)- 338- 1805 l- (20:J)- 739 - 719 1 

X,;11';t 

1111 IBM PC I VT220 
EM210 • 	 JT:!Jn. VT/02 1·m11hlWm 

Filr 7i~J1ul~·1$169 

C1Jf1t1~ufl,,1ir1 

f/,,1 A',., 

1111 TEK 401014014 
F.M40l0. 	fi·~f1•u11,Jf}/()i ·umfWtfrjr 

~T22f), t Tl,,2 ~·nm/111•1m$249 
H10,:J1 r~·~filrwwi hwdt 0111 

Jt1f'/i1111~ !RU . IR.\f F1Jlw111 uJ 
H4 ·1~ 11/n Ii 1 tti•.i iiud H,{[ 

tj 
/JCS 
.1mfri,.1,.· . S1111.·/8 

- 8mdolrr. rn 110.WI 
(JO.II -l~7.92 51 

#!_/ue!cQ 

-- ---........: 1­
A Numurn::al Ana ly 91s Bo 


Equntoon Handling Pro gra m 

Tlris 1.s wonderful fl ro9mn1." 

M 1.1fhe1ntwr..t /ns rructot. 
·~ • i r W b.$' D life $(}Vt)( 

Stuf/slla.t Prole soi. 
• 	E:'ntm oiq~uwona. fUJsilv1 o<111. nnd IOI\' 


11'• <h•t lrnpl 

• Equat ions 1c &07lt1 le f rorn any ASCII IOJC I 1i lr 

• Symbcllc. mnnlpulailon 
• Up to 1000 0 0 1' h ihH\ 1 '1Qu1n 1on , 
• AcQu fres IBM f>C. 2661it. ur mo•e.. 
• $40 &cadnmlc. $90 tornrnn•ct ot 

See Nov 'Si 13\lll 
" '.VH AT 'S NEW" PB OC 94 

Un1 vtinlt ~ o f W' !CQn.Sln ·Mad1 11ton 

1025 WQ" Johnoon Stroc • 


Mod1oon. Wr 63706 

soon 01.s243. w10001~ 62- 0020 


MICROSYSTEMS, INC. 
103 l'lauUI 40 1t/j!•I 
Fo1r11orct, NJ 07006 

(201) 22'7-1565 
01dori; only 

•·80Q.5•3.CHAS 
TELEX 6!iOJM t 175 

8088 Turbo Compul•r 
• 4,Tl/10 MH? • 640K • AT Style K.eytioaid • 


2 360.K. disk drive • 2 Parallel • Serlal • Game 

• Clock & Calendru w/ba1ts l)' • Mono graphics 

card • Amber monitor •\Nord Perfect e·xecullve 

• 1 YEAR WARRANTY $639.00 {$1 ,050.00 whh 


20 mag hrud dlsk drive and 1 lloppy) • 

286 'Tilrt>o Compult1r 


6110 MHz • 640K • Enhanl:(Jd key!)O&ld • 1.2 MB 

FD • J60K FO • 2 Pa ralle l • 5'1rt8) • Gome • Clock 

& Cal8ndo1 vo'bt!.uory • MMo QNlllhk:3 card • Amb<l r 

moMr:lr •Won!Piorlecl ExK<Jd"9 • 1 YR.\'W'IR/INTY • 

$1300 {S1600 *IQ meg hi-speed HO "'1.2 nwg !loWi) 


- Color 111d EGA Syiieml AQll1.ble H 

• 20 MB HD Kil $260 • 30 MB HD Kit S275 • 

• Hayes compallble modems s1an a1 $"15 • 


Printers atan al 5160 

Portable aystarns also evellablo 


WE GN1 CUSTOMCONFIGURE ANY S'ISTEMI 
CA.U. FOR PRICE USTl Oflll.fA 1Pm1JIAIES WEU:OMIDI 


I"""' Wl>j<l<I IO <l>OWIJ'I wllhool -;c.) 


r}~"EPROM 
~q~ PROGRAMMER 


APROTEK 1000 

ONLY 


$225.00 
COMPLeTE w rrH 


F'ERSONA UTY 

MODULE 

\ I 7 AC POWER·RS-232 CONNECT 

-6 BAUD AATES - H/\NOSHAK E TO HOST 


AllOWI 11£.lD, WlllTE, YUll'Y • COPY 
Comes CilmplO\e with IBM-PC, Apple lie, or CP"' 
(Sp..cify Compu!"') Driv"' Program on Disc 

ProgriMTis I/\<! 	 lollow!ng 5 Vol1 24 or 28 pin 
~ 2716 ...... 11Yougll 27612. 25""' ........ 
88764 pluo Othon. Ploose S-~V P0<sonaUtv 
Modulo d6slred wlth atder. Additional P"'"""'8itv 
Modultl• only $ ! 5.00 ••· Ful 1 yNt W.,,.,lV· 

IU O"lllll I.Ml I 800 962 !>800 tlfl \~Hllf 

APnnr o. 
toll A J\\.'P'I H>I\ iH'l\S O .'\.!.\ 

t 1'/1M\ Hlll () CA 'IJOHl ' ~no St 1111p•... 1 ll'1A 

101 ! .. Hll'1 llH} ' l'1•l VIO.,i\ '" "\11 i\11.I t 

'.\'1 "·'I, •• (, '"' ...,, 1111 ..1 '· 1 " '•' I '" 11 p tJ • 

DATA ACQUISITION 1U GO 

INTERFACE RlR ANY COMPUTER 


FREE IBM SOFTWARE 

Connects via AS-232. Fully IBM com­
patfble. Built-in BASIC. S1and alone 
capab i l i ty. Ex pandable. Battery 
Op! ion. Basic sys1em: 16 ch. 12 bil 
ND, 2 ch . DIA. 32 bit Digllal 1/0. 
Expansion boards available. Direct 
Bus units for many computers. 

(201) 299-1615 

P.O. Box 246, Morris Plains, NJ 07950 

ELEXOR 

LOWEST PRICE 
TURBO XT BASIC SYSTEM . . . ...•$329.00 

' 4.nl8 MHZ W/PHOENIX BIOS 
• 256K RAM EXPANDABLE TO 640K 

·AT STYLE KEYBOARD 

• XT CASE W/160 W/\TT PS 

' 36-0K FLOPPY WiCONTROkLER 

• 10 MHZ OPTIONAL , .AOO Sl5 .00 
· 	! YEAR LIMITED WARRAN TY 

AS ABOVE W/MONO, MONITOR 
& MONOGRAPHICS CARD $44MO 

TURBO AT BASIC SYSTEM , , .. ••. S8~9.00 
• 6110 MHZ WIPHOENIX 810$ 

'612K RAM EXPANDABLE TO 1'-!B 

· AT CASE W/200 WATT PS 

• 84 KEY AT KEY BOARD 

· 1.2 MB FLOPPY DR IVE 

• FD/HO CONTROLLER 
• 1 YEAR LJ MITED WA RRANTY 

12006 INTERNAL MODEM S'l"IM 
VORTEX EGA CARD (640' 350) Sil9.00 
Al l VGA CARD (800•600) $199.00 
SEAGATE 20MB HO WICONTROLLEAS265.00 

QUANTITY DISCOUNT AVAILASLE 

CAL!. FOR OTHER PRODUCTS 


TVSTAR MANUFACTURING. INC. 

214.-630-6025 

http:WICONTROLLEAS265.00
http:Oflll.fA


AST Premium 286"' $ 55.Jmo. * 
Modt1I 140 wllh 44Mb Dr, 1Mb RAM, S&P Pons. 
CHl/CaJc RT·S1yle Keyboard. 3-G Plus Card with 
EGA, vGA, HGC, MS-DOS 3.2, GW-Beslc 

This ad produc&d on an AST Premium Publ/sller. 
AST Premium Workstation .. ....... . ... .. .. .. ...... CALL 
AST Premlum/386 .... .... ... .... .. .. .. ..... ...... ...... . CALL 

'"' I to S year 111.tn • vi!t:URbl• to quallfftd t:i \l t in111u. 

• FORTRON 
80386-16 MHz Server with 
2 Mb RAM. @ o watt. 1 
P<1ra, 2 ser. pons on Mb, 8 
AT and 4 XT slots, 230W, 
maxlswltch enhanced key­
bd, UP to 6HH drive. 60287 
socket. WD-WA2if.t~ I .2Mb 
floppy drive. ~ "• 5 78 

...!!!J)TECH 
519·1 Basic Sy:uem · 12 Slots. 80286-10 ("O'' wa ll), 
512K· 1Mb. 238W P/S,WO-WA2 C1r1, 1.2Mb Flpy 
Dr, Keyboard , MS -DOS 3.3 & GW-Baslc, Manual & 
Set·Up. Wll/RunNovel/Non-DflCJ28611 .. .. $1,275 

OTA.TUNG" 
TCS· 7000B / 10MH;.: "AT", 640K, S&P, 1.2Mb tlpy, 
KB.. 210W, DOS 3.2 & GW-Baslc ... _____ . $1,295 

MONITORS & TERMINALS 

qsSAMsuNG 
Samsung EGA THI 'n' Swivel , 14" Monitor ______ $359 
Samtung 14'" Tiii 'n' Swivel Color HI -Ros ... .... $249 
Samsung 12" TTL Till 'n' Swivel An1ber .. ....... $ 79 

OTA.TUNG" 
CM­ 1365 RG6 13' 5-Cotor Text Switch ....... .... $319 
CM-1495 OmnlScan ! 4· !111 ·n· swtvel !or PGA. 

H.P. LaserJet Serlee II 
B Pgs/ml11. 6 Internal fonts, 
512K RAM HP, LaserJet Plus 
con\pellblo ........ ...... _$ 1,799! 
Brolher HL-8 1 Mb. 20 !onls ..... 
NEC Model 890 PS .... .............................. CALL 
OUME Scrip! 10 - Post Script ... .................... $ 4,395 
XEROX 4045 Model 50 - 512K-1.6Mb, S&P 1/F. 10 
Pgs/Mln_, and 90 days on-slle survlca,.... ... $3 ,495 
AST Turb0Laser1EL 512K-3Mb, Ricoh Engine. 
Upgradeable 10 Pos1Scrlpt.. ... ........ .. .... .... -. S1,678 
AST TurboLaser/PS rtcoh, postscrlp!, AppleMa.o/PC 
llF. 2Mb. 35 fonts, 300dpl, Fa.11/Graph/csl. $2,996 

brother HR-20 ­
$415 

M- 1709 .. 
HR-40 .... ..................... $569 I HR-60 ........... . $699 

~CALL 
Ask about Narlonwide Service! 

Pm18SOl1ic 
1080 Model 2 ....... .. ... ... S179 1091Model2 .. $199 
1092 I .......................... $329 1592 ............ .... $449 
1595 ....... ............ ..... .. ... $499 3131 .......... $299 
3151 - S469 

DRIVES 

l"°";PRIAM 
ID 130 133Mb. 20mSEC w/ lnsla llalion Hardware/ 
SoHwere (Maxtor XT-1140 Com1:>i1tlble ____ .S 2, 169 

EGA, HGC, CGA, etc ..... .. ............. ........... $1>49 

MM-1422 Dual Freq, T 'n' S 14• Gn \/Amb ....... $119 


0:--'!"'.,.._.
J:~~~~ 

IBM 3151 ASCHll terminal .... $429 
b!JN Otl-sllewarrantvt 

WYSE 
WYSE 50.............................. $379 
WYSE llO ....... .... . ..... .... ... . ... .. $419 
WYSE WY700 1280 K 800 ... . $759 

COMPUTER ACCESSORIES 

P-15 Monllor BHe ..... .. ... .. .... $ 75 
Data Oiaplay tor overhead projectors . __ ___ . $875 

•FREE Carrying Case I · Wllile Inventory L<isrs· 
Power Severt 400·1000W Models ...FROM .... $495 

CONNECTIVITY 

4-User Network Special 

NOVELL 
Server/Work Station: 
INDTECH 6/8 MHz AT-FHeaervor · 12 slots. 

236W Power Supply, Serial & Parallel Pon.s. 
Monitor. 1.2 Mb Floppy. 1 Mb AAM, 72 Mb 
Hard 0 1ive, 60Mb Tape. 

CACO U400 U.P.S . 
NOVELL E;LS NetWare 286 Leve! I (4 -users) 

Network set-up Is Menu Driven! 
4 ArcNet Cards, Cables & 1 Pa11lve Hub 
3 FHtDal1 SUPERlurbo XT's -Ea. Incl : 

&10K. 4_77/ 10MHz. BOBS.I CPU, AT-S!yle 
Kev.- board, & Amber Tiit ·n· Swivel Mon~or . 
FCC Approved. 

••A COMPLETE NETWORK •• 
RETAIL ....... $ 9,258 NOW ONLY$ 5,995 

PC COMPATIBLE SOFTWARE' 

Data Baae Management 
Ashton-Tate dBese ti ...... ..... .... ....... .. $288 

Ashton-Tate dBase Ill Plus ...... ... ,.., .... $378 

KnolMedgeman 2.01 .... ....... .. ... .. .... ...... .. ... ....... $285 

PFS; Professional Fite .. _ ... ............................ $111 

A;Base 5000 System v.... .. ... .. ... ............ .... .. .... $415 

Communications 
Carbon Copy Plus (Meridl1m) .... .... .. .. ...... .. .... $118 

Crosstalk XVI (MicmslUf) .. ................. , ........... $ 88 

Microsoft Access __ .................... ....... $137 


Word ProcHsors 
NewWord (Words1ar 4,0 clone) .. .... . .. .. .. ... .. .. . $178 
WordS!ar 4.0 ..... ...... . ... ... .............. ___ .,_ ------~ - - S3~4 
ML111iMa1e Advantage 11 .. ... .... ... ..... ........ ...... ... . $248 
PFS- Professional Write .... .. .. ....... ... ... .. .. .. .. ... . $ 88 
Word Parlee! Executive ____ $102 

tnt~rat~ / SprNdsheets 
Enable 2 0 \software group) _. . $J 75 
Framewrnk I (Ashton-Tate) . __,._, ___ .,_... _,, ____ $375 
Lolu~ 1-2-3 ............. .. .......... ... ......... .............. . $298 
Multiplan 1 11 .................. .. ........... .. ...... .. ...... .... $138 
PFS: Firs! Choice ................................. ... S 7B 
Symphony (Lo1Us) .. .... ................................. $438 

Dee.ktop Publishing 
PFS: First Publisher ....... .... ......... ...... ... -- ,., .. _$ 54 
Xerox Ventura 1. 1 ..... ... .. . .... . ... ... .... ..... .. .. ... .. ... $465 

Grephlce !lo Mice 
Harvard Graphics ........... ..... ......... ................ .. ,. $ l 68 
IMS! OpliMouse Serial........ ..... S 88 
IMS! Genius Mouse Serial .. . ..... ... ............. $ 59 
Microsoft Buss Mouse , ...................... s 98 
Mlcrosoti Serial Mouse .. .. .. ..... $ 99 
SummaMouse·Opllt.<11 .......... ......... ..... ............. $ 79 

Project Monegement 
Harvard Total Project Manager .... . ............. s2aa 


• Comp1tll>Jllly efdh l'C/l<TIAT Clono-1 no1g~aran1ooa .. 

1075 74Mb, 20mSEC ···- ·--. -........... .. ... ......... $995 
10100 103Mb 20mSEC w/AT RLL C!rt ........ $1, 179 
ID230 233Mb 20mSEC wfsoltware. ALL Ctrt $ 2,549 
V160 43Mb 30mSEC . .... ..... .. ............. .. .. .. ...... $699 

Evere~ 601 60 Mb Internal Tape ................. .. t799 


MICROPOLIS' 
Mlcropolls B5Mb 28mSEC ............$ 888 
Mlt1ubl1hl MF501 ....... $ 95 I MF5041.2Mb$125 
Mitsubishi 3.5" l .4 Mb Floppy..... ........ ......... $139 
Mitsubishi 3.5" 720K.. ....... .......... ....... .... ....... $ 115 
Seagate 20 Mb PC Subsystem .... . $ 288 
Seagate 30 Mb PC Subsystem. ST-23s&Cir1 .. $388 
Teac FD-55-BV 48tpl _ S- 95 I F055GV 1 .2 , . $125 
Fujitsu 3&0K llpy ur .... $ 79 / 1.2 Mb .. s 125 

MODEMS & BOARDS 

~NCHOR 

1200 External _............ $119 / 1200 Internal$ 79 
2400 Exlernal.. ............ . $149 / 2400 lnternal.S129 
CTS 2424 AOH ASYNCH/SYNCH (Hayes) .... $ 229 
CTS 2424 AMH Class 4 MNP Error Correct .... $289 
MultlTeclL. ___ ,_,_, ,, - - ......... ... .... ... ... CALL 
Prometheus ProModems .. .. ..... .. ... ............ CALL 
U.S. Robotics Personal Modems............ CALL 


A.:'r_ 6-PAK Plus .......... .. ... ............... $ 119 
,~I RAMPAGE-286-512K............ $400 

RAMPAGE XT-256K ............. $256 
MW!ftCM IH<. Ho! Shel 286- IOXT Accej Bd.. S 369 

AOVAHTAG E-AT-512K. , .. ... .. ... $ 275 

Intel Above Board/286-512K 4020 .......... ... . S339 

Microson Mach 10 I Window / Mouse..... ... -.s 324 
. 


800-528-3138 Orders Only 602-991-7870 Customer Service 
S-100 DIV./696 Corp.• 14151 N. 76th St.. Scottsdale. AZ 85260 • TELEX 9103806778 SNSCORP FAX 602-483-0920 

ALJ ... ,•• , -ti:J c ,~- J e c-:?-r. P"CPJ j V\_ii\0 ' ~.. :: c- 1 c- •r-(1'. ~ . ~ "'1 r:i ' Ct ••_p, ..... . C-1 l- t ' l' i:''i ' '-f i·:_,c ... ,, "'' - ... -, v•, r 0 ~ !- /l'.~C'M. ~; c 0 c : ~9 ~+-.pp .. ., !'•<:I f.>lt;; l"'r>., £(; c: 
• Ftf'P ~"" 1 '( ':" 

/ 
JPI=- r'\ In Ot°!l"" frc 1n t 9 •t;"' f~ o.c1 !~0 5 ::i es ta»: ;.,.zrc ... C'"' •f' f.1 r~i:.11,.,f ~ ....it,c-ct lo.JJt.•s•-:.:.- r:g fee o• f.,. • :red t !G • .,J'd~ .- f.i.11..i't.: C:..;.tc1--.;:.:.e A. , c• c-c,, sut,ccLtccr.i:1"'9€ 1.:•!"C•..1! rut:>:>J 



Tanplc Datatap™ Graph 3.1 
for rBM ~nd llP9000, SUNJ 

A NEW STANDARD 

FOR SCIENTIFIC 


GRAPH SOFTWARE 

.,. "·- .... 1~ 
-~1 ·r~t Yf4FW" 
Time (µ5ec) 

Unparalleled power, 
i ntcracLivity & ease of use 

USERS, DEALE RS, VARS 

& MANUFACTURERS 


Develo!)Cd t Temple University 
Mlhallsln Assoc. (215) 646-3814 

600 Honey Run Rd, Ambler.PA 19002 

MULTI-TASKING SYSTEM 
(••rt/on 2.0J 

lor lh~ ISM PC, PC/ KT •r>d PC / AT 
• h · • tl i .,~ In • 1r11 ..rr'"' •• Mi.'!..lr,,1r 
• 1Kl,I re nuo:. · 1....ippcr~ v...,..,.,.,.J
• c ' .ii.-.i;;i•19Q• ~~rnu • j.J, n4111 1o: "~...-1.ii• , , ' 
• ~..,._.,,i;.11 • ., \".: t111:•1u •t l U• c.r"°'"ll ''.311!-o!'I' 

• 'mr "' L•h 'Ol •~• IJltM'lll I•'• "''•'11 •1.r1 
• &i,;i.,,n;.,. '\.........., ur lti. ,.,.,...,.,,. r ..il(C .1.h...., 

r;: 1r•t•1fM; ...,.,.,1,..,.>e• • b..,111 1 \11 .111" "':;1""1 
,Jr~ l' 111LI~ e m•~·•;i<.,. '.t111•,r1 

....T....,.._..,...., ....... m1•• ..,,.,~ 
~ .... ..,.. "' "' KADAK Pl"oductlo Lid. 
._,,,_...,.., ll"s.11$ 
....... ~ .. ,,.._ UtM IJ1 

h 1-U ~or;, 11 l :11.: 1""" 1'1.J l ""'t1,)(" ri1 m1 h 1 i 

~..!I , I. TF..>.. ~f.o1 1· h 1 ~ 1emH031 t'1n L1 b r1 t 1r1
1 

""~ rr ·.,i, 11fr rl• 1k "' ~ ..·.j ~n "'I! fr1r rh ...., rr ~· ·, 1 ..1 th 
,J l 11.J" h 1r rn 1_~ rr 1ri li 1rm 1•rt;tn 

IFTC ~:::.MS I 
r; 1.+1 '/91. w.:'<' 


1~•'-'l %i- l'KX' l!j!'.'\ll 9"1 ~-\YOO tC•lif.J 

I ~ · ~ I D.1Jr Si ~tJ LIC \1•1 


~l<lflh 111 l..J\ •ii..'r& 


9-Track Tape Subsystem 
for the IBM PC/XT I AT 

OW you can ""change dai'1 iii., bet We<!Tl 

your LBM PC and any malnfra rne or mini· 
rompu tt r usinglBM ompat iblo. 1600 BPI 
9-Track lap<?. Urtlt n oho be u5<'<1 for disk 
ba kup. T ransfor rat~ is up to 4 llK"golbytC"S per 
minute on I .1nd m mp.11ib les. Subsystems 
include 7 or 10 ~ ' slreantlng t• pe drive, 
1. pe cou_pler ca.rd :ll1d DOS or XENIX 
co1np•tlble ~o ft ware. 
Prices ~1 ,u1 '" $7., 995 . 

DURLSTRR.., 
9621 lmndafo Ave .. Chatsworth, CA O!J1. I 

T lrph<>n , l8181882-5822 

HARD DISK ACCELERATOR 
• Caching ellminales repetitive 

disk accesses 
• Use up to 15 Mb o! extended/ 

expanded or 500 Kb ot standard memory 

DISKETTE ACCELERATOR 

SCREEN ACCELERATOR 


FAST - FRIENDLY - SAFE 


VCACHE 
GOLDEN BOW SYSTEMS 

$4s.ss ~•~r 
26 71J l •H!1t.·..it r--..i i: 

~t i! f ~) 0'1 

t1 r~. a?lfl' I ~~~if~~~I~ ~~w~ 
11mr Mb 1.ilcs 1~1 fr" 1 619/298-9349 
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• Repeatabilily .001" 
• Speed at 7" Per Setond 
• Vocuum Pilpl"r Hold Down 
• 	High Rr..olutiun Cirdcs.: Sui1Jblc fur 

PCB Artwork 

(415) 490-8380 ZERICON 

.U2l El\IERl'Rl~B ST. • l·Rntor>.1', l"A 9-1538 

Netwo1·1t·OS t.AN ~tern~ - lnclud.a• Bcin1d~. 
~bllng. fermtmtlo~ and Sohwzlre. Two.UM!f 

tirudv: Mo and son'viRl!e rm uodef S. 1.000 tlst1 

CloH-U p Ro.mole Comrnu nic.alion• · Su ppoi1 
yaur cu~tome1 .... 1hou1 leaving your of'fic.e. 
Aul ho•~ by CogIiate lo• No<!on-1.&m ~~I 

C<>n 1.,.t S• n • lllv• H•lp !or D/JJoFIM R/.I/ 
COBOL. 011p,,., Md d!l.u11 m . PU!• your 
applli:.tlllon·1 docu~ntallon ·on line: 

D.U.l"lu O..tab&M ManagelTll!n! · True Mul!I· 
Uoer da!4balt lor MS/PC· DOS, Unix Md ~enlx. 
s~. licenOtnQ •VaJiabl•. 

D11mp/RH"'re-XT · S....n U!ll~lft !0< the MS/ 
PC-DOSuHr. 

C I 01 ""i llo todoy !O! our <:alaiog ond pr~ngl 

COOITATE"., INCORPORATEO 

'A H/91><" Fonn of Soitwan." 


2AOOO T el<'groph Road 

Soulhfield. M l 48034 


(313) 352·2:14,'lfTelex: 3865111 

VIS"o,flA&.•t~tCotrJ Ac~ 

TOK 5 114' OS/HO $1.29 
KAO 5 114' OS/HD $1.19 
SONY 3 1n· DS.1DD $1.17 
TOK 3 11'2' DS/00 $1.15 
OATASAFE 5 114' OS/HD 99e 
MAXELL 5 114' OS/OD 64C 
VERBATIM 5 114" DSIDD 59C 
3M 5 114' DSIDD 57c 
DAT ASAFE 5 114' OS/DD 39C 

Pree Based On Quan1ity of 200 

Includes labels, sleeves & tabs. 


800-426-0247 
In NJ !20 1) 840-8911 


MC Sm.al\ef O!y. Av.iii. VISA 
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TUC FD558V "-" hel9ht 
TEAC FD551FY IMI TPI, h•lf ht. 
TEACr'Ds!IGF for IBM AT 
PANASONIC •55 H8H Hel9ht 
PANASONIC 475 1.2 M99J96 
Swltc:hlnt1 power aupply 
OU.I encloau,. for llV•" dl1v•• 
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119 109 105 
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SEAGATE 4026 ~ II . 35mS . ssg 539 
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IC'S IC's, Parts, Components...Shipped Fast! 
West Coast's Largest Selection ... Call tor More 

RAM Upgrades! 
.. .priced in sets of 9 

• 64K / 120ns $18.95 
• 64K / 150ns 16.95 
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TANDON 
51/4" FULLHEIGHT 

DS/ DD, 360K 
DISK DRIVE 
$6995 

SPECIAL ENDS 2/29/88 

RES ISTORNETWORKS VOLTl&E llE&ULITOIS 
SI P 10PIN 9 llES1$TOR ,69 7805T 49 78 12K 1,39
SIP llPIN 7 RESISTOR .59 7808T .49 7905K 1.69
OIP 16PIN 8 RUISTOR 1.09 7812T 49 7912K 1 •9
DIP UJ PIN 1G RESISTOR 1.09 7815T 49 7Bl05 .49
OIP 14 PIN 7 ftfSISTOR 99 7905T .59 78L12 .4 9 
DIP ttl P IN 1J llESISTOR 99 7908T 59 79LOS .69 

7912T 59 79Ll 2 1. 49 
7915·r 59 IM323K 4.79 

38 Piii CEllTROlllCS 
7805K 1.59 LM338K 6 .95 

IOCEN36 AIOOON CA0l£ J .95 
CEN36 SOLO El\ CUI' 1.05 DISCRETE
IOCEN361 ~ RIBOON C..Bl.E 4.95 
Cf:N36PC HI A.nol• PC M oou1 1.05 1N7'Sl .15 4N211 .69 

lNA148 4'5 ' 1 ONJl .89 
1N4004 tO •1t9' 4N37 1.10 
1"1S40Z .2~ MCl·2 .59 

EDBECHD COllllECTOllS KOPO' 5 ~ MCT·G L29 
2N2.22.2 .2 5 tlL - 11 \ .9' 

100 f' in ST s. 100 1l5 3.9$ PN2222 10 2NJ906 10 
100 Pin WW S · lOO .125 4.95 2N2907 .25 2N4..t01 .25 

92. Pin Sl IBMPC , 100 1,95 2NJ055 79 2N4402 .2S 
50 P1n ST ..PPlE .100 2.95 2N3904 .10 ZN440J .25 
oU Pin ST STD 156 1,85 4N26 89 2N6045 l .75 
44 Pin W'W STD .1St1 4.9S 4N27 69 llPJ:1 .49 

IDC COlllUCTORS/11118011 CABLE 
DESCRIPTION OROER ev CONTACTS 

10 20 26 34 
SOLDER H EAOER IDH uS .A2 l.29 1.118 2.20 

lll GHT ANGLE SOLDER H E.ADER IOHnSR , 85 1,35 1.76 2.31 
WIREWRAP HEADER fOHnW 1,86 2 .98 J .84 4.60 

RIGHT ANGLE WIREWRA P HEAOEA 4C H:111i" WA 2.05 J.28 4 .22 4.45 
RI BBON HEADER SOCKET 10Su. .63 .89 .9S 1.29 

RIBBON HEADER fDM n 5.50 6 . 25 7.l)O 

RIBBON EDGE CARD IOEu .BS 1.25 l .35 
1O' GREV RI BOON CABLE RC.. 1.60 3.20 4.10 

TAllTALUM 
, o,t. 15V . 12 1 01,. 35V 
e.a ••v •2 2-2 J5V 
10 15V .4S 4 . 7 l5V 
22 15V .99 10 J5V 

DISC ,o,,, 50V ·"" .0011' sov 
22 50V 05 oos sov 
33 sov 05 .01 50V 
"7 sov ,05 .05 •ov 
100 sov .or. . I 12V 
220 sov .05 1 sov 

MO•DLITH IC 
.01"'' sov I~ ..~ sov 

••.l9 
39 
69 

05 
05 
07 
07 
10 
12 

' 18 

tJL ~PPROI E.D 
• AOJUSTAOlE HEAT 

SE n1NG W • ffp f"EMP 
READOUT 

• QUICK 11EATING 
& RECOVERY 

• RANGE ~ 2otr'­ 90 0"'J:: 

$49.95 
EXTENDER CARDS 

FOii iBM 
.047ut f>OV 1 5 47.ut sov 25 

EXT-8088 $29 .95 
EXT-8 0286 S39.95flfCTllDL TTI C 

RADIAL 
25V 14 
sov "sov 11 
J 5V l J 
iev 1~ 
JSV .20 
2$V 30 
t6V 70 
2SV 1.45 

40 50 
2. 58 3.24 

2. 71 3.39 
5 .28 6.63 
4.80 
1.49 
7 so 

AXIAL 
1,,1 sov ••10 50V 16 
22 16V 14 
47 50V 19 
100 3SV 19 
470 50V .29 
1000 16V .l~ 
2200 16V 70 
0700 16 V 1.75 

SPECTllOlllCS CORPORATION 
EPROM EllASEllS 

PE- "40 NO 9 

PE -1401 YtiS 9 
PE·240T Y $ 12 

lnt•n11tv 
uW/ Cm11 

8 ,000 
B.000 
8.000 

, 011 nRDEAINli rNS lll(IC /IONS SEE P·SLJlJ,\:tNI~ 1(me t:ONNF!C ron ~ElO\\' 

LIBHTEMITT lllODIO DES 
LED DISPLAYS 

D·SUBMINIATURE CONNECTORS 
DE SCRJPT10N ORDffl ev 

9 15 
CONTACTS 

19 25 37 50 

MAL£ oa._.p 45 .5!1 .6!1 .6!1 1.35 T8s 
SOLDER CUP 

~EMALE 08ll.Jl$ ., 69 .75 .75 1.3!1 2.2!1 

MA LE 0 8 ir_:wPR .49 .09 .7!t 2.27 -­RfGH"T ANGL.E PC sot .OE R 
FEMALE DB uSR .55 .75 .85 2.49 

MALE OBu.PYIW 1.69 TI6 3.89 5.60 
WIREWRAP 

FEMALE oe,.,.,s-,w; 2.76 4.27 8 .84 9.95 

~ 108 101.P 1.39 1. 99 2.25 4.25 
IOC RIBBON CABLE 

FE MAlE IDB uS 1.45 2 .05 2.JS 4 .49 

META L MHOOD~,11; 1.05 1.15 I :Z.5 1 25 
H OODS 

GREV Hooo... .J!I .J9 .39 .89 

ORDER/NC> INSr.RVC TIONS: 
i.vscftr ,,.,€NUMBER 4); ONTA. TS IN 1HE osinori.~ fAR'<E O •• Of: fN{ ORUER EU PA_R1 
;.,t(l f.iSE r:JllS1EO [ '),'AMPt.f A. rs PiNmra n M~GL£ MAt.f PC StJl OE. R WOULD Sf" Dfl' l 5P'1, 

MOUHlllB HHDWlllE 58C 

IC SOCKETS/DIP CONNECTORS 
OESCRIPTION OROER RV ft 14 24 2-11 

...sT . 11 11 .20 .22 

..ww .59 GS 1.49 1.69 

ZIFu 4..95 5.9& G.95 

AUCiAT.:.­ST .u .79 
AUGATt1:_1.WW 1 30 1.80 

.59 

CO M CA TH O DE .362'" 
C0"1 CA THODE .5" 

COMANOOt 6 .. 
COM ANODE .J " 

COM CATHOD E .3 ' ' 

fl'll0· 3!»7(3!i~l 
f ND-SOOiSOJI 
F ND~$07tS-l0) 

MAN -72 
MA N -74 
Tl l ·3ll 
TIL·311 

COM CATHOOE .3 ' . ~5 
4K7 ttEX W LOGtC .270' 1 10.95 

DIFFUSED LEDs 
JUMBO RED TP l 
JUMBO ORE EN Tl ' 
JUll'IBO YELLOW "l l'Jii 
l'.•ouN TI N C HOW 11 1.... 
l'lllNI REO T1 

3 VOLT • 
LITHIUM BATTERY 

$1.95 
HOLDER $1.48 

1·99 
10 

. 14 
1• 

.l O 

. 10 

100-UP 
.09 
1·2 
12 
,0 9 
09 

1:> . , . c ·~ n(lc · ·1\ Yf "ill sc--fff Nfl 
i•\'(J.~ ,\ M 1,. )l1t.1 f /NG !JfM GI'. ( ; 

IBM PR 1 <2'1 S5 
\NITM · SV ANO GROUND PLANE 

IBM-PR2 <Z9.95 
AS ABOVE WITH DECOD ING lAVOIJf 

AT 
IBM·PRA T •29.95 

lARGE •SV ft. GROUND PLANE S 

SOLDERLESS 
BREADBOARDS 

WDU-0 
WOU -T 
WIJU ·W • ·l 
wsu,204 
WBU -206 
WBU -208 

100 TI E POINTS 
630 TIE POINTS 
1360 TllE P()INlS 
1660 TIE POINT S 
11390 TIE POINTS 
3220 TIE POINTS 

Pl&E WIRE WRAP WIRE 
PRECUT ASSORTM ENT 

IN ASSOR TED COLORS s:n,so 
100ea: S .S ... 6 ,0 ". 6 _5 " . 7 0 .. 

250..• · :l.S", 4 5..r 5~0" 
500o<r 3,0 ". J 5". 4,0" 

SPOOLS 
100 f4MI 1 4. 30 250 f e•I 
500 fGot '13,25 1000 fH 1 

Please S(J&C1fy color: 
Blt1e. Black, Yellow or Rt:a 

SOCKET-WRAP 1.0.111 
• suPS oveA w •AE WRAP PtNS 
• IDENTIF IES PIN NUll'IBERS ON Wl\AP 

SIDE Of BOAnD 
• CA N W RITE ON TH( PLASTIC; 

SUCH A3i A N IC H 

PINS PAAT • PCK. OF 
8 tllWRAP OB 10 
1• IOWl\AP 14 10 
16 IOWRAP Hi 10 
18 !DWAAP 18 S 
20 IOWRAP 20 !l 
22 IDWHAP 22 S 
24 IOWAAP 24 S 
28 IOWHAP 28 S 
40 IOWRAP40 5 1.95 

Pl.EASE ORDER BV NUMBER Of 
PACKAGIOS i PCK OFI 

SWITCHES 
MINl ·lOGG~E ON·ON 
MINl·TOOOLE ON-ON 
MINI.TOGGLE ON OH O 
M INl-PUSHBUTIDN N.D. 

DIP SWITCHES 
85 7 po•U lon 

.90 8 potiU tOfl 

.90 10 pu•1l_ion 

"SMAPABLE" HEADERS 
CAN DE SNAPP{ 0 AP..AT TO 

MAKE ANY SIZE 11EADER. 
ALL WITH .1" CENTE RS 

h40 STRAIGHT lEAO 
h40 A IGHT ANGLE LEAD 
b.40 2 STRAIGHT LEADS

"H100(N7Lrnttm 

rr mt v ·*'* 



I 

MONITOR STANDS 

MODEL MS-100 $12.95 


• STU ROY PLAS1'1C CO NSTRUCTION 

$39.95 
• Tll TS AND SWtVELS • BUILf .IN SURGE SUPHIES$0R 

BUllf. JN f>OWER $ fAllQN INQ f P l'lll) E N 'l"lV CONTffQl,.,:t 
UP TO r. 110 VOlT AC OUllETS · UL APPROVED 

.,..__ 
••••• ­

NASHUA DISKETTES 
BOJCES Of 10 5'16' 01100 IOFI UC!Ol 

51/i' OS DD .'.IC.OK agn 
51/4'' os.HD 1 2 ,1 s24n 49Cea 39Cea 
3V2" 05 OD 1m><. '18" BUU on 50 IUlK on zr.o 

• HOLDS 10 &•.i.-· FLOPP•Es 
• Slunov. ATTRACTIVE 

SMOKED ACRYUC CASE 
• COMPLETE WITH HINGED 

0 1Vl0 AS 

VEllllON fOll 3 Vf' 
FLOPPIES AVAILABLE 

$9.95 

2 WAY SWITCH BOXES 
• CONNECT 2 P RIN TE RS TO 1 COMP IJHR on VIC E VERSA 
• SE RIAl & PARAllfl M OO ELS AVAILABLE 
• AU LI NES SWrTC H EO 
• GOUJ PU.TEO CONNECTORS I!. tlUAl.IN SWlTCH ES 

6' INTERFACE CABLES 
MEETS FCC REQUIREMENTS 100'• SHIELDED 
IBM COMPA'flBlE PA.AJl..u.El PAIN f ER S9 9!> 
CEH t RONIC S IMll LF TO FEMM E I '- 15.95 
CENlRONICS IMALE TO M A lEI t 14 9S 
IBM COM PA TIDLE MODEM CA UL E • 7.9S 
RS'l.ll SERIAL jMAL£ TO FEMALE J ,9.95 
AS212 SERJAl IMA l.e J O MALE I ~9 •S 
CO ILED KH90ARO E>tTE NOER ,.,,9 5 

s19ss _ (\ 
• Slfl X· Y AXIS FOR AUTO 

CfNlE-R ORl•HEEMO\IE ~ 1:1 1,,M£Nl 	 ­
• FIRE. 0UTT O N: FOFI USE 61

WlfM GAME sonWARE ­
• 	INCLunEs J\OAPTOR ~ - · 

CABLE FQH IOM 

SWITCHING POWER SUPPLIES 
PS· 135 $59.95 ' 	 . ­
• FORIDM>trCOMPAflDLE .,,..
~ ul APP . 13.5 wr~ n s 
.. ~sv 1SA. • UV ;1 "l:A ~ •• t'•t'iV !1A.,, fl V $ A 
•ONE VEP.R Wl>~HANTll 

PS-150 ' '"' ...., I ssgu 
PS·200 $89.95 
• FORl l1 !YI AT C01.-WATIDLE 
• :IOO WAnS 
• 	 SV 22A.. 12V KA 

-S\I SA. 1211 51' 
• O N E 'r'EAn WARAl\N"Sl' 

$49.95 
•FO O A f• PLE l VPE SVSlEP;'I 
, 	 •5V GA • l2V l A 

!IV lA, 12V SA 
• APP l,...E. l;QNNE{; tQR 

$34.95 

MONITORS 
SAMSUNG 

MONOCHROME 
• 	IOM COMPATIULF nL 

llWUT 
• 17" NON ·GLAt.~ E . 

LOW OISTORT•ON. 

AM9 1fR SCR EE N 


• AES: 720 :i l~D 
•SWIVEL 9AS£ 
• 1 'fEAA WAfif\ANl-V 

$129.95 
MULTISYNC $549.95IJY Nf:. C 
•ORIGINAL CUA , EGA PGA COMPAfH)I~ MONITOR 
~ AUTO FAEQUF,:NCY AOJUSTMf. l'ff 
• RE SOLUl.tOf'll AS HICH ,Q.S 800 1. ~60 

$399.95BY C ASPER 
• 1S 7~ 21 1(1~ Kt1.1 SCANNING f'REOUIEl'\lCIES 
• RES ·, 640 Jt 200 J~O • 31rrvn DOT fllfCH. 
• 14" BLACK MATRIX SCRE EN • 16-COl-ORS F~OM G4 

B CASPER $279.95 
• COLOR GREEN AM8ER SWITCH • R~S, 6410 ._ 240 
• ROB IBM COMPA TIBlE • 14' ' NON-GLARE SCAE£N 
• _J9nu11 DOT PtTCH • CAO\..f fOR tOM PC INClUDEO 

20MB HARD DISK ON ACARD 
--- -· 

~ 
~ . . 
~ = ,...~~ .r----- ­

• 	SAVES SPACE l\ND REDUCES 
POWER CO l\ISUMPT ION 

• 	IOEAl FOR PC• WITH FULL 
H IE tGH T FLO PPt ES 

• 	LEAVES ROOM FOR A HAlf 
LENCYH C AAO IN ADJAC(N'T $349 
SlOT 

• USO CP'S DM.A lfl. :l2 CPS NLO MOO k! 
• 	SUPPORTS E J>SON IBM 


C •l APHtCS 

• 9 .., 9 OQT MAT"RIJC; 
• 	HUC1 ION AND 


PIN FE£DS 
 $21995
• 	VARIABU UNE 


SPACI NG & PITCH 


5tf4" SEAGATE HIRD DISK DRIVES 
ST -225 HA F HEIGHT 20MB 65m.• $l59 
ST-238 HALF HEIGHT JOMB G!im• iRLL! $299 
ST·251 HALF H EIG HT ~OMB 40ms S469 
ST -2n HA lF HEIGHT 6 0MB 40ms IRLLI S649 
ST-~038 FULL HEI GHT JOMB 40m• $ 559 
ST ·4096 FUll HEIGHT OOMB 2Sn;s Hl!IS 

112 HEIGHT FLOPPY DISK DRIVES 
5 ' o' TEAC F0-558 OS DD 3601< •99.% 
S" •" TEAC FO- ~SF OS QUAD noK •1 19 95 
5 ' . .. TEAC FO-S~G OS HO 1 .2M ~ 129 95 
5 1 . " fUJITSlJ M2551A DS 00 l60K sa~ .95 

""•" FUJITSU M2'i!l3K DS HD 1 2M 5119 95 
$ ' •" OS OD 36 0K •69 95 
S ' . " OS HD 1 2M $109_'15 
3 ' i' MITSUBISHI OS OD IA T OR XT I 5129 95 

DISK DRIVE ACCESSORIES 
•, Hr MOV111n111c; HAROWAR f fOR 10M s2 !IS 
MOlJl\ITING RAllS FOR IBM AT $4 95 
-· y-· POWER CA8LE FOR 5 •·.- · FOO• s2 95 
&' ,.. FOO POWER. CONNECTORS , , , 19 

DRIVE ENCLOSURES 

WITH !'DWEii SUPPLIES 


DUAl SLIMLINE FOR 5' ... S49 95 
FULL HEIG HT FOR 5 '." 069.95 
DUAl SLIMLINE FOR 8 " S209 .95 
OUAl FUll HEIGHT FOR 8" S219 .95 

EASYDATA MODEMS 
All mOd<!IS l1l(J/ure au10-d ialt11nsweri'red1al on OllSy. 
powe1 up sell 1es1. louchtone or pulse dralmg. bUlll-ln 
speaker. H11yes and Bell Systems l ():J & 2 12A com· 
pal1ble. 11111or t1ell dupl!!x. PC Talk Ill Co111111un1ca­
11ons soltware w//h 1111erna1 mOdels anCI mote 

INTERNAL 
12H 1200 BAUD I/~ CARD $89.95 
248 2400 BAUD FULL CARD $179.95 

EXTERNAL 
,NO SDFiWARE INCWDWI 

120 1200 BAUD $119.95 
240 2400 BAUD $219.95 

COMPUTER CASES 
Al/rac11ve. sturdy steel cases /1/ the pop11lar s•z!KI 
rrro ther/Jomd~ dlld 1nc/urJe Sl)e1Jl<t1•S. 1.,ceµla1es. 
e p,.msion slots and all necessary hardware 

f 

XT STYLE FLIP-TOP $34.85 
KT STYLE SLIDE-TOP $39.85 
IT STYLE SLIDE-TOP $89.95 
• FRONT PANEi.. K~ VLOCK ANO 1..ED INDICATOR~ 

JR. AT STYLE FLIP-TOP $149.85 

http:tlUAl.IN
http:BUllf.JN
http:BUILf.IN


INTERFACE CARDS 
FROM MODULAR CIRCUIT TECHNOLOGY 

.· l , . . ·1~,11/ili . 
It -~··· 
,. ·' 1!1'"* 
..- 4 .:, t~ ..., •1 ., 
, '¢1 

f 1, . . . . . . 
d 
•I' 

MCT-CG 

MCT·MOP 

. II 
- ' • l ­
! 	 . ·I 
' .... 

DISPLAY CARDS 
MoNocHROME GRAPH1cs s59s5 

ffitJf Hf ':/CIJ(iS OJ MPA r1[J11..1 r -r SUPPOf.I rs i..O f LJS 11'..J 
• SOFTWARE OAIVER ALLOWS COLOR GRAP"11CS PROGfCAMS ·ro AUN 
o~. '-40NOCHROMI£ MONJTOR • PAAAlLE L PAINT En POAT 

MCT-EOI ENHANCED GAAPH1cs ADAPTOR s149s5 
P() iSt.I L"Of,.fP•,o.\ fl8(f PA.SSFs IBM eo :. Oi.to ( tl\ l.'~ flt_,:; 

• 2$&t< OF VtOEO RA"' ALLOWS 640 • 350 IN 16 Of 64 COLORS 
• CO~PA llBLE WITH COlOA ANO MOl'iOCHROME ADAPTORS 

MCT·CG 	 s49a5coLoR GRAPH1cs ADAPTOR 
COMPA ,,Bl.f: Wr ,,. ra .~, CQ~(l.Q GH•lf1MIC$ s r4NDAM[JS 

• 5HORT SLOT SVPPOAIS nae. COLOR & COMPOSITE MONOCHROME 
• 6•0 ··'320 Iii 200 Rf-SOLUTION' , lJGHT PEN l~T EAJ ACE 

MULTIFUllCTIOll CARDS
MCT-MF 	 s7915MuLnFuNcnoN 

Alt U-1(. f:'F.Aru r,;q()if\PAt• "' AJ.HAtF r~f PHrc_f 

• O- J!l4K OVl'iAMIC AAM USING 4 IS4• 

• SEIU•L PAAAUEL. GAME PORTS. C LOCK •C.A.L E,.. OA~ 

MCT·MBMIO MONOGRAPHICS 1/0 s119es 
r o r .li t S 'f s rf; .,1 c i1N 1H<J L FH(Mi "' S INl , ,__ · St or 

• 2 fLOPPV CONT, SERIAL PARALLEL GAME rORT, CLOCK CAL 
• RUN COLOR GRAPHICS SOFlWARf O"' A ""0"'0CHA0ME MONITO~ 

MULTl 110 FLOPPYMCT·MIO 
4 P[~F[(_ , l:(l.MFAt~/() 1"v rr;•i ,__· , u · ~ r! H,.1iR"f-lOAli [1$ 

• SE AIAL PARA LL EL GAME PORT. CLOCK . CALE l'iOAA 
• 	SUPPORTS UP TO 2 J80K FlOPPlfS, 7:2 0K WITH 00$ 3- ~ 


MIO-SERIAL 2nd SERIAL PORT '15M 


MCT-10 MULn 110 cARD s59s5 
u.5.f , y , / ; 1 1,.fC T I p a' Q(i ~1 Mr,N0..,!.11...A •JJ '>l • 11 -. t.l"ilr ) 

• SERIAL PORT. CLOCK CALE NO AR WITH A DA TTEflY BACK-UP 
• PARALLEl PRINTER PORT 	AOORUSABLE AS LPT1 OR l.PT2 


10-SERIAL 2nd SERIAL PORT '1SM 


MCT-ITMF 	 s139s5AT MULT1FuNcT10N 
.\OC'S ui" ro J MiuAe~· r l!s n"" 11AM rn f1 rf ,, i 

a USER EXPANDABLE TO 1 5 MB Of MEMORY jl E AO K INSTAUE01 

• •NCLUOES SEAtAl PORT ANO PARALlEl PO~T 


ATMF-SERIAL 2nd SERIAL PORT '24" 

MCT -ATMF-MC PIGGYBACK BOARD (NO MEMORY) '29" 


MCT-ATIO AT MULTI 1/ 0 
i..• SE 1t; 1rr, M1: r .:; rt rr ru~l oil .'.111inJ.J( 1M o• 5 1 1 1i S 1J~,. (t' 

• SE RIAL PARAllEl ANO GAME PORTS 
•USES 	lM~O SERIAl SUPPORT CMIPS fOR HIGH SPHO OPERATION 

ATIO-SERIAl 2nd SEAIAl "OAT '~4~ 

MEMORY CARDS
MCT·RIM s1sK RAM cARD s59as 

,.ill L~L'N 71GULJ.t.J~ t.4f l,o!()f<t~ ·~01.. U f lL)f\i,U"' Sn11,q ~ '\1 l1 r 

•USER SELECTABlE COl'if.IGURATION AMOU,,,TS UPTO 57GK USONQ 
UK & 256K RAM CHIPS !URO K INSTAlLEOI 

MCT-EMS 	 s129ssexPANDED MEMORY cARD 
';' '•.$(~ dF J.. ~1 f~ 1$ IN I E. { Ml<:RO,t;.Cir C lJMPJ. r1Bt....l l. lf:' O Olh i:' Clfl j i 

• CONfOAMS TO 1.0TUS INTEL EMS · USER EXPANOADLE TO 2 MB 
• EXPANOEO CONVE,,,TIONAl MEMORV, RAMOISK ANO SPOOLER 

MCT-ATEMS AT VEASION ' 1:\11"' 

DRIVE CONTROLLERS
MCT-FOC 	 s2gesFLOPPY 01sK coNTAOLLEA 

Ou -1 U n llf S/G ~ DF7ERS ~ Ptl'tf:rh CON THO~ . 1. ti .;1..... (j_ f '?i.i ~!l 
• IN U:Hf ACES UP TD 4 FOO:!I- TO AN 18M PC OA COMPATUU E 
•SUPPORTS 6() TH OS Oil ANO OS OD WITH DOS l .2 

MCT-HOC 	 s7995HARo DISK coNTflOLLER 
,.. jjJ c, ,_;. r-. TllO' .'11A ~1.· ""t.. t , ifl'tf i~r; ,- .. .:. Adt- ~i 1 ·~ ;~ , :.~., , ,-, :~ r t101 

, SUPPORTS 16 DRIVE SIUS INCLUDING S. 10. 20. l<l 8. 40 MB 
• OIV,OE 1 t.A.AGE ORl\I~ 4~TO 2 SMA.LL.i:R. L.0-GICAL O~•VE.S 

MCT·FDC·1.2 1.2MB FLOPPY CONTROLLER sages 
·' DO 't/C. • ~ r r1 1/'r J. C JiP/A ;.." 11 • 1"0 .;A \ ! 

• SUPPORTS 2 DR,VES, BOTM MAV 81E l60t<. OR 1 _2 M~Ci 
• ALLOWS o ...TA TO now fflHLV Fl'Oltol IH• JO Ah 

MCT·FH 	 s139e5FL0PPY1HAR0 coNTROLLER 
S YSi~ ,.~ _ r 1; Avr.: r. ;: t..i .:; 5.r.o · s~ .:;; A r•sF • i o-.·,1rr i 1., f.~ r·r.J.f ' 1r l'='S1 •:'.i f / 

• ll'iTERfACES UP TO 2 FOO• & 2 Hoo•. CA9llNG FOii 2 mo. & ' HOO 
• SUPPORTS BOTH OS OD & OS llO WITH OOS 3.2 

MCT·lTFH AT FLOPPY/HARD CONTROLLER s14895 
F4 01'' ' " 1 ·..';; ,q(j ( lf$ ri co ,~· T ~Ot 1ro.1 .i TA U( ~ 1 D f 5J(l lJ 

• SUPPORTS UP TO 2 J'60K 720K 1.2M8 FDDt 
AS WE LL AS 2 HODo USING STAN OARD CO,,,TROL TABLES 

c5S)JSeagate

1/2 HEIBHT HIRD DISK DRIVES 

40 MB $469 

60 MB $649 

Onve.~ Rre Seagate models ST-25 1 /40 MB) & 


ST -277 {60 MB RLL ,1 5'· •" hall ha19hf5­
FA$ T 40ms access /1Tm:i' 


IBM COMPATIBLE 

MOTHERBOARDS 


FROM MODULAR CIRCUIT TECHNOLOGY 

MCT-TURBO TURBO 4.meMHz s9915 
• 	4-17 OR U -..H..: OPERATION WITM 8088·1. & OPTIOf\fAl 

8087-2 CO-PAOCU50R 
• FllONT PANEl LEO SPEED INOICATOll •NO RESH 

SWITCH SET SUPPORTEO 
·CHOICE Of NORMAL 'TURBO MOOE OR SOFTWARE SELEG T 

PROCESSOll $PEED 

MCHTMB STHDAllD MDTHHBDHIJ 
80286 618 MHzMCT-ITMB 

• 8SLOT12 £10HI Bl'I , 6 Sl~TEEN Bili AT MOJHEllBOARD 
a HARDWARE SELECTION OF & OR A MH.t 
• 1 WAIT STA TE 
• K EV LOCK SUPPORT-ED~ ~ESE T SWITCH, f-'RONT PANEL UO 

INDICATOR 
• 5 0Ct<ET5 f'OR 1 MB Of HAM ANO A.016'1 
• 9.ATTEAY BACKEO ClOCK 

MCT·BlTMB M1N1 eo2es s39995 
• llEPLACEME"'T eo•RD FOR XI STILE CHASSIS 
• OPEllATE Al 6 110 MH• WllH UP TO IMB ON -OOAAO 

MEMOAV IZERll K l"'STALLED 1 
• SOCKE'T FOR 80287 MA TH CO-POACESSOA 
• BAn iiRV UACKEO CLOCK 
• S SLOISc2 EIGHT BIT. 6 SIXTEEN 011 
• VSU CHIPS & TECHNOLOGY CIHP SET FOA llEUABILITV 

ANO SMALL SIZE 

BUILD YOUR OWN 
256K KT COMPATIBLE 

• MOTHERBOARD 
• 256K OF MEMORY 
• 135 WATI POWER SUPPLY 
'* FLIP-TOP CASE 
• XT STYLE KEYBOARD 
• 360K FLOPPY DRIVE 
•DRIVE CONTROLLER 
• MONOCHROME MONITOR 
'* GRAPHICS AD.APTOR 

FOR ONLY s49401 
ANYONE CAN BUILD A SYSTEM IN ABOUT 


2 HOURS USING A SCREWDRIVER AND 

OUR EASY-TO-FOLLOW INSTRUCTIONS! 


112 HT HIRD DISK SYSTEMS 

20 MB $289 

30 MB $329 

Systems 1nclL1dB Seagate ' , l>e1ghr hard dflve, 

drive con1roller, cebl&s & msrruc/1ons. All 
dnves an' µre·lest8d I'. warrantod lor 1 year 

IBM COMPATIBLE 

KEYBOARDS 


FULL ONE YEAR WARRANTY 

MCT-5339 
• t8M ENHANCEO $TYl.E LAVOUT 
•SOFTWARE 	AVTOSENSE FOii Xl OR Al 

COMPA11BLES 
• LEO lri.IOIC.A. TORS 
• AUTO ~EPEAT fEA TU~E 
• SE PARA TE CURSOR PAO 

MCT·5080 
• IOM A' $TVU. LAYOUT 
• SOFTWARE 	AUTOSENSl FOM XI OA A I 

COMPATIBLES 
• LtD •NDICATORS 
•AUTO AEP£AI HATURE 

MCT-5150 XI s-rm LAYOtlT s49H 
MCT-5151 KB~•$ . 

DEVELOPMENT TOOLS 
FROM MODULAR CIRCUIT TECHNOLOGY 

MCT-EPROM S12995PROGRAMMER 
PAOGAAMS ~-;~ , & Zl.11• fPROMS vP 10 ~!ir; 

.. 	 SUPPORTS VARIO US PllOGRAIYtMING FOlltMATS 
AND VOLTAGES 

• SPLIT OR COMBINE CONTENTS OF SEll•AAL EPR OMS 
OF DIFFER£NT SIZES 

... RE.AO. WRl'TE. COPY , ERAS!!: C HECK ANO VEHlfY 
• s onwAAt fOll HEX ANO INTH HU FOAMA TS 

MCHl'IDM-4 aUIUI08UMllEI '1111'~ 

MCHl'IOM·10 10IAll8 l'INUMMH '2990 


MCT-PIL 	 S289HPAL PROGRAMMER 

MCT-MP 	 s1991s 

• , ,41( 
: •11 I 
11 . , I- . ....... ··­

----· 
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COMING UP IN BYTE 


Products in Perspective: 

The section begins with What's New and continues with 
Short Takes on Flight Control , Awareness. Friendly 
Finder, PC Weather Pro. Manuscript 2 .0. The kon Shell . 
and Focal Point . 

Our Group Review covers EGA /VGA boards and includes 
a sidebar of comment and user experience from Bl X. 

System reviews include the Zenith Z-386, a comparison of 
the Power Mate 2 and Vectra ES, and the Tandy 1400 LT. 

Hardware reviews include third-party add-on color 
monitors for the Macintosh II and a variety of add-on 
accel"rator boards for the Macintosh SE. 

Software reviews include the Trilogy language as well as a 
new version of DOS from Wendin. 

Application reviews cover Microsoft Excel. Microsoft 
Works, and Borland's Reflex Plus. 

Jerry Poumelle and Ezra Shapiro talk about the joys and 
frustrations of microcomputer use and the products that 
constitute the biggest joys and frustrations Lhis monlh . 

In Depth: 

The In Depth section focuses on floating-point 
processing . Included will be articles on: memory-mapped 
coprocessors; programming the Intel 80387: a primer on 
floating-point processing; what it takes to write a good 
IEEE-754 emulator; a description of the functions and 
capabilities of the Weitek coprocessor board: and a resource 
guide to further products and information . 

Features: 

Steve Ciarcia presents Part 3 of hi s series on building the 
DCC 180 multitas'ki ng controller. Dick Pountain · s Focus on 
Algorithms discusses algorithms for producing 
··Multicolumn Paged T"xl. ' ' 
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416 GAMMA PRODUCTIONS 8$4-10 
417 GLENCO ENGINEERING , 88A-6 
418 GREY MAn EA • 88A-17 
419 110PE CIRCUIT • . lllA·21 
420 INS 81!A·24 
421 JPI MODUU.-2 8&1.·S 

Inquiry N<>. 1'9gt No. 

42• MPD 8$4-21 
425 PB ELECTRONICS 81A--22 
427 PHILIPS 81!A-11 
428 PIER MA-22 

• SOFTLINE CORP 8&1.-13 
429 SYMINNEX 88A-22 
430 TRIANGLE DIGITAL 88A-21 
431 USA SOFTWARE 8&1.-9 
432 XI SOFTWARE •• HA-21 

REGIONAL SECTION 

Northeut H NE 1·12 

• BYTE TIPS HNE-6 
487 GAMMA PRODUCTIONS BINE-9 
488 GAMMA PRODUCTIONS HNE·9 
489 INCOMM CO. • • 88NE-1 
490 INMi\R 88NE·2 
491 INTEABUSINESS CORP HNE-4 
496 LIVING SOFTWARE HNE-6 
492 MAPINFO BBNE-11 

' MCGRAIN-HILL BOOKS 88NE·5 
• MICAOMll'IT . 88NE·10 

493 PARSON'S TECHNOLOGY 88NE·3 
• PC LINK 88NE·12 

4114 AIX SOFTWARE" 88NE-7 
OS RIX SOFTWARE .88NE·7 

' ROBT TINNEY GRAPHICS 88NE·8 

Inquiry No. 

l'lcl!lc Coos! 88 PC 1-20 

• BYTE TIPS 88PC-4 
462 COMPUTERlANE 88PC-10 
463 COMl'UTOWN BBPC-18 

• COMPS FOR TtlE BLIND 88PC-2 
465 CTXT 88PC-19 
~66 DP TEK .88PC-17 
478 GTCO , • • • . 88PC-8 
47'9 GTCO •.• 88PC·8 
464 MAPINFO 88PC-7 

• MICAOMINl • • • • • 8BPC-12 
467 NANAO . . . , 88PC·S 
468 NANAO . HPC·S 
469 PARSONS TECHNOLOGY 88PC·3 
Ull OUALITY MICRO 88PC·16 
4n RIX SOFTWARE UPC-11 
4n RIX SOFTWAAE 88PC-11 

' ROOT" TlNNEY GRAPHICS 88PC-14 
47J SHAMROCK COMPUTER 88PC·l3 

' SUNNYVALE MEMORIES 88PC- 9 
474 SUPER MAC 88PC-1 
'7S SUR/\~I . . 88PC·6 
476 WUNG SCI A TECH 88PC-15 
4n TE>\ COMPUTER 88PC-20 

Mldwesl 88 MW 1·8 

4U AMERICAN SKYNET HMW-5 
• BYTE TIPS HMWo-e 

451 CAO EXPRESS 881111~3 

Inquiry No. Pago Ho. 

• COMP BUYING SERVICE 88MW•7 
452 CORTEX CORP 88MW-'I 
4~J DIGITAL FRON TIERS 88MW.2 
456 JOINTEK 88MW.5 

' MICROMINT 88MW.8 
• ROEil: TINNEY GRM'HICS 88MW.4 

455 YE .S. MULTINATIONAL 881!1W-6 

Mld·AtlonHc U MIAT 1·8 

" BYT E TIPS 8U.l/"T·4 
" COO.LITION FOR LITER.OCl'BBMIAT·6 

S06 EXECUTEK PRODS. •NC B&M/,t..T-3 
507 KEN OOflOON PflODNS. UM/.AT-2 

' MCGRAW-HILL BOOKS HM/,t..T-S 
• MICROMINT UMl"T·8 

508 AG SOFTWARE 88M/...T·1 
• ROBT TINNEY GRAPHICS 88MIAT·7 

Southwn! 88 SW 1·8 

• BY TE TlPS 88SW-4 
• COALITION FOR LITERACV &&SW-5 

502 CONNECTIONS LJNLIMITED&aSW-2 
503 CONNECTIONS UNLIMITEDB8SW.2 

• MCCRAW-HILL BOOKS 88SW-3 
• M!CROMINT 88SW-8 

i>01 MYTECH ELECTRONICS 88SW.1 
• ROOT TIN MEY GRAPHICS 88SW-6,7 

• Correspond <lir«try wnh company 

-w:>S SUBSCRIBERS ONLY!*
f'l"'I~ Use BYTE's Telephone Inquiry Processing System

.J,. 	 Using TIPS can bring product information as much as 10 days earlier. 

SEND FOR YOUR 1l 
SUBSCRIBER I.D. CARD 

!f you an~ a new ~ubscrihe r or have lost your l.D. cal'd, cin::te #I on the Reader .'cr·vice 
C::inl: atl.;H·h m11iler label. Wt> will immetliately semi your p~n;orrnl TIP ub sC'riber <·ard. 

GET PREPARED ~\ 

:{\ 

Write your Subscriber Number, as printed on your Subscriber l.D. Card, in boxes in Step 5 below. 
tDo not add O's to fill in blank boxes) 

Write number.; for infurmati011 desirud in boxes in SteJJ 7b lwluw. 
I flu not acid If$ to liJI in blank bOXl'&) 

CALL TIPS ~\ Snw. nn a Touch:il.me telephone rlial: (·11:!.l H2-261il;! anrl wait for mice command>. 

ENTER YOUR 
SUBSCRIBER AND 
ISSUE NUMBERS 

ENTER YOUR 
INQUlRIES 

END SESSION 

,j) 

Ii) 

7a) 

b) 

8J 

9) 

\\'hf'n TIPS sal'.';: "Enter Suhscriher Number" 
(Enter h~· pushing the numbers and s~·mbols [#or• endnserl in the boxes] on telephone pad 
igTioring blank boxe:-;) 
Enter [- 0 10 0 0 [ID [I! 

When Tl PS says "Ent.er magazine code & issue code" 
Enter f2l 00 00 

\Vhen TIPS says "Enter (nextl Inquiry Numher" 
Entl•r one inquiry selection frum below (igTiore blank boxe~) 

Reµeat Tu a,; needed (maximum 17 inquir;.· numb~·rs) 

1 . D D D L 00 6. D D D rJl rJl 10. D D 0 rJl 00 14. D lJ 0 00 00
2. o o o oo [iJ 1.ooornoo 1i.ooornoo 15.oo n oooo 
3. D 0 D II! 00 8.0000000 12.0 0 0[)]00 16.00000[)] 
4. 0 0 0 ill 00 9. 000 0000 13.000[l][ll 17. 0 0000[1) 
5.DDD [il !il 

End ~e~sion by entering El G [ID ITl 00 Jil 

Hang up afler hearin~ final message 
If you ,,,.., " ~ub<cribcr am! neerl a.«Sis tanee. call !l:iOa) 924-9281. 

If you are nol a sub~criber fill out the ~ubscription card found in thi~ i,;;;ue or. cal l F!YTE Circulation 800-423­
•Domeslic and Canadian ubscribers Only! 
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To get further information on the products advert ised in BYTE, fill 
out the reader service card by circling the numbers on the card that 
correspond to the inquiry number listed with the advertiser. This In­READER dex is provided as an additional service by the publisher. who 
assumes no liability for errors or omissions. 

• Correspond directly with company SERVICE 
Index to Advertisers by Product Category 


Inquiry No. "11~No. 

HARDWARE 

AOOINS 

6 ALPHA PROOUCTS 293 


12 ATI TECHNOLOGIES ••••• :tn 

• Bl~RY TECH 21M 

111 


93 GTEK INC . ..... . 2193 

U GTEK INC . 283 


10·2 INFOGFIAPH 45 


103 iNFOORAPH 46 


U17 10 TECH 228 

101 10 TECH . 280 


• MICAOMINT 282 


149 MICRON TECH 228 


154 MICROWAY •• • 41 


155 MICAewt.V 241 

182 '-IUSIC QUEST • . • 280 


16.t NATIONAL INSTR • • 122 


188 PRINCETON GRAPHIC SYS 189 


187 PRISM ELECTRONICS • ••• , • 21'0 


191 OUA TECH --·. 46 


l!n OUA TECH 283 


193 OUA TECH 283 


1U QUA TEOH 283 


195 OUA TECH 283 


210 SEA LEVEL 292 


265 Z.WORlO 285 


511 DRIVES 

2711 CMS 247 


279 CM5 247 


240 TIGERTRONICS 54 


S12 HARDWARE PROGRAMMERS 

11 APROfEK 296 


18 B&C MICRO SYS. 268 


17 B&C MICRO SYS. 234 


30 BP MICRO 285 

93 GTEK INC 283 


94 GTEK INC. 283 


126 LINK COMP 288 


127 LOGICAL DEVICES 294 


128 LOGICAL DEVICES 296 


262 XELTEK 283 


513 INSTRUMENTATION 

31 CANETICS ... 285 


Inquiry No. Plgt No. 

32 CAPITAL EQUIP 151 


T.I ELEXOA 296 

115 JOR INSTRUMENTS 175 


160 MOJAVE SCAOA 290 


189 ORION 103 


191 ~ TI:CH 46 


203 REAL TIME DEVICES 292 


514 MASS STORAGE 

4 AK SYSTEMS 287 


M CONTECH • • 285 


271 FLAGSTAFF ENG. . ... 1111 


2n FLAGSTAFF ENG 178 


27'3 FLAGSTA FF ENG 171 


27• FLAGSTAFF ENG i18 


120 IUD CORP. 193 


• MAXELL DATA PRODS. 7 


IH QUALSTAR 298 


211 SEAGATE 255 


212 SEAGATE 255 


MISCELLANEOUS 

16 BAB ELECTRONICS 292 


20 BAY TECHNICAL • 33 


JS CENTROID CORP 294 


36 CHUNG YU • • . . . • . • . • . . • 94 


• COMPUTER CONTINUM 294 


• INTECTRA 268 


105 INTEGRAND 182 


137 MAXTECH , 290 


111 PARA SYSTEMS 95 


201 RAINBOW TECH 292 


202 RAINBOW TECHN SD 


204 ROSE ElECTR 290 


209 SCA • • • • . 290 


225 SOURCE HECTR. 98 


226 SOURCE ELECTR 98 


229 SUPERSOFT 202 


241 TIGERTAONICS 290 

250 VICTORY ENTERPRISES 151 


252 VOYETAA . 283 


515 MODEMS/MU LTIPLEXORS 

• CLEO SOFTWARE 242 

76 EVEREX . 27 


n EVEREX 27 


166 OKIOATA .44 


180 PRACT ICAL PERIPH . 53 


181 PRACTICAL PERIPH. 53 


Inquiry No. Page No. 

516 MONITORS 

56 CPT CORP 192 


58 CTX 128 


59 en: 128 


69 0 IVE ASIFIE D COM P. 2!16 


104 INFO PERIPHERALS 94 


157 MffSUBISHI • . . • , 118 

158 MITSUBISHI • • • 11& 


185 PRINCETON GRAPHIC SYS. 64 


236 TATU NG 1ii 

217 TATU NG 121 


283 ZENITH DATA SYS • 181 


517 NETWORK HARDWARE 

41 COGITATE 298 


45 COMPLETE PC n 

97 HITECH EQUIP. CORP 288 


518 PRINTERS/PLOTTERS 

7 ALPS AMERICA 29,29 


8 ALPS AMERICA 28,29 


17 CITIZEN AMERICA 17 


53 CONSOUNK • • • 5'1 


57 CROSS LINKING CORP 98 


65 OICONIX • 8,9 


7Q OAESSELHAUS 140 


71 DRESSELHAUS 140 


85 FUJITSU AMERICA 231 


86 FUJITSU AMERICA 231 


95 HEWLETT PACKARO 185 


96 HEWLETT PACKARD . 132,133 


• INTECTRA 292 


165 NEC INFO SYS Clll 


187 OKIOATA 191 


248 UNITEO INNCNATIONS 186 


264 ZERICON 298 


519 SCANNERSJDIGITIZERS 

88 GLORIOUS UNION 254 


520 SYSTEMS 

• AMPRO 111 

• AST 159 


38 CLUB AMER ICAN TECHN , 48,49 


• COMPAQ 20,21 


60 CURTIS. INC 60 


62 C.HAS. MICRO 29!i 


75 ENG·s . COLLABORATIVE 296 


Inquiry No. "11ge No. 

711 EXAATECH INT 'L 280 


139 MAY COMPUTER 190 


140 MAY COMPUTER 190 


143 MEG AT EL , , 60 


• NEC HOME ELECTR USA 124-127 


175 PC PRIME .. 284 

197 OUANTUS MICROSYS 217 


200 RADIO SHACK CIV 

213 SHARP ELECTR •• 147 


224 SORO COMPUTER 140 


243 TOSHISA 10 

244 TOSHIBA 173 


247 nSTAA .• • •. . .. • • 296 


257 WINTEK CORP 288 


260 WYSE 62 ,63 


521 T!AMINALS 

121 KEA SYSTEMS 

SOFTWARE 

522 APPLE 2/MAC APPLICATIONS-

Butln.....On1e1 

280 ACIUS 113 


517 APPLE 2/lllAC LA!\11.iUAGES 

219 SOFTWARE OEV SVS 138 


523 IBM/MS-DDS APPLICATIONS­

Bu•ln.....Onlce 

28 BORLAND IN T'L Tl 

29 BORLAND INT'L Tl 

• BRODERBUND 19 


42 COGITATE 2117 


63 DB FAST S8 


82 FOX SOFTWARE 39 


• ORACLE . 87 


m PATTON & PATION 16 


176 PEACH TREE SOFTWARE 107 


199 QUARTERDECK 99 


• RAIMA 35 


222 SOFTWARE PUB. 204 


239 THETA SYSTEMS 280 


Contrnued 
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Inquiry No. Plog.e No. 

CcntmvEJld 

524 IBMIMS·DDS APPLICATIDNS­

Mlecellll-• 

n ECOSOFT 117 

150 MICROPORT 25 


235 TAl KING TECH 288 


525 IBM/MS-OOS APPLICATIONS­

Bclenllllcl"Tach n le.I 

1• Alo'OCET SYSTEMS INC 193 


15 JWOCET SYS. INC 193 


21 BBN SFTWR PAOOS 9! 

22 BINARY ENG S/W CO 227 


31 CANETIC S . . . .~ ' . 285 


124 KNOWLEDGE GARDE N. INC. 'IT 


125 LAS CAUX GAAPHICS 96 

135 MATHSOFT .. 89 


1~ MIHALISIN .-.SSOC 298 


218 SOFTWll.RE DEV ~ DIST 296 


227 SPECTRUM SOFTWARE 215 


228 STSC INC so 

230 SYSTAT, INC 203 


231 SVSTAT INC 203 


5211 IBll/MS-009-CAD 

10 AMER . SMALL BUSN COMP. 141 


S5 CONTROL AUTOMATION 32 


2Sti WINTEK CORP 


527 IBMIMS-DDS-COMMUNICo.TIONS 

122 KEA SYSTEMS .. 294 


' PEASOFT ••.• 85 

216 SOFlKLONE 150 


217 SOFTRONICS 5.2 


528 IBM/MS-005-GR"'PHICS 

199 OlJAATEROECK • • • 99 


529 IBMIMS·DD5-LANDUAGES 

2711 AUSTEC 164 


m AUSTEC 164 


24 !!ORLAND INT'L Cll 


25 BORLAND INrL Cll 


26 BORLAND INT'l 


Inquiry No. Pllg• No. 

27 BOALANO I NT' L 

39 CNS, INC 210 


40 CNS. INC 210 

64 DEUTAONICS • , •.••• 213 

86 DIGITALK 13, 


l'2 ECOSOFT 187 


74 ELLIS COMPUTING 2' 
133 MANX SOr-TWAnE SYS 123 

134 MARK WILLIAM S 30 


152 MICROSOFT • 171 


153 MICROSOF'T 1'1'1 


159 MI X SOFTWARE 13 

266 Z·WORLD 28S 


530 IBMIMS·DDS-UTILITIES 

13 ATRON 	 68 


14 AVOCET SYS. INC .. .. 193 


15 MJCET SYS. INC IVJ 
19 BARRINGiON SYS 711 

23 BLAISE COMPUTING 34 


53 08 FAST !oil 
84 FTG DATA SVS .. . 298 


89 GOLD Hill COMP INC 219 

!Kl GOLDEN BOW .. 298 


91 GRAFFPOINT 288 


138 MAXWAAE • ........ . 24 


144 MERIDIAN TECHN 220 


1•5 MERIDIAN TECHN 220 


1711 PETER NOA10N 15 


11'9 PETEA NORTON 15 


182 PRIME SOLUTIONS 43 


183 PRIME SOLUTIONS • 0 
1&9 QUARTERDECK ti 

223 SOLUTION SYSTEMS 184 


246 TXM, INC .., 
249 VERMONT CREATIVE SFIWA. 169 


258 l\IOODCHUCK IND 298 


531 OTHEA-LANGU.e.GES 

219 SOFTWARE DEV SYS • • • 138 


532 MAIL ORDER/ 
RETAIL 

3 AOVANCl'D COMP PROD J00,301 

5 ALF 	 283 


Inquiry No. Ploge No. 

269 B&W SYSTEMS. INC 

' BUYER'S w.AT 

• CALIFORNIA DIGITAL 


46 COMPUSAVE • • . .. .• •• 281 


0 COMP MAIL ORDER 82 ,83 


21'0 	COMP SURPWS S10AE 214 


51 COMP. Wo.REHOU SE 183 


52 COMP Wo.AEHOUSE 183 


• C OM.B. OIFIECT MRKTG 281' 


f;7 OISKOTECH HO 


68 OISKHTE CONNECTION 285 


48 OISKMASTER 2'8 

81 FOSTER TEC HNOLOG\' 28& 

92 GREAT WESTERN ELECTR ff 


' HARMON Y COMPUTERS 1B 


101 IC EXPRESS 280 


lot J&R MUSIC WORLD 160 


110 JADE • , 295 

112 .IAMECO 278,279 


113 JMo'IN 280 


114 Jlllo'illN 280 


116 JOA MICAODEVICES 302,303 


117 JOA MICROOEVICES 30"4,305 


111 JIM-PAK :n 

111 JKL 292 


141 MEAD COMPUTER 286 


142 MEGASOFT 281' 

147 MICROCOM 26 

148 MICRO ELECTR PROD 294 


151 MICROPROC UNLTD 294 


161 MONffiOMERY GRANT 289 


163 M H I. ••• , •••• •2 

1118 ON-LINE STDRE • , , m 

173 PC NETWORK 81 

174 PC PERIPHERALS 292 


184 PAINCEiON DISKETTE • • 298 


188 PROGRAMMER'S CONNECTlON 23 


189 PROGRAMMER'S PARADISE $4,57 


190 PROGRAMMER'S SHOP • 151 


207 SCHWAB COMP. , • • • , , , , 268 


208 SCIENCE & ENG SW 2•1 

214 SILICON SPECIALTIES 47 


215 SILICON SPECIALTIES 47 


232 S'NW ELECTRONICS 
 " 233 S·IOO .. W1 


234 S.100 l'J1 


242 TIMELINE 201 


253 '.'W>.REHOUSE DATii PROO n 

254 WESCORP 298 

261 W.P ELECTRONICS f2 


Inquiry No. "911• No. 

533 OPERATING 
SYSTEMS 

119 KAOAK • 


198 QUANTUM 152 


20CI SAN TA CRU Z QPER 139 

220 SOFTWARE LINK 31 


221 SOFTWARE LINK 31 


534 ON-LINE 
SERVICES 

450 BiX- BVTE INFO EXCHANGE.238,239 


41 COMF>USERVE • • • 195 


' MCGR_AW-HILL CEC • 225 


535 EDUCATIONAL/ 
INSTRUCTIONAL 

• BYTE BloCK ISSUES 182 


' BYTE BOOK CLUB 258.257 


• BYTE CIRCULATION 240 


• BYTE sue MESSAGE 288 


• BYTE sue. SERVICE ZllS 
61 CVBER RESEARCH 280 


106 INTERFACE GROUP 201 

• MCGAIWJ-HILL INFO. 198,191 


11'0 OS80RNE/MCGRAW·HILL 198 


259 WORDCRAFT , • • • • • • 2U 


MISCELLANEOUS 

33 C.O.SIO 235 


275 EASTMAN KODAK 237 


98 HOOLEAN 52 


QO HOO LEAN • • , 52 


1'8 MERRIIT COMP PRODS 264 


205 SAFENO.RE 2IKI 

• TINNEY. ROBERT 188 


• CatreBPOrtd d"~!ly ..,m companr 
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Information Retrieval Service 

To assist you in making your evaluations, purchasing decisions, or recommendations, you can 
request further information directly from the manufacturer or service company on products and 

serv:ces advert:sed :n this Issue. There Is no charge, no obllgation. Just complete and mail the 
attached post-paid, self-addressed reply card, and we'll do the rest. 

Circle numbers on reply Print your name and 
~ard which correspond to 

Check all the appropriate 
address and mail. 

numbers assigned to 
answers to questions 
"A" through "F". 


items of interest to you. 

i-;,;;-.,:: ;,~:p:n:.:f:;;;P~f:;;R;;;:;.::::,,-:-:------ - - ----- - - - - - - - - - - - - -F-;;~;Y-:8-;;u-
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D Other innuencr lhr ...1rctlon or 
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range. And in draft mode, it speeds 
along at 170 cps. 

Or ll'ri11; · N EC lnforrn;11111n Svsl<'nh, lkpt 

You've also lost your last 
reason for buying a 9-pin 
printer. Our new Pinwrite1•& 
P2200 dot niattix printer is 
the firs t 24-pin printer that 
is priced lower th;m many of 
today's 9-pin printers. 

.::;~-~

However, we didn't 
strip the price by doing the 
~une thing to features. PINWR~11 _...., i • _ _ a 111-t-~_.t- · 1~-
In fact, we gave the P2200 

a few features you won't find on any other printers at any price. 


Like more software sup1X)lt than any other 24-wire printer and unrivaled paper-handling capa­
bilities. It feeds from both the rC'<lf and the front. And you can print a single sheet without removing 
vour continuous paper. You can also procfuce up to 128 type va1iations within a single doctu11ent. 
- We also didn't get the price down at the expense of sp1..."ed. The P2200 

prints 55 cps in LQ mcxk - that's faster than any other primer in its price 

NEC PRINTERS.THEY ONLY STOP 
So see your NEC dealer WHEN YOU WANTTHEM 10. 

today. Anything else would ~f V /' 
be thoroughly unreasonable. l ~£ "" 

NEC In for m~tmn Sys!P.ms. Inc 

For nlllr-: ini"11rm:11 1un ..ind 1h,· rMm<·oflh<· :\l:CIS d<'akr 1war,.,, \uu,r;ill 1-XOO-.l-B--Hlli, 111 .\\.\1'117-!o4-lih.l'i, 
lnlH. 1414 ,\\a~~~rhth<"ll~ :\1·1;.. Bl>:1;huniu!lh ..\\,\ 01719. 
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Tandy Computers: 
Because there is 
no better value

1 

: 

The Tandy®4000 

A price breakthrough 
in high-perfonnance 
80386 technology. 

Put a T.1ndy 4000 on yuur desk,, 
and unleash the incredible power of 
the 80386 microprocessor. You'll be 
able to run currcnr IBM® PC and 
AT® softv. me with spectacular new 
speed. And when new operating 
systems such as Microsofc® OS/2 be­
come available, you'll be able to tap 
the full potential of the 80386. 

Plus the 4000 is ~o cost effective, 
you can actually configure 3 186 
system for less than you'd pay for a 
competitor's 286 moJel. 

When used with the 
XENIX®operating system, 

-
the 4000 can become 

r.hc heart of the 
multiuser office sys­
tem . Users can <1<.> 

cess the 4000's processing 
power from low-cost data terminals. 
Or configure the 4000 as a 3Com'~ 
wurkgroup file server tu share pro­
grams and data files. 

For Jat<.1-intensive uses, account­
ing and financial planning, and 
even desktop publishing, rhe Trndy 
4000 ~Id ive rs incre<l ih le pmvcr fm 
less-on Iy $2 599. (2 5-5000). 
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