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"Paraduxs i: one again 
the top-rat ·d program. 
with the lat st version 

scoring ~v n high 'r than last 
year's top , core ... (Software 
Dige t' July I 87 Rating 
Report- an inde1 end nt com
parativ ·ratings r "port for 
electing IB 1 PC Business 

sortware). 
All t st. for th Ratings 

R port were don by th pre 
tigiou 'ational Software Test
ing Laboratory. Philad lphia. 
PA. and the messag is crystal 
clear: ther is no better rela
tional databa c manager than 
Paradox. 

STL t . t .d 12 diff rent 
programs and among t other 
re ults. discovered that 
Paradox i · 3 lim s fa t 'r than 
dBASE: 6 tim s faster than 
R:B SE on a two-file join 
with ubtota l ' Le tt. 

Paradox doe the 
impossibl : combines 
ea e-of -u e with power 
and sophistication 

Even if you'r a b-ginn r. 
Pa radox is the on ly relational 
databa ·e manager that you 

can l<lk, ou t of the box and 
b gin u. ing rioht away. 

Rccausc Paradox employ· 
stat~-of-the-art artificial intel
ligence tc hnolugy, it does 
almost ·vcrytl1ing ror you 
exc ~pt tak - it If out or 
th· box. 

Ir you've ever used l-2-3e 
or dB SE. you already know 
how to us Paradox. It ha, 
Lotus-lik rn nus. and 
Paradox docu m·ntation 
in ' ludc' "A Quick Guide to 
Paradox for Lotus user ... and 
" A Ouick Gu ide to Pa1·adox 
for cl RASI•: users.·· 
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Why Parad~ 


'' Paradox sti 11 offers 
sup rior import/export 
faci Ii ti u ing Latu 
1-2-3. dBASEi. A Cll 
and other file types. It 
transfers between format 
with stunn ing speed 

Rmwl /)t·Muria. l'r: l\ (•ek J J 

Paradox responds 
instantly to "Ouery
by-Examp/e" 

Th m t11od you use to a, k 
qu tion is call cl \)uery-by
Exampl . In t ad of spending 
time figuring out how to do 
the qu "ry. you imply give 
Paradox an example of the 
re ults you're looking for. 
Paradox pick up the example 
and automatically eeks the 
fast st. wa of g tting th 
an w r. Paradox. unlik other 
database . make it ju ta 
asy to qu ry multiple table , 

' imultancously as it is to 
query one. 
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(On a scale of 0 to 10) 
Overall Evaluation 
,.,n "'\'r\'r 9.0 or higher 

iHlQQ 8.0 · 8.9 
\'.IUl'.1 7 0 · 7.9 

*l'l' 6.0 . 6.9 
,., 5.0 . 5.9 

All Other Ratings 
• 7.0 · 9.9 

5.0 . 6.9 
• UNDER 5 0 

i:r i:r i:r i:r 8.7 Paradox 1.1 • • • • • 512K $495 
'tttctctt 8.2 XDB 1.10 • • • • • 320K $750 

·CrCrC1 7.6 PowerBase 2.3 • • • • 384K $349 
<:r "tl <:r 7.0 Open Access II 2.0 • • • 256K $395 
'lh':-f-tr 7.0 DataEase 2.512 • • • • • 384K $600 

'{;r'{;{ 6.6 dBASE 111 PLUS 1.1 • • 384K $695 
"tl '{:{ 6.4 R:BASE System V 1.1 • • • 512K $700 



lX is the best 

There's no power like Paradox Power 	 Paradox makes your 

PROGRAM 
Paradox 

dBASE Ill PLUS 7.9 8.9 6.9 0.5 17 93 

Paradox saves you from 
future shock 
Trends for the future with Paradox 

PAAAOOX2.0 

PARADOX 386 

1987 1988 1989 

Paradox 386 allows u. er to 
tHke advantage of 16 Megabytes 
or Memory on a 386 machi ne. 
This allow Paradox u · r to 
work with databa ·c , that cou Id 
in the past on ly be handled 
by minicomputers <:incl 
mainframes. 

How /0 mM•..,... Ni.ttHi.tt 


IOIU1Pilia<IO• 200f Ille Para<n< -Mcn •retMlll< y!ll,_ 


• NO'd ... 111 ~ AcJviJ'Cecl ~e ve<llCfl 2OA Of "'1e 
• JCQm JP\Js ..in JCom J+ ooer~ S)'llefn ve<Sl()'l 1o. 11 er~ 
• IBM TOkt11 Rf'll ot PC - w!ln IBM PC Lor.JI N19. - Pro· 

!l'i1111'•f<SIOfl 1 12ot hgB 
• I01.1Sl'l)eSlry"l<W11 4 0fhgB 
• AT&T~ Ne!W(lfl. AT&T PC 6300 Nt1'#!1I. l'!ot,J;wn ve<!IOl 
• 	Olfl!:f~~1!1"1 "e 1 00'l.~""'OOS31 
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Sylllm R1trl11m..11 for Sl•fll Uur: 
• DOS 2 0 0111ogt1e1 
• IBM" PS12 and PC, c~· PC 1am11es ._,O ol/le1 

100% COO'Clal1bles 
• ST 2K RAM 

Your investment today in 
Paradox applications is pro
tected as new hardware and 
operating systems are used in 
your company. Paradox 2.0 
applications will run un
hanged on Paradox 386. 

Paradox OS/2. Paradox Unix 
and Paradox SOL! All ver ions 
of Paradox will be completely 
application and menu compati 
ble. Paradox SOL will allow 
acce s to remote databa e via 
SOL. Users will jut type in a 
query as they normally wou Id. 
and Paradox wi 11 translate that 
Query to SQL. 

' ' Paradox 2.0 will 
do for th LAI whaL the 
preacl heet did for the PC 

D.wir/ Sr/111 /111 <1 11. 

Rem/ix Aumspacc '' 

System R1quirem1nts tor /ht Nttwott Worhi.tlon: 
• DOS 3 1 01 n.grier 
• 6•0K RAM 
' AAy como:na11o.n ot rtdHl 11oov; or no d•j~ dr1.,.es 
• CC>r1la1ible ITIQIW)CIYomc. color or [GA mondo1 1t1lh ..idaptr1 

Op/ion•/ Equ/pmtnt: 
• (MS Jl\O lEMS ~ds ASI RA M gt &wa: lnlel Above Bwrd' 

a1 0t~1 eip~rl(Jcd memo1y .alUpte1s 
• P11r1tfis Corrwhb!e dot ITldltu lenes QWIJtr or l.lstr or• @r 

·Repmttd wrlh p<mrSSIOtl by Soiln-< DiQtsJ /tom ds JtJr 1981 tepott 
COyt(lllQ 12 t<liJ/illlUI aaJiJl!a~ /JI0{1i/tlS . 

network run like 
clockwork 

Paradox is jut as valuable 
to multi and network users as 
it is Lo singl user·. It runs 
·moothly. intelligently and o 
tran parently that multiusers 
can acce · · the 'am data at the 
same time-without either 
being aware of 'ach other or 
getti ng in ach other's way. It 
work exactly the same way 
wh Lh r you 're l'lying solo or 
a part of th ' er w. 

'' Anyon who ha n't 
een the n twork version 

of Paradox shou Id take a 
look. Ansa has dramati
ca lly advanc d th state 
of the art in multius r 
network databases 

Pili/ l.rmmuns. 
BYTE 818i 

Paradox was a delight 
to use. both as a stand
alone product and from 
a local area n twork 
server. 

Don Crabb. 
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Paradox: the new 

corporate standard 


Paradox automatically 
updates your data and 
let. you control access 
to information 

In "Co-Edit" mode. change 
made by anyone are automati
cally updated to everyone. You 
can pre- .ta " Screen-R fre h" 
inLerval to occur an where 
rrom 1- econd to 1-hour int r
val . (If you don't make a pre
et choice. Paradox automati

cally updaL s every 3 seconds 
so that your screen always 
, how you updated data). 

While Paradox 2.0 let 
everyone l1are and update 
information . imultaneously. 
you can conrigure it to keep 
ecret cret. 

You can re trict others ' rights 
in a variety of way with safe
guard protecting confidential 
fil es and/or gi ing someone 
"Read On ly" rigt1 wh icl1 is 
to allow "Vi w... but prevent 
"Clian°e... The Paradox tech
nique-automatic file and 
r cord locking-en ures data 
accuracy and integrit in any 
multiu ·r nvironmcnt. 

For a brochure or 
the dealer nearest you 
ca ll (800) 543-7543 

PARADOX 

bv.Ansa 

A Borland Company 

' ' Witl1 Ver ion 2.0. 
Paradox becomes a, oph is
ticated mu !Li user proclucL 
that boa ts an impre ive 
election of data-protection 

features and pa sword
securiL levels 

Ruse/ Dr .Haria. 

PC ~frck '' 

Get erious support for 
serious Paradox applica
tion programming 

Wl1en you ubscribe to the 
Paradox Developer 's Resource 
Program (PDRP). you get all the 
re ourc and support you need 
for oph i ti ated Paradox appl i
cation development: unlimited 
ace to our toll-free PAL 
programm r 'upport line: the 
Paradox Dev loper's Toolkit: a 
subscription to Turbo Technix. 
Borland's bi -monthly technica l 
magazine: and a 20% discount 
on the Paradox ser's ,Journal 
publi heel by the Cobb Group. 

Call our Cu tomer Service 
Department at (408) 438-8400 
for your free PDRP information 
kit with all the d ta ils. 

Circle 41 on Reader Service Card (~alers: 42) 



Product Focus/118 
Contents 

65 PRODUCTS IN PERSPECTIVE 

67 What's New 


89 	 Short Takes 
Sharp PC-4521, a laptop with a hard disk drive 
Sprint 1.0, Borland's third-generation word processor 
Quad386XT, Quadram 's booster board for the PC 
DeskJet, a quiet ink-jet printer from HP 
WordStar 2000 3.0, an upgrade with 662 features 
ZCM-1490, Zenith's high-resolution color monitor 
Microsoft Windows 2.0, a step toward OS/2 

FIRST IMPRESSIONS 
103 Microsoft Languages Update 

by the B YfE Staff 
These new versions of five language products 
offer a bridge to OS/2. 

113 d.BASE IV: A Paradox Killer? 
by Nicholas Baran 
The new version of Ashton-Tate's package 
is going to make life tougher for competitors 
like Paradox and R:base. 

REVIEWS 
118 Product Focu.! : The Best of the 24-pin Printers 

by George A. Stewart 
Dot-matrix primers are now good enough 

that you don't have to 

apologize for using 
one. BYTE Labs 
looks at 37 of 
the finest. -

131 The WYSEpc 386 
by Ed McNierney 
Price, perfonnance, and design highlight 
this 80386-based system. 

137 Commodore Opens the Amiga 
by Charlie Heath 
The expandable Amiga 2000 can provide 
MS-DOS compatibility. 

144 Laser Printing Without Lasers 
by Rick Cook and Paul Schauble 
The Taxan Crystal Jet and the Data Technology 
CrystalPrint YID demonstrate the potential 
of liquid-crystal-shutter printers. 

150 Getting the Bugs Out 
by Ross M. Greenberg 
AT Probe and Periscope III-two hardware-assisted 
debuggers with some unique features. 

163 Two Fast C Compilers for PCs 
by Namir Clemenr Shammas 
Microsoft introduces an improved version 
of its C Compiler and QuickC. 

168 New Power for FORTRAN 
by Carl Byington 
SYS FORTRAN from SAIC and Micro Way's 
NDP FORTRAN take advantage of the 80386 
and its coprocessors. 

181 lnterleaf Publisher for the Macintosh II 
by Paul Kahn 
This publishing system includes good 
and bad features from the personal-computer 
and workstat.ion worlds. 

189 Review Update 

COLUMNS 
193 Computing at Chaos Manor: 

Memories, .Memories 
by Jerry Poumelle 
Jerry looks at Fastback Plus, Golden Bow products, 
extended versus expanded memory, and new items 
from Logitech. 

211 Applications Only: Two Big Winners 
by Ezra Shapiro 
Ezra highly recommends both Decision Pad 
and QuicKeys. 
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by Steve Ciarcia 
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with slow peripherals. 
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by Gordon letwin, ChiefArchitect, Systems Software, 
Microsoft Corp. 
Dynlinks make OS/2 programs smaller, 
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and they'll be able to cope with the uncertainties 
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smARTOORK. Keeps

Getting Smarter 


Smarter Artwork 

Three years ago. Wintek engi
neers created smARTWORK to 
reduce the time and tedium of 
laying out their own printed-ci rcuit 
boards. Thousands of engineers 
have since discovered the ease of 
use and sophistication that makes 
smARTWORK the most popular 
PCB CAD software avai lable. And 
thanks to them. smARTWORK keeps 
getting better. 

srnARfv\/ORK transforms 
your IBM PC into a PCB CAD system 

Interactive routing. continual 
design-rule checking. pad shov
ing. and p roduction-quality 2X 
artwork have always been a part 
of smARlWORK. And now that 
many customer suggestions have 
become a part of the software. 
smARlWORK is an even better 
value. That's why we 
offer it with a thirty
day money-back 
no-nonsense 
guarantee. 

Using on Epson or IBM dot-matrix 
printer. you can create 2X artwork a nd 
1X or 2X checkplots in a frac11on o f the 
lime hand-toping requires 

New smARTWORK Features 

D Silkscreen layer for component 
placement and identification 

D Text capab ilities for all three 
layers 

D Selectable trace widths and 
pad shapes and sizes 

D User-definable library 

D Ground planes c reated with a 
single command 

o Solder-mask and padmaster 
plots generated automatically 

D Quick p rinter 2X checkplots 
D Additional drivers for printers 

and plotters 
D Optional d rill-tape and 

Gerber photoplotter utilities 
D AutoCAD ll> .DXF file output 

D Completely updated 
manual 

D 800 number for free 
technical assistance 

2" by 4" section o f a 10" by 16" double-
sided board with silkscreen lover 

Current Versions 
HIWIRE V 1r1 
smARMOl?K V 315 

Camera-ready 
2X artwork from an HI or HP pen plotter 

The Smart Buy. Guaranteed. 

Still priced at S895. smARTWORK 
Is proven. convenient. and fast. 
Our money-back guarantee lets 
you try smARTWORK for 30 days 
at absolutely no risk. Call toll free 
(800) 742-6809 today and put 
smARTWORK to work for you 
tomorrow. That's smart work. 

System Req uirements 

D IBM PC. PC XT. or PC AT with 384K 
RAM. and DOS V2.0 or la1er 

D IBM ColorI Graphics Adop ter with 
RGB color or B&W monitor 

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

D Housto n Instrument DMP-AO. A1 . A2. 
51. 52. o r Hewlett-Packard 7A70. 
7475. 7550, 7580, 7585. 7586 pen 

plotter 
D Op tional Microsoft Mouse 

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

~,\()QC "W!fttlt; «IC ... IOQE=!Or'1t r~iar.t60 ftl(l6n' ' C' 
''.Mttt!i~ "'4Jn/".AIJ 40f~lll)(JttrTO'l! ol AU!ooRI r.c 
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EDITORIAL 


The New BYTE Lab 
We've never done much horn-blowing or 
flag-waving abou1 our original micro
computer lab , which we've had for year ·, 
because it seemed obvious that any publi
cation purporting to offer authori1a1ive 
te t resull would have a well-equipped 
place in which 10 run tests and examine 
equipment wi1hout interruption or dis
traction . A basic computer lab shou ld be 
s1andard equipment for any microcom
puter publicarion-a ba ic lab is really no 
big deal. 

Of cour e, BYTE i n't a "ba ic '" com
puter publication, and a of late winter, 
neither i our lab . In order to provide 
meaningful and re liable analy is of in
creasingly sophisticated hardware and 
software , we ·re in the process of assem
bling a truly unique and innovative testing 
facility- one that will let us run tests that 
no other publication i · doing , and that 
will let us present you with infonnation of 
unmatched depth and accuracy on state
of-the-an computer y tem and ub
sy. tems. 

Senior Te ting Editor Curt Franklin 
head the new lab. Here's what he say. 
about the capabilities the new facility will 
give u. : 

" How reliable i · your equipment? It·s 
almo ·t impossible to know . prior to pur
chase, how your new hardware will work 
after extended operation- or how it will 
react to temperature fluctuations . Some 
hard di k drive . for example. are notori
ou for eek errors cau ed by thermal ex
pan ·ion and contraction . Our Despatch 
environmental chamber will let us exam
ine equipment in a controlled envi ron
ment and look at how well the equipment 
performs after extended operation near 
the limits of it operating parameter . 

"BYTE readers expect u 
to open up computer 
systems for them , 
giving them 
information 
they can't find 
anywhere el e. 
The Hewlett-Packard 
J6500A logic 
analy i y tern 
will let us do 
ju t that. We· 11 
be able to do 
25-MHz state 
analy i , timing 
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analysis to I gigahertz, and look at wave
forms at a rate of up to 400 mega ample 
per second . The capabilitie of this 
equipment mean that we ' ll be giving our 
reader more accurate information than 
ever before on computer bu e • memory 
and torage sys tems, and co mpu1er 
archi1ec1ure . 

" Modem and other communication 
equipment are increasingly imponant 
pare of mo t computer sy tern . The 
ability of a modem to deal with noise , 
dropouts. and other real-world problem 
may have more to do with communica
tion · 1hroughput than the modem's maxi
mum rated data tran fer rate. We want 
you to know how well a modem really 
work . Wi1h a computer-controlled. 
au1omated 1es1 se1 (i.e. , the Auto1est I A 
from AEA) , we ' ll be giving BYTE read
ers objective, comparative te.s1 informa
tion on the next generation (or two or 
three) of modem . 

" Each of us spends more time working 
wilh the computer monitor than with any 

other piece of personal computer equip
ment. In our February is ue , George A. 
Stewart analyzed and compared a number 
of monitor using the Super pot 100 CRT 
analyzer from Microvi . ion-the fir.. t 
truly objective monitor test ever to ap
pear in a microcomputer magazine. We 
now have a Super pot I00. o you can ex · 
pect in-depth , accurate review. of n10ni
tors like you've never seen before. 

''In addi tion to the 'big' pieces of 
equipment in the lab , we've added nu
merou other item , like power line mon
itors (for 1es1ing uninterruptible power 
supplies and letting us factor power flu c
tuations into ou r other test results) , hard 
disk and floppy disk analyzer , and other 
equipment that lets us bring reader the 
technical depth and accuracy they ' e 
come to expect from BYTE. " 

Curt 's right. What' more. the lab 
we're building now is not a one-shot deal. 
We've made a major commitment to keep 
up with developing technology and to de
velop our own capabili tie to look at the 
products you're interested in. For exam
ple. we are now looking into way 10 ob
jectively te t and report on local-area net
work , and we' ll be adding a LA te t 
facili1y and other technology testing to 
our lab in !he future . 

Last- but ce.rtainly nOI leas1- are the 
people Curt ha hired for our lab . Steve 
Apiki and Stan Diehl are elec1rical engi
neer who have joined us a te ting edi
tor ; they ' ti help BYTE keep and improve 
its repu1ation a. a magazine wriuen by ex
pert for experts. 

Once the last pieces of equipment have 
been delivered and installed (as I write 
th is . several of the large items. like the 
environmental chamber, are being built 
to our pecification ), you'll tart seei ng 
the re ult of our new lab in the Reviews 
ection . 

The lab will al o play a major role in 
helping us to analyze and examine brand
new architecture -like machine based 
on the 68030 and 80486 chips- as soon 
as they emerge. 

It' all part of our commitment to keep 
BYTE your premier source of detailed, 
objec1ive, authori tative infonnation on 
both the stale of the market and the tale 
of the art. 

You de erve nothing le s . 
-FredlAnga 

Edilor i11 Chief 
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Discover a new world 
of C performance. 
At a special low 
introductory price! 

WATCOM announces a new team of high
performance C language development 
systems that deliver proven superior results. 
Both are available now, at low introductory 
prices, tor IBM PCs. PS12s. and 
compatlbles. 

Best of Both Worlds. 
Both systems are optimizers. Express C 

optimizes your lime, WATCOM C6.0optimizes 
your code. You win both waysl 

WATCOM C6.0 

System Requirements 
System: IBM PC, PC XT, 
PC AT, PS12, or true 
compatible 

• Recommended memory: 
512K 

• Operating system: 
PC-DOS or MS-DOS, 
version 2.0 or later. 

Wltn Ille WATCOM VIDEO debugger you C4r1 debug ia'll• llPPllcltlons without 
extended memory. 

most productive programming tools. With moreOptimizing Compiler Software Credentials than 400,000 sottware products in worldwide
WATCOM C6.0 Is the product of 20 years use and site licensing available for multipleand Tools Fcr the of computer language experience dating back machines and networks. you simply cannot 

to the creation of WATFOR In 1965. Our find a better source of software developmentFcEest Tgf ttest Qxie. commitment to technical support matches our tools.
This unlQue development system commitment to dellver the world 's fastest and 

smallest code available. as shown In WATCOM Express C 
The tn,HC. llQhlH1 CodC!benchmark tests against Microsoft CS.O and 


Turbo C. It includes the new WATCOM 


produces the fastest execution speeds and 

The f H,etl~ UghlH I CO<ifl 

25 
Iterations 

Sieve 

Dhrystone 

For the Fastest 
VIDEO Debugger which Quickly diagnoses Developmentelusive bugs without the need for extended 

memory even in very large programs. 
 Environment. 
WATCOM C6.0 comes with a copy of 

This seamless development environmentExpress C and offers a broad spectrum of 

advantages including: Ex1ensive fine-tuning 
 otters high speed compilation and the 

capabilities. A sophisticated register 
 ultimate In programming ease. It is an 

1maa,um memory modcl ' I 

":7-~--=71-..::...._~;., 

Integrated editor. compiler. debugger, !Inkerallocation scheme that eliminates many 
25 and run-time system. With unexcelledcostly memory references. True register Iterations 


variables. Flow analysis. Altogether it allows 
 diagnostic capabilities. it quickly checksSieve 

your code to run Its quickest. 
 apparently correct code and uncoversOhryslone 


Without a doubt. WATCOM C6.0 is the 
 common or dlHicult bugs that other compliers 
Ideal choice for all memory models. small miss. Express C provides you with reUable 
to huge, and on systems with or without code and exceptional productivity. 

80x87. Its flexible run-time conventions also 
 '~'-j~. aN.V..1....,allow efficient Interfacing with a wide range 108.S Unparalleled Productivityol libraries and language processors. 


0 Full ANS I C eomp1t1 0 Ovenay Link••
Superlative Performance 'IUl2 0 Integrated Source Editor 0 ~Ubtlln...0 Full ANSI c Oplimlrlng 0 On-line Help T••I 121 Integrated Oet:iugge1 0 MAKE 
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[2J Full ANSI C Aun·lime12J Visual lnleractive °"""9Qer 0 Overlay Linker 
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SPECIAL INTRODUCTORY OFFER! 

• WAJ C CGQ 
1 mMC5 0 
flol'bOC 

NameI _ C6.0 at Introductory price $295 Tille ________ 1111. ' I
I Express C, at lnt10ductory price $75 Company I 

Please send product Information. Dept. BY·04 •Suite 306-21 su..1------------

• - r--------- Slele _ Zlp __ Please contact re: site licensing and 1430MassachusettsAve.• Cambrldge.MA02138 ,..,k. I 
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Staffwritten highlights ofdevelopments 
in echnology and the microcomputer industry :1 
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New Approacti Could'Bring Good Color'"'' ,.,...,.t ·~1.=-
to Micro Printers :rn • . 

While color display technology has· 
sped forward, the printer technology 
needed to get color from screen to 
paper ha not . But that could change in 
the near future if printer makers can 
succes full implement a new color 
te hnology. called Cycolor. being de
veloped by Mead maging (Miami burg, 
OH). Several well-known computer 
printer companie~. including Brother 
and Seiko-Epson have become "hard
ware-partners ,. with Mead and are devel

ping Cy olor-based printe : 
The most immediate application for 

the techn9logy will be c<;>lor copiers and 
35mm slide printers. with products ex,
pected to be available within the year. 
Chuckpavi · · director of Mead Jmag
ing· System Group, told Microby1es 
that color computer printer using the 
Cycolor proce s are at least i2 years 
away. Davis said some new printer de
igns w_ill have to evolve and he sug

gested hat the use of fiber-optic CRTs 
nnd liquid crystal shutters are likely can
didates for bringing, reasona ly priced 
Cycolor-based printers to the de ks of 
personal computer users. He declined 
to speculate on end-user pricing. 

-· ·· •"T:""· JJT ·Jl.? 
Mead calls the Cycolor process a 

·photographic-like" film technology . 
Unlik~conventional color photo
graphic materials, which contain silver 
halide light-sensitive salt crystals. the 
Cycolor film i coated with millions of 
light-sensitive microcapsules called cy
liths. Each cylith is about 1/10 the diam
eter of a human hair and contains a liq
uid monomer in which a color-forming 
substance called a leuco dye is dis
solved. lnd1vidual cytiths are , ensitive to 
either red green or blue light. 

In a process close to normal photog
raphy, when the cyliths are exposed to 
visible light, a latent image is forme.d. 
But unlike conventional color film , de
veloping the image involves no messy 
chemicals or precise temperarure . The 
Cycolor film and either special paper 
or ransparency film are compressed to~ 
gether through rollers. In an additive 
color process. unexposed cyliths release 
dyes that mix together and react with a 
pecial coating on the paper or transpar

ency film, producing a po itive image. 
One final step-heating the positive 
image-"fixe "lhe image and brings 
out the maximum color>brightness. 

Microsoft Plans Object-Oriented Enhancements 
We may not ee a "Quick Smalltalk" m 
the near future . But Microsoft (Red
mond. WA) does plan to add obj'ect
oriented enhancement to its language 
pr ducts . This is necessar in part , 
chairman Bill Gates said, because of the 
difficulty programmers are having, and 
will continue to have , writing ophisti~ 
tated graphics-based applicati6ns. 

" Because we 've been usjng classic.· 
programming languages it is particu
lil rly hard to write these applications, ' 
Gates explained. "That · omething that 
Apple and the Macintosh market has 
not yet overcome , and that' something 
we·ve not overcome either. What we 
arei going to do i · extend our classic lan
guag_es like BASIC and C to be object
oriented in the same strong sense that 
Smalltalk ha been.·· 

As an example, Gates described a 

word processor chat allowed users to in
sert generic "objects " into a docu
ment. In the past. a programmer 's task 
was relatively easy, sa id Gates, A pro
grammer working on a word processor 
simply decided in advance exactly 
what sons of things would be allowed 
inside a document t and nothing else 
mattered. 

With the advent of ob'ects like v ice 
data new image formats, drawings, 
charts, and~() on, the programmer' 
job became more complex. The docu
ment might contain. for example, a 
voice object that takes advantage of the 
dynamic linking capabilities inside 
OS/2. When the user encounters the 
voice object, he or he clicks on it , the 
voice codej run through a hardware de
vice, and the user listens to the object . 

cominued 

..~ 

Nano bytes 
• Despite developers' pleas. 
Apple Computer (Cupenino, 
CA) continues to snub Display 
PostScript for its video monitors. 
Developer contend that Quick
Draw-based ima~~s on the Macin
t6sh screen don i t match the 
printed output of PostScripted 
LaserWri1ers. If the creen u ed 
Display PostScript instead of 
QuickDraw they say. users 
could have true WYSIWYG . But 
"Apple has no intention of up
p6rting any imaging models o er 
than Quick Draw at this time." 
says Apple vice president Jean
Louis Gassee. "\\{e'll keep im· 
proving QuickDraw but thereJs no 
confusion; we won't support it 
[Display Postscript].· · 
• Gallium arsenide (GaA's) 
chips promise smaller. faster com
puters. New GaAs dynamic 
RAM being licensed y e
search Corporation Technol
ogies Tucson AZ) could bring 
that promise closer 10 reality . 
The DRAMs, developed by James 
Cooper and colleagues at Purdue 
University. are one-tran. i t r de
ices that take up I 5 the space 

required by multitransi to.r stati 
RAMs and can operate at up to 
125 degrees C. The nonprofit 
RCT says the chips also make 
high-density dynamic memory 
available to GaAs designers. 
• Motorola ha published it 
68030 user's manual, chock full 
of descriptions of those data and 
instruction caches. the._ memory 
management unit. applications 
information . and electrical specs. 
The manual costs $6. Contact 
Motorola s Liteiilture Distribution 
Center, P.O. Box '20924, Phoe
nix, AZ 85036. 
• Anza Research (Cupertino, 
CA) has put a bibliography o[ 
neural network references on 
disk. NeuralBase contain s more 

1
than 2700 annotated enmes. 
Fortunately. the program lets you 

Qlllinue.d 
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For such _5JP icalions to be devel Wave sy tern ee February Microbyte l 

search for information u ·ing 77 
 oyed, the operating system will have to i an embedded object y tem but that 

keywords. The disk . which run 
 provide objecl suppc;>rt. OS/2 w·11 have it fa!.ls short becau e the lack o a com .... 
on the fBM PC and compatibles added functionality that wil enable the mon subroutine library level prevent 

with at least 5 f2K byLes of mem
 operating system to better help applica the object anagement capabilitie from 

ory. ell for different prices . de
 tions manage data. Gates said . being fundamental to the system . 

pend in on which year you want: 
 · In an object-oriented development Although object-oriented languages .J 
the entire ~et costs $300. environment," he explained, "the oper like Smalltalk are available, Gates has 
• Migent (In line Village , NV). ating system has to get involved . You doubts about introducing any new Ian 

maker of that cute little Pocket 
 want the o~rating system to help you guages . : question anyone' s strateg of 

Modem. has not haa an easy 
 find things and keep track of where introducing new computer lanSHages 

first year. Lawsuits and laxofts 
 things are moved or tell you that you are after> L988 and trying to get people to 

tend to put a damper on things. 
 deleting something that is being used in write applications in them.· he aid . 

The company had hoped to get 
 otfier places." He added that ' the real "I really think that our current language 

ome positive publicity with it 
 hard part of this is sending around with object management extens ions can 


advanced publishing package , 
 linked data, and nob dy has been, able to permit u to deal with the graphical 

Impact, which we 've heard com
 make that easy . ¥ou are not gomg to world . I think over the next year. we II -,.I

•. ,..
bines editing, graphics, and page get the full leverage of application be able to make development ot' these 

composition. But at MacWorld 
 wqrking with applications until we get 

Expo. where Impact was to make 
 this inside the operating system." 

its debut, the company nixed the 
 Gates said Hewlett-Packard's New 

intro. 

• Thirteen companies so far 

have signed up to participate in 
 Postscript Will Get Faster ~tudies of electronic application~ 
of su rconductors at the Mi ro For those of you who've complained 

electronics and Computer ech
 about how long it takes your Postscript 

nology Corp. (Austin, TX). MCC 
 printer to produce CQpy, be patient. 

aid th_e baker's dozen consists 
 Adobe Systems (Mountain View, CA) 


of Bellcore. Boeing. Control 
 has come up with ways to speed up 

Data , Digital Equipment, E. I. 
 execution , and users should begin to 

du Pont . Eastman Kodak. General 
 reap benefits before the end of the 

fi lectn , Harri . 3M, otorola. 
 year. a type of print rand complexity Of 


CR, Rockwell , and Wes ing
 Adobe president John Warnock told image involved to state speed gain -1 

house. Microbytes that the company realized a definit ively. 
• Logitech (Fremont. CA) has yea.r: ago that the version of Post Script How soon will the faster version be 
started shipping its package aimed used with laser printers simply Wdsn 't available to end users? That tlepends on I 

at turning regular o ld PC into fas enough for Display PostScript the printer manufacturer . aid one Adobe ~ 
spiffy graphics systems . The ver ion of the language that create spokesper on_ Warnock aid it ' · <:;hed

t-Ogitech Graphics Subsystem 
 image on a video monitor . uled to be delivered to printer makers 

provides a mouse , EGA board 
 Instead ofpatching Postscript to in the fall but that he ants to make ii 

(640- by 480-pixel resolution) , 
 work on the display, Adobe developed happen ·ooner than that if po. sible. 

AutoSync monitor (normally 
 new algorithms that reduce overhead How current owners of PostScripted 

$699), and u)gitech PluS_an 
 and reorganize the way Adobe PostScript printers benefit from the performance 

i"aintShow software. All that for 
 works. Because of these changes, the increa e will be left up fO the individual 

S,99,9. program doesn't have to go into and out printer manufacturers . Conceivably. 

• lBM (Rye.cBrook, NY) is of of the interpreter when performing manufacturers could produce new 'ROMs 

fering a hardware setup that hooks low-level op<!rations said an Adobe pro that would then be installed in their 

to a PS/2 and voices what's on grammer. Warnock said that later this printer · . 

the screen. The $600 Screen • I 11• • 11 ~ ""-...._ 


Reader designed for blind and 

I-Tvisually impaired people, con ists Chips Brings PS/2 Clones One Step Closer ... · ' 

of a keypad, program. and docu

mentation in disk or audiocassette Chips & Technologies (San Jose, CA Personal computer that are compat

form. A 1ex1-10-speech synthe has· brought clones ofIBM's PS/2 com-· ible with IBM ' s PS/2 Model 80 and built 

size r is required . For more infor puters one step do er to reality with around C&T' s new Chips/28 chip set 

mation. telephone (800) 42 - two new chip sets that it says are fully will be able to run at up to 25 MHz. will 

2468. compatible with IBM' s Micro Channel use memory of up to 16 megabyte , 

• CalComp (Anaheim, CA/ and Architecture. Although he wouldn't will provide better graphics than JPM 1 


Minolta Cwnera Osaka. Japan) name any specific PS/2 cloners, C&T PS/2, aad will be cheaper to build and 

are teaming up 10 design and sell chairman Gordon Campbell told Micro sell , lhe company says . One reason a 

c9lor plotters that fit on desktops. bytes that users will begin seeing C&T-based Model 80 compatible will 

The A- and B-size plotters will Model 50 and 60 clones by the end of the be less expensive is that it will require 


they II start 
use thennal-transfer technology . second quarter. perhaps by Spring 75 device s on the system motherboard 

' fhe companies sa COMDEX in Atlanta . He said Model 80 117 less than [BM 's. Less-expensive 

shipping the unils soon. clones wiU be ·a little behind ' but JOO-nanosecond dynamic RAM chip 


should be available by the third quarter. t o111i1111ed 
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new applications virtually as easy as 
normal types o ·development with older 
applications. 

year, the revised technology will be ,,.,,. 
moved to the printer ver ion of the 
language. 

Adobe programmers would not c m
ment on how much performance im 
provement users would enjoy. stating 
that there are too many variable { ·uc h 



A 
Mat/6 lfl U.S.A 
Holds up to 150 lbs 



running at 16 MHz wjth 0.5 to 0. 7 wait 
states can be used (as compared to the 
more expensive 80-ns, 16-Mijz, one
wait-state DRAMs used by IBM) to 
further lower system costs. 

C&"T s new Model SO-compatible 
chip set, called the Chips/280, consists 
of a CPU/Micro Channel controUer, 
an advanced memory controller, an ad
vanced direct-memory-access (DMA) 
controller, data address buffers, a sys

mance DMA. On 6-MHz systems, for 
instance, Chips/280 OMA runs at 10 
MHz, while IBM DMAnms at 8 MHz . 

C&T says that machines built 
around its Model 50/60 compatible chip 
set, the Chips/250, wilJ be able to run 
at up to120 MHz and use memory of up 
to 8 megabyte . A C&rr-ba ed PS/2 
compatible will require only 68 devices 
on the system motherboard 51 less 
than IBM's. The chip set u es less 

th IBM equivale.nts. Because the 250 
is tightly coupled with VGA a last VGA 
cycle cuts IfO and memory cycles by 
50 percent as well, C&T engineers say. 

Memory above 1 megabyte i treated 
as LIM 4.Qexpande.d memory , and ap
plications requiring lar e amounts of 
memory can incorporate up to 8 mega
bytes. This includes on-chip EMS sup
port with four mapping registers and up 
to four external EMS mapper chips for 

.... 

tem peripherals controller, a multi
function controller, a hard disk control
ler chip set (from Adaptec) , and a 
custom or standard micro chip. 

C&T claims that its".280 chip set 
provides several enhancements over the 
IBM Micro Ohannel implementation, 
including multilevel arbitration control 
on therMicro Channel and high-perfor-

The $40 Million Question is: Who will 
be the first to produce a Micro Channel 
clone? C&T s chief, Gordon Camp
bell, would not comment on w o the 
company's customers might be for its 
Micro Channel-compatible chip set. But 
it's a good guess that C&T's current 
crop of OEM customers-companies 
like Tandy, for instance-would be 
possible cloners. 

Tandy certainly ee s like a good 
bet. RecentJy , a member of Tandy's 
R&D department told us that the com
pany has big plans concerning product 
announcements in the third qua~ter , 
the time when the Texas company tradi-

Game That Inspired Red October Coming to Computers 
Back in 198 L. a Maryland insurance As with the original game , the ba ic like package for the Macintosh from 
agent by the name of Tom Clancy took premise of the computer edition is NAID Nantucket Corp., for manipulation and 
some time out one weekend to play a versus USSR in North Atlantic war development. 
board game called Harpoon which in fare . ou act as commander of a major Much of the work now under way at 
volved naval warfare between NATO NATO task force. Soviet and American Three-Sixty involves data compression. 
and the USSR. Within the next few battle platforms (e.g .. ships , planes, and particularly oflthe images of shi~s_, air
weeks, Clancy became friends with missiles) in use today ar~parl of the craft. and submarines digitized from 
Larry Bond, the game' s author and a game 1 which is so up-to-date that simu photos and scaled to size. To generate 

expensive 200-ns JO-MHz DRAMs as 
compared to IBM's 1>20-ns 10-MHz 
memory chips . The 250 can also use 
eirher 150-ns 12-MHz DRAMs or 120
ns 16-MHz memory.) 

The 16-bit Ghips/250 set uses a 
"matched memory" implementation that 
C&T claims provides 50 percent faster 
Micro Channel memory cycles than on 

lionally introduces new products. 
When asked what could be bigger than a 
386 clone and a laser printer 

1 
wh.ich 

the firm introduced last year, the Tandy 
staffer would say only that those previ
ous announcements would "pale in com
parison" with the coming introduction . 
1ndustry watchers have said that the first 
to produce a PS/2 clone will be a corn
pany with enough money to fund the re
quired research and engineering, as 
well as any legaJ fees that migh( arise if 
IBM claimed its property was being in
fringed upon. 

With the tools now available to 
readily put together PS/2 clones, PC 

full implemen tion. Memory cycles that 
run al 187. 5 ns are suiported. A four
way page interleave memory archirecture 
allows for slow DRAMs that can oper
ate at higher clock speeds with wait 
states between,0.5 and 0.7. Address re
covery and memory remapping logic are 
included, a is automatic BIOS real! 
cation of bad bJocks. 

manufacturers-at least those who are 
C&T OEM customers-can now begin 
making more concrete plans and an
nouncements. Manufacturers have pri
vately tol1l Microbytes Daily that they 
plan to introduce Model 60 clones first 
because they believe thes machines 
offer the greatest sales potential. Ac
cording to what potential cloners have 
told us, the second most pop Jar PS/2 
compatible will be the Model 80 , while, 
they ~ee the odel 50 as offering the 
least market potential of the three sys
tems. So far 1 on,Iy one manufacturer has 
indicated that it will focus firsLon 
a Model 80- type machine. 

member of the Naval War College. Out 
of their friendshjp came The tfunt for 
Red October and Red Stonn Rising , 
two ofthe best-selling books in this 
decade. 

Bond's latest project is a computer
ized version of his board game, which 
we saw demonstrated at the winter 
Consumer Electronics Show. Bond is 
working with software developer 
llhree-Sixty Inc. Campbell, CA) to 
br.ing out both an MS-DOS and a Mac
intosh version of the game, which should 
be on the market soon and will sell for 
around $50. 
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graphics , progranuners created a library -, 
of high-resolution pictures (digitized 
from photos) of military hardware. 

Although none of it is cla sified the 
FBI regularly checks Bond' database), 
the game contains information rarely, 
if ever. seen by the general public, par
ticularly the digitized photos and de
tails of Soviet ships and submarines. For 
this reason, Three-Sixty president Tom 
Frisina told Microbytes , the game i in 
many ways a lesson in current events. 
"Harpoon is not a war-gamer1 s product. 
It is for the general publ ic " he said. 

lated Soviet submarines incorporate the 
sere /dr.ive mechanisms sold to the 
Soviets by Toshiba and Kongsberg 
Vaapenfabrik. You must learn about the 
strategy and tactical weapons at your 
disposal and acquaint yourself with the 
Soviet strengths and weaknesses . 

To develop the software, Three-
Sixty programmers transferred informa
tion relating to strategy and other nec
essary data from Bond's database 
(created with Odesta's Double Helix 
program) into Microsoft Excel for con
ersion to MSF format . They then 

loaded the data into McMax, a dBASE

I 





MICRO BYTES 

Better Color Displays Through Chemistry 
Research into phoiochemicaJ reactions 
of color dyes applied to semiconductor 
materials could lead to the develop
ment of very thin flat-screen color dis
plays. Chemists at the University of 
California at Irvine have found that by 
coating a substrate with a thin layer of 
dye and shjning light on the surface, the 
dye reacts and changes color. llheir 
studies are also pointing toward more 
efficient means of semiconductor 
processing . 

John C. Hemminger, professor of 
chemistry at UCI and director of the 
recently formed Institute or Surface 
and Interface Science, said that one ex
periment consists of electrochemically 
depositing Prussian whjte dye on the 

surface of common semiconductor sub
strates', such as strontium titanate. Nor
mally, electrons in the dye and semi
conductor remain stable because they do 
not have enough energy for migration . 
But when light strikes the dye, the added 
energy causes electrons to migrate into 
the semiconductor material. 

The loss of these electrons from the 
C!ye initiates a chemical reaction that 
changes the white dye into blue wher
ever the light hits the dye film. Applying 
a small neutralizing voltage returns the 
dye and substrate into their previously 
stable condition and changes the Prus
sian blue back 10 Prussian white. "What 
we are able to do is modify a dye fil 
in a eversible manner and use it to write 

images on its surface,'' Hemminger 
said. Experiments have indicated that 
other dyes and wavelengths of light 
might react to produce, a full color 
system . 

The chemistry also shows promise 
for semiconducto processing. Experi• 
ments have hown that passivating
placing a protective coating on-semi
conductor material can be accom
plished without using complex masking 
and etching procedures. In the future, 
laser light ight activate thin chemical 
films to produce protective coatings on 
a wide variety of materials. Hemminger 
said that already chemists have experi
mented successfully with passivation of 
the material used in infrared sensors . 

Computer Companies Think There's No Place Like Home 
Home offices and home-based busi have already set up divisions targeting personal computer, printer, fax ma
nesses are quietly emerging as a major the home-office market. chine, copier, voice mail, an telephone. 
segment of the mass-market computer What attracts companies is the size "People involved in home-based busi
and electronics business. Companies of the potential market. Most manufac nesses spend an average of $5200 a year 
like Blue Chip, Sharp, and NEC are al turers believe the basic hardware re on business equipment and software, • 
vying for a share of it. Sharp and NEC quirements of a home office include a con1i11ued 

With Maplnfo, More Ways 
irhan Ever To Map Your Data 

Pil Map. Automatically use ~ exis!DJ 
database (lrom dBASE Ill or others) 
with street maPS that we can suppl~ 
Maps from over 300 U.S. cities and 
towns aJTtain all messes,acruate to 
the correct block and side of the 
street Type any address and Maplnfo 
will find It for you. Gall to the screen 
your complete record. 

Mapufh7(/(Q) 

16 BYTE • APRIL 1988 

Thematic. Use our ooundaries (state 
or county) or draw your own (sales 
reoioos, etectkJ1 distJicts. etc.). Create 
adatabase for the ref.lion (population, 
average Income, etc.) Color code 
l:xlundaries or entire ref.lions based Oil 
parameters you define. 

And that's just asample. If you need to map your data, Maplnfocan do II for as littl8 as S750. IBM PC or 
100% compatibles, with 640K memory, ahard disk drive, and graphics capability. 

To order, call 1~STMAP. In New 'lbrt State, call 1-518-274-8673 (Telex 371-5584). 
Maplnfo Corp., 200 Broadway, Troy, NY 121 80 

OBASE Ill ls a lrademarll or Ashton-Tare. IBM ano IBM PC are rrademarlls of lntemauonal Business Machines CIJ IJJ. 

Circle 155 on Reader Service Card 

Presentation. Use power1ul graphics 
commands to add your own titles, 
legends and text. Create arrows. 
wmiws or callo.Jts. Tum oo cr ott laOOts 
of points. streets, bridgeS, regions, 
etc. 

Visual Database. Draw anythirYJ from 
atm ~ to ailaaft desbl. St!Je data 
oo any IX)int or region.Create multiple 
layers to add flexibility to your display. 



You've created a file or document on your 
PC. Now what? 

Because most business information needs 
to be communicated, most people print the 
computer file and send the papers by mail, 
courier or fax. Or maybe send a floppy disk. 

If the recipient needs to manipulate or 
revise the data, it must be rekeyed. 

That' the time-honored-and th time
consuming-way of doing business. 

What' a faster, cheaper, better way? 
Western Union EasyLink• service. 

We tern Union EasyLink lets you send 
and receive data and documents between 
comput rs. Without a detour onto paper or 
the inconvenience of a courier. And you 
can b sure what you send is exactly 
what's received. 

You can use EasyLink to move the infor
mation that moves your business in sec
onds. You can move orders and text files. 
Receiv reports and graphics. Even send 
product specs and spreadsheets. 

Fast revisions-without rekeylng 

EasyLink connects the computers you use, 
regardless of type or location. Files on one 
computer can be sent to other computers, 
eliminating the need to rekey data. 

More than just computer 
communications 

EasyLink even lets you send messages to 
fax machines. Reach your company's 

IFYOUCREATE /TONAPC 
SEND /TONAPC 
WITH EASYLINK 

mainframe. And communicate between 
offices or businesses. 

Be t of all. the cost of sending a message 
is comparable to a postage stamp. And 
unlike telephone, the distance makes no 
difference. 

Westem Union-a leader 
In electronic communication 

With EasyLink , we're bringing proven 
reliability to today' technology. And you'll 
get added valu with EasyLink services 
like lnfoMaster~the largest electronic 
library with more than 800 databases. 

Let EasyLink take your PCs from creation 
to communication. To learn how jOUr 

business can benefit, return the coupon. 
Or call: 
1-800-624-9000, ext. 7182 

l YES, tell me m,;;; - - - - - , 

J Show me how E.asyLinkcan tum my company's I 
PCs into an efficienl. economical new way lo I 
communicate.I 

I IameI ntle ~ Ipn nt) 

I Company I 
I Bus. Address I 

Ci1y/ S1ate/Zlp I 
I Bus. Phone( 

I 
I 

Mall to: w..tam Union EuyLJnk 
II 

P.O. Box 37472 
Omaha. Nebraska 68137 II Or call: 1-800-624-9000, art. 7182L__ ________ _J 

© I. We>1crn Union Colporatl<lll Circle 294 on Reader Service Card 



HARMONY COMPUTERS 
2357 CONEY ISLAND AVE (BET AVES T & U) BK LYN . NY 11223 

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

NO ADDITIONAL CHARGE 
FOR CREDIT CARDS 

IBM PS II MODEL 30 (20 Meg) $1679.00 
EPSON LX 800 $ 189.00 

PANASONIC 1091 i II 
COMMODORE 1280 

$184.00 
$449.00 
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Julian Cohen, chairman of the American 
Home Business Association, told 
Microbytes. 

With over 13 million home busi 
nesses in operation today, that translates 
10 a possible $67 billion industry . 
Cohen conceded that not all home-based 
businesses currently use personal com
puters, but he did claim that 70 percent 
of them do, up from 50 percent just 3 
years ago. 

Blue Chip president John Rossi said 
his company, wh.ich markets low-priced 
IBM-compatible computers and pe
ripherals through mass-merchant chan
nel such as Target and Wal-Mart, has 
made a major commitment for 1988 to 
attack the home-business/home-office 
market . Blue Chip will introduce a laser 
printer, a fax card, and a voice-mail 
card over the next few months. 

Cohen and Rossi agree that software 
remains a stumbling block for home
based businesses . "The industry is not 

MICROBYTES 


writing software for the comprehensive 
needs or the home business . ., said 
Cohen. "There are software programs to 
help individuals keep track of their 
personal investments. Why not progrc1ms 
designed specifically to help home 
business owners keep track of the ge
neric functions of their enterprises?" 

"How does someone justify paying 
$500 for a software package when they 
only paid about $500 for the com
puter?" Rossi asked. (Blue Chip's entry
level personal computer sells for 
$599.) He added, however, that when 
the perfonnance benefits ju Lify it, 
home-business owners do buy the high
end word-processing and preadsheet 
programs, even if they will be running 
them on low-price computers. 

While there might be no place Like 
home for working, the co ts of etting up 
an office are not trivial. Some opera
tors of home bu ines es estimate an out
lay of $5000 to $7000. "You can get by 

pretty cheaply if you settle for used fur
niture,' ' said one man who runs a busi
ness out of his house. "You can spend 
the money on a fax machine or a laser 
printer instead ." 

Some observers expect those cost to 
drop. As more companies get into the 
busine s of fax boards for personal 
computers, for example, they could 
drive the prices down . 

However. some members of the 
computer industry, many of whom work 
al home, said they've heard it all be
fore: another big booming business that 
goes bu l. One industry watcher said. 
"Sure, there are lots of people who want 
to set up shop at home and who'd like 
to buy this equipment. But ail it takes is 
one recession, or a couple months of 
les work than usual, 10 wipe ou1 the 
avings that these people would use to 

buy this equipment. In their enthusiasm. 
some of the prognosticators forget to 
factor in thing like reality." 

TECHNOLOGY NEWS WANTED. The news staffat BYTE is always interested in hearing about new technological and 
scientific developments that might have an impact on microcomputers and the people who use them. We also wall/ to keep track 
ofinnovative uses of that technology. Ifyou know ofadvances or projects that involve research releva111 to microcomputilzg and 
want to share that infomzation, please contact us. Call the Microbytes staffat (603) 924-9281, send mail on BJX to Microbytes. 
or write to us at One Phoenix Mill Lone, Peterborough, NH 03458. 
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Upgrade Your Technology 

We're Programmer's Connection, the leading 
independent dealer of quality programmer's 
development tools for IBM personal com
puters and compatibles. We can help you 
upgrade your programming technology with 
some of the best software tools available. 
Comprehensive Buyer's Guide. The CONNECTION, 
our new Buyers Guide,contains prices and up-to-date 
descrip~ons ofover600programmers development 
tools by over 200 manufacturers. Each description 
covers major product features as well as special re 
quirements, version numbers. diskette sizes, and 
guarantees. 
How to Get Your FREE Copy: 1) Use the reader ser
vice 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 received your copy of the 
Programmer's Connection Buyer's Guide, act 
now. Upgrading your programming technol
ogy could be one of the wisest and most 
profitable decisions you'll ever make. 

USA ........ 800-336-1166 

Canada ..........................................800-225-1 166 

Ohio &Alaska (Collect) ..................216-494-3781 

lnternatlonal...... .............. ...............216-494-3781 

TELEX ....... ....................................... 9102406879 

FAX .............................................. 216-494-5260 
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ORDERING INFORMATION 

fREE SHIPPING. Orders wiUHn !tie USA (including 
Alaska & Hawail) a<e shipped FREE via UPS Call lor 
express shipping rates. 
NO CREDIT CARD CHARGE. VISA. MasterCard and 
DiscoverCaro are accepteo at no extra cost Your caro 
Is charged when your order Is shipped Mail orders 
please include expiration dale and authorized signa
ture. 

NO COD OR PO fEE. coos and Purchase Orders are 

accepted at no extra cost. No personal checks are ac· 
cepled on COO orders. POs with net 30-day terms 
(with lnhial minimum order of SI 00) are available to 
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NO SALES TAX. Orders outside of Oh io are not 

charged sales lax. Ohio customers please add 5% Ohio 

tax or provide proof ol tax-exemption. 

30-DAY GUARANTEE. Most of our products come 

wllh a30-day documentation evaluation period or a30
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turers restrict us from offering guarantees on their 

products. Call for more information. 
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dltional S10 for export preparation All payments must 
be made with US lunds drawn on a US bank. Please 
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ber on all mall orders. Be sure to specify computer. 

opITT~~ QMe~d~~nes~~~d~ya~~a~e
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Nobody ever said programming 
PCs was supposed to be easy.

But does it have to be tedious 
and time-consuming, too? 

Not any more. 
Not since the arrival of the 

remarkable new program in the 
lower right-hand comer. 

Which is designed to save you 
most of the time you're currently
spending searching through the 
books and manuals on the shelf 
above. 

It's one of a quintet of pop-up
reference packages, called the 
Norton On-Line Programmer's
Guides, that actually gather your
data for you-:on OS.12 Ke~el API 
or your favonte programnung 
language.

Each package comes complete 
with a comprehensive, cross
referenced database crammed 
with just about everything_you
need to know to write applications. 

OS/2 KERNEL API (lM of data) 
• Kernel API: Describes al l OS/2 AP! 
services: DOSx.KBDx,MOUxand VlOx. 
• Structur Thble : Lists all of th 0512 
data structures used in the Kernel API. 
• Conversion Guide: DOS-to-0512 table 
shows which 0512 calls replace DOS 
and ROM RIOS servic s. 

ASSEMBLY (GOOK of data) 
• DOS Service Calls: All I T 21h serv
ice , interrupt , error codes and more. 
• ROM BIOS Call : All ROM calls. 
• Instruction Set: All 8088/86 instruc
tions, address ing modes, flags, bytes per 
instruction, clock cycles and more. 
• MA M: Pseudo-ops and assembler 
directives. 

BASIC (270K each database) 
• IBM BASICA, Microsoft QuickBASIC 
and TurboBASIC. 
• tatements and Functions: De cribes 
all statements and built-in library func
tion . 

"authoritatively detailed" to 
describe the information 

C (600K each database) 
• Micro oft C and Turbo C: De cribe 
the C language. 
• Library Function : D tai led de crip
tion of all functions. 
• Preproc ssor Directives: Describes 
conm1ands, usage and syntax. 

PASCAL- Turbo (360K of data) 
• Language: Describes stale men ts, syn
tax, operators, data type and records. 
• Library: Describes the library proce
dure · and functions. 

FE ATURES (all versions) 
• Memory-resident-uses just 71.K. 
• Full-sen.en or moveable half-screen 
view, with pull-down menus. 
• Auto lookup and earching. 
• Tuols for creating your own databases. 
• More data: AJl five orton Guides fea
ture a variety of tab) s. including ASCII 
characters. line-drawing characters. 
keyboard scan codes and much more. 
• Includes both 0512 protected mode 
and DOS version . 

contained in the Guides. Ifyou'd rather see for 
Not to mention a wealth of wisdom from yourself.you might take a moment or two to 

the Norton team of top programmers. examine the data box you just passed) 
(PC i%ek used the words "massive" and You ~of course, find most of this infonna-

Designed for rhc IBM• PSl2 and PC families.and 100% compatibl . Avai lable at most software 
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tion in the books and manuals on our shelf. 
But Peter Norton -who's written a few 

books himself- figured you'd rather have it 
onyour screen. 

Instantly. 
In either full-screen or moveable half

screen mode. 
Popping up right next to your work. Right 

AGuides re ference summary Summary dnta expands on 

screen (shown in blue} pop. up on command into t!X 1ensivc delail 

top of Lhe program you·re working And you can lect from a wide 


on (shown in green). variety of infonnalion. 

where you need it 	 · 
This, you're probably thinking, is precisely 

the kind of thinking that produced the classic 
Norton Utilities. 

And you're right 
But even Peter Norton can't think of 

even1:him!. 
Which iS why each version of the Norton 

Guides comes equipped with a built-in com-
dealers, or direct from Peter orton Compuling. lnc..2210 Wilshire Blvd. t 186. nm Monica. 

Circle 110 on !Uadt r Stn •ice Card (DEALERS: 211) 

piler- the same compiler used to develop the 
databases contained m the Guides. 

So you can create new databases of your own, 
complete with electronic indexing and cro 
referencing. 

No wonderPC ~ek refers to the Guides as a 
"set of programs that will delight programmers'.' 

Yourd aler 
will be de
lighted to give 
you more infor
mation.All you 
have to do is 
call Or call 
Peter Norton 
Computing. 

Anda k 
for some 
guidance. 

':1!,eterN~ 

COMPUTING 

90403.213-4 53-236LVisa and M~ tcrCard w I ·om 	 C l 88 Peter Nonon Computing 
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LETTERS 


This Time for Sure 
Thank you for printing my letter ("Forth 
and the NC4016 ," Letters , December 
1987). However, in transcribing the code 
fro m my letter to your magazine. numer
ou errors appeared. See Ii ting l for the 
correct code. 

When writing Forth code, it is impor
tant to keep the spac ing between 
" words." If this code was entered as it 
appeared in the magazine , it would not 
run, because the interpreter would not be 
able to recognize the "words" defined. 
Also, in Lhe word FIBTEST, Lhe letter 0 
was used instead of Lhe number zero (0), 
which, of course, would play havoc with 
the interpreter. 

Also. the la t statement in the word 
FIBTEST would be better written in co
lunmar form, as follow : 

CR." Fibonacci (" 
NUM2U.R.") = "U.; 

Dougla Ross 
Gree11belr, MD 

Listing 1: Reader Douglas Ross 's correct Forth code. 

100 CONSTANT NT IMES ( NUMBER OF TIMES TO COMPUTE FIB V/\l.UE ) 
24 CO STANT NUM ( BIGGEST ONE WE CAN COMPUTE IN 16 nITS 

FIB ( Ul -- U2 RECURSIVE 
DUP 2 > 	 IF DUP 1 - FIB SWAP 2 - FlB + 


ELSE DROP 1 

THEN 


FIClTEST ( -- ) 

CR NT I MES U. . " ITER/\TIONS : " 

0 ( MAKE SURE SOMETHING 15 ON STACK 


TIME S 1 - FOR DROP UM FIB NEXT 

CR ." Fibonacci(" 

NUM 2 U. R ." ) • " U. ; 


A Tale of Two Integers 
As a delighted u er of QuickBASIC ver
sions 2.0 through the incredjble 4.0, I 
find it an increasingly valuable program
ming tool. However , while running some 
ex i ting GWBASIC programs through 
QuickBASIC 4.0, I found the following 
problem: 

10 B%=JO 
20 A=B% *B% 

will work perfectly, but changing B% to 
JOO will not. It seems Lhat multiplying 
any two integers forces the product vari 
able to integer type , regardless of declar
ing or implying it, using double-precision 
floating point, or whatever else you can 
think of. The same thing happens with 
addition if the sum is outside acceptable 
integer range. This turns out to be true in 
QuickBASIC 2.0 and 3.0 also, though 
it· not a problem in variou ' street" 
BASICs. 

l wrote the people at Microsoft about 
this problem and asked if they had any 
solutions. A very plea ant fellow calJed, 
and, after going over it a bit , he guessed 
that it was a storage problem and said that 
the company would look into it. 
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1 di like modifying any debugged , 
lengthy programs unnecessarily· it take 
so long to get the new bugs out. The best 
kludge I have found so far is to convert 
the integers to floating point before the 
calculation , a follows : 

10 B%=JOO 
15 B=B% 
20 A=B * B 

When Lhi popped up, it drove me crazy 
until I remembered that an elderly PDP
11 FORTRAN compiler did something 
similar and , fortunately. was docu 
mented . I pa s this along to apprise others 
of the problem and to ee if anyone can 
suggest a more elegant solution. 

Peter Crosby 
Claremont, NH 

Thanks for the IBM Issue 
Congratulation for an uncommonly ex
cellent IBM special issue (Inside the IBM 
PCs, Fall 1987). I have seldom seen a 
magazine issue Lhat contain so many 
original features . 

I concur wilh the tone of the lead edito
rial. Systems Application Archi tecture 
will be accepted when there are applica

tions that u e it, and these application 
provide benefits that are not realized in 
any other way . 

Michael Geary's "Spying on Win 
dows " gets my vote as the best article. I 
know of at least six Window developers 
who got a copy of Spy and put it to work 
immediately . Greg Weissman's "Com
paring Disk-Allocation Melhods" de 
scribed differences between the DOS 2.x 
and 3.x file -allocation scheme that are 
little known outside of Redmond, Wash 
ington. and they ' re useful to me in my 
work. Ray Duncan's , Jeremy Sagan's, 
William J. Claff's , and Cohen and 
Hanel 's articles all provided useful in 
sights in their re pective areas. Richard 

cominued 

LElTERS POLICY : Wiren .mbmiuing a te1
1er for publication. double-space ii on 011e 
side af rhe paper and include yo11r name and 
address. Express your commenrs and ideas as 
clearly and concisely as pos.1ible. We can 
prim listings and rabies along "'irh " /euer if 
they are short and legible. 

Because we receive hundreds of let1ers 
i;ac/1 momh , we camiot publislr all of 1he111. 
We can1101 re111m letters 10 0111/iors. Gener
ally. it takesfournwmhsfrom tire rime we re
cei\•e a leuer 11111il we publish it. 



Who Says FoxBASE+ 

is Better than dBASE"? 


The Experts! 

Nicholas Petreley, h~foWorld Review Board: 
"FoxBASE+ has outdone itself. Once again, FoxBASE+ earns 
an "excellen " in performance, with kudos for responding to 
user suggestions. For sheer productivity, ther i no other 
choice." 
P.L. Olympia, Foundm· & President, Nat-ional Dba.se Users 
Group I Government Com']Yuter News: 
"FoxBASE+ is a supercharged dBASE, wit.h al l the features 
Ashton-Tate forgot. If you're into serious dBASE development 
and have not tried FoxBASE + , you are living in the dark ages 
and wasting your company's money." 
George F. Goley rv, Contn:buting EdUor, Data Based 
Advi~or: 

"The product is fast, very compatible, fast, easy to use, fast, 

relatively inexpensive, and very fast. In every test, FoxBASE+ 

outperformed the other products. And p ople who answer the 

phone at Fox know what they are talking about." 

David Irwin, Form.er President/CEO, Data Based Advisor: 

"From the dBASE compatibility standpo int, FoxBASE + is fl aw

less. From the speed standpoint, FoxBASE+ is unbelievable. 

From the "lazy factor" standpoint, FoxBASE + is perfect. ' 

Glenn Hart, Contrib·uti ng Edito1; PC Magazine: 

"Initial tests of FoxBASE + were simply stunni ng. In many 

ways, FoxBASE + gives you the best of both worlds: all the ben

efits of interactive development and debugging, plus the speed 

and code protection of a compiler." 


Pat Adams, F01.tnde1; National Dbase Users Group!NYPC 
Consultants SIG: 
"Imagine a dBASE without hugs! Imagine a dBASE that i at 
lea t ·ix times faster and comes with its own runtime 'com· 
piler.' Imagine a company whose tech support department is 
reachable on the first telephone call, and whose staff knows 
what it is talking about. Imagine all that-and more-and you 
have FoxBASE+ ." 

Adam Green, Contrilntling Edilo1; Data Ba.sed Advi.sor, 
dBASE Aulhor: 
"For the PC FoxBASE + has consistently set the performance 
standard ro: dBASE compatible languages. For the Macintosh , 
FoxBASE+ /Mac will set standards for innovation and leader· 
ship in a new dBASE implementation." 

Don Crabb, Contributing Editor, lrifo World: 
"You can expect blazing speed on the Mac. FoxBASE + /Mac 
breezes past tests that have proven stu mbling blocks for 
Macintosh databases in the past. FoxBASE+/Mac combines 
complete dBASE compatibility with a genuine Macintosh 
user interface." 
Why not join the experts-get your copy of Fox.BASE + now! 
Visit your nearest quaUty software dealer, or order directly 
from us by calling ( 419) 874-0162 . 

Because when it comes to speed, compatibility and value, 
nothing runs like a FOX! 

~~~~~~~~~Fox Software~~~ 
Nothing Runs Like a Fox. 

PoxBA E, f'ox RASE + and FoxBASE + ~lac are trademarks Fox Software, Inc. Perrysburg, OH 43551 
of Fox Software, dllASE and dBASE II I PLUS are lrademarks 
of Aohlon·Tale. Macintosh l a trademark of Apple Computer, Inc. 118 W. South Boundary (419) 874-0162 
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For IBM• PC's, XT's. A Ts and other DOS machines. 
This is the one you've heard so much about  with fast 

NEW 

Circle 93 on Reader Service Card 

compile times. small object code modules. no royalties. 
and clear error messages. Version 4.0 is based upon 
ANSl -74 standards with new features including : 
• Indexed files (ISAM) with up to 24 keys. This advanced feature requires the software 
package Btrieve which is optionally available@ $190.00. 
• Windowing, pop-ups, color and overlays. This advanced feature requires the software 
package Saywhat? !™ which is optionally available @$45.00. 
• ACCEPT (1,5) numerics with decimal point alignment. numeric checking, AUTO-SKIP, 
SECURITY, LENGTH-CHECK. EMPTY-CHECK. 
• Fast memory mapped DISPLA's (1,5) ERASE, BEEP, ATTRIBUTE. 
• An easy-to-use. COBOL source code EDITOR with auto line numbering, A-margin. B· 
margin tabbing with full screen cursor control. 

Also available: Utah SuperSort @$39.95, a fast sort program callable from Utah COBOL: 
Utah FORTRAN @$39.95: Utah BASIC @$39.95: Utah PASCAL @$39.95 ; Utah PILOT 
@$39.95. Used by 50,000 professionals. students and teachers in 40 countries. 

Since 1977 83 Ellis Computing,lnc. 
To order call: 5655 Riggins Court, Suite 10 
(702) 827·3030 Reno, Nevada89502 « » 

IBM Is a reg ls1ered irademarll ol ln1erna1ional Busines.s Machines. Inc. Buleve is a regis1ered 1rademark ol Novell, Inc. 

Saywhat?I Is a lfadernark of The Aesearch Group. SuperSort Is a regis1ered trademark of Mlcropro ln1ema11onaJ Corporation 

Utah COBOL IS a trademark ol Ellis Compullng. Inc e 1987 Ellis Computing. Inc. 


What is a Best Western? 

The right place at the right price. 

I 

INDEPENDENT 

WORLDWIDE 


LODGING 

Make reservations at any Best Western, 
see your travel agent, or call toll-free 

"World:~ /111fll!SI c/lai11 of 
independently OUJned 


and operated 

lttlle/.<, motor inns and resorts" 


1-800-528-1234 

LETTERS 


Wilton's artjcle on PS/2 video displays is 
commendable. too . More of the same! 

Ben Myers 
Harvard, MA 

Byte, Dyle, Fyte 
Whenever I read ·· 16-bit word" or ..32
bit word," I wonder, "Why not use 
omething else instead of the e cumber

some expressions?" My solution is 10 
make new words. How about "dyte" for 
" 16-bit word'" (double byte) and ''fyte'' 
for "32-bit word" (four bytes)? 

Wasya Maslyucoff 
Irkutsk , Eas1 Siberia, USSR 

Electronic Pen Pals 
Congratulations to your editorial team for 
the well-written Microbyte on electronic 
mail at Coopers & Lybrand (January, 
page 12). 

Your staff was able to highlight the 
content and capture the spir it of a lengthy 
address informatively, interestingly, and 
succinctly. E-mail is growing rapidly and 
will become increasingly visible over the 
next 3 years. The role of the personal 
computer has been and will continue to 
be vital to E-mail' success. 

Walter E. Ulrich 
Coopers & Lybrand 

Houston. TX 

Fascinating Fractals 
''A Better Way to Compre Images" by 
Michael F. Barnsley and Alan D. Sloan 
(January) was fascinating, but the accom
panyi ng BASIC program didn't work 
under Microsoft QuickBASIC. I have 
made a few changes to automate x and y 
caling for each IFS code sequence, han 

dle sequences of any length, and speed up 
the program in general. The updated ver
sion ( ee listing 2) contains a ection that 
needs to be run only once for any IFS 
code sequence. It calculates the x and y 
cale and offset . In-line documentation 

explains its use. 
P. Leslie Aldridge 

Milltown, NJ 

... Provocative, Too 
found "A Better Way to Compress 

Images" interesting. The concept of 
using fractals to reduce image storage by 
finding underlying patterns is provoca
tive. I t seems to me that in a large data
base there should exist compressible 
patterns, and Barnsley and Sloan's tech
nique seems to be a good way to find 
those patterns. 

With database compression, the object 
is also not just compression but to find an 
insert fa ter than before. I have begun to 
use this technique in experiments on 
small databases, and, even in the worst 

continued 
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Mere NetworkGuts 

.'\lihcirl Most Network Boards 


With advanced power and five times more 
speed, LANLink 5X"' has emerged. 

Coming from award-winning, state-of-the
art technology, the new LANLink 5X™ boldly stands 
up to the challenge posed by costly, hardware
dependent networks. 

That takes guts for a software-driven net
work. But we're confident. 

Because we've discovered a high-speed 
networking channel that's already built into most 
PCs... the standard parallel port. 

The High-Performance Alternative to 
Network "Boardom." Half a Megabit per second, 
with over 500 feet between connections. That's the 
astonishing rate at which LANLink 5X''" transfers 
data between PCs or PS/2s using ordinary 
parallel ports. 

But you're not-restricted to parallel ports. 
The very same sockets you'd use for modems... 
connect PCs at 115 Kbps. Plus, you get remote 
access support and multi-tasking performance 
under PC-MOS/386™or PC-DOS. 

Superior Results at Inferior Costs. 
LANLink 5X.... lets network users share data, 1000s 
of DOS programs, files, and printers. For about the 
same cost as one network board, you can install a 
five-user LANLink network. Without special hard
ware...and in less than two hours. 

Get Network Guts Without Network 
Boards. LANLink 5X™ is immediately available 
and comes with a money-back guarantee. Its 
price of $595 includes a server and a satellite mod
ule plus the network operating system. 

Call The Software Link lODAY for complete 
details on the fastest software-driven network 
that's ever been available. 

CALL: 800/451-LINK 
In Georgia: International/OEM Sales: ResellersNARs: FAX: 

404/441-2580 4041263-1006 404/448-5405 4041263-6474 

35n Parkway Lane. Atlanta. GA 30092 Telex 4996147 SWLINK 

The Softwaie Link/Canada CALL: 8001387-0453 

------~THE SOFTWARE LINK===== 
~ OEAl.EJ'l INQUIRIES INVITED

Circle 258 on Reader Service Card (DEALERS: 259) 
LANUnk. LANUnk SX . & f'C.MOS/386 are tmdemarl<s ol The Sollw8!'8 Link. Inc. PS/2 & PC-DOS are 1rademarl<s cl IBM Corp, Pri<:es and lechn1C81 Sl)eelfocations subtect lo change. 


Copyylghl © 198a All Righl3 ReseM!d. 
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LEITERS 

0 BUSINESS 1-EZ·FORMS business IOl'm I 

Listing 2: Awomated scaling program. 

DI M a ( 1), h(4) ' c (4), d (4) ' e 14) , f (4)' p (4) DATA 4 

a b c d e f p 
DATA . 85 , .04 , - 0.04 , . 85 , 0 , 1. 6 , .85 
DATA . 2, -0 . 26 , . 23, . 22 , 0 , 1. 6, . 07 
DA'fA -0 . 15 . e. 20 . 0. 26, . 24 , 0 , . 44 .07 
DATA 0 , 0 , 0 , . 16 , 0 , 0 , . 01 

READ m'll 

pt 0
b 

FOR j% ., 1 TO m% 
READ a(j 'll). b(j\) , C(j'lll . d(j%) , e(j'll), f(j%) , pk 
pt - pt + pk 
p(j\) .. pt 

NE:XT j\ 

SCREE:N 2 


x - 0 

y - 0 

ma xy • 0 : maxx = 0 : miny • 0: mi nx ~0: 


For each new set of IFS codes : 

To get the proper values for xscale, yscale, 
xo ffset , yoffset remove the comment 
characters from the FOR loop below and run 

breaking at the end of the loop after the 
calculations for scaling. 

' FOR n% = 1 TO 2500 

' pk - RND 

' FOR k\ = l TO m\ 


' IF pk<• p(k\) THEN E:XI T FOR 
' NEXT k'i< 
' newx • a(k\) * x + ))(k\l * y + e(k.11) 
' newy • c(k\l * x + d(k\l * y + f(k\) 
' x -= ne,..,..x 
' y - newy 
' I'? >< > n.axx THEN ma xx -x 
' IF x < minx THEN min x - x 
' IF y > niaxy THEN maxy .. y 
' lF y < miny THEN miny - y 

' lll:: XT n\ 

' xscale - 640 I ABS (maxx - minx) 

• yscale - 200 I ABS (maxy - miny) 

' :<offset:. = ABS (minx • xscale) 

' yoffset - ABS(miny * yscale) 

' 


To 	 g~t the proper values for sca l ing and offse t 
breakpoint hece 

x~cale - 132 .52 82 : xoffset - 288.6708: yscale 
20 . 00657 : yoffset = 0 

x = 0: y = 0 
CLS 
FOR n\ = 1 TO 10 

pk = RND 

FOR k\ = 1 TO m\ 


IF pk <= p(k\) THEN EXIT FOR 
NEXT k\ 
newx = a(k\) * x + b(k\) • y + e(k\) 
newy - c(k%) * x + d(k%) * y + f(k%) 
x 	 = newx 
y = newy 


NEXT n\ 

FOR n% = 1 TO 10000 


pk = RND 
FOR kt = 1 TO m% 
IF pk <= p(k\) THEN EXI T FOR 

continued 

generation, completion and prindng program. 

0 CAD The PC-Flaw 1.0 computer aided llaw· 


cllart generation program. C-Olor graphics required. 
 I 
~ COMM 4a,b,c,d,&-<5 disks) Join the world of I 


sysops wltti Reas Bulletin Board System 14.1 o_ 

~ DATABASE 1a, 2 d1$1<SJ Flle Express 3.B I 


menu aiven general purpose database manager_ 

D EDUCATION 1- lntemctiveOOStutorlallornew I 
· PC users. Makes teaming DOS painless. 
~ FINANCE 1 a ,b-{2 <foSks) PC Accountant 2.0 I 

P<lfsonal bookl<e.,,lng and finance management.
0 GAMES 1-J-0 Paanan, K~. Spacewar, Janlt- I 

Joe. futuristic Fligh1mare and more. Color r~lred. I 
D GAMES 2--0uben. Pango, Centipede, dLn· 

geons and dragons style ZOarre, ale. Color req. I 
D GAMES 3--alackjack wtth cUslomiz.able rules. 


Armchair Ouan..-back (ycu call plays), and more. 
 I
D GAMES 4-Slar Trek. the cas~e advenlure 

game. and the ong nal Colossal Caves Adventure. ~ I 
0 GAMES S-TM HaCk a<l\lanture game from the ~ I 

uriversiries _ Like Rogue, only mud'I richer. ~ 

0 GAMES 6--Pinball, Othello, Dragons. Sopwith I 
(fly a Sopwith Carn91) and more_ Color requ~ed . 

~ INFO 1a,b-{2 dlsl<s) Cooking recipes database I 
with keywordf"1grediont retrieval. Add your own. 

~ MUSIC 2a,b-{2 dsks) PianoMan 3.0 polyphonic I 
music recotOlng and playback program. 

D ORGANIZER 1--0esl<Team. a Sidekick clone. I 
and the Judy personal calendar program. 

0 PRINTER 1- Rosidenl print control and font I 
utifity. inteMlgent spooler, banner maker, and more. I 

D SIMULATION 1--Ma..e making program, Mtrs 
Life simulation, starficlds, etc_ Color grapl'lcs req_ I 

0 UTILITIES 1-A coUectlon of invaluable general 
put]XlSe COS U11~ti&&. An absolute must for all I 

0 UTILITIES 2--More Invaluable COS utBities in- I 
cludng screen bumcut. ram disk. and more. 

0 UTILITIES 3--A comprehensove set of debugging I 
and dlaoll0$dC: utjilies for monl10tlng your computer. 

NEW RELEASES UPDATES 
D BUSINESS 2- Expressgraph business graphics. 


Chan your dale and find trends. Color graphics req. 

@] CAD 1a,b-42 doSks) Angerpaint 1.2 advanced 


Jl"ln~ng and Alrarrira object oriented design Color. 
mCAO 2a,b-{2 disks) DanCad3d, an advanced 

20t.!D drafting program wlanlmation. 640K. color. 
mCOMM 2a,b-(2 disks) Procomm 2.42. _an excel

lent modem program wtth terminal emulatlOn. 


0 EDUCATION 3--PC-Fastype 1-20 typing tutor, 

ideal tor beginne<s and advanced studenls alike. 


(g] FINANCES 3a,~2 disks) Express Cale 3.12, 

a powerful and user friendly spreadsheet program. 


0 GAMES 8-Striker hebcoptsr attack and Risk. the 

game ol world domination. Color required. 


0 GAMES 12-BaekQammon (pray t"9 computer)

and Wheel of Fortune based on the gameshow_ 


0 GRAPHICS 1- Record and play back screen Im

ages! Exoellent for demo, etc. CotOI' required. 


@) GRAPHICS 211,b,c--<3 disks) An excelent 3.0 

surface model ing and shadng program. Cdor. 


(g) 	INFO 2a 2 disks) Zlp·Phone. na!ion.al 

areacode;ji{efix to zip-cOOe cross reference. 


(g) 	LANGUAGE 3a,b-{2 disks) The A66 3.09 

macro :issombler and debugger for 8068/66J286s. 


~ SHELL 4a,b-{2 disks) Automenu and HOM II 
4.04 hard disk prog. for custom tutl-scr"'1 menus. 


0 UTIUTIES S-Hard diSk udllties tor verttylng, ror

malting . par1<.ing and opUmi:zing your dsk aiva.. 


D UTILITIES 6--A<IVancod utilties including 

Marl</Release (1em011e resident progs wlo reboot!) 


0 UTILITIES 7- More 00vanced utiUties lrcludlng 

Mast..-kay (undeletes files from hard cisks) . 


~ WORD 1a, (2dlsks) PC Wri1e2-7t , a powerful 

word processing system w/Spell chOOl<er, taser supt. 

Most software b led Is shareware °'user-supported. 

I MicroCom Systems Cost of items __ I 

3673 Enochs Street Shipping SJ oo


I Santa Clara. CA CA res tax I

I 95051 Total encl. I 


I I ~ I i!.2~l.!3Z::~o2 • •L---- -------;;;;.m
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Did You Know? 

Everex supplies a complete line 


of modem products 

Whether you own IBM PCs, XTs'•, 
ATs® or compatibles, PS/2"' systems 
or Apple® Macintosh .. computers, 
our complete line of Evercom"' 
modems will work for you . 

From the early days of the IBM PC, 
Everex has delivered quality add-on 
products at affordable prices. Our 
most recent introductions are the 
pocket size, fuJJ-featured Mini 
Modem and one ol the first intemaJ 
modems for PS/2 systems. 

f!wru.,. l!ruo2m. Miru ~M •nd !YC'l'h& I.~ l~~ 1nd !VER 
fOt &X0t.lko« .. I 11'.:l-hnrntd l !'lldllffftlJ.W: G{ f!W!to S)'llU!fM. I M RIM II.Ni 
AT.,. ~1sttd tritd .- •.ruf JI\.". X"f .nd P$"l. .,.. rtadto.m1rb oi 11'9 
t•rn•tU,1\11 llll:aln,_ .MAchlnn CQrp App~ la • rqU.1.-rlTd Dwdnnark ~nd 
. nw.h ll • b"ltdcmuk t1cC'D..l(!d to ~ppllll Comput~r. Inc. MN~ Lii • 
1radmnark, ol MlctOOOM. Im".. ~1 IR lTI'IO S,..tmv. I .Ml 
nghn~ 

Quality and Features 
at Affordable Prices 
If you need an internal modem for 
your home system, a Mini Modem"' 
for the road., or a rugged external 
modem for work, an Everex modem 
can satisfy all your data commu
nications needs . 

Everex modems are a cost effective 
way to add data communications 
capability to your personal compu
ter. Being a large volume supplier 

of modems, Everex has extensive 
experience in developing and 
supplying modems. 

lndustry Compatible 
Each Everex modem asswes 

you of compatibility with existing 
standards no matter where you 
are in the wo.tld. Our Everex 
engineers are active on national 
and internabonal committees 
developing communications 
protocols and the latest standards. 
This involvement strengthens our 
commitment to the industry and 
assures our customers 100% com
patibility with other modems. 

The Latest Technology 
The Everex farniJy of data modems 
now includes FAX capabilities with 
our EverFax"' product. The EverFax 
12148 offers the simplicity of Fax 
communication through your PC 
with over two million facsimile 
machines. When you can't afford 
any transmission errors, Everex has 
MNP"' error correction modems (in
ternal or external) at 2400 bps for 
PC/XT/AT and PS/2 computers. 

Our Commitment to 
Data Communications 
The name Everex has come to mean 
quality, reliability and outstanding 
customer support in modems. So 
whatever your data communications 
needs, Everex has the right 
product for you. 

l'or more information or the name 
o( your nearest Evercx dealer please call : 

in USA 1-800-821-0806 
in Calif. 1-800-821-0807 

~~EEVEREX 

EVER!orf C(>I/(>()'(} 

48431 Milmont Drive. Fre mont . CA 9<1538 

Circh 95 on &oder Servi.er: Card (DEALERS: 96) 
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NE XT kt 
newx "' a(k%) * x + b(k\) * y + e (k %) 
newy - c ( k % ) x + d ( k % ) * y + f ( k \ l 
x = newx 
y ~ newy 
PSET (x * xsca l e + xo ffset , y * yscale + yo ffs e t ) 

EXT n\ 
LOCATE 24 , 35 
PRINT "End ."; 
WHILE INKE.Y S 
WE D 

SCREEN e 
END 

NOW THERE'S AN 

UPERTSYSTEM EVEN 

THESE GUYS CAN USE. 


Expert system aren 'l u . They r quir no trnm ing 
ju t for expert anymore. to u e, and no royalty pay
Thousands or our cu tomers ment when you di tribute 
u e I t-C SS co help your work. 
troubleshoot complex equip Whether you 're saving 
ment as i t with c lephone money for your company or 
upport, analyze financial making money selling knowl

application , and prepare edge y ·terns , we 'll make 
c mpl x documents. your performance I st-CLASS. 

Ist-C Expert For IBM PC and DEC 
ystem are the recognized VAX • compttters. Pricedfrom 

industry lead rs in ease of $495 to $1295. 

r!CLASS 
Expert Systems, Inc. 


For more information, or to order call toll-free today: 1·800·87Z-8812 

(1 -617-358-7722 in MA) 286 Bo ton Po I Road Wayland. MA 01778 


ca e compre ion eem 10 be I 00 to I . 
which tran late into acce times being 
ped up at lea t l 00 to I . I wonder if any

one with a truly large databa e would be 
interested in helping out with such 
experiment . 

Robert Mclaugltlin 
Leesburg. VA 

Fa t Data Access 
In re ponse to the article entiLled "'Fast 
Data Acee s" by Jonathan Robie (Janu 
ary), l would like to offer the following 
sugge tion : 

Any progranuner competent in BASIC. 
dBASE, or other languages can build in
dexe to a large database where an index 
requires only 2 bytes of memory and/or 
disk per record , even when the index rep 
re ent cveral fields and hundred of 
character of data. Virtually any number 
of indexe can be "open" at the same 
time. ince all the index stack can be 
written to a single file. 

These are known a "string- tack" in 
dexes. and their perfom1ance is ea. y 10 

calculate . Using a 20-milli econd acce 
hard di k drive, the time needed to add a 
record to an exi ting 60,000-record data
base is Jes than 0.5 seconds per index. 
Finding the first record in a sequence 
take about 0.3 econds , and ub equent 
records in indexed order are retrieved at 
the rate of 50 record per econd. 

Flat-file management take on a whole 
new meaning when a u e r can feasibly 
maintain 10. 20. or more multifield in
dexes on-line at all times. Even the rela
tional ystem could use thi technique by 
including an excra byte to point to differ
ent file . 

Fully implemented example of this 
y tern are available in a number of 

BASIC dialec and should convert easily 
to other common languages. 

Dale Thorn 
Vemura , CA 

From Humber Beginnings 
Thank you for "Managing Immense tor
age" by Theodor H. elson (January) . I 
found the concept of " humongou num 
bers.·· or "humbers ," as the author 
termed them, intriguing. After finishing 
the article, [sat down and tarted playing 
with humbers at my computer. 

As of thi writing, I have implemented 
algorithms in Modula-2 that provide the 
basic arithmetic and UO operations for 
humbers . I am willing 10 make available 
my ource code to any BYTE reader who 
care to write to me. 

I djd the programming in Work.man & 
Associate • FIL Moclula-2 (Large Mem
ory Module). but it shou ld be usable in 
any Modula-2 environment becau e I 

cantimu:d 
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• • .and a complete line 

of graphics adapters 


Everex is the only graphics board 
vendor you need. Whether you are 
selecting yorn first personal com
puter or buying hundreds for your 
office, choosing the right graphic 
card is easy with Everex. With 
PGA, V A, EGA, CGA, MDA, or 
ultra-high monochrome resolution, 
Everex has just what you need. 

Everex has been there 
From the Beginnj ng 
Everex introduced the Graphics 
Edge"' graphics card for the IBM 
PC in 1983, providing the then 
unique capability to run CGA and 
Hercules® programs on the same 
monochrome monitor. Since those 
early days of the PC, Everex has 
continued to innovate graphi s 
technology, bringing new products 
to the marketplace . 

Compatibility with 
Existing Standards 
AJI Everex graphics adapters are 
fully compatible with all the existing 
graphic modes established by IBM. 
And while we include unique 
featUies on many of our graphics 
products, we make sure that none 
of the established tandards 
are compromised . 

t': \'ftn .1nd Cuphk-1 Edge l ft' 1r-.drnw~. 1H\d E\19 ll)f ~ I• .11 jf'1b ertN 
tl'adeom.t.i Oi Eu T-n. !'if-tffn'.I, Int'. IDM b a ~·~ U'.adlrn.&n and. J !1 .a 1-r.dl'rMt\ 
al lnlil'l'NtbW Bu11JVM MKhinn Carp . ..Cntuln "• r~ll"fl'\..I b .adrm.a!L ~ l~n<'uln 
LUfl\fM~T~"h~ . Inc e, cop't"'"tiht llMI lw-rn ~trnu !~ All rj,gh1.11 ~ 

Advanced Engineering 
The Everex declication to excellence 
ha led u to d velop our own pro
prietary cl1ip sets. This alJows us 
greater contTol in the design of our 
graphics cards . Our use of ASIC 
(Application-Specific Integrated 
Circuit) technology reduces hip 
count for cooler operation and 
improved reliability. 

Most important, our own chip 
sets enable our design team to 
incorporate the many special 
featUies you have requested, while 
maintaining the standard features 
you have come to expect from 
Everex products. 

Fully Tested with 

a Human Touch 

We hand test every Everex graphics 
card for true color and tone on a 
video monitor in our factory before 
it's shipped. So before you ever 
install your Everex graphics card, 
we've made ur that it ' s just right 
for you. 

For more information or the name 
of your nearest Everex dealer plea e call : 

1-800-821-0806in USA 

1-800-821-0807in Calif. 

~~EEVEREX 
£YER 101 EXce1.ooce • 

48431 Milmont Dri ve, Fremont , CA 94538 

Circlt 97 on RLader Service Card (DEALERS: 98) 
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didn't use extensions . My system runs on 
IBM PC-DOS 3.3, so the disks will be 
DOS-comparible . Readers should en
close a check for $7.95 to defray the cost 
of the disk, postage, and so on. 

Mark S. Niemczyk 
Arete Systems Inc. 

2431 Aloma Ave.. S1'ite 111 
Wimer Park , FL 32792 

Context Sensitivity 
In "Natural-Language Processing" (De
cember 1987), Klaus K. Obermeier, in 
di cussing whether English is a properly 

context-sensitive language, gives the fol
lowing example string : "The programs 
compiles slowly." He tJ1en comments, 
''You can add additional rules to the 
grammar that would disallow uch en
tences, but these rules wouJd destroy its 
pre ent simplicity." Thi is both incor
rect and irrelevant. It is incorrect because 
all the grammar rypes under discussion 
are monotonic-addition of rules can 
only increase (or leave unchanged) the set 
of strings generated, not decrease it. And 
it is irrelevant, si nce the simplicity of a 
grammar for a language ha no bearing 

IfyouthinkY.OU canbuya 
betterCcompiler, don't. 
We'llbuy it for you. 

Buy Let's c• with csd'" 

for just $75. lfyou're 

not satisfied, get 

Turbo C or QuickC. Free.* 


Why are we making this Incredible offer? &-cause we're absolutely cer
tain Lets C and csd C Source Debugger are the best C programming tools 
you can own. 

Rest assured that. Ilk Its competlllon, Let's C features Incredibly fast 
In-memory compilation and produces extremely light. high quality code. 
The dl!Terences lie ln how much faster you can perform o01er programmlng 
chores. 

Our debugger. for example. can cul development time In half. Bul thats 
not all : 

-csd Is close to the Ideal debugging enulronmenl ... a definite aid lo 
leaming C and an Indispensable toolfor program deuelopmenl." 

- William G. Wong. BITE 
And comparatively spcakJng: "No debugger Is Included In the 1Urbo C 

package . .. a serious shortcoming." 
- Michael Abrash . Programmer's Journal 

Unll.ke our compctlUon. Let's C Includes lls own fuJJ.featun.'CI. assembler. 
features documentation with complete examples and technical support with 
complete answers- lhejlrst Ume you call. 

LET'S C AND csd FEATIJRES 

· fut UlllX ~y>nd~
lillnr.. 

.Many -·"'"""'"" ""'"""'9 mm.asstmbkir. iithiiwer 
• MvoOIACS lul """"" '°"" wllh 

SOJ<Clloodoft:lode<I 
• Supj>or .... by dOltn< Oh!Wd Pl' ly-

So Lfyou'rc thinking about buyinganyolherCcompller. think ai:(aln. But 
you only have untU Feb.29 Lo order and take advantage of this special offer. 
Solhlnkfasl. And call 1-800-MWC-l 700soon. ll -312-472-66591n IUlnol . I 
•Offer o.valLtblc e n 1dcphonc ..:in:ier.. only from Feb. 1, 1988 1.0 Feb. 29. 1988. lb exchange ~l'S (; . nd OSd for 
Tur1>oC orQutckC. rc: :um rc:i:l.s•mtlon cnrd wllhln 15 da)'• of purclmoe da1<. nollfi• M.uk Wlll~•ms Comp.,ny 
~"'J,Fn:>i8·'J0~(;1r!,":\.!~;;:~~~i~ rrec l,'T.' 3 ~11.1m :i ulhortznlion n umber: l'mchu:: Ut muKI be rrlunwd 

llJ :~,~~ms

Company 

1430 West Wlightwood, Chicago, Illinois 60614. 312-472-6659 
O 1988 Marl< Williams Com?-U•Y 
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on whether the language is, or is not. 
properly context-sensitive. or is the size 
of the set of ru les required relevant. If a 
grammar with a finite set of context-free 
rules can be given for a language, then 
that language is not properly context-
en itive. 

Obermeier also refers to the grammar 
in his figure 2 as " a simple context-sensi
tive grammar,·· which is true , but mis 
leading. The grammar concerned is, in 
fact, a context-free grammar and thus 
tr ivially a.lso a context-sensitive gram
mar. However , referring to it as a "con
text-sensitive" grammar, as Obenneier 
does , implies that it is not (merely) con
text-free . 

Gera.ld Gazdar 
Professor ofComputational Linguistics 

The University ofSussex 
Brighton, UK 

FIXES 


• In the February BYTE on page 236, we 
labeled XLISP as "public domain , ·· and 
we neglected to mention its autllor, David 
Betz. XLISP is actually a copyrighted 
program that is freely distributable for 
noncommercial use. 

• The phone number we published for 
Toshiba America in the review of the To
shiba TI I 00/20 (January) i wrong. The 
correct number is (71 4) 583-3000. 

• The NEC MultiSync Plus, wh ich we 
included in tlle review of multiscan moni 
tors (February), is not intended for u e 
witll CGA . The unit worked fine in our 
CGA test, but EC says the unit might 
not work with all CGAs . The same holds 
true for the MultiSync XL. EC says its 
MultiSync ll ($899) i intended for use 
with CGA and higher-frequency adapt
ers, such as EGA and PGC. 

We said the Mitsubishi AUM 1371A 
had a 17 percent change in line displace
ment, and the NEC MultiSync Plus and 
Conrac 7250 monitors had 0 percent 
change. That should be a 0-millimeter 
change for the NEC and Conrac and a 
0.17-mm change for the Mitsubishi. 

Finally , Taxan 's Multivision 770 Plus 
monitor has a maximum resolution of 
800 by 600 pixels , not 640 by 480 a 
stated in the review. 

• SuperMac Technology' s phone num 
ber that we published in ' Screening Mac 
intosh 11 Color Monitor " (March) is in
correct. The correct number is (415) 
964-8884, and tlle scanning frequency of 
its monitor is 48 KHz by 60 Hz. • 



• • .and a complete line 

of tape backup products 


Since 1984, Everex has been an 
industry leader in the PC tape 
backup market. Every day, Everex 
tape products are used to protect 
data on IBM PCs, XTs"', ATs® or 
compatibles, PS/2"' systems and 
Apple Macintosh'" computers . 

A Wide Selection 
Becau e we know that everybody's 
backup requirements-and 
budget -are different, Everex 
provides a wide selection of tape 
drive models. You can choose from 
cassette, mini-cartridge, or cartridge 
tape drive models that have 
capacities ranging from 40MB to 
125MB. 

Ev('f '-• • tr~ •nJ 6VE1t 10< rx Ilene.it tt • ~1tttct b~~ fll 
tvn-co ·1&1m1 _ Inc. ts~ .md Arm:: rirpt!IITd rritd<m.W..t alllll rs l"C.. XT 
~.nd M 1m1 Ou.nnd •~ tr~ oil hit~fbul (tQ llflf"Q M..hllw.'I C"l" 
Appll' LI • rqo• mrd t1-.f°111J:U•'lo. .11\d ri. n1oJ, ii-. 11 tt..tlt<nr..11·.._ ~IUliil'd r.o 
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And, to reduce your overall backup 
equipment costs , you can share one 
external tape drive among several 
PC systems by installing controllers 
in each system and rotating the 
tape unit from P to P 

PC to PS/2 and 
Back-Effortlessly 
With our Micro Channel '" tape 
controller, Everex provides backup 
capability for the PS/2 family of 
personal computers . And, because 
we maintain the same data 
recording format between PCs and 
PS/2 systems, you are assured of 
error-free data migration between 
PCs and PS/2s. 

Backup Software that 
Thinks for You 
Everex supplies easy to follow, 
menu-based software with all of 
its tape systems. You can save or 
restore an entire mirror image of 
your disk, including non-DOS 
information. Or you can restore 

individual files from a tape that 
contains a complete image 

backup . Backup and 
restoration of data over 

Oj11>n I I/
l! 111Ull 

Novell® networks, including the 
Bindery and Trustee files that 
contain ovell network security 
information, i another standard 
feature. 

And, our software-guided 
installation and configuration of 
both hardware and software makes 
installing our tape ystem a breeze. 
The tape diagnostic utilities are the 
most extensive available, and if you 
get lost, we offer context sensitive 
on-line help information. 

Friendly, Knowledgeable 
Support 
In case you might need help, our 
knowledgeable Technical Support 
Staff is ready to answer your 
questions . They know our products 
inside and out and are ready to 
provide expert assistance whenever 
you need it . 

For more informa tion or the name 
of your neares t Everex dealer please ca!J : 

~ u~ 1-800-821-0806 
in Calif. 1-800-821-0807 

~~EEVEREX 

48431 Mil monl Drive. Fremont, CA 9453 
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Circle 36 on Reader Service Card 

Create Powerful 
Programs with 
Blaise TOOLS 

-------- · -------
Whether you're an expert or a novice, you can 
beneFit from using special tools to enhance your 
programs. make them reliable. and give them a 
professional look. With windows. menus. pop·up 
memory resident progrums. and communications 
support . Blaise Computing offers you a wide 
range of programming tools to let you take full 
advantage of the Microsoft and Borland pro· 
gram ming environmen ts. All language support 
packages include fu lly commented source code. 
complete comprehensive manuals and sample 
programs. 

C TOOLS PLUS/5.0 $129.00 
Fu ll pectrum of geneml ervice uti lity func tions 
including: windows: menus: memory resident 
applications: in terrupt service routines: interven
tion code: and direct video acces.s for fast screen 
handling. Specifically designed for Microsoft C 
S.0 and QuiekC. 

Turbo C TOOLS $129.00 
Window and n1enu : IS Rs; intervention code: 
screen handling including EGA 43-line text mode 
support; direct screen access: and memory resi
dent applications. Carefu lly craf1ed specifically 
to complement Turbo C. 

Turbo POWER SCREEN $129.00 
w• General screen management: paim screens: 

block mode data entry or field-by-field control 
with inst.ant screen access. ow for Turbo Pascal 
4.0. soon for C and BA IC. 
Turbo POWER TOOLS PLUS $129.00 
NEW VERSJO ! Now ·upports Turbo Pascal 4.0. 
Screen. window. and menu management includ· 
ing EGA support: DOS memory cont rol: ISRs: 
scheduled intervention code: and much more . 
Turbo ASYNCH PLUS $129.00 
NEW VERSIO ! ow upportsTurbo Pasci!l 4.0. 
lmerrupt driven support for the COM ports. l/O 
buffers up to 64K ; XON/ XOFF; up to 9600 baud : 
modem and XMODEM control. 

ASYNCll MANAGER $175.00 
Full featured in terrup t driven support for the 
COM porcs.1/0 buffers up to 64K: XO /XOFF: 
up to9600 baud: modem control and XMODEM. 
For Mi1;rusoft C, Turbo C or MS Pascal. 
KeyPilot $49.95 
'"Super-batch'" program. Create batch files which 
can invoke programs and provide input to them; 
run any program unattended: create demon tra
tion programs: analyze keyboa rd usage. 

PASCAL TOOLS/TOOLS 2 $175.00 
Expanded string rmd screen handling; graphics
routines: memory management ; general progrnm 
control: DOS fi le support and more. For MS
Pascal. 
EXEC $95.00 

EW VERSlO ! Program cha in ing executive. 
Chain one program from another in differen t 
languages; specify common data areas; less thnn 
2K of overhead. 

RUNOFF $49.95 
Text formatter for all programmers. Written in 
Turbo Pascal : flexible printer control; user-defined 
variables: index generation: and a general macro 
faci lity. 

TO ORDER CALL TOLL FREE 
800.333-8087! 

--~--
BLAISE COMPUTING INC. 
2560 inth Som. Suite 3t6 Berlctk:y, CA 941!0 t~t 5) S40-S441 
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Jerry Pournelle answers questions about his column 
and related computer topics 

Wants Electronic Support 
Dear Jerry , 

I have been reading BYTE and other 
computer magazines since 1984, and I 
have noticed one very large problem with 
computer manufacturers. They rarely 
electronically support their software, and 
when they do. it's usually through a ser
vice that costs lots of money . Only one 
commercial company that I know of sup
ports its customers via a free service: 
USRobotics, the founder of the FidoNet 
National Communications Echo . 

Why don't other companies get in· 
volved in such phenomena? Certainly 
they' re cheaper, and you probably get a 
larger segment of the human communi
cating population. It certainly would be 
nice if, once the companies have got our 
money, we didn' t have to pay even more 
money to ask them question . 

I have also read your gripes about 
Microsoft Word. I wrote thi s letter using 
Word , and I like it. I think I know why 
you have a problem with it and I don't. I 
use the original IBM PC keyboard, and I 
don '1 use a mouse. I also type with 5.33 
fingers. This means that all the keys are 
easy to reach (to delete thi parenthetical 
remark, I 'd reach over with my left 
pinky . hit the F6 and F8 keys in rapid 
succession, then reach over with my right 
pinky and hit 1he Delece key). Maybe the 
new keyboard i not so enhanced after 
all. 

I also don ' t like the cos! of sending you 
this leuer. If you had (or, al least, pub
lished) a FidoMail or Usenet address, it 
would cost me only 14 cents. If the folks 
at BIX gave us FidoNet people a link into 
1heir mail system , it would still cost only 
14 cents . As it is, this letter costs 22 
cents. Eight cenis can add up quickly. 

Garrett A. Wollman 
Burlington , VT 

It 's a lot easier for me ro deal with 
paper mail when the time comes to select 
mail for replies. I doubt that I could 
handle the volume I 'd get on FidoNet or 
Usenet. - Jerry 

Merely a Z-100 
Dear Jerry. 

A while back, you were looking for an 
IBM PC-compatible that could read your 
8-inch disks. I am writing this letter on 
just such a machine. In earlier times , it 

wa a mere Z-100. Now. with the Scottie 
board and the Heath User Group ZPC 
software, it runs most IBM PC program 
right out of the box, giving me adequate 
compatibility wi th the IBM PC XT at 
work. 

The text processor is the IBM PC ver
sion of Galahad , originally made for Lhe 
Zenith at Clarkson College and ported 10 

the PC. I regularly run VP-Planner, VP
Info, and the PC version of Turbo Pascal 
using the ZPC simulator. With a few key
strokes, the machine again becomes the 
old reliable 768K-byte Z- l 00. The 8-inch 
djsks can be used from either side . 

I know you have mentioned th is ma
chine before. It will be some time before I 
outgrow it. When I bought the 8-inch disk 
drives, they were less expensive than a 
hard disk drive. Also, I was sharing the 
machine with other family member . A 
long as each one of us kepi our world on a 
pai r of 8-inch disks. we could never harm 
each other's worlds. 

For disk-intensive activity , I pay a pen
alty . But other than that , I have 2. 5 mega
bytes available at any time, and when a 
long session is over, a imple COPY C: *. * 
D: does a neat job of creacing a second, 
relia bl e copy of everything that 
happened . 

This machine is what we euphemisti
cally call "mature technology '" -nor !he 
very latest, but it works and works and 
works. And fo r a few of us mavericks. 
that is what cou nts. 

Leon R. Case II 
Portland. CT 

The Z-100 is still one of the best ma
chines around, provided rhar you know 
something of what you 're doing . Of 
course . Zenith brougl11 ir ow just before 
IBM decided to saturate the market with 
its DOS machines, and it took a !o11g time 
he/ore the need for, and the ability ro 
ha ve, PC compatibility was achieved. By 
then. even Zenith had sort ofgiven 11p 011 

the Z-100; bw it's sure a nice machine. 
- Jerry 

comimied 

Jerry Porm1elle holds a doctorate in ps) 
chology and is a science fiction writer 
who also earns a comfortable living writ
ing about computers present and f wure. 
He can be reached clo BYTE, One Plwe
nix Mill Lane. Peterborough, NH 03458. 



Everex has the Answer 

Whatever you need for your PCs, 

XTs"', ATs® or compatibles, 

PS/2"' systems and Apple® 

Macintosh '• computers, Everex has 

the answer. Everex designs and 

manufactures products to enhance 

the power and capability of your 

system. 


inallrm!llll!~!ll""""''""'''' 


From modems to graphics adapters 
and tape backup, Everex makes 
more than 100 products-including 
our popular hard disks, tape 
backup and memory/multifunction 
boards. Everex can provide the 
right solution-at the right price . 
And Everex products support the 
newest technologies, from os12·· 
to EMS 4.0. We also have advanced 
20 MHz/80386 and 16 MHz/80286 
personal computers. 

From our beginning in 1983, the 
people at Everex have provided 
quality products at affordable prices, 
with a commitment to personal ser
vice. Our honest, straight-forward 
approach has transformed Everex 
into a multi-hundred 
million dollar company 
employing over 1300 
people worldwide. 

With more than 175 engineers 
involved in research and 
development, we consistently 
develop the innovative PC products 
that you need. And because 100% 
of all Everex products undergo final 
assembly and test in our 250,000 
square foot headquarters in 
Fremont, California, we offer 
unparalleled quality, response and 
service to our rapidly growing 
family of dealers. 

A staff of over 200 service
oriented people is available to 
answer your questions and 
insure that orders are processed 
and ready to ship within 48 
hours . Everex also has 
knowledgeable people to help 
with technical support, too. 

From initial design through 
manufacturing, testing, and 
after-sale support, Everex' s 
complete dedication to 
quality, affordability, ' 

For more informat ion o r the name 
of you r nea rest Everex dealer please ca ll : 

1-800-821-0806in USA 

in Ca lif. 1-800-821-0807 

48431 Mil mo nt Uriw, Fremont, CA 94538 

l:w•r..-. 1J .a O'.Mittn.ara .1nd EVER for E.).Cf'lknn: 1' .t.~t'"l'nl tr ,.k'mll\ o( Evl:'n'-' 
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innovation, and service assures 
you of the best value in personal 
computers and enhancement 
products . 

So, whatever your personal 
computing needs, Everex lzas 
the answer. 
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Another RAM-Resident Solution 
Dear Jerry 

In the September 1987 column, you 
wrote aboui having trouble with your 
residem software and gave an example of 
a batch file that rewrite the AUTO 
EXEC . BAT file. I think I've got a better 
sol ution. 

The Norton Utilitie (at least the ad
vance edition) includes a program called 
A k, which can be used to solve problems 
like yours in a tidy way . Ask Jets you 
build menus in a batch file , input into the 
batch fiJe, and set the error level accord
ing to your input. A better olution to 
your problem could look like this: 

ECHO 1. Ready I . SuperKey. SideKick 
ECHO 2. Lightning. SideKick 
ECHO J. DESQview 
ECHO 4. 1.Jindows 
ASK "What shall I load", 12J4 
if errorlevel 1 then goto_ 
if errorlevel 2 then goto_ 

If you want to tick to your method, 
you cou.ld write a little program that re
boots the system via interrupt 25. 

I do al mo tall my editing with the Nor
ton Editor, whkh can do all you need and 
is very mall. It also supports a mouse if 
one is connected . Just press the left 
mouse button and you can move the cur
.sor around; pre the mouse again, and 
you drop the cursor at the new location. I 
find that very u eful. 

When it comes to output, I use TEX . 
My econd choice is MicroStar from the 
Turbo Editor Toolbox; it cooperates with 
Lightning nicely. 

Konrad Neuwirth 
Vienna, Austria 

Your solurion is more elegam. Among 
other things, it takes up a lot less mem
ory, since the minimum size file under 
DOS 3.x i 2K bytes. 

I fear you are beyond me with TEX; I 
have so far found it to be a black art . 
- Jerry 

WordStar 4.0 Wrinkles 
Dear Jerry , 

I wrote to you previou ly to describe a 
problem with WordStar 4.0 not properly 
upporting the extended character set 

when used for program source codes. 
Further inve tigation how that Word
Star 4.0 a igns three characters for each 
extended character. A hexadecimal dump 
of a WordStar 4.0 file that has the ell.
tended characters show that each ex
tended character i preceded by hexadeci
mal lB and followed by hexadecimal IC . 

MicroPro has notified me that it will 
provide a program to take a file having 
the extended character et and print it to 
disk so that the offending lB and IC 
codes surrounding each graphics charac
ter are removed . This olution should be 
workable. but it seems awkward . A better 
olution seems to be to use a program 

such a WordStar 2000, which does not 
have thi feature . Other than this anom
aly, I have found WordStar 4.0 to be an 
excellent program. 

One other point that is somewhat frus
trating i that the version of Word Ender 
supplied with WordStar 4 .0 upport 
only WordStar 4.0. Microlytics 's generic 
version of Word Finder does not support 
WordStar 4.0, so if I want to use Word 
Finder with other program , uch as 
SideKick, I have to maintain two Word 
Finder programs and dictionaries on my 

hard di k. Thi eems ridiculou , since 
the dictionaries appear to be identical. I 
uppo e thi is another form of copy 

protection. 
Thomas S. Cox 
Greenville. SC 

I expecr ir is some kind ofpublicarion 
protection scheme. The chaps at Micro
lyrics are generally good guys and don 't 
use copy protection . I 'II have to ask abow 
1his. 

People who like WordS1ar seem to like 
WordStar 4. 0 a lot. There's a dance in 
the old girl yet. -Jerry 

CP/M Plus Source? 
Dear Jerry. 

I bought a TeleVideo I Portable with 
CP/M Plu , and although I wrote to the 
Professional Computer Group in Bangor. 
Maine, no one ever answered. (1 have 
written everal letters- even one with re
ceipt requested. which wa received but 
not an Yered .) 

The problem is that the CP/M Plus 
software i for a different machine, so the 
128K bytes is useless! 

ls there anybody in the U.S. who i 
willing to upport the old CP/M? ls there 
anything like the orion Utilities for 
CPIM? 

Alex Korth 
Buenos Aires. Argentina 

Workman and Associates (1 925 E. 
Mou111ain St .. Pasadena. CA 91106. 
(818) 791 -7979) and Spite Software 
(4004 Southwest Barbur Blvd., Porrla11d, 
OR 97201 , (503) 228-8223) try to sup
port CPIM systems. There are probably 
others, bur I don't know who. - Jerry • 

BYTEK's NEW 135 MULTIPROGRAMMER™OFFERS 18/12 PROTECTION PLAN 

BYTEK's 135 programs virtually any 24- , 28-, & 32-pin (E)EPROM 
from 16K to megabit devices. Sets of devices, 16- & 32-Bit Wide, 
can be downloaded into RAM via the RS232 & programmed in one 
easy operation . As a stand alone Gang Duplicator, up to B EPAOMS 
can be copied at one time, (optional 16 EPROMS). 

UNIVERSAL: With standard 256K x 8 RAM . expandable to 2 
MegaByte, the 135 supports more devices than any other produc
tion programmer on the market today. Options available to program 
40 pin EPROMS, (E)PLD/GALs, Bipolar PROMs, & 40 pin Micro 
Computer Devices. 

18112 PROTECTION PLAN: BYTEK offers a fu ll 18 Month Warran
ty, & 12 Month FREE Device Updates. 

~ 1021 South Rogers Circle, Boca Raton , FL 33487 
INSTRUMENT SYSTEMS DIVISION 
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Call us today at: 

1-800-523-1565 
In Florida: (305) 994-3520 


FAX: (305) 994-3615 
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set/low 
chip count from a palette of 64, you'll get sharp, 

clear graphics that seem to jump out of 
the screen. 

Multi-featured. MultiEGA also bring5 
added versatility. Just a sample of 

software provided includes auto
matic display mode switching 

tor ease of use; Microsott 
Windows and AutoCAD 

tion, 

to display text up to 132 
columns by 43 lines. Special 

utilities are included for design
ing and downloading your own 

character fonts, and a screen save 
feature helps protect your monitor. 
Hardware features include advanced 
design with fewer chips , allowing greater 
speed while reducing the chance of 
component failure . MultiEGA also in
cludes 256K of onboard video memory, 
a light pen port, two RCA video jacks 
and a feature connector. 

Built-in quality. MultiEGA is made, 
serviced and supported 
using high-quality, high-reliability com
ponents. II requires one expansion slot 
of any IBM PC, XT, AT or compatible . 
Installation is easy, and if you have a 
problem or question, MultiEGA's two
year warranty includes free technical 
support. 

$299. 
M1111facl111r/ 


Plllluct 


Genoa Systems 
Super EGA y y y YES 

Video Seven 
VEGA Deluxe y y y YES 

Paradise Systems 
AutoSwitch EGA 480 N y y YES 

Boca Research 
Mul!iEGA by BOCA y y y YES 

Chan Information accurate as ol 1/14/80 
• Copyrighl t 980 Boca Research . Inc . 

Automatic 
mode switching 

Software drivers Compatible with 
included digital and multiple 

frequency monitors 
Advanced chip 

Resolve your graphics needs. With 
one graphics board . MulliEGA by BOCA 
delivers 640 X 480 high resolution to 
multiple frequency monitors, and pro
vides EGA, CGA, HGC and MDA standard 
resolutions for compatible monitors. With 
up to 16 colors displayed simultaneously 

drivers for high resolu
640 x 480 

pixel graphics: 
plus four Lotus 
1 - 2 - 3 and 
Symphony text 
modes and 

one forWordStar 

in the USA 

When you add up all these features, 
you'll get one answer : MultiEGA . To 
order your own MultiEGA, see your 
dealer or contact us directly . 
MultiEGA Is B lllld!OITllllkof Boca Aesoarcli. Inc . All olher references 
10 compuler SYft!ems, sottware M O pe~ph&ral11 use 1raoomaJ1<S 
owned by lheir respocUve manufacturers. 

BDCl=I 

RESEARCH INC 

6401 Congress Ave.. Boca Raton, FL 33487 
Phone: 305-997-6227, TELEX: 990135 

FAX: 305-997-0918 
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ASK BYTE 

Circuit Cellar's Steve Ciarcia answers your questions on microcomputing 

that I can turn my sy tern into a 286/386 
machine with a s imple motherboard 
swap? Finally. what is the difference be
tween regular ATs and so-called mini- or 
baby-ATs? 

Jim Freeman 
Salt Ltike Ci1y , UT 

For the most part , XT and AT cases ac
cept different-size motherboards. How
ever, some firms do sell AT mother
boards that fit into XTcases. I can't make 
any recommendation on particular 
boards because I am not familiar with 
them. However, 1f you search through 
Computer Shopper magazine, you will 
find many clone vendor . 

Regarding your second question, I am 
not aware of any XT motherboards that 
fit your exact description. Bw consider 
that an XT clone motherboard might sell 
for $100 to $200 and an AT motherboard 
for $300 to $500. You mighr be beuer off 
to bite the bullet and get the ATright from 
the start. 

A regular AThas a larger motherboard 
and case compared to a mini- or baby
AT. The intent is to have a smaller fom 
print on your desk. Functionally, they are 
the same, though the mini-AT may have 
fewer expansion slots. - Steve 

It's AU in the Handshaking 
Dear Steve, 

I need to know how tote t my printer · 
statu s- whether it is on-line, off- line . 
turned off, or otherwise unavailable

cominuf'd 

ASK BYTE. Steve Ciarcia , a computer co11
.mltanr and electro11ics engineer. answers 
questions on any area ofmicrocompu1i11g and 
his Circuit Cellar projecrs. The most repre
se11tative questions will be answered and pub
lished. Send your inq11iry to 

Ask BYTE 
c/o Steve Ciarcia 
P.O. Box582 
Glastonbury, CT06033 

Due to the high volume of inquiries, we 
cannot gunra111ee a ptrso11a/ reply. All leuers 
and photographs become rhe property of 
Steve Ciarcin and cnnnor be rerumed. 

Tire Ask BYTE :rtaff includes managl'r 
Harv Weiner and researchers Eric Albert , 
Tom Ca11treil , Bili Curlew, Ke11 Davidso11 , 
Jeai111eue Dojnn , Jon Eison, Frank K1U1cil 
marm. Tim McDono11gh , Edward Nisley. Dick 
Sawyer. Robert Stek. a11d Mark. Voorhees. 

Seeing-Eye Computers 
Dear Steve, 

Practical speech synthesis appears to 
be lagging behind image processing. A 
blind social worker here at Texas A&M 
University would benefit greatly from a 
talking computer . We can easily access 
the hospital mainframe, but we've had 
difficuJty localing a good speech-synthe
sis system. Those that have been called to 
our auention seem outdated. 

Do you know of any hardware or soft
ware thar wiJI enable a sightless person ro 
effectively use a computer? Just making it 
talk is not enough. The ystem must be 
able to use word-proces ing and data
management software-preferably under 
MS-DOS-and possibly interface with a 
high-level language . We might start with 
a desktop model, but a laptop is our ulti 
mate goal. 

David Lemper 
Temple, TX 

I thi11k the current state-of-the-art 
speech-synthesis hardware is quire capa
ble ofgenerating 1mdersrandable speech. 
The real problem you are referring ro is 
the ability to use this hQrd111are technol
ogy in an imegratedfashion to remove the 
barriers a sigh1less person has in using a 
computer. Perhaps tire real 11eed is for 
sofnvare , such as a word processor, ro 
function with a speech module as an 0111

pu1 device ro replace the visual i11forma
1ion normally received from 1he screen. 

There is far more involved here than 
merely echoing the screen information. 
In fact , the words on the screen represent 
only parr of the informa1ion. si11ce posi
tioning and other visual clues are j11s1 as 
important. 

While I have seen some limited demon
stration software, I have not seen a truly 
general-purpose solution to your prob
lem. I think this type ofquestion deserves 
a broader research efforr tlra11 I can give 
you. But let me make some specific sug
gestions about where you can look. 

Two computer retrieval databases 
cover your area of interest: ABLEDATA 
and REHABDATA. Both are supplied by 
the National Rehabilitarion Information 
Center, located at the Catholic Univer
sity of America in Washi11gton, DC You 
can access 1hese databases through com
mercial on-line research services, such 
as Dialog Information Services (3460 
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Hillview Ave . . Palo Alto, CA 94304, 
(800) 334-2564; in California, (415) 
858-2 700) or BRS (1700 Rout e 7. 
Latham, NY 12110, (518) 783-1161). 
You may wam to contact a research li
brarian at Texas A&M for more informa
tion. -Steve 

Hand-Holding for a Hand-Held 
Dear Steve, 

J have a Texas Instruments CC-40 
hand -held computer. Unfortunately, 
there are no service manuaJs avai lable for 
it-at least not here in Austria. According 
to the user's manual, I could program the 
computer in assembly language, but l 
don't have any information about how to 
do this. Do you know the addres of a Tl 
retailer or computer club that I could 
write to? I've already written to Tl's cus
tomer service department, but I've re
ceived no reply. 

Walter Schrabmair Jr. 
Salzburg, Austria 

For rhe most part, Tl has been out of 
the re1ail computer business for some 
time. However, users groups still flour
ish here in th e U.S. to suppo rt Tl 
machines. 

Tl PPC Notes (P.O. Box 1421, Ltirgo, 
FL 34294-1421) supports programmable 
calculators made by Tl. The Houston Tl 
Users Group (clo Kim Peterson, 3107 
Bafing, Houston, TX 77099-2244) pri
marily supports the T/99-4A comp111er. I 
think you might be able to ge1 some useful 
informatio11 for your machine from 1hese 
sources. -Steve 

Bit by Bit 
Dear Steve, 

I have tried for a long time to buy a 
computer, but I can't come up wi th the 
big chunk ofcash necessary . I have there
fore decided to buy it piecemeal, compo
nent by component. I would like to end up 
with something more than an IBM PC 
XT. or al least something that I could 
simply upgrade by just a motherboard re
placement. This precipitates several 
questions. 

First, do XT and AT case accept dif
ferent motherboards? If so, do you know 
of an XT-compatible motherboard (pref
erably with an 8088-1) that fits in an AT 
ca e, has keyboard-selectable 10-MHz 
speed, and uses an AT power supply so 
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ASK 	BYTE 

• : customers since 1982 by exclu- I • 
sively concentrating on computer I• l printers. We're not just order tak- I • 

1 ers • we're experts! CaH today! I______ __ ___ _ _ _J 

P rinters Plus has been satisfying l 

Listing 1: Skeleton ofTurbo Pascal code needed ro query primer status. 

P r ogram ... 
type 

Register Type • record 
case i;:;teger of 

1 : 	 (AX. BX. ex. ox. BE'. or. SI, OS, ES , Flags 

integer) ; 


2: 	 (AL, AH, BL, BH, CL, CH, DL , DH : byte); 
end; 

var 
Registers : Register Type ; 
Status : integer ; 

with Registers do begin 

AH: • $2; 

DX: - Slptn; ( 0 for LE' Tl , 1 for LPT2, 


etc. l 
Intr($17,Registers); Call the BIOS 
Status : • AH; { Get result byte) 

end ; 

Table 1: Bir settings arnJ their 
significance/or the Status 
variable returned in listing I . 

Bit 	 Indication 

7 	 Not busy 
6 Ack has been received from 

printer to acknowledge last 
character sent 

5 	 Paper out 
4 	 Printer selected. on-line 
3 110 error 
2 Not used 
1 Not used 
O 	 Time-out error 

daisy-wheel printer. After prinling acer
tain number of characters (about 260 to 
320), the printer Jo e two characters, al
ways in the same place. If I use the MS
DOS PRINT SCREEN command, the 
printer loses one character. 

If I execute mode lptl: , , p. the prob
lem goes away. As explained in the DOS 
manual, the p option causes the operating 
system to continually try sending output 
if the printer is not ready. I thought the 
parallel interface protocol required an ac
knowledge from the printer before the 
computer would send another byte. 

The problem occurs when I'm running 
the computer at 8 MHz or 4. 77 MHz. 
The printer has a 256-byte buffer. What 
is it about the Centronics interface that I 
don ' t understand? 

Robert Ziller 
New Richmond. WI 

Troubleshooting a problem from a dis
tance is sometimes difficult. Your IBM 
compatible/Smith Corona TP2 problem 
could be due to several possible causes. 

The lost characters (every 260 to 320) , 
coupled with the fact that the TP2 has 
256 byres in its bu/fer, indicate a buffer 
overflow co11di1io11 (the difference in the 
error position may be due ro varying line 
lengths and return time). Thus, the pri
maryfailure is probably in the handshak
ing between the computer and the 
printer. 

The Centronics format actually sup
plies three possible co111 rols to the 
printer: 

• ACK (pin 10): A low on the pin indi
cates that the printer has finished pro
cessing the current character. 
• 	BUSY (pin I1): A high on this pin indi
cates a buffer-full condition. 

continued 
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from within a program. It 's irritating to 
have lhe system hang up while attempting 
to send a command to the printer when it 
turns out the printer was off-line. 

I am u ing Turbo Pascal 3.01. My 
printer is a Star SG-10, set up as LPT I :. 
and my computer system is an XT clone 
with 640K bytes of memory and two 
floppy disk drives. 

Bruce Bauder 
Tillamook, OR 

You need 10 call a BIOS routine 10 re
turn rhe primer srarus. In Turbo Pascal, 
the code would look like that in listing 1. 
The variable Status will have certain 
bits set, based on the printer's condition 
(see table 1). By decoding these bit com
binations, you can alert the operator to 
the primer's condition. Also, although 
this is undocumenred, bit 1 seems to 
indicate a nonexistelll device. -Steve 

Not a Good Day for Printers 
Dear Steve, 

Recently , I tried to use my IBM PC 
compatible with my Smith Corona TP2 
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From real time embedded 
applications to comprehensive 

systems purchased d irect ly from 
Manx come with a 30-day, no 

commercial applications on 
Macintosh, IBM PC , Amiga, 
Atari, and others . Aztec Chas 
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 yourse lf. We know that 
the best way to understand what 
puts you ahead with Aztec C is 
to use it. That's why Aztec C 

MS·DOS Hosted ROM Development Systems 
Host + Target: $750 Addltlonal Targets : $500 

Targets: 
• 6502 family 
• 8080-8085-Z80-Z180-64180 
• 8088·8086-a0186-a0286/8087 ·80287 
• 68000-68010-68020168881 

Components : 
• C compiler for host and target 
• Assembler for host and target 
• linker and librarian 
• Unix utllltles make, dlff, grep 
• Unix vi editor 
•debugger 
• download support 

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. 

Features: 
• Complete development system 
• Fast development t imes 
• Prototype and debug non-specific 

code under MS-DOS 
• Compliers produce modlflable 

assembler output, support lnllne 
assembly, and wlll link with assembly 
modules 

• Support for INTEL hex, S record, and 
other formats 

• source for UNIX run t ime library 
• processor dependent features 
• source for startup 

Aztec C Micro Systems 
Aztec C 1s available for most micro
computers in three configurations· 
The Professional ; The Developer: and 
The Commercial system All systems 
are upgradable 

Aztec C88k/Am . . . . Amlg 
source debugger- op11onal 

Aztec: C68k.1Mac . . . Maclntoah 
MPW and MAC II support 

Aztec C86 .. .. • . .. . MS·OOS 
source debugger • CP/M libraries 

The lollowng have special pricing and 
configurations Call for details 

Aztec C68k/At • . . • . Atari ST 
Aztec C80 . . . . . . . . . CP/M-80 
Azt c C65 . . . . . . . . . Apple ti & II GS 

Standard Sy at m ............... $199 

• C compiler 
• Macro Assembler 
• overlay linker with librarian 
• debugger 
• UNIX and other hbranes 
• utilities 

Developer Sy tem .............. $299 

• all Standard System features 
• UNIX ut 1l1ties make. dill. grep 
• UNIX vi editor 

Commercial System ............ S499 

• all Developer features 
• source for run time libraries 
• one year al updates 

&WW 

Azrec C is available on a /hl(cy-day money back guarantee Call 
now and find out why over 50.000 users give Aztec C one of the 
highest user-satisfaction ratrngs rn the rndustry 

Call 1-800-221-0440 

COD . VISA. MasterCard. American Ex· Manx Software Systems In NJ or outside the USA, 
press. w11e (domesttc and international). and One Industrial Way 
terms are available One and lwo day deliv call 201-542-2121 

Eatontown. NJ 07724 
ery available for all domestic and most Telex: 4995812 Fax 201-542-8386 imernauonaJ destmattons 
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A screen star is born. 

Introducing Ultrasync. The high-resolution autosynchronous 

color monitor that's PC and PS/2 series compatible. 

ltrasync, with it xccptionally fine (.28mm) dot pitch 
create · a picture of incon1parable clarity. Capable of displaying infinite 
had of brilliant color with striking contrast and dimension . 

But the r al b auty of ltra ync is its versatilit . It has the greatest 
autosynchronizing fr 1uency rang combination availabl with 45Hz 
to 120Hz vertical can rang (NEC' Multi ync tart at SOHz and 
peak out at 75Hz) and lSKHz to 35KHz horizontal can. 

Plug ltrasync into any IBM PC/P series, Apple Mac II, or 
pra ti ally any omputer y t m and it will adju t automatically to the 
standard you are using. There no fiddling with switche or knob . 
Our automatic picture sizing feature prcvcnc cli play cli tort.ion ancl shrinkage. 
A simple built-in text witch is provided for your convenience. What'· 
more, you 'll enjoy the ease and comfort of Icrasync's ergonomically 
advanced design. 

Nobody but Princeton Graphic tern cou ld bring you an 
image with such star quality at a suggested retail price that' remarkably 
affordabl . $795. After all , w 'v b -n doing it all along. 

GRAPHIC SYSTEMS 

THE VISIBLE EDGE 

601 Ewmg $11001. Bml<l1ng A. Princeton . Now Jersey 08540 (609) 683·1660 
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Circle l 2S on Reader Service Card 

ASK BYTE 

Integrand' new Chassis/System is not another 
IBMmechanical and elCClrical clone. An 
cntin:ly fre.<.h packaging d~gn apprrnich ha.I 
been w.ken using modular consuuction. Al 
present, over 40 optional St()Ck modules allow 
you to customiu: our standard chassis lo nc:uly 
any requirement. Integrand offers high quality, 
advanced desigi:i hard ware along wilh 
applications and technical suppon ail aJ prices 
competitive with imports. Why scnle for lcs;? 

Rack &Desk 

PC/AT Chassis 


Rack & Desk Models 
Accepts PC. XT. A T Motherboards and 
Passive Backplanes 

Doesn 'r Look like IBM 

Rugged. Modular Cons1ruc1ion 
Excelleni Air Flow & Cooling 
Optional Card Cage Fan 

Designed w meet FCC 

Z04 Wall Supply. UL Recognized 

/45W & 85W also a"ai/able 

Reasonably Priced 

Call or write for descri ptive brochure and prices: 

8620 Roosevelt Ave. · Visalia, CA 93291 


209/651 ·1203 

TELEX Sl0601283C (INTEGRANDUD) 


EZU. X62926572 

We ocup1 BankAmcriaml/VISA and M11S1erl:a n1 


IB:M. PC. ~'T. l\T thlfJcft\41~ ol INt'.flWMllftl.I Bwmm Mdmca..,........,__,_ .............. 
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• FAULT (pin 32): A low on this pin indi
cates that some problem exists (some
times this pin goes low when the buffer is 
full; it depends on printer design). Note: 
This pi11 's data is valid only for some cus
tom-made cables; the standard IBM Cen
tronics-to-DB-25 cable leaves this pin 
open. 

Your primer manual will show the 
DIP-switch configuration chmzges neces
sary to implement handshaking. First , 
check the configuration of the printer, 
the11 verify the cable com1ectio11s (pins 10 
and 11 correspond to the connections on 
each end of the standard IBM cable. If 
the pin 32 connection is implemented, it 
should be DB-25 pi11 11). 

You can 't rule out a failure ofeither the 
port or the printer hardware. Ask a 
friend (or your friendly local computer 
store) to test the printer on another ma
chine (try to use WordStar with a docu 
mem that you know fails). This will let 
you determine which is at fault-the 
printer or the computer. - Steve 

Cheap 200-watt UPS Wanted 
Dear Steve, 

How about coming up with a 200-watt 
uninterruptible power supply (UPS) for 
us IBM XT/ AT usen;? It should use gel
cell batteries of the type widely available 
in the surplus market and should cost less 
than $100 . 

William Schreiber 
Kailua-Kona, HJ 

The worl.d seems to be afflicted with 
power problems, if my mail is an accu
rate reflection. There is considerable in
terest in such devices as constant voltage 
tra11sfonners and unimerruptible power 
supplies. 

Small uninterruptible supplies with 60
Hz sine-wave output are relatively easy lo 
design and build (see the January issue of 
Radio-Electronics for a 40-wau UPS 
constmction project). As the supplies get 
larger, the linear amplifiers needed to 
support the ouJpUI grow larger and more 
comple.x , and !hey generate more heat. 
These factors increase the expense to an 
e.xtent that is most efficiently countered 
by the economies ofhigh-volume produc
tion. Thus, I'm afraid your desire for a 
200-wan UPS/or less than $100 is a bit 
unrealistic. 

The economies of volume production 
have made such supplies available at 
prices much lower than in the past. SM 
Industries (535 West Wise Rd. , Scha11m
berg, IL 60193, (312) 894-5331) is cur
rently advertising a 200-watt writ for 
$179, for example. The advertisements 
in publications such as Computer Shop
per magazine show comparable prices 

for similar units from various oth er 
sources. These units make more sense 
than something I could design and fea 
111re as a Circuir Cellar project. - Steve 

Dialing for Digits 
Dear Steve, 

I plan to build and u e your lmageWi e 
video digitizer (May 1987 Circuit Cellar) 
to transfer pictures over the 1elephone 
with modems, and I have a few questions 
in thi regard . What is the most economi 
cal modem I can use? How long will it 
take to transmit a picture (at various data 
transfer rates)? Finally , can you give me 
some idea of the transmission time you 
save by compressing the image? 

R. Blau 
Brooklyn, NY 

You 'II find rhar 2400-bit-per-second 
modems are ge11i11g cheaper all the time. 
Many are now priced at under $200. 

At 1200 bps, an uncompressed picture 
requires about 8. 6 minures of transmis
sion time; at 2400 bps, it 's 4.3 minutes: 
and at 9600 bps , ir 's about I minute. But 
300 bps is out ofthe question- the trans
mission time is about 40 minutes. Th e 
2400-bps modems wirh MNP (Microcom 
Network Protocol) error correction ha ve 
an additio11al advantage: they prevent 
nearly all errors from phone-line noise 
from garbling the picture. 

Dara compression reduces the size of 
the image 2 to 4 times , so a 1200-bps 
transmission would take 2 10 4 minutes. 
The compression factor depends on the 
complexity and detail of the image , as 
well as rhe amount of noise in the video 
camera. A well-lit scene produces less 
noise in the camera, so ultimately it re
duces transmission time. -Steve 

Meteorology on the Micro 
Dear Steve, 

I have a couple of unrelated problems 
lhat I hope you can help me with . 

I have an Amiga !000 (512K bytes of 
RAM) with one external 3 'h-inch floppy 
disk drive and one external 5 1A-inch flop
py disk drive . I am using one of the old 
Epson MX-80 printers (circa 1982 to 
1983) with Graftrax installed . I have 
Amiga BASIC , True BASIC, Lattice C 
and Amiga Pa cal as programm ing 
languages. 

I am a weather forecaster with the U.S. 
Air Force stationed in Myrtle Beach , 
South Carolina . Myrtle Beach i a typical 
tourist town with more fast food , beach
wear stores , and golf courses than you 
can hake a stick at . Unfortunately, the 
amount of research material available i. 
severely limited. 

I am interested in receiving the Navy 
conrinued 



Basic System Features 
HD/FD CoatrolleT • J.Z MB lfoppy dri~ • ~al 
parl (Com IJ •adpanJlelport • Optioalll2ndseriMJ 
port (Com ZI .t opdaaal pair parl • ZOO Watt PIS 
• Higb qulity IMt.I ~ • Hardwatt ~switch 
111111 turl1o L.E.D. • 

Stanford Intelligent Net-ll Card 
Ether Net/Cheaper Net specification • 
80186 processor & 82586 LAN co-proces· 
sor • Doto transfer rote: 10 MB/ S. Net· 
work software compotibill ty : PC-NET, MS· 

$499L.£.D. • Optional d/gibll 
Clodlmlmdlr w/hllttery b«k-ap • Compktr 
d«tuaalbltloa • Enbanttd kr)·bolud (101 krJ·s) 
• Hat']· dUIJ plldulglall. 

Stanford 386-18 
fllB MHz ZI MHz Thl'flll/lhput 
Intel 32 Bit 80386 CPU (18 MHz) 9/18 MHz 
softwore (keyboard) switchable clock • 
Norton SI (Ver 3.0) : 23 (processor speed) 

OS memory, 16 chonnel Interrupt, 7 OMA 
channels • 512K interleaved 32 bit RAM an 
boord • RAM con be expanded lo 16 MB of 
32 bit high speed interleaved memory • 2-32 
bit, A-16 bit and 2-8 bit expansion slots • 
Supports 80387 Math co-processor • Award 
BIOS • (Phoenix BIOS optional) • Plus basic 
system features. $2149 

tanford ~16 
Some configuration as in $y$tem 386-18 except: 
socket for 80287 mofh co-proc.es.sor • Plus basic 
system features. $1999 
Stanford 286-16 
tJ / IZ M Hz - 16 M Hz Tbroo1thput 
Intel 80286-12 cpu, 8/12 MHz software 
(keyboard) switchable clock • Award BIOS, 
Norton SI (Ver 3.0): 15.8 • DRAM co11 be 
expanded to 1 MB on M/B • Selectable be
tween 0 wait stole or one wait slcie • 8 expon· 
sion slots (5-16 bits, 3--8 bits) • Socket for 
80287 moth co-processor • Plus basic system 

feolures. $1119* 
tanford 286-12 

(j/8/10/12 fib I Walt tste 
Some configuration as in 286116 except: Intel 
80286-10 CPU, 6/ 811 0/12 MHz software 
(keyboard) Switchable dock • Plus basic sys

tem features . $989* 
'System price does not include memory (DRAMS). 

NET, Novell. 

Xenix Multi-Terminal Card 
Microprocessor-based intelligent terminal 
controller Z-808 CPU • 16 KB dual port 
RAM, 8 KS local RAM • 6 osynch. serial 
channels. $599 

pedal Offer w/Sy~-rcm Purchase! 
Dr. Holo Ill ... $49. 9'I (-.HI volw SI3',95) 
or Dnlttop Pvl>IW.•,.· Gropltia •• . $59.9'1 
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• Optical Mouw/ o "lot Clock 
• Panasonic Prloten 
• Panasonic FaaJml~ Carib 

ln1rm11li nal 
al r lnquiril' Wl•lcom 
II U'>for\oluni /Outer/ 

Re cllrr Oi'iCOUnt 
de us foruur Optional On-Site Service 

FR•: "hlpt'lna and cndil curd ll°'ll!I" 

TO RDER A L: 
1-(800) 248-4786 

LN IFOR IA: (415) 651-3300 
Tech uppon·C-11 51 651 -.U 0 
FAX tlntcn1.1t111n.1J .tit">); (4 15) 651-_ 3 
TELEX (ln11:ma11onat alci.): 4943373 \ SAE 
Hours: Mon-Fn :00 am - 5:30 pm P.•T. 
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PowerStationTM 

A Complete VT220 I VT241 Work Station 

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


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

l'llwelStallan•- 2AO S435 EGAmale" $39 

VT240 SWle lolyOOard anc! ZSTEM V1240 EmulallOll Sol!Ware DaugnteilloarO O!ltlOn IOI 132 COiumns aod uue 800 
DpllOnal WPS labelled keyS (GOLD KEY MOOELl add $30 po<el wide ReGIS display on standard EGA ad.aptm 
ZSllM l)e"' - VT24G Emuillor Emula1J011 Sollw.lle OOly 5295 PS220l2 S19 
VT24Q.1241 EITMallOO Software With a! the lliatures ol ZSW.. VT220 pkis Keybo.lrd adapter cabll! ICll PS200 on PS/2 sy.>t1!111$ 
ZSTEM 401 4, sixel aoo ReGIS g1apl-ocs ZSTEMpc '"·4014 Emulalor sgg 
PowlfSlatlon~ 220 S289 Use wl1h ZSTEM VT too. VT220. OI Starol·alone 
VT220 Sly!e IJ!ylloa<d ano ZSTEM V1220 Emulaoon Sof!w.lre lmer.ictNe zoom ;ine pa11 ~reul •m.l(leS frt>m 
DplJOnal WPS ta!lelleO kevs (GOLD KEY MOOH) ad!! $30 disk. Keypad, mouse. drg11w. pnnte1. i>lo!ter . illld 
ZSTEMpc".Vf220 Emulolor Emutatoo Sonware only S150 TIFF suppoo 41 00 oolor illld ine Style colof maP!l"l'l 
AD the leatures ol ZSTEM VT IOO p1vs 6-bll mode. dowrtloodabl• loo". 640 • 400 ancl 640 • 480 on some .ioao1erl111001t0<s 
UStf Oe~ l<eyS . IUll n;if1003llmullHUIJOll3l modes EX1encled macros ZSTEMpc'"·VT100 Emulalor S99 
15Clllll ~ lrue 132 roumns on Hercules. VGA$, Super EGAs, ani Htgli per10<mance COLDR VTtOO True OO!Jble 
stanelald EGAs using the EGAmale optoo 12a columns oo CGAs 43 lne ~ YTIOO!h scrolml ISO allll annw1e 
SUptlO(t on EGAS. Entlaneta eyOO;IJOSUllPOl1 UrigetmaM Bass evOne majl!leO oolor XMOOtM 3rwj KERMIT SCJ ft keylMAC
and VMS SeMCl1S IOI MS·OOS SUPIJOll ROS. DOS actess 

KEA Systems Ltd. 
W412 - 2150 Wesl Broadway, Vancouver. B.C. Canada V6K 4L9 


Telephone (604) 732-7411 Telex 04-352848 VCR Fax (604) 732-0715 

Order Ton Free (800) 663-8702 

!JO~~~ gt13f•n liFJe AM£)(,/MC/VfSA 
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we.ather fac imiJe maps at home and di 
playing them on my Amiga. I ordered the 
transmission scheduJe from Alden Elec
tronics (it's free, and the people there 
were very frienc!Jy) , so I know the fre
quency and schedule, but I don't know 
the format . What I need is a guide to help 
me decode the signals and build the re 
quired hardware. The progranuning end 
would be no problem if I couJd onJy find 
the information . (lf any of your readers 
want to contact Alden, the address i 
Alden Electronics, 40 Washfogton St., 
Westborough, MA 01581.) 

The second problem concerns hard
ware. I need to know if there is any way to 
construct a device (without any exotic 
parts) that will "clamp" to a phone line 
and let me pick up a 1200-bps signal 
without any physical connection 10 the 
wire . In other words, I don't want to 
have to cul the phone line. 

Michael Street 
Myrtle Beach, SC 

Weather facsimile maps on the high
frequency band are fairly easy to receive 
with any HF shortwave radio, as you may 
have noticed from the infonnation sup
plied to you by Alden Electronics. You 
can accomplish conversion of the signal 
to a printablefonnat in many ways. 

The signal itself is an AM-modulated 
carrier, centered ar 2400 Hz, with the 
picture information moving -at about 4 
lines per minute. Several articles have 
appeared in amateur radio magazines 011 

assembly of WEFAX (weather facsimile) 
converters to use with a computer; you 
might check your local library for back 
issues of QST arul 73 magazines. Also, 
check out Keith H. Sueker 's article , 
"Apple Fax: Weather Maps 011 a Video 
Screen" in the Ju11e 1984 BYTE. 

I have fourul that The Weather Satellite 
Handbook (third editio11) by Dr. Ralph 
Taggart is a good overall source ofinfor
mation on this subject. While the book is 
aimed at satellite WEFAX receptio11, you 
can apply many ofrite tedmiques and cir
cuits to HF reception . Copies are avail
able for $12 plus 50 cents for shipping 
a11d handling from Dr. Ralph Taggart , 
602 South Jefferson, Mason, MI 48854. 

If you would prefer to use a precon
structed unit. Advanced Electronic Ap
plicarions (P.O. Box 2160, Lynnwood, 
WA 98036) sells a multimode data con
troller (model PK-232) tlraJ will decode 
WEFAX HF transmissio11s and pass them 
to your printer or computer. Price varies 
with the dealer; you might consult a re
cent copy ofQf!IT or 73 or a local ama
teur radio operaJor for the locaJion of a 
dealer in your area. 

With regard to your desire to induc
conrinued 
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Assemblers/Simulators/Compilers 

Series 3 
Series 3 runs under CP/M 80, 
CP/M 86 and MSDOS.This Series 
has Full Listing Control , Condi
tional Assembly & Built in Cross 
Reference. There is Unl imited 
Program Size, Number of Sym
bols and Macros. The Linkers 
output: Intel Hex. Extended Intel 
Hex. Tektronix Hex. and Motorola 
S19, S28 and S37 formats . 

Series 4 
Series 4 requires at least 640k of 
memory.These products have all 
the features of Series 3 plus: 32 
Character Labels, User Defined 
Sections, Local Labels and a 
Librarian . The Lin ker outputs 
Intel Hex, Extended Intel Hex, 
Tektronix Hex, and Motorola S19. 
S28 and S37 formats as well as 
Global, Abbreviated Global, 
Mic rotek and Zax Symbol Table 
Formats. Listings can be relo
cated to reflec t run-time addresses. 

Simulator-Debuggers 
The Simulator has 16 Breakpoints 
with optional Counter Field . The 
Symbol Table is limited only by 
the amount of memory. Butters of 
256 bytes may be opened for 110 
ports. The Simulator-Debuggers 
run with 512k of memory. 

CCompifers 
The C Compilers support In-line 
assembly language and ROMable 
code, and includes the following : 
Macro Processor, full Floating 
Point support, complete Assem
bler, Linker, Librarian and 
Libraries. Li brary Source Code 
Pu rchases require a signed 
license ag reement. 

Simul.tor- CUbrary 
ll• cro Closs Assemb/4tl$ Debuggers C C-omp/lers CUI,,.,.,.. SoCln:e 
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VMS 
 VMS VMS 
Softw• re CP/MBO ULTRIX ULTRIX ULTRIX 
Product CPIM 86 MSDOS SUN MSDOS SUN MSDOS SU N All-Sy stem s 

Supers 199.50 
Z-8 199.50 199.50 
Z-80 199.50 199.50 
Z-280 299.50 
Z-8000 299.50 299.50 
1802 199.50 199.50 
6301 199.50199.50 
64180 199.50 199.50 

199.50650 1 199.50 
6502 199.50 199.50 
65c02 199.50 199.50 
65816 299.50 
6800,2 ,8 199.50 199 .50 
6801 .3 199.50 199.50 
6804 199.50 199.50 
6805 199.50 199.50 

199.50 199.506809 
68c 11 199 50 199.50 
68000,8,10 299.50299.50 
68020 399.50 
8400/cOO 199.50 199.50 
8044151 152 199.50 199 .50 
8045 1 199.50199.50 
80515 199.50 199.50 
8080 199.50 199.50 

199.50 199 .508085 
99 50 99 .508086188 

199.50 199.508096 
80186/286 199.50 199.50 
80386 299.50 

199.50 199 .508335 1 
8748 199.50 199 .50 
740 199.50 199 50 
Cops 400 199.50 199 50 
F813870 199.50 199 50 
NCR32 199.50 199.50 
NEC7500 199 .50 199.50 
NSC800 199.50 199.50 

199.5032000 199.50 

More formats available 

Name __________,,,,,,,___,,.--,..--------
(Please Prmt) 

Company __________________~ 

Address ___________________~ 

City--------- State ___Zip----

Phone ___________________ _ 

Educational diacount avallabl . 
To order, call toll free in U.S. (including HI, PR and YI ): 

1 800 843-8144 


995.00 149.50 499.50 
149.50995.00 499.50 

995.00 149.50 499.50 500.00 2000.00 150.00 250.00 
1250.00 60000 2250 00 150.00 250.00 
1250.00 
995.00 

2000 00500 00149 .50995.00 499.50 150.00 250.00 
995.00 149.50 499 .50 500.00 2000.00 150.00 250 .00 
995 00 
995.00 
995.00 

1250.00 
995 00 149.50 499.50 

500 .00 2000.00149.50995.00 499 .50 150.00 250 .00 
995 .00 
995.00 

2000.00500 00 250_00149.50 499 .50 150.00995 .00 
50000 2000 00 150.00995.00 250.00 

1250.00 
1500.00 700 .00 2500.00 150.00 250 .00 
995.00 
995.00 149.50 499 .50 500 .00 2000 .00 150.00 250 .00 
995.00 2000.00 150.00500.00 250 .00 

149.50 499.50 150.00995.00 500.00 2000.00 250.00 
149.50 499.50995.00 
149.50995.00 499 .50 

1250 .00 
1250.00 
1250.00 
1250 00 
995.00 149.50 499 .50 500.00 2000 .00 150.00 250 .00 
995 .00 149.50 499 .50 
995.00 

149.50 499.50 500.00 2000.00 150.00 250 .00995.00 

Product ______ Operating Sys tem ____ 

Series _______ Amount$------

Shipping$ _____ Total $ -------

Signature ---------------
Check D COD (U.S. Only) 0 

MCNISA # _______________ 

Expirat ion Date-------------

In Colorado: (719) 395·8683 

TELEX: 752659/AD 


109 Brookdale AvenueFor more details, ask for a free brochure. 
P.O. Box 480(Shipping is $3 l .00 per uni! lor overseas orders. Toll Free number does 

nol apply to overseas. 2500AD pays COD charges.) Buena Vista , Colorado 8121 1 
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Now there's a smart way to 

connect more than one prmter 


Forget those dumb A/B boxes and You just add a simple code to 
those expensive switching devices. your program or printer setup string. 

Now you can cormect up to si'X Or, select a printer from a pop-up 
parallel printers to your computer window utility that's included. 
and let your programs do the switch· SmartPrint recognizes the code 
ing intelligently for only $119. and makes the switch. 

SmartPrint automatically sends So, call now and use your Vtsa, 

your output to the correct printer. MasterCard or AmerEx. 


It's smart! • ·· ~ ~•}"'.1"1','!! 
I.) •• • 

•
111@;f~ .1~ 

0 .. uu 
···~~~~~~::f: 0 0 

1-800-368-7737 

(Anywhere in the United States or Canada) 

~,.',!!.':!!i~.... 

Dr •• • •l h •us

i;...,....---.c- a ..11o1.l'u ru l'llOOUCl 1 8560V"meyard Awnue. Swk 405. Ranc.hoCuc;amonga, CA 91730 

A software-controlled printer switch for IBM PCs and compatibles 

ASK BYTE 

tively couple to a phone line to enable use 
of a modem, various methods have ar
tempted to accomplish this feat, with min
imal success. The connection is simply 
1101 reliable eno14gh to warrant the spe
cialized circuitry required. 

Finally, my new publica1ion, Circuit 
Cellar Ink, is running a series ofarticles 
on just this subject. Volume/, issue 3 has 
an article that deals exclusively with 
weather facsimile services and 1ech
niques for displaying 1hese weather 
pJroros 011 a personal compurer. -Steve 

Hot-Rodding the Apple 
Dear Steve, 

In the August 1987 Ask BYTE, Ber
nard PauJ Sypniewski asked if it was pos
sible to switch the 65802 and 6502 pro
cessor to gee more power from hi 
Frank.Jin ACE computers. You answered 
tllat he would have liming difficulties and 
would not notice any difference unles he 
did his own programming. 

JDR Microdevices advertises a 3-MHz. 
version of the 6502 cal.led the 6502B. 
Can I replace my 6502 (or 65C02) with a 
65028 and make my Apple run 3 times 
faster? 

Michael de la Maza 
Irvine, CA 

OUR PLUG-IN CARDS 
GIVE YOU PLUG-IN 
CONTROL. 
Your IBM PC/XT/AT or 
compatible can control any 
IEEE-488 instrument. 

You can : 

0 Plug-in to BASIC, C, 


FORTRAN, or Pascal. 

D Use HP-IB plotters, 


printers, and instruments. 


0 Call (617) 273-1818 and put us to the test. 
0 Spend less time programming. 

Complete hardware and software solutions tor just $395. 

((;;ztlj) Capital Equipment Corp. 
99 South Bedford Street 
Burlington, MA. 01803 

While a 65028 microprocessor will 
run at 3 MHz, you have to feed ir a 3-MHz 
clock signal ro make ir do so. The Apple 
computer provides a nominal I. 023-MHz 
clock speed rhat you ca111101 change 
without messing up 1he video timing. 
Thus, while you could plug a faster 6502 
imo your motherboard 's microprocessor 
socket, ii would execute programs no 
faster than what you have now. 

The mos/ praclical way lo speed up 
your Apple computer is to add an accel
erator board containing a faster proces
sor and separate RAM; this would avoid 
the video timing problems that you would 
encoumer 1/you changed the main Apple 
board. Several good speed-up cards use 
processors rm1gi11g from fast 6502s to 
68000s. One ofthe more popular cards is 
the Transwarp from Applied Engineering 
(P. 0. Box 798, Carrollton, TX 75006), 
which comains a 3. 6-MHz 65C02 and 
fast RAM, with an optional 65816 pro
cessor upgrade. 

As with any hardware changes, soft
ware compatibility problems are a dis
tinct possibility, and you should run rests 
10 be absolutely certain that the software 
you want 10 use is compatible (prior to 
purchasing the upgrade, ofcourse). 

The November 1987 issue of The 
APPLE Review contains a report on 
Transwarp, including a discussion of 
known software compa1ibili1ies and in
compa1ibilities. - Steve • 
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Dot, Daisyand Laser. 


The new family of Olympia printers with 

a prestigious technological heritage. 


Olympia is first in making lasting 
impressions for a good reason. 
For over 80 years we've been a 
leading innovator in typing tech 
nology for the office. Now every
thing has changed. And nothing 
has changed. Our technology 
is as new as the dew. Our com
mitment to reliability, efficiency 

and service is as solid as ever. 
The Olympia dot matrix printers 

produce clean , crisp printing at 
speeds from 130 CPS to 240 CPS 
for a wide range of applications. 
And our daisy wheels are unsur
passed in printing quality. 

Our new Laserstar 6 is com
pact, versatile, compatible and 

OLYMPIA 

offers the latest in desktop print
ing technology. 

In short, whatever you need 
we've got. So don't go shopping 
without the big new name in 
printers on your list. 

Olympia. We'll make a good 
impression on you . 

Then for you. 

The Competition 

Advanced Engineering from Germany 

r ----------------------- ------------- 
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Get acquainted with our family. And a gift for you: 

The fabulous Fisher Space Pen! 


See al l the Olympia models in our brochure "Printers printers on earth. Call 1-800-999-6872 or send 

That Make Quality Impressions." Along with our bro this coupon to : (USA) Olympia, P.O. Box 22, Dept. Adv., 

chure we·111 e11 you how to get a Fisher Space Pen Somerville. N.J. 08876 (or Canada) Olympia. 58 Prince 

free! The pen that went to the moon-from the finest Andrew Place. Don Mills, Ontario. Canada M3C3A2. 

Mr. Mrs. Ms. (Please Print) 

Name First Last ntie Phone 

Company Address 
I 

City State Zip I 
I 

Prin1er make(s) used now I plan lo make a punier purchase in month/year I 
934 I 

L -- --------- -- - - - ----- - -- - - ------- - -- - -- -- ----- ---~ 
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If you manage an organization with more PO and 

peripherJls than you care co counc, maybe you , hould 

consider tying chem together - with a STAHLA 

Network from AT&T. 

Supporting a wide range of DOS and NIX" 

servers for workgroups of all sizes, a ingle STAR.LAN 

48 BYTE • APRJL 1988 

etwork can link from 2 to over 100 DOS PO , so inde

penclem-mindecl sranclalones can effectively function as 

one. Which means users can share printers, retrieve and 

ed it common documents, update cemralized databases 

and send or receive messages electronically. 

AT&T's modular architecture and twisted-pair 



wiring make it easy for }OU to acid voice and da ta To find out more, call 1 800 247 -1212. 

Sta(ions the . ame way you add staff as needed. From equipmenr tO nerworking, from computers 

And by connecting your TAR.LAN etwork to to communications, AT&T is the right choice. 

AT&T'. Information Sysrems Network, virtually all the 

information -processing equipment in your compan} 

can become a fully integrated, cost-effici nt system. 
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BOOK REVIEWS 


D B GGI1 G C 
Robert Ward 

THE PROGRAMM R'S 
G IDE TO WINDOWS 
David Durant. Geta 
Carlson, and PmJ Yao 

FAST ACC \ 
WORD PERFECT 
Rhyder McClure 

DEBUGG ING C 
Reviewed by Rudy Baz.elmans 

Que Corp., lm.l.imia.polis , [J : 

1987. !SB 0-88022-261-1. 
4fXJ pages. $19. 9 

n Debu '8ing C. autho rI Robert Ward ay , "To 
write programs that work, you 
mu t know how to debug . It ' 
that simple. In fa t , if you pro
duce working program , you 
will . pend at lea t half your 
time debugging." He goe on 
to say that "good debuggi ng 
skills are requisi te t uc ess
ful programming ." Wilh re 
gard to C programming, th is 
statement ccm · c p cially 
true . 

Debugging C di cu e 
general technique · for debug
ging programming error and . 
sp cificall . how to debug Lh 
most common programmi ng error . The author accomplishc 
thi with an easy-to-read wri ting style that incl udes numerous 
example · and ju t the right amount of meta phorical reference . 

The infommion i ea ily accessible . Ward'. example. of ac 
tual execu tions and transc ripts of debugging essions use such 
tools a tatic analyzers, debuggers. and interpreters. He al o 
uses chans. itemized lists, and clear diagrams. He clearl y has a 
good und rstanding of C and the problem of programming. 

But Debugging Ci not without its fa ul ts. In a book on debug
ging, it' a hame to fi nd numerou example of poor program
ming tyle, which lead to programming error . For ex.ample, 
page 175 of the book ontains fo ur examples of poor program 
ming tyl : th u ·c of multiple statement on a inglt: li ne, e pc
ciaJly 1 statemen : poor indentaUon style used fo r control 
con truct ; poor u e of white pace to eparate line of related 
function · and a carcity of in-line comments. Ward houJd have 
read Thoma Plum' book C Programming Guidelines (Pren
tice-Hall. 1984), whi h ·pell out a more readable and le s 
error-prone coding tyle. 

Ward bc.:gin Debu ging C with a discus ion of the founda

lllu trnti 	 n b Trisha 3rkin 

#1 	 tions used in the debugging 
proc · ·. He then de cribe · 
program testi ng and how to 
recognize bugs. Three chap
ter_ concern language-inde
pendent technique for locat 
ing bug . and they are fol 
l wed by three chapters that 
di cu wh debug.ging C i · 
difficult and how to apply to C 
the general technique de
scribed in the previou chap
ter . The final two chapters 
di . cuss several commercial 
debugger- and an interpreter 
and how to use them in de 
bugging . 

Although thi s organization 
of th material make ·en ·e. 
the link between chapter arc 
weak. As I read the book, I 
had very lillle en e of it pro
gre ion . Thi flaw i particu 
larl y obvious becau e the 
book doe not clear! follow 
the taxonom of debugging 
de ·cribcd in the chapter on 
foundation . 

Ac rding to Ward, at vary
ino level . Debugging C is for 
everyone, and I agree. Begin 
ner will find the book u eful. 
even though some of the ad
vanced ection are confu 
ing . Experienced program 
mer will al o find a number 
of ehapt rs worth reading . 
Readers will need a good un 

de r tanding of C to comprehend the entire book. I think non-C 

programmer will aLo find pa rl! of thi . book intere ting-par

ticularly the introduct ry chapter on foundation·. te ting, and 

general debugging techniques. 


A Four-Step Process 

Ward divides the task of debuggi ng into four phases: testing, 

stabilization, localization , and correction. 


Te ting, the proce of discovering which bugs exist , should 
precede debugging (the actual proccs of removing the bug ). 
A uch, I thi nk Ward made a mi take in including a chapter on 
testing. He should have relegated the topic of testing to Other 
texts , as he did with other topic . u ha design technique . His 
20-page di cus ion on testi ng is completel inadequate. espe 
cially compared to a defini tive discussion on testing such as 
Glenford Myers· The Art of oft ware Testing (John Wiley & 
Sons, 1979) . Ward 's discu sion on te ·ting would be more ap 
propriate if he redu ed the c pe t te ting a it pecificaJly re 
lates to debuggi ng. 

C0/11111/ll'd 
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dBFast™ 
-vs-
Clipper'" 

New dBase III Plus TM Compiler 
• Smaller Ex.E's • Faster compilation 

• Paster ex.ecution • wwer price! 

dB Fasl Cllpper 
Minimum .EX£ file size 

OPERATION 
lkb 140kb 

Complllng/Unking 2 Seronds 4 Mlnutcs 

Execution lime 6 Seconds 17 Seconds 
PRICE S695>H9"".~ 

d-Small est ! Wlth Clipper'." lhe '"'' smallest program 
you can creaie Is 140k. And ll goe.s up 

from there! dB hsl'" crea1es programs as small as lk wilh lYJ>lcal program 
sizes from S to !Ok. just think , now It 's possible to fil all your programs on 
one Ooppy dlsk . And If you send mes via modem - look wha1 happens to 
your modem phone bill ... it almost disappears! 

d-Fastest! dB Fast compiles and links In a blistering 
3 seconds. Clipper slugs along at 4 minu1es. 

dB Fasl compiled programs also run faster. Aprogram that look over I full 
minute to run using dBase Ill Plus and an additional 17 seconds using 
Clipper, ran in just 6 seconds with dB Fast! 

d-Cheapest' See.for yourself why dB Fasl is 
• 


d-Buck! owhere can )'Ou get all 
d-B1gges1Bang for . 

,.~· 

5iJ::a: 
· · ~ 

_. . · .. 

5'lle.. 1nrormatlon call l -2o6-392-0368 

.S., S25 OUISlde U.S. 

@ S69 

lbtal 

--

--
Zip: ---

Subtol:li 

(U.S. fund$ only) 

Chock 

...._ .._ ... 

these features for such 

a low price: 

• dllase Ill Plus compatible • 1.AN compatible 
• UnUmlted runtime • Proteded source 

code • No need to modify your .PRG files 

• Speed, effldency, price 

• 60 ~ Guarantee 
Try dB Fast for 60 days. If you're not totally satisfied for any reason ,

I just send ll bilck for a full refund (less S!O handling fee). 

I Call today! 1-800-356-6356
I 

Dealer inquiries welcomeI Qly 

dB F:lSI -- I ~ 
- ~ Shipping: S4 UI !.' 11itcn~d'.~ l •dd l ot fo r nch tdltilSori;rJ ,.ct.:•gir) 

I J WA rcsjdenlS :uld 8.1 % s.iles 11:< . 

I 
I Name:------------ 

1 Com(Wly : --------- 

1 Addtts.s: ------- 
• rJty: ______ SI: _ _ 

1 Phone I : 

Pa ment (circle one): VI&\ MC MIX 

I Card I:------------I Expires: ___________ 

Name on Card' ltlO cum111 Blvd. II i=:tr&M ll unllnwlol'O fu-1 Ill(. uht 18S7 

L
~l11""'&flldtllJ1Pttll'lrqiucmltrllkaa1-Uof.l.~li11.tCMp LJ;.u:quilll, WA. 9110l 'l~S}9:.I 
..... ~Gofp.mpmtrd, 
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BOOK REVIEWS 

Stabilization, the act of producing an easily reproducible te t 
case to demonstrate a bug, is a prerequisite to finding a bug. 
Unfortunately, the discus ion on the stabil ization of bugs is lost 
in the chapter on testing techniques. 

Localization involves narrowing down the test cases suffi
ciently to find the problem, and Ward ' epara1ion of this topic 
from stabi lization makes sense. 

The final phase of debugging is correction, during wh ich the 
bug is fixed. Ward trivializes this phase by first saying that most 
bugs are easy to fix and then by devoting only two paragraphs to 
the topic . If correction is a pha e of debugging , then Ward 
hould have devoted at least a small chapter to it. I also consider 

it a mjstake to ignore the retesting requirements during the cor
rection phase. I'm sure I'm not lhe only person to add one or 
more new bugs while attempting to remove an existing bug. 

Ward introduces another useful concept , lhal of proximity: 
Every effect (problem) in a program is prox imate (near) the 
cause . The proximjty can be based on the distance be1ween the 
source code of two routines, 1he distance between the execution 
of two routines, or the distance between two references to a data 
item. These principles are well defined. and the concepts are 
used throughout the book. 

How to Spot a Bug 

Ward divides his discussion on bug searching imo finding com

pilation errors and finding coding errors. 


For beginners, the chapter on fi nding compilatfon error · i 
particularly helpful . I haven' t seen this material discussed 
anywhere else, and the chapter has some good advice. In addi
tion to the compiler, Ward describes several other programs that 
can help programmers fi nd compilation errors. These include a 
brace checker (used to find mismatched or incorrectly nested 
braces) , a lint program (used IO find examples of poor coding 
style or obscure bugs), and the compiler's preprocessor (used to 
find macro processing errors). 

Ward also describes techniques lhat you can apply wilh little 
or no tool support. Much of the discussion surrounds tracing 
program execution through the instrumentation of control struc 
tures with print statements and the clever use of the C macro 
facility to control levels of trace output. Although tracing source 
code is a useful technique , Ward seems preoccupied with ii. 

Advanced Techniques 
Debugging C does an excellent job of addressing the issues in
volved in C debugging. The process i difficult for a number of 
reasons: C is a weakly typed language that allows mismatched 
variables on expressions and mismatched function parameters; 
the use of pointer variables is error-prone; uninitialized vari
able are not flagged by the compiler; subscripts on arrays are 
not checke-0 at run time ; and in unprotected environments. stray 
pointers can accidentalJy modify code. 

Ward discusse how to recognize and find each of these prob
lems. In a table on page 209. he ha the sta rt of a great debug
ging aid. The table lists the commonly observed program 
behaviors, their probable causes, and suggeste-0 debugging tech 
niques for each one. Ward should have expanded 1his gem to 
include more entries . 

Particularly informative is the seclion on organizing the stack 
during the execution of C programs. The diagrams and related 
text are clear and well organized . 

Debugging Tools 
In the tools section. Ward discusses three popular debugging 
1ools: sdb (the source-level debugger for System V Unix by 
AT&T) , CodeView (the new multiwindow source-level debug
ger for MS-DOS from Microsoft), and C-terp (the interpreted C 

continued 
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environment for MS-DOS from Gimpel Software) . 
Here, the book is weak. The coverage of sdb should have 

been an overview of the capabiJjtie ; instead, it is a poor rutoriaJ 
with a description of each debugger command, which seems un
necessary in a general book on debugging C. The author would 
do better to talk about feature and leave the description of the 
command et to a more complete tutoriaJ . 

Compared to the 40 pages that Ward devote · to sdb the 8
page discussion on the more interesting debugger CodeView, 
seems to be an afterthought. or are the discus ion of sdb and 
Code View tructured alike . 

I found the discussion ofC-terp more interesting than those of 
sdb or CodeView. Ward discusses the differences between in 
terpreters and compilers, along with the debugging functions of 
C-terp and some of the commands. The relevance of the com
mands and functions to finding particular bugs i clear and up
ported by short eltafllples . 

Source Code and Other Resources 

Debugging C contrun an annotated resource Ii t of text on C 

and software development. Although the books and articles ref

erenced are popular, the I ist is inappropriate for a book on de 

bugging. The only ones that seem omewhat appropriate are the 

sections related to C . 


Ward also provide the ource code for a full -feature.d debug
ging sy tern . The debugger is a small command interpreter that 
is linked with your program. The conUTiands control the watch 
and stop points that you code into your program. Ward also in
cludes the source code to a poor man's Ct.race, a text filter that 
you can insert into your program calls to a debugging ystem 
like the one upplied . It i amusing to note that the coding tyle 
requirements on the program input to C!race will not accept the 
author' programs because the break and return statements 
are concatenated on the ends of other statements. This is con
trary to the statement in the text that says that the programs com
ply with Ctrace' input requirements. 

The book contains 30 pages of ource code listings in the ap
pendixes and a reference to a public domain brace checker. The 
publisher should have con idered offering readers a copy of the 
soUice code on disk. 

Since I am interested in doing further reading on debugging. I 
checked out the bibliography . To my disappointmem , there 
wasn't a ingle reference to an article or book on debugging . 

A Good Buy 

Although Debugging C has flaws, it contains many useful in

sights for C programmers . Many of the topic it covers- the dis

cu ion on finding C bug . the discussion on proximity of 

errors, the explanation of tracing technique . and the explana

tion of the organization of the stack during run time- are diffi 

cult co find elsewhere. In sum, the book is worth its cost. 


Rudy Baze/mans, a software engineer for Wang Laboratories, 
lives in Nashua , New Hampshire. 

THE PROGRAMMER'S GUIDE TO WINDOWS 
Reviewed by David Hart 

Sybex, San Franci co, CA : 1987, ISBN 0-89588-362-7, 
645 pages, $21 .95 

I fyou are a programmer working with Microsoft Windows, or 
you 'd like to be working with it , The Programmer 's Guide to 

Windows i for you. An introduction to and explanation of the 
compJe,. world f Window programming, the book is meant to 

cominued 



M ix Software pr=ts fu....w C . .. Our new cost. 

efficient alternative lo high-priced C compilers. 
No.v you can er ate high-pe!formance programs 
without spending all '(OUr hard~rned mooey. But 
price isn't the only r ason to choose Power Co.-er 
the competition. 

Compare th pe!formance. Pu,..~ Cs integrated 
Make saws you Lim and effort by automatically 
managing ';UUr large programming projects. And 
with Power • your programs can be as large as 
available memory. As for peed, the pe!formance 

chart speaks for itself. Power Cexecutes most of 
the benchmarks faster. And Power C creates 
smaller EXE files. out-performing the competition. 

Performance Chart 
(ax&eutlon tlmes Jn seconds) 

PowerC MSC Tu rbo C 

1) fi b" 23.8 47.0 26.4 

2) sieve" 27.6 40.2 25.5 

3) tdbl " 3.5 9.0 9.6 

4) dlskio" 13.5 14.2 14.3 

5) report• • 11 .0 86.3 60.7 

6) drystone·· 36.6 38.2 31.8 

Compile/Link 719 187.6 81 .4 

EXE File Size 25120 29008 27184 

Benchmarks rrom Or. Oobb's Journal" & Compuler 
LAnguage"'. Arst lour programs test 1) function calling, 2) 
i()Oj)S/lnteger mat.h 3) floating poim mBlh, &4) disk IJO. Pro
grams 5 & 6 simulate typ1C8J apotlcatlons. 1Gsts compiled 
from command line Ulling Make supplied with each com
piler. Tests run on B MHz AT with medium mod91 of Power 
C t!l, MS (Microsol1) C 4.0. & Turbo C t.0. 
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fompar th functions. With~400 functions. 
the Power C library Is vastly superior. Our library 
Is a superset of Microsoft and Turbo . Plu • 
~\~added an extensM set ofgraphics functions 
for dr<I\ Ing lines, boxes circles, pie charts. 
and more. 

Compare lhe portability. Power C supports lhe 
latest features of the proposed A I Cstandard. 
Plus, Power C is compatible with both Microsofl 
C and Turbo . All of which makes it easier to 
m<J\.£ prtJ%rams to and from Power C. 

L mpare the documentation. Our competition 
assum that you're already a Cwizard. We don't. 
PCM-er C includ a step·by·slep tutorial and sam
ple programs with every function. With our com
plete docum ntalion. programming in Ccouldn't 

be easier. 

PCJY.-er Ci factols less expensi~ And the source 
cod to our function library is available at a 
fraction of their price. 

Price Chart 

Power C MSC Turbo C 

C Compiler $19.95 $450.00 $99.95 

Library Source 
Code Option $10.00 N/A $150.00 

Total Cost 
with Source $29.95 N/A $249.95 
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If you want the best 
theres only 

w.ether you want the best portable or desktop, 
the best 80286· or 80386-based personal com· 

puter, there is only one choice: Compaq. Because 
COMPAQ personal computers are consistently rated the 
best in each class by both industry experts and sophisti
cated users. 

For instance, the COMPAQ DESKPRO 386/20 and 
the COMPAQ PORTABLE 386 are the most powerful 
personal computers in the world. Both are based on the 
32-bit Intel" 80386 microprocessor, running at a blazing 
20 MHz. Both offer the most storage and memory in 
their classes. And both feature performance enhance
ments such as concurrent bus architecture, disk 
caching, and high-speed coprocessor options. All of 
these features work together to deliver system perform
ance that rivals minicomputers'. 

The groundwork for these innovations was laid by 
the industry's first 80386-based personal computer, the 
16-MHz COMPAQ DESKPRO 386. Still outperforming 
most 80386 machines, it offers high-performance capa
bilities to users moving up to this class. 

In the arena of 80286-based personal computers, 
the 12-MHz COMPAQ DESKPRO 286 runs your soft
ware up to 20% faster than most of its 10-MHz 
competitors. 

No one even comes close to Compaq in portable 
computing. Because no one but Compaq builds portables 
with all the features sophisticated users need. The 20-lb. 
COMPAQ PORTABLE ill is the smallest full-function 
80286-based computer that truly gives you the power of a 
desktop. And the COMPAQ PORTABLE II still offers more 
internal expansion capabilities than any other portable. 

•Based on an mdepcndent survey of mojor brands. !Based on an indcpcndcnt survey or 209 FORTUNE 1000 companies. 
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personal computer, 
one choice. 

Computer users at every level will find that 
COMPAQ computers represent the best solutions. We've 
consistently expanded the limits of personal computer 
technology with advanced features that optimize overall 
system performance. All while preserving your invest· 
ment in industry-standard hardware and the world 's 
largest library of business software. Compaq also works 
to engineer each computer to meet exacting quality and 
reliability standards, so it 's ready to withstand the rigors 
of the real world . 

These are all reasons why Compaq earns the high
est quaLity ratings from computer experts. And unsur
passed satisfaction ratings from computer users ~ It 's 
also why, this year, more FORTUNE 1000 corporations 
plan to add Compaq to their approved vendor lists than 
any other brand.t 

If you want the best personal computer, you have 
only one choice . Call 1-800-231-0900, Operator 50. In 
Canada, l-800-263-5868, Operator 50. We' ll give you a 
free brochure or the location of the Authorized 
COMPAQ Computer Dealer nearest you. 

COM PA~ COMPAQ PORTABLE JI , COMPAQ Dl!SKPRO Z86' and COM PAQ DESK PRO 
38? 11re regista~ 1rademulu of Comp.lq Compu1e.r Corporation . Regls1e:rcd U.S. Palit:nt 
a11d 'l'rodcmork Offi"". COM PA PORTABLE Ill;" COMPAQ DESKPRO 386120™ and 
COMPAQ PORTABLE 386 'a rc tndcmarks of Compaq Computer Corporation. Intel Is• 
regis tered trn.dern11 rk of Jnlel Corporation . © 1988 Compaq Compuler Corporot1on 
All righ ts reserved . 

romPAa 

It simply works better. 
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Set Data Translation invites you to 

•receive the premier edition of 

our 1988 Image Processing Handbook Set 


The Book 

Our first ever Image Processing Catalog

featlliing full product information and 28 

documentary stories on image processing 

and array processing applications. 


The Booklet 

Our 1988 Product Summary- a summary on 

pricing, frame grabber and processor boards, 

and application software. 


R.S.V.P. to receive an edition (while they last) 

by calling: (617) 481-3700 


DA1JI TRANSLATION® 


100 Locke Drive, Marlboro, MA 01752-1192 U A 
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complement, rather than replace , the documentation included 
with the Microsoft Windows Software Development Kit. 

Authors David Durant , Geta Carlson , and Paul Yao have di 
vided the book into three major section . The first section intro
duce the Windows system and emphasizes the programmer 's 
concern with the various features . The discussion is lucid and 
complete, so readers gain a basic understanding of the Windows 
system necessary to begin learning the specifics. This kind of 
explanation isn't avajJable elsewhere . 

The Micro oft documentation , on the other hand , written by 
those who know the system inside out , assumes that you are fa 
miJiar with parts of Windows not yet introduced. As a result, 
gaining a working understanding is a difficult and frustrating 
chaJlenge. The overview in The Programmer 's Guide to Win 
dows alleviates most , if not all , of that frustration . 

Sample Programs 
The last chapter of the fir t secfon presents a program named 
Skeleton. As it name sugge t , Skel eton is a framework upon 
whkh to build full-blown Windows programs . AJI the sample 
programs in the book are based on Skel eton, which generates 
an empty window and displays an "About. .. " diaJog box on re
ques1. The program 10 accomplish that is over 500 lines long. 
While it doesn't do much useful work, Ske l e ton takes care of 
the housekeeping- opening, displaying, repainting windows , 
and so on-that aJI Window programs require. Ske le ton also 
provides a sound structure with places clearly marked to add 
code for initiaJization, repainting, and responding 10 me sages. 

The bulk of The Programmer 's Guide to Windows is the sec
ond section, a collection of chapters that incroduce specific fea
tures of Windows with a sample program . The authors discu s 
each topic briefly, then present a program to illustrate the fea
ture. They explain in detail each element of the program's code 
not previously introduced . This example-rich approach makes 
understanding the topic much easier than the dry explanation of 
the Microsoft manuals would have us believe. 

This section covers all the topics of interest to Windows pro
grammers: text display , menus, dialog boxes, mouse input , 
graprucs output , child windows , file and printer 1/0 , memory 
management, dynamic libraries, and data transfer. The descrip
tion of dialog boxes in particular is especially revealing because 
it is so much more understandable and detailed than the cover
age in the Microsoft documentation . As is too often the case. the 
Microsoft manuaJs describe each function well but fail 10 pro
vide an adequate overview. The explanation of Micro oft' s 
much-touted Dynamk Data Exchange (ODE) al o stands out 
for the same reason . ODE isn't mentioned in the Microsoft 
documentation , but it is fully explained with a set of sample pro
grams in The Programmer 's Guide to Windows . 

All the examples from the book-aJong with a few extras. in
cluding a Windows version of the Game of Life- are available 
separately from the authors on one 1.2-megabyte floppy disk for 
$25 or on four 360K-byte disks for $30. 

The disk does have some irritating minor errors. For one 
thing, aJI the programs were developed from the Ske l eton pro
gram , and many of them stilJ have comments identifying them 
as the Ske l eton program . Pr i nter, the sample printing pro
gram , contains in its resource script file a reference to 
Gr aph i cs . h that should be a reference to Printer . h. As a re
sult, the program doesn't compile. The author should have 
taken more time to double-check their disk. 

Programming Tools 
The last ection of The Programmer's Guide to Windows ex
plains the operation of the programming tools used to develop 
Windows programs. Sample command lines are given for the 

conrim• ed 



MERGER! 
UDS Puts Sync & Async 
Protocols on a Single Board 
One expansion slot on your IBM PC or com
patible can now do double duty. UDS has 
packaged both synchronous and asynchro
nous protocols, plus a V.22 bis compliant 
modem, on a single Sync-Up"' card. The unit 
also provides true synchronous autodialing 
via bus-directed commands and responses. 
In the asynchronous mode, the unit is com
patible with the AT command set. 

For the user, this means unparalleled flexi 
bi lity in micro-to-mainframe, micro-to-mini and 
micro-to-micro communications. Data rate 
(2400, 1200 or 600 bps synchronous; 2400, 

1200, 600 or 
0- 300 bps asynchro

nous), private line or dial-up 
operation and RTS/CTS delay are 

software selectable options. 
The device provides full-duplex operation 

over either two-wire private or dial-up circuits; 
2780/3780/3270 BSC and 3270/3770/5251 SNA 
software is available. The unit is compat ible 
with most asynchronous communication 
packages, including Mirror II. 

For additional specifications, quantity 
prices, and information on other Sync-Up 
products, contact Universal Data Systems, 
5000 Bradford Drive, Huntsville, AL 35805. 

lilD1 Universal Data Systems
IY!!I ® MOTOROLA INC. 

lr'10tm•l'Olt Sysrfm$ Gtoup 

PHONE 800 / 451-2369 
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C programmers are talking ahout C _talk " 1 


The easy way to add the POWER of 

OBJECT-ORIENTED Programming to C 


c_1alk U l<nds your c complltr lo .,.., Obj•Cl·Orienled Language <OOL). 
It Is 1101 a n•w languag•; ii •im pl y a dd• mulllo l k-like featur< s lo C: 

a Encapsulation 
0 M•ssoging [Dynamic Binding) 
a lnh<riLlllC.. 

C_ lalk offe rs all of lh e advonlagts of OOL : 

A high ly modular wflworc de sign methodology 

Rc uiable softworc components 


D E.<tcndable soflw•re eo<nponcnts 

Plus !he ad anl •gts ol C : 
S~d. .Ii«. lluibility 


0 Enc of •pplic11ion delivery 

0 Acee <to C Ii llnrics and C tool sea 
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..nn---.i ,. ~··•-lft•• "1 
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~.. ....._._. 1f........ ,. .. . - 111 .. n • .i_,.,_.. "1 

-~c.... ,...... ~i; -	 ••..-111100..a ' ....... 1~ ........... l ••I 


This internal 720K 3.5" disk drive is a "drop-in" replacement 
for 5.25" drives! It 's the Ideal solution for exchanging data 
between your PC/XT/AT and the new generation of laptops. 
Disk format is compatible with IBM, Toshiba and Zenith 
portables. The Model 853W drive kit contains everything you 
need. including interface adapters, premium SONY drive, and 
complete documentation . Uses your existing disk controller 
(no additional slots required) . Requires DOS 3.2 for maximum 
performance. Ask about our Model 873W (1.44MB). 

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

400 Daily Lane 
P.O. Box 5210 VISA 

Grants Pass. OR 97527 

..,.,~~~\\ IMMEDIATE DELIVERY! 
~o Call 503-474-6700 or 503-474-6701 

BOOK REV IEWS 

Microsoft C CompiJer, the Windows Linker (Link4) , and the 
Windows Symbolic Debugger (Symdeb). 

The Microsoft C command lines given in the book are differ
ent from those on the optional disk , though they are functionally 
equivalent. The Link4 command lines in the book are also dif
ferent from those on the disk . In thi case, however, the book's 
version is incorrect. One of the command-line switches (param· 
eters) is in the wrong place, o the linker gives an uninformative 
error message. Most of the Link4 command lines on the disk 
are correct, but a few follow the example of the book. and there· 
fore they don ' t work. The Symdeb command lines are all cor· 
reel. The moral here is to follow the examples from the Win· 
dows Software Development Kit disks. 

The Programmer's Guide to Windows i a useful book that 
can save many hours in training programmers new to Microsoft 
Windows. It is also a useful reference for a quick brush-up on a 
particular topic . The optional disk costs more than the book , but 
its cost i n't difficult to justify if you plan on doing much Win
dows programming, since it could save hours of typing in exam· 
pies. The erroneous Link4 command lines in the book and the 
errors on the disk are irritating , but if you 're doing serious Win 
dows programming, you don ' 1 want 10 be without the book or 
the disk . 

David Hart lives in Chesterrown, Maryland, and writes fre
quently about Windows and Windows applications. 

FAST ACCESS \ WORDPERFECT 
Reviewed by John Unger 

Brady Books, a division of Simon & Schuster, New York, NY: 
1987, ISBN0-13-307489-7, 200pages, $12.95 

Fast Access\ WordPerfect by Rhyder McClure takes advan· 
tage of the fact that Word.Perfect , like other powerful word· 

processing programs, i not easy to learn to use in an intuitive 
way . The book is designed to help beginning WordPerfect user 
overcome some of the hurdles that prevent them from getting the 
most from thi software . Experienced WordPerfect hands will 
not get much from the book; there are no arcane ecret to be 
learned here . 

McClure's writing style is light and easy to read. The book is 
organized alphabetically into separate chapters from one to six 
pages long. The chapters describe major Word.Perfect com· 
mands, such as Cut/Copy a Column, Go to Key, or Undelete. 
Each chapter follows the same format; Fir t the author pre ents 
a clear explanation of the WordPerfect command , then at least 
one ea y-to-follow example and a description of the result of the 
command's action. 

The final 40 pages of the text contain step-by-step examples of 
11 u eful WordPerfect macro ; this ection will give reader the 
confidence to u e this powerful feature of WordPerfect for their 
own applications . 

Presumably , because of the book's A-to·Z structure, Mc 
Clure decided that an index would be supernuous. This was an 
unfortunate oversight, because the absence of an index seriously 
reduce the book's u ·efulne . An index hould be an essential 
part of a reference text like Fast Access\ WordPerfect . If Word
Perfect' son-line help is too terse for you and the WordPerfect 
manual is too difficult and time-consuming to use routinely , 
then a book like Fast Access \ WordPerfect may be just what you 
need to get the most out of WordPerfect. • 

John Unger lives in Hamilton, Virginia . He writes graphics soft
ware and uses compwers to swdy the strucwre of the earth's 
crust. 
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EXPO SUPER TURBO 

~~ s975 
30MB 

FCC 
APPROVED 

•64.0K RAM 

SYSTEM 
SYSTEM 

INCLUDES: 

• 360 FLOPPY DRIVE 
•AT STYLE KEYBOARD 
• MONO GRAPHICS PARALLEL 
• GREEN/AMBER MONITOR 
· MINI AT STYLE CASE WIRESET 
-OPE RATING MANUALS 
• 30 t.t3 SEAGATE 
--Additional Oplions-
CGA WI Samsung 

Color MJnitor Add $199 

40MB SEAGATE $CALL 
AWESOME DEAL 

ST-225 20 MB KIT 
20 MB Hard Drive Sys1em 
Includes: Controller, 
Cables & lnslructions 

EXPO TURBO 286 
&? 

Stafl<Jtt s997 
12 MHz 

THRUPUT 
6 / 8 / 10 
MHZ 

SYSTEM INCLUDES: 
·INTEL 60286 
• 640K RAM 
• 12 MB l'UJITSU FLOPPY DRIVE 
·ATSTYLE KEYBOARD 
• WO FLOPPY/HARO CONTROLER 
• 200WATI POWER SUPPLY 
·AT STYLE CASE 
·OPERATING MANUALS 
• 3 HOURS FREE TRAINING 

-ADDITIONAL OPTIONS
Monotgraphlclparellel adap1er 

w/Samsung Monllor $128 

40 Meg Seaga1e (28 MSC) $450 

EGA BOARD & EGA Moni1or $595 

40 MB High Speed 
•AT Dri ve 
• 28 MSC ST-251 
ST 4026 

·ST-23830MBKit $29730 MB Syslem Includes: 
Controller, Cable & Instructions 

20 MB AT DRIVE 
(Full Height 38 MSC) 
• (Con1mller Optiom:I) 

$419 
$299 

MEMORY BOARD 1/0 CARD 
• 2.5 MB Multi Function 0K •SERIAL RS - 232 ADAPTER $40 

8088 • 2 (4.77/8MHz 0K $99 
(16 BIT), SRIAL, PARALLEL • SERIAL PARALLEL ATIXT 
G/lME PORT $149 $50 

8088 -1 (4.n/10 MHz) 0K $139 • 2MB LIM CARD (16 BIT) 0K 
GAME PORT $35 

80286-10 (6110 MHz ))0K $335 • 2ND SERIAL OPTION Kff 
INTELABOVE BOARD $139 •MULTI 110 $80

80386-16 (6110116 MHz) 0K $179 COMPATIBLE FLOPPY /SERIAL PARALLEU 
80286-12 (INTEL (8110112) 0K$395 •4 MB AT OR 386 lvlemory Card CLOCK/GAME PORT 
80386-16 (MVLEX w/1mb) $159 (16 BIT) 0K $275 • DUAL GAME CONTROLLE R $40 
80386-20 (MVLEX w/MB) $249 e384 K MF CAARD SER/PAR! • JOY STICK KRAFT·3 $20 

• GRAVIS SUPER JOYSTICKCLOCK GAME POf:IT c?lK' $95 $45 

MAGNAVOX MULTl MONITOR GENIUS MOUSE 
SCAN MONITOR $69i8 $495 FREE•MONO. TILT t. SWIVEL 

$95GREENAMOER PAINT SOFTWARE e FL AT TILT & SWIVEL $110 
AM BER $275 

~~~SE f%l;4. DlaJ.l . saoon • eorrpa1ab1ew11h a11 e RGB COLOR SAM SU G $275
Gtai>hlc Card& lndudlng IB MCGA, IBM e EGAWnlLT t 

$395EGA. AT& TGraphlca Md IBM PCG • ~ SWIVEL · SAMSUNG $95" ~F1equency Modeo • R99<>1Ullon 926 Hot. • MAGNAVOX E:GA $395 
I 580 Vl;ll!lcal • with Autio Input • Speal<.91 
•r.d Headpholle Jack• 1 Year Wa11an 

MODEMS. 
3 112" Floppy Drive 720K BROTHER PRINTERS 
OS/2 DATA TR AN SFER & LASERJET II 

EVEREX 1200 B INTERNAL SSS 139 · M 1709 (240 CPSl 

ANCHOR 12006 INTERNAL S75 
SINGLE SHEET FEEDER NLO MOOE 

EVEREX 24006 IN TERNAL S1 G9 360 K 5 1114 FLOPPY DR SGS LIMI TED QUANTITY IN STOCKI :5469, 

ANCHOR 24006 INTERNAL S179 1.2 MB 5 1/4 HIGH $110 
l"IRST COME. FIRSTS RVEO BASIS 

EVF.REX 24006 EXTERNAL S210 DENSITY DRIVE $195 LASER JE T II -Wit MB RAM 
HAYES 2400 6 IN STOCK 1-4 MB 3 11112 FLOPPY DR HP LAZER JET COMPATIBLE 

ALL MODEMS EXTERNAL DRIVE SCALL 
!"REE TONER CART RI 

INCLUDE SOFTWARE $1845 

$2397 
24 MHz 

THRIJPUT 
SYSTEM 

SYSTFM INCLUDES
·80386 CPU (32 BIT) 
• KEYBOARD swrrcHABLE SPEED 
• 1 MB RAM (32 BIT RAM 

UP TO 4 ~ON BOARD) 
• 64 K CACHE MEMORY 0 WAIT 
• 1.2 MB FLOPPY DRIVE 
• SERIAUPARALLEUCLOCK 
•AT 101KEYBOARO 
• 40 MB SEAGATE (28MSC.) 

VIDEO CARD 
e MONO GRAPHICS 

WI P•RALLEL C•RO 
HfRCUlES COMP•T IBLE 

e COl.OOORAPHICS 
PARt.LLEL CARD RG8 
ORCOMl'OSITE 

e EGA (llAO X 400 RES l 
MOM:Ct.llEGA 

e GENO• SU'ER EGA , 
800 X 400 RES WI.OEM 
OR• PH 
Nt:WVGA COMP.AHOLE. 
MOA. cGA, EGA. l'GA 

$50 

$60 
$149 

$226 

EXTENDED SERVICE CONTRACT 
NOW AVAILABLE 
THRU NATIONWIDE! 
WE SERVICE: 
IBM, COMPAQ, AT&T, 
BROTHER, EPSON, NEC, 
SEAGATE, EVEREX,, AST 

WC. SELL &SERVICE! 

EPSON SEIKOSHA 
PRINTERS 

MP· 1200 
120CPS 
TRACTOR, NLQ 
Sug. Rel $295 
•MP · 5300 
300 CPS. 132 Col. 
TRACTOR, NLO 

SINGLE SHEET FEED $45 0 
SUG. RET. $705 

10 MB XT/86 
Model 1100 40 MB/2861386I IRWIN TAPE BACKUP 

$179 Model1450 
IRWIN TAPE BACKUP 

Worl<swtthPCIXTiAT T ComoaoanctCIOnes. $415 Exrcm;At,. Co. SE POWER suPr"' v '· dd s.1 ., 
·~;,aaiie lrwtn )(l AT 1r'lt.\ At & l .'\Ir" •Uf\ra t~·u1. ~ OllN-.t n.W!:.......,.., l'll•t'~,...'"tn"""' 



NowA!Jple speaksIBM. 

Three timesfaster thanIBM. 


. .hltroducing )bu can use your lie::® or Ilc.s n. 

PC Transporter:M . ·m II I keyboard with IBM software. Or 
use our optional IBM-style keyThe Apple®II expansion . iii 
board (required for the II Plus). 

- lllJll!llllJJll1Jl!ll11 I board that lets you You can use your Apple mouse. 
run MS®-DOS prog.rarns. Or an IOM ompatiblc scria.I 

Now your Apple II can run clont' costs about the same as mouse. 
over 10,000 program you could the PC Transporter. Bu t the pe Plenty of power. 
never use before. Like Lotus® riphera.ls it takes to get the clone PC Transporter gives you as 
l-2 - 3~ MultiMate~ dBASE UJ up and running make the clone mud1 as 640K of u er RAM 
PLUS~ E en Flighr Sirnularor:si cost about three times what our and 128K of system RAM in the 

With PC Transporter, MS-DOS American-made card costs. IBM mode. 
programs run on your Apple CI You don't have to buy new PC Transporter also is an Apple 
like they do on fJ3M® PC' or hardware to use PC 1ransporter. expansion card, adding up to 
comparibles . With one important Works with the hardware you 768K of extra RAM in the Apple 
difference. PC lfaru,--porcer runs already own. mode. TI1e Apple expansion alone 
mo r of those program three With PC lransporter, MS-DOS is a 300 value. 
times fastC"r than ;m IBM PCfXT~ programs see your Apple hard  Easy to inst.all. 

Plus, to speed chrough number ware as IBM hardware. You You can install PC 'fransporter 
cmnctiing tasks, you can Lise can use tht' same hardware you in about l S minutes, even if 
our optional 808 -2 math co  have now. you 've never added m1 expans ion 
processor chip. [t plugs into a With IBM software, your Apple board. You don't need spccia.I 
socket on the PC Transporte r. hardware works just like mM tools. Simply plug it into an Apple 

Less expensive than an hardware. Including your drives, expansion slm ( I through 7 ex-
IBM done. m nitors, printers, print r cards, c pt 3 ), connect a few cables and 

Sure, a stripped-down IBM dock cards and sc::ria.I clocks. a disk drive, mld go! 
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PC Transporter 1ap s i1110 11.w wor/1l's largest 
software llbm ry 'ow your tipple c:an 
nm m ost of 11" 1 IBM softwan! you 1i.w 
m wo rk. Ami II o/ x:ns a new 1oorld of 
co mm1111/ca t io ns pr0gmms. games and 
lm l/1•t i n boards. 

A llll.iversal disR drive 
controller. 

P Transporter upports 3.5" 
and 5.25" M -DO and ProDO 
fom1arted diskettes. You 'll shift in
cantly between Apple ProDOS 

and IBM MS-DOS. 
You'll need our versatile 5.25" 

360K drive system co run TBM 
appLi ati ns fr m 5.25'' Hoppy 
disks. se your Apple - .25" drive 
for Apple 5.25" disks. 

An Apple Di k 3.5 Drive will 
supp<Jrt the new 3.5''di ks 
whe ther th y're IBM M -DOS 
formatt d or Apple ProDO for
matted. 'fhe PC Transporter acts 
like an Apple Disk 3.5 Ori e disk 
controller ti r LIGS, Ue, and 11 
Plus user ... 

PC Tr;u1Sporter supports 
up to 5 drives in a number of 
combinations. 

For example, you can connect 
a 5.-5 Applied Engineering 360K 
duaJ-driv sy rem directly co the 
card. Then plug two daisy-d1ained 
Apple 3.5 Drive ( not d1 Apple 

niDisk 3.5 ) to the duaJ-drive 
system. For a fifth drive , use a 
ProDOS 61 as an IBM hard disk. 

P Trrmspor1er controls Apple and IBM 
c<m1(?'1tih lc disk tlri1'<!.'i. 11 s11ppur1s .3.5'' um/ 
5.25 MS-DO and ProDOSfom1a1ted 
d iskettes.. 

Versatile data storage. 
PC Tran porter reads M -DO 

and translates it inco Apple nacivc 
Pr DO . You cm tor IBM pro· 
grams and daca on any ProDO 
storage d i e in lucling the 
Apple .5 Drive, Apple unmisk TM 

.5 Apple 5.r" drive, I or 
ProDO compatible hard drive . 
(You can u the Apple niDisk 
3.5 with its own controUer card 
for storing programs and data , but 
nae for directly booting an IBM 
formarted disk.) 

You can even u e our 360K PC 
compatibl drive for ProDO 

Make your Apple speak IBM. 

PC Transporter memory choices. 
RAM in RAM in 

Apple m ode::: IBM mode::: Price::: 

384K 256K $489.00 
512K 384K 529.00 
640K 512K 569.00 
768K 64oK 609.00 

Note: llw fDM rno<lc:: is 12 K less be<.~•usc: · 
tJ1 · PC Tr.ul!li:><>rler uses 12 K fo r ~)'Siem 
mem ory. 

llG Installation Kit 49.00 
Ile/II Plus 
Installation Kit 39.00 
PC Transporter Accessories 
5.25" IBM Format 360K 

Drive Systems 
Sing.le-Drive System 269.00 
Dual-Drive System 399.00 
Half-Height Drive 135.00 

( . dd IO Singk -Drive system 10 make 
Dual-Drive ) 

IBM-Style Keyboard 139.00 
( n:quirt:d for Applt: II Plus. lkquir<.-s 
IBM K ·yboard Othlt:.) 

IBM Keyboard Cable 34.00 
Sony RGB Monitor 499.00 
Analog RGB Cable 39.00 

(for use witJ1 SOny moniln r ) 
Digital RGB Cable 39.00 

(Tor use with ny monito r ) 
Digital RGB Adapter 24.00 
ColorSwitch 44.00 

( ind udcd witJ1 Ila tn · ta1Ja1io n J<j( ) 

128K ZIP 40.00 
PC Transporter per set 
Memory Expansion 
Chip Set 

8087-2 Math 
Co-processor 229.00 
Chip 

Heavy Duty 69.00 
Power Supply 
( lie and II Plus only ) 

See your dealer or call or send 
d1cck r money rder to Applied 
Engineering. MasterCard, VISA and 
COD w ·lcome. Te.xas residents 
add 6 1/ % sales ca.x. 

PC Tru11sporttT flrod/l( "l!S bellc>i· /BM gmpbics 
/ban lllM. Analog is shaqx>1· tbm1 dig//al 
So witlJ (111 flllU/og RGB 111011ilor. PC 
1h 1mJ>o11tTS CGA gmpblcs and tex t WY! 

s11/x.>rior 10 IBM~ dig ita l displm • - e1lf!11 
wblle n 11111i 11g IDMsof/11!{1Tl!! · 

Anti, y ou can a lso use an tipple composfle 
monilOr in IBM tex t o r gmpbics m od e. 

torage and a 143K Apple 5.25" 
drive for I -DOS storage. 

Created by Apple's original 
designers. 

The brains behind PC Trans· 
porter were also bdlim.1 your 
Apple II. 

'The P Transporte r design 
team includes the former pro ject 
manag ti r the reation of the 
Apple Ile and Uc. The co-dt."!:>igne r 

f the Apple U disk contro ller. 
And the fir c full -time Apple 
programmer and author of the 
ProD operating system. 

you know the PC Trans· 
porter and y ur Apple were mad 
fir ah d1r. 
Support and senrice from rhe 

leader in Apple add-ons. 
Applied Engineering sells more 

Appl , p riph ral board thrul an y
one else - including Apple 
· mputer. So you know we'll be 

around after the sa.le. 
PC Transporte r come · with a 

15-day money back guarantee. lf 
you'r not full atisfi ecl after 
using ic, rerum it for a full refund. 
P lransporter also come \ ith a 
1·yr.u- warr-m tv. 

How to· get your PC 
Transporter today. 

your dealer. O r ca!J AppUed 
Engineering any day between 
9 a.m. and 11 p.m. CST at 
214-241-6060. 

~Applied Engineering 
n:ie Apple enhancement ~perts. 

P.O. tlox 98, Carrollton TX 5006 
2 14-24 1-6060 

A Of\'lslon CJ( AE Rd<2tch CO<J>onlloo



Introducing UniLab 8620 analyzer-emulator with InSight. 

• ·111crc's 11mhino like In. iglu."' Afeature 
of the nc11·86LO that I IS vouactuaUy watch 
your program go throu);h ii. paces.• o you 
can debug faster. And speed up microprocessor 
dcrc:lopmcnL For demanding :'lpplicalions like 
theaLttomolire controller ·hown. 

• .·\n exci ting industry first. lnSigh1 hlcnds 
anal r1.er/ emulator 1cdiniqucs IO give you 
continuous. real time monitoring of key pro
cessor func1ions. See changing regis ter coments 
1/0 lines, ports, user· defined memory win
dows.\\'i!h your own lahcls. And all a1 once. 
lnteracti\'cly 
Witl10u1swpping 
rour program. 

• In ight is made possible by lhe8620's 
advanced bus st:i tc af¥1lrlcr, its 2 30-hus-cyclc 
trace buffer,and anew high-speed p:trallel 
interface that eliminate. RS -2.n ho1llcnecks. 

• The fast interface also speeds data 
throughput. from }'Our hard drive. you can 
load a64K1Jrogram into emulation memory 
in live seconds. 

• On top of that. you get anew. crystal-
controlled Iµsec clock for super precise 
evem timing. 

Circle 197 on Reader Service Card 

• Computer integrated instrumem from 
Orion prove dchugging ncedn·t he co. tlyor 
rcdious. For more than 150 processors. Likeall 
our analyzer-emulator . the8620 dchug hy 
symptom.Via advanced truth table triggering. 
Always inducted is enough breakpoiming 
and single stepping (now faster than ever) 
to assure optimum efficiency.We e\'en provide 
a. timulu. generator and built-in EPROM 
programmer to hrlp finish the joh. 

• Get erious ahout pricc/ pcrfornrnncc. 
Save big on design. te ·t. and support co ·ts. 
lJniLab 8620 analyzer-emulator. 

• Look into it. 


Toll free: 800/ 245-8500. lnU\: 15/ 361-8883. 


INSTRUMENTS 

Computer lnlegrated In ·1rumentation 

i02 .\larshall. 1rcc1. Redwood City. CA 9-t06.) 

'telex )3(>9-'1 l 

"lnSigh t I< o m demJrko fOnnn ln.<trunit•nts , lric. 
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IT'S TIME TO DO SOME 

SERIOUS 386 BUGBUSTING! 


PROBE's me1111 -----;
bar and pull

dQw11 111e11 us set a 

new standard for 

debugger 

interfaces . 


PROBE has -~---ti 
source-le~el 

debugging to let 
you 'C" your 
program. 

POI' registers up 
and down wilh a 
.rit1gle key. 

This is 011 
out-of-range 
memory-overwrite 
bug. Si11ce it is 
interrupt relaled, 
it 01tly appean in 
real time. 

W 
lcome I our nightmare. Your company ha~ he! 

the farm on your product Your demonstra1ion 
wowt:d th op rating om111i11ee. and beta ·hip· 

ment were out on time. Then wham 1 

All you r beta cu tomer eemcd to call n !h' ame day. 
''Your software i · doings mer ally bizarr · things·: 1h y say. 
Your credibility is at stake. Your profit are at stake. Your 
sanity i at stake. 

THIS BUG'S FOR YOU 
You rack your brain. Lr)'ing 10 figure omcthing out. ls it a 

randommemoryoverwrih.::?Orwor · ano erwritetoa ta k· 
based locaJ V"ariablc? ls it · qu nee dependent? Or worse. 
rand mly cau ·cd by inlerrupt ·". Ovcrwrilten co<lc? Undocu· 
mente<l ·•features" in the son ware you're linking to? Anti to 
lop it off. your program i. too big. ' lne software debugger, 
our program and il' · ymbol Lablc can't fit into memory al 

the same time. Opening a bic c!e shop sudd~nJy i. n't . uch a 
bad idea. 

THIS DEBUGGER'S FOR YOU 
An noun ing the 386 PROBE '~ Bugbu ter. *from Atron. Nine 
of the top-ten . oft ware developers sleep belier at night 
bccau 'C or Atron hardware-as i ted d bugger . Becau e they 
can ·ct rccil- tirnc bn.:akpoints which instant ly detect memory 
read and writes. 

Now. with the 386 PROBE, you have the capability to set ci 
qualified breakpoint, so the breakpoint 1riggers only if 1he 
event. are coming from the wrong procedures. So you don't 
have to be halted by brcakpoim. from lcgitimat arc . You 
can e en detet:t obscure, 'equem:e-dependen1 problems by 
stopping a br~akpoinl only aJtcr ci ·pccific chain of event ha · 
occurred in a specific order. 

·m en, . o 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 try to do the "amc 
thing, Atron i the only company in the world to dequeue the 
pipelined trace data so you can easily understand il. 

Finally 386 PROBE' megabyte of hidden, write~protec ted 
memory tores your symbol table and debugger. So your bug 
can't roach the debugger. And so you have room enough to 
debug a really big progrnm. 

COULD A GOOD NIGHT'SSLEEP 
PUT YOU IN THE TOP TEN? 

Look at i t thi. way. inc of the top-ten oftware products in 
any given category were created b Atron customers. Maybe 
their eclge i - a good night" ·1eep. 

Call and gel your free, 56-page bugbu ting bible 1oday. 
And if you're in the middle fa nightmare right now, 

a purcha. order 
number. We'll FEDEX 

you a sw ct dream. 

ti"' 

uive u 

is1on of orthwe t In trumcnt 

BUGBUSTERS 
·y ·tern . Inc. 


aratoga Office enter • 12950 Sarat ga Avenue 

Sarnioga. C 9·070 • Call 4081253-5933 today. 
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WHAT'S NEW 


Mac Tower Packs 
Gigabytes 

T he Giga Tower from 
Giga Cell Systems/Nu

Data is a line of ultra-high
capacity hard disk systems that 
incorporate Apple's complete 
Macintosh II system, including 
1he moniior and keyboard . 
Besides the heart of the Mac II , 
the basic setup includes a 40
megabyte tape backup system , 
a 10-megabyte removable
media drive , and a single 
BOOK-byte 3 112-inch floppy 
disk drive . 

The Tower's hard disk 
storage is available in five fla
vors : 270 megabyt.es , 580 
megabytes, 870 megabytes, 
1.16 gigabytes , and 1.45 
gigabytes . The entire system 
comes with a full range of 
software including memory 
management , hard disk com
pression and optimization, and 
full backup software. 
Price: From $18,950 to 
$34,950 . 

Th e Giga Tower includes a 
Mac II. 

Contact: Giga Cell Systems/ 
NuData Inc .. 4201 Burton Dr.. 
Santa Clara, CA 95054, 
(408) 727-1049. 
Inquiry 751. 

Unicorn Gallops at 
30MHz 

T he Unicorn 81200 is 
Microproject Intemation

al's multiuser system that 
runs at 30 MHz using AT&T's 
WE 3220X chip set. Support
ing 50-plus users. the Unicorn 
is objec1-code- and media
compatible with AT&T's 38 
computers, which have over 
1000 application programs 
available. 

The Unicorn runs Unix 
System V/VME 3.1, which has 
new features including shared 
executable libraries, remote 
file sharing, media indepen
dent networking. and a streams 
communication interface. 

The sysiem includes a 
VME processor board with the 
30-MHz WE 32200 proces
sor, the 3.5-MWHETS 
WE 32206 math coprocessor, 
and the WE 3220 1 MMU/ 
cache, which combines a 
99.8 percent hit rate, multi
user, memory management 
unit with 4K bytes of two-way 
et-as ociative, zero-wait

state, physical data cache. 
To reduce bus traffic and 

speed data transfers between 
peripherals and main mem
ory, the Unicorn also has a 
68020-based disk controller 

SEND US YOUR NEW PRODUCT RELEASE 
We 'd like to consider your product for publication. Send us full in
f ormation , including its price, ship date , and w1 address a11d tele
phone number where readers can get further i11fonnatio11. Send to 
New Products Editor, BYTE, One Phoenl~ Mill Lane, Peter
borough , NH 03458. lnfomiation contained i11 these items is based 
on manufacturers' wri11en statemellts and/or telephone interviews 
with BYTE reporters . BYTE has not formally reviewed each prod
uct mentioned. 

This Unicom runs Uni.tat 30 MHl . 

that has a 32-bit direct-mem
ory-access (DMA) coniroller 
and I28K bytes of buffering. 
There 's also a serial commu
nications module to assist inter
rupt-inten ive la ks . 

Unicom includes 4 to 16 
megabytes of RAM, a SCSI in
terface, multiple hard disk 
drives with capacities of 85 to 
760 megabytes, high-densiry 
floppy disk drives. a 9-track or 
streaming-tape cartridge, 2 to 
66 RS-232C serial ports, and 
Ethernet. 
Price: $20,000 to $45,000. 
Contact: Microproject 
Corp. , 4676 Admiralty Way . 
Suite 610 , Marina del Rey. 
CA 90292 , (213) 306-8000. 
Inquiry 752. 

Hyundai 's First 
File Server 

T he Super-286. Hyun
dai's first LAN-relate<l 

product, is also configurable 
as a stand-alone personal com
puter . It has six 16-bit and six 
8-bit expansion slots . and space 
for five half-heigh! drives . 

The speed of the Hyundai 
is switchable between 8 and 
10 MHz with zero wait states. 
Standard features include 
I megabyte of RAM on the 
motherboard , a single 1.2
mcgabyte floppy disk drive , 
a JOI-key keyboard , MS
DOS 3.2, and GWBASIC 3 .2. 
An 80287 math coprocessor 
is optional, and Hyundai has 
optional hard disk drives 
avaiJable in capacities of20, 
30, 40, or 70 megabytes. 
Price: $1999. 
Contact: Hyundai Electron
ics America, 4401 Great 
America Parkway, Santa 
Clara , CA 95054 , (408) 
980-7561. 
Inquiry 753. 
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WHAT'S NEW 

PERIPHERALS 

Remove That 
Hard Disk 

I f you own an Amiga, 
Atari, or Macintosh, you can 

hook it up to Supra Corp. 's 
SupraDrive FD-10, a 
I 0-megabyte hard disk system 
that uses 5 1A-inch floppy 
di ks . 

With an average access 
Lime of 80 milliseconds, the 
company says the FD-10 ap
proaches the speed of a nonnal 
(nonremovable) hard disk 
while letting you easily trans
port data or make backups . 
The FD-10 comes with soft
ware and cables ready to plug 
in and use. On the Amiga and 
Macintosh, it connects to the 
SCSI interface; on the Atari , it 
connects to the OMA port. 
Price: For Atari and Macin
tosh, $895; for Amiga, $1095. 
Contact: Supra Corp., 1133 
Commercial Way , Albany , OR 
97321, (503) 967-9075. 
Inquiry 754. 

Apple Wages Laser War 

Apple's new laser printers 
are named the l..aser

Writer II TX, the Laser
Writer IINT, and the l..aser
Writer IISC. They range from 
a $6599 model to a $2799 Post 
Scriptless model. ln the mid
dle is a $4599 Postscript 
model. You can upgrade the 
low- and mid-range printers for 
more functionality by simply 
slipping out and replacing their 
controller boards. 

The three printers each 
weigh 45 pounds . They are 
built around the Canon LBP
SX printer engine and print at a 
maximum rate of 8 pages per 
minute . The NT and NTX 
models both come with 2 
megabytes of RAM; the SC has 
1 megabyte. 

Apple has also improved 
the paper-handling capabilities 
of its laser printers with these 
new models; the LWil line has 
automatic paper handling 
with a 200-sheet paper cassette 
with face-up or face-down 
output trays . Each input cas
sette can hold up to 200 
sheets of20-pound paper; let 

ter, legal , A4. BS, and enve
lope cassettes are available. 

According to Apple, the 
duty cycle provides for a mini 
mum life e,.;pectancy of 
300.000 pages with unJjmited 

monthly output. 

Price: 1..aserWriter IISC, 

$2799; 1..aserWriter ITNT, 

$4599; l.aserWriter IINTX, 

$6599. 

Contact: Apple Computer 

Inc., 20525 Mariani Ave .. 

Cupertino, CA 95014, (408) 

996-1010. 

Inquiry 755. 


Husky Mac Dlsplays 
Assault the 
Old Standard 

T 
wo large-screen moni

tors for the Macintosh are 

becoming more prevalent. 
Each takes a vastly different 
approach for users with dif
ferent needs . 

The MacGenius is a 15
inch full-page display that's de
signed to work with the Mac
intosh 512, Plus, and SE. With 
a black-on-white page 
display. the monitor displays 
up to 720 by 1008 pixels at 
100 dots per inch using a l -to-1 
aspect ratio . 

Compatible with virtua!Jy 
all Macintosh software, you 
can use the MacGenius in 
concert with the Mac's built-in 
9-inch screen. With both 
screens active, you can use the 

Add a hard disk drive to your Amiga, Atari. or Mac. 

Mac 's main screen to hold 
desk accessories, tool palettes, 
and document windows. 

The monitor is noninter
laced, with a 60-Hz refresh 
rnte. Its horizontal scan fre 
quency is 62. 76 kHz, and it has 
a video bandwidth of 100 
MHz. 
Price: $1795 . 
Contact: Micro Display Sys
tem Inc . . 1310 Vermillion St .. 
P.O. Box 455, Hastings, MN 
55033, (800) 328-9524; in 
Minnesota, (612) 437-2233 . 
Inquiry 756. 

T he MacLarger takes a 
slightly different , lower

cost approach to big Mac 
creens by simply enlarging the 

image 60 percent over the 
standard Mac screen while re
taining the Mac's standard 
512- by 342-pixel resolution . 

The monitor i shipped 
along with a video board that 
the company says you can in 
stall in about 15 minutes 
without making any major 
modifications to your Mac 512 , 
Plus, or SE. Another stan
dard feature is that the video 
board has a composite video 
output which you can use to 
drive a standard monitor or 
projection television (though . 
of course, at much lower res
olution than the standard Mac 
creen). 

Price: $449. 
Contact: Power R , 1606 
Dexter Ave. N. Seattle, WA 
98109, (206) 547-8000. 
Inquiry 757. 

A Duet of Drives 
for the Mac SE 

I f you own a Macintosh SE, 
you now have an increas

ingly wide selection of hard 
disk drive options for your 
electronic beast, with higher 
and higher capacities fast be
coming the nonn . Here are 
two examples: 

Jasmine Technologies ' 
lnncrDrive 40/SE is a 40
megabyte drive that you in
Slall inside the SE's case . It sits 
above the Mac 's dual internal 
drives, so you don't need to 
remove a floppy disk drive 
for it. 

According to its manufac
turer, the lnnerDrive 40/SE 
has an average access time of 
29 ms . It's shipped with a 
mounting bracket, cables, 
and other installation hard
ware. as well as 9 megabytes 
of public domain and 
shareware programs , and a 
backup program . 
Price: $999. 
Contact: Jasmine Technol 
ogie Inc . . 555 De Haro St.. 
San Francisco. CA 94107. 
(415) 62l -4339. 
lnquiry 758. 

I f you have gigantic Macin
tosh data-storage need . Re

lax Technology is hipping 
what it claims is the fastest and 
largest hard disk drive for the 
Mac SE . With a capacity of91 
megabytes, the Relax SE 9 1 
has an average access Lime of 
16.5 ms. 

The SE 91 takes the place 
of the upper SOOK-byte drive in 
the SE. and you'll have to 
have a dealer install it. The 
drive comes with finnware 
self-diagnos1ics tha1 automati 
cally locate. isolate, and re
allocate bad sectors. 

You can also install the 
Relax SE 91 in a Mac 11 . 
Price: $1795. 
Contact: Relax Technology 
Inc ., 3101 Whipple Rd. , Suite 
22, Union City, CA 94587, 
(800) 848-1313; in California, 
(415) 471-6112. 
Inquiry 759. 

co111im1ed 
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For problems involving engineering calculations or scientific analysis, 

the answer is MathCAD.0 

Transporting an iceberg to Southern 
California is a formidable task. Calculat· 
ing the variables is just as demanding. 
How many tugboats would be needed 
to tow the ice mass? At what cost? How 
much fresh water would be lost? 

Innovative solutions requi re extra
ordinary tools. For problems involving 
calculations or what-if analysis, the 
answer is MathCAD. 

MathCAD is the only PC-based soft
ware package specifically designed to 
give technical professionals the freedom 
to follow their own scientific intuition. 
Aeq,.res 16M0 PC or compauble 

You decide how to solve the problem -
MathCAD does the " grunt work. " 
o Ends programming and debugging. 
a Recalculates as variables change. 
o Generates quick plots. 

Easy to learn and use, MathCAD 
operates interactively in standard math 
notation. And its built-in functions pro
vide all the power you need to solve 
real-world problems. MathCAD handles 
matrix operations, solves simultaneous 
equations, works with real and complex 
numbers, does automatic unit conver· 
sion. displays Greek characters and 

HOW 


other math symbols, performs FFTs 
and much more. 

There's never been a better way to 
get fast, accurate solutions to analytical 
problems. That's why 20,000 engineers 
and researchers are using MathCAD 
daily in applications as diverse as fluid 
mechanics, signal processing and 
molecular modeling. 

To find out what MathCAD can do for 
you , call us today for a free demo disk: 
1-800-MathCAD (in MA, 617-577-1017). 
Or write to MathSoft, Inc .. One Kendall 
Square. Cambridge, MA 02139. 

Math Soft 
~ + -=X f 7 8 
Software Tools lor Calculaung Minds 

MANYGLASSES 

OF WATER 


IBM01n1et11auona1 Busmess MactnnesCotporauon. Ma1nGAD0Ma1nSort.1nc «> Copynghl MathSoh. Inc 1988 

CAN THIS 
ICEBERG SUPPLY 


TOLA.? 
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WHAT'S NEW 

PERIPHERALS 

Draw Easy with EASYL 

EASYL PC is a pressure
sensitive I 024- by 1024

pixel tablet that you can use 
to draw or trace directly into 
your computer just like using 
a nonnal pen or pencil on 
paper. Typical applications 
include desktop publishing, 
presentation systems, design, 
art, animation, and touch con
trol. It sends coordinate pairs 
to your computer at speeds of 
up to 200 pairs per second. 

EASYL PC runs on any 
IBM PC or compatible and is 
designed to run in either 
EGA or CGA mode using most 
graphics software such as PC 
Paintbrush or Dr. HALO. It 
also works with software that 
runs under GEM or Windows. 

The tablet comes with its 
own driver software, but it can 
also emulate bolh !he Sum
magraphfos MM961 and Bit 
Pad One. You set all EASYL 
PC options via software; !here 
are no DIP switches . 

With the EASYL PC tab 
let, you also get a half-length 
interface carcl. The card has 
two ports: one for the graphics 
tablet , and one for any stan
dard RS-232C serial device 
such as a mouse, modem, or 
serial printer. 
Price: $539. 
Contact: lnforite Corp ., 
1670 Soulh Amphlen Blvd. , 
Suite 20 I , San Mateo, CA 
94402, (415) 571-8766. 
i nq ui ry 760. 

Laser Printer 
Tackles the Big Jobs 

0 utputting 15 pages per 
minute and with a rated 

monlhly output of 4-0,000 
copies, the Kentek K-2 + laser 
printer is designed for beavy
duty use. The printer is 
shipped with a megabyte of 
internal RAM for full-page 
300- by 300-dpi graphics. 
RS-232C, RS-422 , and parallel 
interfaces are standard. The 

FORCE STICK BORROWS MILITARY TECHNOLOGY 

W hat bas to be the Cad
illac of joysticks isn't 

even called a joystick. Tac
troa Scientific calls its de
vice the Tactron P3 Series 
Force Stick. More conven
tional pointing devices such 
as joysticks, trackballs , tab
lets, or mice usually employ 
wheels , mechanical link
ages, or optical sensors. But 
the Force Stick uses semi
conductor strain gauges : 
very expensive yet sensitive 

and accurate circuits that are 
integrated into the Force 
Stick's apparently rigid con
trol rods. 

The strain gauges are vir
tually identical to those used 
in military applications, 
such as the control stick on 
the Air Force's P-16 fighter 
jet. Unl ike ordinary point
ing devices , which ·ense po
sition, the strain gauges in 
the Force Stick sen e the 
force applied . The company 

Force Sticks are the closest thing to flying an F-16. 
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K-2 + also has a built-in 1.2
megabyte floppy disk drive 
that lets you load customized 
data into the printer' s mem
ory, including up to 30 font 
sets, and macros for images 
such as fonns, signatures, or 
logos . 

Although the K-2 + uses 
the proprietary Kentek Com· 
mand language, it also emu
lates the HP LaserJet Plus. 
Diablo 630, and Plot 10. 
GSS/CGI emulation is 
optional. 

One unique feature of the 
printer is a job-recovery func 
tion lhat lets you reprint the 
page that's stored in the 
printer's memory even in the 
event of a printer error. A bit 
mapped page remains in the 
printer's internal memory until 
it receives a signal indicating 
that paper has exited . 

You can feed up 10 550 
sheets of leuer- or legal-size 
paper from the primary cas 
sette, and up to 250 sheets 
from the secondary cassette. 

says the result is that the 
Force Stfok has the seeming
ly contradictory capability 
of being so sensitive yet easy 
to control and position. 

Each Force Stick is 5~ by 
7% inches and is housed in a 
jet-black anodized alumi
num case. Two models- 2
and 4 -axis versions - are 
available, each with six 
microswitches. Hidden in 
the case are an on-board 
microprocessor and signal
conditioning circuitry thal 
lets you choose linear or ac 
celerated force modes. The 
Force Stick plugs directly 
into an RS-232C port and 
emulates the Microsoft 
Mouse , Mouse Systems 
Mouse , and the Summa 
graphics MM series. 
Price: 2-axis version, $765; 
4-axis version, $965 . 
Contact: Tactron Scientific 
lnc ., 7265 Moumain Trail, 
Dayton, OH 45459, (513) 
434-4ll7 . 
Inquiry 763 . 

Optional 1200-sheet primary 

and 550-sheet secondary cas

settes are available. The Kentek 

K-2 + weighs 132 pounds 

and measures 14 by 26 'h by 

181/i inches . 

Price: $8970. 

Contact : Kentek lnfonnation 

Systems Inc., 6 Pearl Court, 

Allendale , NJ 07401. (201) 

825-8500. 

Inquiry 761. 


Two Color Printers 
from Honeywell 

Honeywell Bull Italia has 
two new color printers : 

the 4/4-0 and the 4/41, which 
use standard-width and wide
width forms, respectively . 
Both have three print mode : 
draft at 300 characters per 
second, near-letter qua! ity at 
180 cps, and leuer quality at 
70 cps. 

Both printers have bottom 
feed push tractors that let you 
load fanfold paper from rear 
or bottom tray , and a straight 
paper path that makes it easy 
for you to use heavy paper 
stock, multjpart fonns, or 
labels . And speaking of multi
part fonns, the printers use 
what the company calls a 
tared-energy print bead to 

handle up to six-part forms 
with a thickness of up to two 
hundredths of an inch. 

The printers let you feed 
individual sheets, cut forms. 
and envelopes without having 
to unload fanfold paper. If that 
isn't enough , you can get any 
of lhree optional cut-sheet feed
ers. Both the 4/40 and 4/41 
emulate the Epson JX-80. IBM 
Proprinter XL, and the IBM 
Graphics Printer. Using the 
front panel and its alphanu
meric display. you can choose 
the printer setup as well as et 
the page fonnat and print 
modes . 
Price: 414-0, $1195: 4141, 
$1395 . 
Contact: Honeywell Bull 
Italia, 120 Howard St. , Suite 
800, San Francisco , CA 
94105, (41 5) 974-434-0. 
Inquiry 762. 
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"Those who are considering 

purchasing 1-2-3 will be 

better off with Quattro"


-John Walkenbach, lnfoWorld 

Here's what InfoWorld had 
to ay about Quattro 

11 There are some ~'f§, 
clear advantages . @
in choosing Quattro ·. . IS 
over the 1-2-3 or . · ~ ~1
today: ea ier in ta !- ·. ·• ~ 
lation. no copy pro- · · 
tection. improved sp ed. much 
better macros. excel lent graphics. 
a customizable command interface. 
and direct compatibility with 
industry standard file formats. If 
cost is a factor. you can get five 
copies of Quattro for the same 
money that would buy two 
1-2-3 packages." 

...... .. ... ......
~ 

~---.,....- ............. ~-,..,--..-•tmNllorlll 

·-~gl~C...---- ........... ... -·-.· ..... 
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Cirdt 43 on ~adtr St rvic.t Card (DEALERS: 44) 

Features: Improving the 
industry standard 
" Quattro takes the industry stan
dard and improves upon it in the 
areas that count most. It addres e 
many of th w aknesses of 1-2-3 
and add quite a few of its own 
unique touches... 
.. P rhaps Quattro's main advan
tage over most other preadsheets 
i its minimal r ca lculation capa
bility. When you make a change in 
your spreadsheet. on ly affected 
cells are recalcu lated . greatly 
speeding things up in most cases." 
"Other Quattro features that 
improve upon the 1-2-3 standard 
include auto-record macros. va tly 
superior graphic . and easy 
installation ... 

Performance: Markedly 
superior to 1-2-3 
"Our benchmark tests show 
Quattro markedly superior to 
1-2-3 in file saves and retrieves." 

"Quattro's graphics are a 
·ight to behold.·· 

"Quattro make working with 
macros practically painless. If 
you're into complex 1-2-3 macros. 
the debugging feature alone i 
good rea on to make the switch 
to Quattro... 

" o one can argue that Quattro is 
anything less than an excellent 
spread h et valu e. 11 

ExcerpLS from John Walkenbach 's 
review of Quattro~ in Info World, 
January 11, 7988. 

60-Day Mone -ba k Guarantee• 

f'or th de<i ler nearesL you or t-0 order. 

Ca ll (800) 543-7543 
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WHAT'S NEW 

ADD - INS 

Get a Safety Bubble 
for your PC 

D esigned primarily for 
use in harsh environment 

or where memory downtime 
would cau e criticaJ problems , 
the PCB-76 PC bubble ex
pansion board from MemTech 
adds solid-state, nonvolatile 
bubble memory 10 your IBM 
PC, XT , AT, or compatible. 
The card need a full-length 
slot and comes in either 
512K-byte o r I-megabyte sizes. 

The board is shipped with 
an IIO driver in EPROM tha~ 
makes the board look to your 
computer like a st.andard hard 
disk drive, albeit with a much 
slower access speed. The 
driver is compatible with ver

MemTech adds up to 1 megaby1e ofbubble memory. 

sions 2 .0 through 3.2 of both 
MS-DOS and PC-DOS. If ports. Designed for multiuser 
your application calls for read  ystems. multiple-point data 
only use, you can use a acquisition, and other multi-
jumper to write-protect the in 110 applications, the Digi
dividual 512K-byte bubble Board PS-COMfX mounts up 
memory devices . to 16 RJ-45 connectors in a 
Price: 512K, $995; 1 mega compact shielded extension of 
byte , $1695. the board that extends 
Conta.ct: MemTech, 3000 through the card slot. 
Oakmead Village Dr. , Santa The board come wi th 
Clara, CA 95051. (408) COMWare. the DigiBoard 
980-5300. communications device 
lnq11ky 764. driver. and software utilities . 

S.. ~·-~~~- -=~~'-~-r~~- t:_?·= -·· . ' 
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Add 16 serial porls 10 your PS/2. 

A Port Bonanza COMWare leis MS-DOS ac
for the Micro Channel cess up to 64 communications 

ports . OS/2 suppoTI is also 

I f the single serial port available. Software drivers are 
that's included with your available for SCO-Xenix/286 

IBM PS/2 Model 50, 60, or and /386, and the company 
80 i n't sufficient for your IIO says it 's developing drivers 
need , the DigiBoard PS  for the PS/2 versions of Unix , 
COM/ X is a fu ll -length Micro Xenix, PICK, THEOS, 
Channel card Lhat comes in QNX, and PC-MOS . 
two models to add 8 or 16 Price: 8 ports , $895; 16 
serial ports to the system. ports, $1295 . 

If even 16 ports aren' t Contact : DigiBoard Inc .. 
enough , you can use up to four 675 1 Oxford St. , St. Louis 
boards to provide up to 64 Park, MN 55426, (800) 344

4273; in Minnesota , (612) 

922-8055. 

Inquiry 765. 


The Shack 
Accelerates the 1 000 

I f you own a Tandy IOOO 
SX or one of the original 

Tandy 1000 personal com
puters, you too can join the era 
of speed and power with 
Tandy 's 286 Express accelera
tor card . Developed by PC 
Technologies, Tandy claims 
the 80286-based board in 
creases the performance of Lhe 
8088-based 1000 and 1000 
SX between 200 and 600 per 
cent- making it speed ap
proximately equivalent to an 
8-MHz IBM PC AT. 

The 286 Express is a haJf
slot card that runs at 7 . 2 MHz. 
It ha SK bytes of on-board 
cache memory and a socket for 
an optional 80287 math co
processor. Using keyboard 
commands, you can choose 
either 8088- or 80286-based 
processing modes, and you 
can turn the cache on and off. 
Tandy says the card is also 
compatible with all IBM PC 
hardware and software, in
cluding EGA expanded-mem 
ory-specifica1ion (EMS) , and 
LA boards. 
Price: $399 .95 . 
Contact: Tandy Corp./Rad io 
Shack, 1800 One Tandy Cen
ter, Fort Worth. TX 76 102, 
(817) 390-3700. 
lnquiry 766. 

Mac Accelerators 
Exceed the Speed Limit 

Radiu . a company 
known mainly for its 

large-screen monitors, now 
has a 68020-based accelerator 
card that runs al 25 MHz 
and. the company claims. 
boosts the performance of a 
standard Mac SE by a factor of 
6. The Accelerator 25 card 
also suppons an optional 
68881 floating-point math 
coprocessor Lhat, when in
stalled, can execute numeric 
operations con iderably faster 
than a standard SE. 

To achieve the perfor 
mance gains, Radius uses 
write-through logic with a 
high-speed cache that consists 
of 32K bytes of tatic RAM . 
This provides a 32-bit-wide 
data path and zero wait states 
for high-speed access to Lhe 
display buffer. Additionally , 
the company credits ome of 
Lhe performance gains to the 
software algorithms built into 
the board's finnware . 
Price: Under $2000. 
Contact: Radius Inc ., 404 
East Plumeria Dr . . San Jose . 
CA 95134. (408) 434-1010. 
Inquiry 767. 

Meanwhile. Aox claims 
its Double Ti me-16 accel 

erator card doubles the peed 
of a Mac SE. At the ·ame time , 
the company claims, the 
board provides complete hard
ware and software compati 
bility at a comparatively low 
price. 

The board uses a 68000 
microprocessor running at 16 
MHz and a propriernry cache 
system . It plugs into the SE' 
option-card slot . with no 
cables to connect or chips to 
remove . It also has a socket 
for a 68881 math coprocessor 
chip . You can switch the ac
celerator between 16 MHz and 
the native 8 MHz by using a 
Control Panel desk acce sory . 
Price: $395. 
Cont.act: Aox Inc . , 486 
Totten Pond Rd. Waltham, MA 
02154 . (617) 890-4402. 
Inquiry 768. 

co111 in11ed 
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''For students, Microsoft QuickC™ 
is the ultimate programn1ing 
environment.'' 

''For my research work it gives me 
an all-in-one product for develop
ment, while providing interlanguage 
calling as well as compatibility with 
Microsoft CS. O." 

Dr. Kt:: nl Ch<:tm be rlin , Un ive rsity of New l-l<:1mpshirc. 
Department of Elect rica l ;mo Co mputer Engineering. 

"With its integrated debugging and 
on-line help, Microsoft QuickC was 
the clear choice as the standard C 
con1pilerfor our courses." 

Greg T infow. R & D Enginet:: r. Smart Pro lucc Design 
Laboratory. Sca nfo rd niversit y. 

"QuickC's built-in graphics, 
debugger and superb on-line help are 
fornudable .features to overcome." 

PC A l Mag<:1zinc (com par ing Qu ickC to Turbo CJ. Fal l 
1lJ87. hy Urim1Flam ig. rcp rinccc.I wi th permission. 

~~ '' see 


"ff' you are new to C, Microsoft 
QuickC can make the difference 
between learning C and"ftiving up in 
.frus tration.' ' 

Jim Nt:ch. President. Houston A rea League o f PC 
Users (HAL PU. 

"QuickC L"I better than Turbo c:~ 
It does everything that Turbo C does, 
and then some, incorporating very 
good debugging support that is totally 
absent fi"Om. Turbo C." 

A lan Hol ub. Column ist , 

Dr. Dobb's Journal. Occo hcr 1987. 


Circle 309 on Reader Service Card 
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Mic...t t""'4.At 1' ..t re~ 1'.l~red lr.tJc m;i r~ omd Quic~C 
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Turbo C ,md -JurhoP.;J -.cu1an~ rn:i<,[Clt.:tl 
tr.ttlt::m.irb ~ 1f B11rl.rn...I fr 11r.::rn;111o rnil . Im: 
Offer \ ;1 tid 111 [hl." Sil U1111 c:d St.:iln nn l\ . 

sour 
~~ '' 

• 
Not bad, for a $99 compiler. 
Call (800) 541-1261, Dept. D51 and 

we'll send you a free information 
packet, including details of how to 
obtain a Tw-boPascar- to Mjcrosoft 
QuickC translator program. 

And to make QuickC even more 
irresistible, how does a 30 day n1oney

back guarantee 
grab you? 

http:B11rl.rn
http:ir.ulcm.1r
http:t""'4.At


To the National Aeronautics and s~ 
~lisbatioli, $p!Edi power and reli
~ are of~ importance. 

Thi!v ~ ProteUs com~ters fo r 
their toiidard ~ Flight Center in 
~~Maryland. 

NASA is a~customer of Proteus. 
So are Xerm, 'RCA, GE, Dupont, GM, 
P.evbl, General ~mies, the U.S.go1·· 
emment. lhe United Nations, MIT, flar. 
YlldandUJmeJJ. And the listdoesn\stop 
lhae eithet 

Rven leading computer manufactur· 
m like Q!gitaf f;quipment Corporation, 
~arid Prime buyregularly 

~know~ computers have a 
~bnl8il0! ratio lhars light }'em

~ IBM and the other desk-top 
amputer makers. And the computer 

mz=a~ iupme !wt 
111toMJt"Pltcesror111e .._moc1. 
•llll~dmly PIOteus a.s a 
....dDlle, but lls speed, apamlon
apMy ... 5en'ke contrid put It In 
·-..die Illa boys..
OmoMlllm 

What's more, fNf!1'f Proteus 
cmipuler 

is custom built to exact specifications. 
Your specifications. 

Tell us which drives to use, which 
EGA adapters to put in. And 
we'U match your 
needs. just as 
we have 
for ASA. 

-=====Proteus computers are engineered and 
manufactured right here in the USA. 

They have the powerand peed needed 
to get big jobs oH the ground. reaturing 
8088/00286/8038 models ranpng from 
6MHz to a whopping 20MHz.! 

This high speed, plus our timiJlg and 
IBM standard Bus design, give Proteus 
machines supreme harOware compatibil· 
ity and adaptability. 

lvery Proteus computer Is guaranteed 
IBMcompailble or your money bac.kl 

Proteuscomputers are also guaranteed 
compatible with osn., UNIX, XENIX, 
!QVELL, 3COM1 PICK, THEOS and all 

major operating systems. 



PRCmus 386A 
16MHz I20M 0·wJlt·SUie 

This wry fast 8ro86 based compu ter I 
utilizes ad1'ilnced Cache memory and Tie
cial memory maprin techniques to bnn 
you the pow r o a minicomputer. · 

lnfoW:111d m.igazlne named the 
Proteus 386A one of the top I00 prod
ucts of the yearl C.tlllng It, "A l6·MH1, 
0 ·walt·staie 80386 hot rod." 

The Prot us A i perfect for CAD! 
CAM, d ktop publishing, ftle ser.~n 
data base rnanagem nt or multi-user and 

' operating 
environments 
16MHz ... 

20MHz ... 

386A 
stand.\rd 
featu~: 

CP , 
I _QMHz, wai t· tale. 

• f>.IK Ciche memory. 
• 1024K RAM expandable to 4MB of 

32bit RAM on y temboard. 
• Clock, calendar and battery backup. 
• Dual noppy and hard disk controller. 
• 200 watt poll'er uppl , Il(l(l.10V. 
• ROM based setup and diagnosti . 
• Socket for coprocessor. 
• 2 serial and 1 parallel port. 
• 1.2MB Ooppy drive. Free replacement 

with 3.5"or 3WK drive. 
• Optional hard d' k. See chart. 
• IOI key enhanced keyboard. 
• 15-month warran~· on parts and labor. 
• Free on-your- ite maintenance. 
• 30 day, money ruck guarantee. 
• Made in ..A. 
386A monochrome system .... '2842' 
386A E~ color ~m ......... '3129" 

The 2Jl6GTX · perha ps the fastest 
l2MHz computer around .It prmides per
fect compatibility with an orerall through
put ot I6MHz. 

lnfo\\br1d said of the Proteus Z86GTX, 
"It I§ a superb value, sco~ high In our 
benchmark tests, and Proteus ha.s the 
best warranty and tedmlc.al support." 

This high peed m based computer 
is ideal for networking, DICAM, 
desktop publishing or bu ine 

::ti~~................ s11so 
286GTX stand.\rd futures: 

CP , 12MHz, 0-wait- tale. 
• 32K Cache memory. 
• 102.tK RAM . 
. a ·,calendar and b.ittery backup. 
• Dual floppy and hard disk controller. 
• 200.watt power supply, I lM..'l\lV 
• ROM based setup and diagnostics. 
• Socket for cop 1r. 
• 2 serial and I para ll el port. 
• l.2MB floppv drive. Free replacemen t 

wi th 3.5' or '.l60K drive. 
• Optional hard disk. See chart. 
• 101 key enhanced keyboard. 
• 15-monlh wamntyon partsand labor. 
• Free on-you r-sit maintenance. 
• 30 day, money back guarantee. 
• Made in . . A. 
286GTX monochrome system .. '19117' 
286GTX (.~ color systt:m ... .. '2374.. 

This 286 based AT comp;itible i a 
a t, _zero wait state compu ter roughly 
]j~ taster than our model 286E. 

PC M.ig.ulne ~. ihe 286F Is an u
tremely fast IOMH1 111<1chlne that does 
whill it claims to do .uid b<lcks lh.lt up 
with an ilggressive support plan." 

The 1 Fi perfe1.i for networ or busi-

~:n:ptic~'.i~~:............. ~ 1495 
286F stmdanl tutures: 
• ? er ', IOMHz, 0-11i1it· tate. 
• 1 02~K RAM. 
• Ck , calendar and biittery bii up. 
• Dual flop yand ha rd d k controller. 
• 200 wa tt pm er upply, Ll lVJ.10\1 
• ROM based setup · itware. 
• Reset switch. 
• Socket for coprcx:t r. 
• 2 serial and I parallel port. 
• l.2MB Ooppy drive. Free replacement 

with 3.5' or 360K drive. 
• Optional hard di ks. See chart. 
• 101-kev enhanced kevboard. 
• 15-monlh warran~· on parts and labor. 
• Free on-your- 1te maintenance. 
• 30 day. money ba . guarantee. 
• Made in U. .A. 
286F monochrome S)'Slrm .... .. '1741' 
286F E~ color~ .. . ...... '2129" 

THE l'ROTUJS TOTAL SATISrACTION 
GUARANTU 

All of our products 
are guaranteed to gi1•e 
IOOprrt't'nt satisfaction 

in every wa)'. 
~ Return anything

\..__,,___ pu!dtased from 
us at any time during 

the first 3{) days i1 it prove other-
wise. \~~will replace it , refund your 

purchase price or credit your credit card, 
a 1·ou 111 h In addition, there i a 
15:Month warranty on labor and parts. 
Plu Free on-youJ-~ service. If som 
thing goes wrong with your Proteu ·com
puter during the first two month , we'll 
send aqualified technician. There' also 
a toll-free technical support hotline 
and a 24-hour electronic upport line. 

24·HOUR CATALOG 
Just dial (201) ~77 using your 

modem t to l200BIN 

PRoTIUS 286E 
IOMHz 

Our 286E provides perfom1ance and 
1-a.lue unbe;itable by any other compara
bly priced machine. 

lnfoW>rid magazine ~. "Tor best 
machine In power, the Proteus 286[ Is 
the cJur winner. We ~mmend It." 

The 286E is ideal for 

~~~~roffice. .. s1295 
286( standard features: 

CPU, lOMHz. 
• 1024K RAM. 
. a ' cal ndar and battery ba up. 
• Dual Ooppy and han:l disk controller. 
• 200 watt power upply, l10f2..?Q\'. 
• ROM based setup software. 
• Soc*et for coprocessor. 
• 2 serial and I parallel port. 
• 1.2MB floppX drire. Free replacement 

11ith 3." or 360Kdri1•e. 
• Optional hard disk. Sec chart. 
• IOI-key enhanced kevboard. 
• &month warranty on part and labor. 
• Free on- ·oursite maintenance. 
• .30 day, money ba · guarantee. 
• Made in U. .A. 
286E monochrome~ ...... '1542° 
286( l~ color system .. ....... '1?29'' 

HARD DISKS I 
Choose a hard di k 

ror the compu ter.; and 
you hare acomplete 
turnkey sy tern. 

Brand/ 
t)1>' 
agate 
agate 

\bl.MB 
20MB 
.JOMB 

Miniscribe +!MB 
~ liniscribe 72MB 
Priam RLL !OOMB 

Maxtor liOMB 
\la\tonESDl r MB 

TO ORDE.R 

Priu 
S279.00 

ZSms S595.00 
$665.00 
$965.00 

SW 
I ms SW 
l5ms scan 

Whether you need I or 100 sy ems, 
call u toll-free at l-IDJ-782 7 (VARI 
Reseller volume dlscounb available). 

Your system will be delivered to your 
door completely assembled and factory 
tested for .J8 hours. All you have to do 1 

power up and bla t off in to the wild, blue 
yonder! 

Circle 221 on Reader Service Card 



WHAT'S NEW 

HARDWARE • OTHER 

Watch My (AC) Line A LITTLE MAC MUSIC 

T he slings and arrows of A pp le Computer now power supply, and you can pany , the Apple MIDI Inter
outrageous AC power can has a MIDI device fo r connect it to any model face is compatible with most 

play havoc with your vaJuable connecting the company's Macintosh or Apple IIGS MIDI software currently 
computer equipment. And computers to electronic mu  computer using the com available for the Macintosh 
since information is power , sical instruments. The di puter's modem port. The and Apple IIGS. 
Lhe Tasco AC Monitor will give minutive unit- measuring 3 device has one 8-pin DIN Price: $99. 
you the power to know all by 2 by I 'A inches-is aimed connector that attaches Lo Contact: Apple Computer 
about what's coming out of the at professional musician the computer and two MlDI Inc., 20525 Mariani Ave .. 
outleLS on your \vall. and educational institutions. connectors: a MIDI-in plug Cupertino, CA 95014, (408) 

The AC Monitor plugs into The Apple MIDI Inter  and a MIDI-out plug. 996-1010. 
any AC outlet and has a con face doesn 't need a separnte According to the com- Inquiry 773. 
sole that displays a number of 
present and past conditions. 
There's a readout of your 
current voltage in 5-volt incre
ments. lights that lock on 
when voltage goes above 135 
volts or below 105 volts, a 
light that show if a high-volt 
age spike has occurred, and a 
power-failure light. 

Used regularly , the AC 
Monitor may tell you more than 
you \Vclnt to know about your 
local utility company and the 
possibility of computer 
damage. 
Price: 138 . 
Contact: Tesco Ltd., 2875 
West Oxford Ave ., Suite 5. 
Englewood , CO 80110, (303) 
762-9952 . 
inquiry 769. 

Matchbook-Size 110 

I nto a package that mea
ures l 1h. by 2 by ~ inche • 

the Tattletale Model Y 
queezes 11 JO-bit AID chan

nels , I 7 individually pro
grammable digital 1/0 lines , a 
UART (universal asynchro
nous receiver/transmitter), and 
28K bytes of RAM . The 

unit's 16-bit converter can 
sample and store all 11 chan 
nels at 100 Hz. 

The Tattletale need a bat
tery-supply voltage of between 
6.5 and 15 volts. If you ' re 
using it for a typical application 
with an external current drain 
of about 3 miUiamperes, you 
can e,;pect about a 5-day bat
tery life from a 9-volt alkaJine 
battery. or 20 days from six 
AA cells. 

If you 're familiar with 
BASIC, you can connect the 
Tattletale Model Y to a com
puter or terminal and start de
veloping applications imme
diately . The board"s built-in 
TTBASIC operating y tern 
has special functions for data 
storage and retrieval, analog 
and digital 110, and timekeep
ing and synchronization. 
There's also an in-line symbol 
ic as embler for developing 
speed-critical subroutines. 
Price: $395 . 
Contact: Onset Computer 
Corp., 199 Main St., P.O. Box 
1030, North Falmouth , MA 
02556, (617) 563-2267. 
lnquiry 770. 

Tattletale Model V communicates with the real world. 

ADBridge Bypasses 
Mac Peripheral 
Problems 

I f you own an old-style 
(pre-TI/SE) Macintosh, you 

don't need to feel left out by 
the blizzard of new accessories 
available for the Apple Desk
top Bus (ADB) . At the same 
time, if you have a Macintosh 
JJ or SE, you don't need to 
con ign your old accessorie 
to the trash heap. 

SoluLions to both of these 
problems come in the form of a 
product called ADBridge. a 
hardware interface that works 
both ways. If you· re a Mac 
5 I2E or Plus owner, you can 
use the new Apple Desktop 
Bus mice and new keyboard 
(including the Apple fa
tended). If you own a Mac SE 
or Mac fl, you can connect 
older devices such as track
balls, tablets, and joysticks to 
your newer Apple computers. 

ADBridge has six connec
tions for input and output. If 
you're a Mac SE or II owner, 
all you need to do is plug AD
Bridge into an ADB port and 
connect your peripherals. If 
you're a 512E or Plus owner. 
your setup wilJ vary depending 
on what you want to do. 

The makers of ADBridge 
claim that it's fully compalible 
with all software applications 
and all input devices. It's 
shipped with a software util
ity that does automatic config
uration and lets older-ma
chine users address the 
additional function keys that 

are available on the new Apple 

keyboards. 

Price: $129. 

Contact : Olduvai Corp., 

7520 Red Rd., Suite A, South 

Miami, FL 33143, (305) 

665-4665 . 

inquiry 771. 


Switch to Your Heart 's 
Content 

P atton Electronics says its 
line of data switches are a 

new breed that are imple to 
use and useful for comple,; 
applications. 

The Micro Matrix 
Switches come in both 2
inpul/4-output (Model 24) 
and 4-input/4-output (Model 
44) versions. You can use the 
two models to connect two or 
four computers, respectively, 
to any combination of four 
printers. plotters. terminaJs. 
or modems. The switches are 
all electronic and have no 
moving parts. They use DB-25 
connectors and work with 
serial and parallel devices. 

You can switch any 4, 8, 
12, or 24 conductors on each 
connector, and the Micro 
Matrix switch can handle data 
rates up to 500 kilobits per 
second. The units handle volt
ages between + 15 and - I 5 
Y DC, and there's a momen
tary-power-loss indicator on 
the front panel. 
Price: Model 24, $345 to 
$595; Model 44, $495 to $995 . 
Contact: Patton Electronics 
Co., 7958 Cessna Ave., 
Gaithersburg, MD 20879, 
(301) 975-1000. 
Inquiry 772. 

co111inued 
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All. 
PC Jr. too 

MS/ DOS 	 <640K >640K 
prosranu 	 programs 

05/2 	 Ask Ashton· Yes. 
Tale first day 

Mulliuler Primitive 	 Mainframe 
quality 

Nerworlcing 	 PC Neu PC. mini & 
only m.alnfnlme 

Nult You must 
lblennt be lddding 

ftracle Corporation, the world's 
V fasteat growing software 
company,' has just climbed past 
Aahlon-Tate to become the world's 
largest supplier of databaAe man
agement 11-0ftware and servke&1 

Why? 
• Because ORACLE runs on PCs. 

plus mainframes and minicom· 
puters from IBM. DEC. DG. HP. 
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 dis
tributed DBMS that connects all 
your computers - PCs. minicom· 
puters and mainframes - into a 
single, unified computing and inlor· 
mation resource. dBASE supports 
only primitive PC networking. 

• Because Oracle has supported 
the industry standard SQL language 
since 1979. Ashton-Tate promises 
to put SQL into dBASE 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/ DOS today, 
and run them unchanged on 05/2, 
once 0512 is avai lable. dBASE treats 
today's 286/ 386 PCs and PS/2s like 
the now obsolete. original PC. 

Don't go down in nam~ Bail out 
from dBASE. Call I-BOO.ORACLE I 
and order your $1W-PC copy of 
ORACLE' today. Or just ask and we'll 
send you information on ORACLE, 
the number one selling DBMS on 
minicomputers and mainframes. 

ORACLE® 

COMrAnllllll • rHTlllLITT • COl•CTAllLIO 

Call 1-800-0RACLE1, 
ext. 149 today. 

Dear Oracle, 
PC ORDER PROCESSING 

I 
Oracle Corporat ion 

20 Davis Drive • Belmont , CA 94002 


I 
i want ORACLE lo be TIH' LAST DBMS 
fo r my 286/ 386 PC. Enclosed is my 

I 0 Check or 0 VISA 0 MC 0 AMEX 
credit card au thoriZ<1tion for $1 99 
(Califo rn ia reside nts add 7% sales tax). 

I 
I understa nd this copy is tor PC develop· 

me nl only. Otter valid only in th e US 
and Ca nada . 

I l'nn1 N....., 

I TI ... 

I
Cum~ny 

5ctf'l'I (P(J -=--~-___p#Obi<),------/lnr numb<n nol OC<r-,-,.,--

1 Oly 

;u,,---~-------,..- z~

II 
Plloor 

C...,11 C•td Num"'• 

Card f..aplnllon O•:c 

s.l.i T'i.tJ UflC 	 111 ( 

I Am.& V&tu~.-ddrd ~teller (\'ARl: 0 YES 0 NO 



WHAT'S NEW 

SOFT W ARE • PROGRAMMING 

FORTRAN for the 386 

Develop programs with 
up to 16 megabytes and 

run them in protected mode 
on 386 systems with SVS FOR
TRAN-386 from Science Ap
plications International. SVS 
includes a native-code com
piler, a run-time UO system, a 
source-level debugger, and 
VM-RUN , wh.ich is a 386 run
time monitor. The program 
supports the Intel 80287/ 
80387 and Weitek 1167 math 
coprocessors . 

Science Applications Inter
national reports that SYS cuts 
the run time of a typical pro
gram by at least half when 
compared to using a 16-bit 
compiler running under DOS 
or OS/2. 

The program supports 
FOIURAN 77 and incorpo
rates IEEE floating-point op
erations, including single- and 
double-precision and com
plex arithmetic. Compiler 
directives and command-line 
options let you compile appli
cations that use common, 
nonstandard FOIURAN con 
ventions . The debugger lets 
you examine source code, ac
cess and modify variables by 
symbolic names , set break
points and tracepoints, and 
view the traceback 
environment. 
Price: $895 . 
Contact: Science Applica 
tions International Corp .. 5150 
El Camino Real , Suite C-31, 
Los Altos, CA 94022 , (415) 
960-3322. 
Inquiry 774. 

Low-Cost Prolog 
on the Amiga 

UNH Prolog, ported from 
the VAX- I I 1780 to Sun 

workstations and the IBM 
PC. is now running on the 
Amiga. The UNH Prolog in 
terpreter is based upon the 
Edinburgh standard with ex
tensions , including real num
bers. It supports over 100 
built-in predicates, including 
predicates for debuggi.og and 
tracing. 

To run UNH Prolog, you 

GEOS GOES APPLE 

Berkeley Softworks has 
ported GEOS (graphi

cal-environment operating 
system), originally devel
oped for the Commodore 64 
and 128, over to the Apple 
II . This development pro
vides a graphical interface 
and operating environment 
for the Apple Ile , Ile , and 
nos. 

The system desktop has 
one Clipboard for text and 
one for images . It also orga
nizes folders on pages, with 
eight to a page. Al so in
cluded are geoPaint , geo

need an Amiga with at least 

5 l 2K bytes of RAM, al

though at least 1megabyte 

is recommended . 

Price: $75 . 

Contact: The Department of 

Computer Science, Unjversity 

of New Hwnpshire, Durham, 

NH 03824, (603) 862-3778. 

Inquiry 775. 


A FORTRAN Tool 
for Every Purpose 

FOIURAN BASIC Util 
ities contains two libraries 

of tools that provide a 
BASIC-like function for 
screens or interface control. 
Each tool is also CodeView
compatible. 

One library is assembled 
for CodeView, and one is 
without debugging capabili
ties . The program includes a 
set of test programs and 
source code. 

To run the FORTRAN 
BASIC Utilities, you need an 
IBM PC or compatible, DOS 
3.0 or higher, and Microsoft 

FOIURAN 4.0. The com

pany says that you don't need 

an assembler. 

Price: $49.95. 

Contact: Silver State Soft

ware, 1000 East William St., 

Suite 100, Carson City, NV 

89701, (702) 855-8922. 

Inquiry 776. 


Write , and geoSpell : geo
Pai nt is a MacPa int - like 
program; geoWrite is .a 
WYSIWYG (what you see is 
what you get) word proces
sor ; and geoSpe ll is a 
28,000-word dictionary and 
spelling checker. Other util 
ities and programs include a 
conversion utility for access
ing word-processing files , a 
LaserWr ite r / Pos tSc r i pt 
printer driver, and desktop 
accessories including a cal
cu Iato r, no tepad , alarm 
clock , and disk organizer. 

Berkeley Softworks re-

Copernicus Does DOS 

Copernicus is a knowl 
edge-engineering tool , ac

cording to Tecknowledge, 
and it has its own programming 
language and hooks for high 
level languages . The knowl
edge system, previously run 
only on mainframes and work
stations, is now available in a 
DOS version . It runs under 
Microsoft Windows on an 
80286 or 80386 system and in
cludes a DOS extender that 
lets you execute in protected 
mode. 
Price: About $12,000. 
Contact: Tecknowledge, 
1850 Embarcadero Rd., P.O. 
Box 10119, Palo Alto, CA 
94303, (415)424-0500. 
Inquiry 777. 

Find Those Flies 

Execloc is a uti.lity that 
helps you find MS-DOS 

.EXE files . According to Vir
tual Software, the program re
locates all the segments as 
needed to within the 808818086 
I-megabyte memory map. 
And it's not limited to locating 
just .EXE files, but can use 
any extension as it checks for a 
proper header signature in 
the file itself. 

You can operate Execloc 
from the command line or from 
menus. The program includes 
a binary-to-hexadecimal con 
version utility . 

ports that it will release a 
database, spreadsheet , and 
programming uti lity later in 
the year. 

To run GEOS on an 
Apple ll, you need an 80
column card and 128K bytes 
of RAM . The syste m is 
li mited , at thi s time, to 
monochrome. 
Price: $129.95 . 
Contact: Berke ley Sof1 
works, 2 150 Shattuck Ave. , 
Berkeley, CA 94704, (800) 
443 -0100 ; in C aliforn ia , 
(415) 644-0883 . 
Inquiry 780. 

Execloc runs on the IBM 
PC and compatibles with DOS 
3.0 or higher. The program is 

not copy-protected . 

Price: $29. 95. 

Contact: Virtual Software, 

51 Oak Ave ., Richmond Hill , 

Ontario, Canada L4C 6R5. 

(416) 881-7665 . 

Inquiry 778. 


A SANE FORTRAN 
Compiler for the Mac II 

L anguage Systems Corp. 
reports that its FOIURAN 

compiler is the first FOR
TRAN implementation that 
fully supports Apple 's SANE 
(Standard Apple Numeric En
vironment) floating-point 
routines. The compiler runs on 
the Mac U and also supports 
the full ANSI Standard FOR
TRAN 77 language, plus ex
tensions and engineering 
number formatting . 

Arrays can exceed 32K 
bytes, limited only by memory 
available, the company re
ports. Options let you accept 
Hollerith and other elemen1s 
of FOIURAN 66 syntax and 
specify in-line 68881 object 
code. 
Price: $295 (includes the 
MPW shelJ) . 
Contact: Language Systems 
Corp., 463 Carlisle Dr., 
Herndon, VA 22070, (703) 
478-0181. 
Inquiry 779. 

comi1111ed 

78 BYTE • APRIL 1988 

http:debuggi.og


Will The Real 

VGA 
Please 
Stand Up 

It 's easy to identi f the I ·aJcr in VGA re ·olution-ju ·t look 

to the compa ny that brought) ou the first 800 x 600 EGA card . 


800 x 600 VGA with 256 Colors 
1024 x 768, too. Either way, Genoa '· SuperVGA HiRes'~ is 

the be ·t \1..1ay to see VGA. And your ·pr ad bee t will look great, 
with 132 columns and 60 rows for your viewing pleasure. 

Crash-free Windows 
Yes, we do Windows- no problem. And SupcrVGA Hi Res 

is compatible with both the VGA PS/2 monitors and the 
EGA Multi sync monitors, in VGA and EGA modes. 

So don't se ttle for inadequat imitations. Ge t the highc ·t 
VGA performance al the best price, in true Genoa trad ition. 

For the dealer nea rest you, con tac t: Genoa Systems 
Corporation, 73 E. Trimble Roa<l, San Jos "CA 95131 
FAX: 408-434-0997 Telex : 1723 19 
Telephone: 408-432-9090 

Genoa 

SYSTEMS CORPORATION 

GL:noa Sy ·tcm s Limited ( .K .) Tel : 01-720--064 
c 1987 Gtno~ s,~ 1 cm ~ orporauon. UP"-·rVGA 1liRi.:"t I~ :i II ~·dl"rn<Jr ~ uf G...: 11 0.1 \ ' ... l l.: 111 ' Corpo1.11 11m 
\Vindow~ b a t rod1.·m~irk ol M icrv 'o ll, l 11l 1\'1l1hi ...v1ic.. ,..., :1 r r.u.h: 111 ru ~ ol N i~f " llrn11c El1·ciru111L., 
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WHAT'S NEW 

SOFTWARE • SCIENTIFIC AND ENG I NEE RI NG 

Data-Acquisition and 
Control Software 

Control EG, an automa
tion program for measure

ment and control systems, 
works with systems with up to 
256 110 points . Versions of 
the program are available for 
PC-based hardware from An 
alog Devices and MetraByte . 

The program combines the 
features of data loggers, pro
grammable controllers. and 
closed-loop Pro controllers. 

You can use Comrol EG 10 

monitor analog and digital in
puts, and you can graph and 
log temperatures to disk in real 
time . The program automati 
cally handles linearization 
and/or engineering unit con 
version . You can use your own 
equations or use PIO calcula
tions to set analog and ctigital 
outputs . You can define cal
culated points that are a mathe
matical function of other ana
log or digital inputs. Control 
EG lets you mix transcenden
tal functions , Boolean func 
tion , alarm condition , and 
historical value within the 
same fonnula. 

Displays include 16-chan
nel bar graph , scrolling his
tory, x, y cross-plot, annunci
ator, tag summary , operator. 
and sequencer status . 

Control EG runs on the 
IBM PC, XT, AT, and compat
ibles with two 360K-byte 
floppy disk drives or one flop
py drive and one hard disk 
drive. You also need at least 
5 l2K bytes of RAM (640K is 
recommended) . A CGA, EGA , 
or Hercules graphics board is 
required, along with DOS 3 .0 
or higher. It supports the 

Control EG awomates measurement and control J)'stems. 

Intel 8087 or 80287, though it 

does not require either. 

Price; $500 . 

Contact: Quinn-Curtis, P.O. 

Box 10, Newton Center, MA 

02159, (617) 444-7721 . 

Inquiry 781. 


Survey the Mac Way 

Cogo Mac is a land-sur
veying program from 

Compuneering, the company 
previously known as Erez 
Anzel Software. Cogo Mac is 
not to be confused with Mac
Cogo. a geomeLric calcula 
tion program from the same 
company . 

Cogo Mac leL~ you lay out 
real estate or other area plan 
and calculate area and eleva
tions. lnfom1ation is displayed 
graphically and numerically 
when you enter it. You can use 
the mouse or keyboard to 
change or move points. Its cal
culations are preci e to 15 
digits, the company reports. 

Cogo Mac is wrinen in 
MacAPP and is compatible 
with MultiFindcr, Laser
Writers, and networks, accord
ing to Compuneering. It runs 
on Macs with 512K byte of 
RAM and will make use of 
color on the Mac II. 
Price; $595. 
Contact: Compuncering 
Inc., 113 McCabe Crescent , 
Thornhill, Ontario L4J 2S6, 
Canada, (416) 738-4601. 
l nquiry 782. 

A Star Is Born 

S TAR (structural testing , 
analysi . and reporting) i 

a set of four subprograms that 
work with Microsoft Windows 
in analyzing structures. The 
ubprograms include a modaJ 

system, a structural-analysi 
system, a dynamics display sta 
tion, and a computer-aided 
measurement-acquisition 
ystem . 

The modal program, STAR 

FINITE ELEMENT ANALYSIS ON THE MAC II AND SE 

MacNeaJ-Schwendler , a 
leader in finite -ele 

ment-analysis (FEA) soft 
ware, has released version 
l .98 of MSC/ pal fo r the 
Macintosh II and SE . The 
FEA method breaks a struc
ture into discrete elements 
that the computer can tudy 
for responses to stress, vi-

b.ralion , and pressure. 
Running on the Mac 11, 

version I . 98 lets you use up 
to 256 colors. On both the Il 
and SE, you can make use of 
shaded contours and hidden
clement plots. 

The company also an 
nounced that a vers ion of its 
new interactive modeler , 

MSC/mod , i in the works 

for the Macintosh . 

Price : MSC/pa l 1.98 , 

$ 1495; MSC/mod, $495 . 

Co ntac t: The MacNeal

Schwendler Corp . , 815 

Colorado Blvd., Los Ange

les, CA 90041. (213) 259· 

3875. 

lnquiry 784. 


Modal, imegrates curve-fitting 
capabilities with the graphics 
of the display station and the 
data-acquisition capability of 
transferring and ·aving data ac
quired with the fast -Fourier
transfonn ana.l yzer, STAR 
Te t. 

The structural-analysi sy 
tem, STAR Struct, integrates 
the modal-analysis capability 
of STAR Modal plus SOM 
(structural dynamics modifi 
cations) and FRS (forced re
sponse simulation) . With the 
tructural-analysi ystem you 

can predict how the dynamic 
properties ofa mechanical 
structure will be affected by 
mass, stiffness , and damping 
modification . 

STAR View is the display 
station that offers you graphics 
tool for viewing modal data 
from modal and finite-elemcnr 
ource . Its capabilities in 

clude measurement display, 
real-time animated-mode 
shape display , and data 
handling. 

The computer-aided mea 
surcment-acqui ition system, 
STAR Test, includes the ca 
pabilities of STAR View, plus 
the ability to transfer and save 
data acquired wilh an FFT ana 
lyzer. All other STAR system 
products can acce s the data 
acquired with STAR Test. 

STAR u es vibration data 
acquired from a test tructure 
a input, and it then identific 
the modes of vibration of the 
structure from this data . The 
modes are displayed in a real 
time, animated display . 

Microsoft Windows en 
able you to work in STAR and 
other applications simulta 
neou ly by switching between 
windows. You can also cut 
and paste STAR graphics dis
plays or data tables into other 
Windows programs. 

STA R runs on the IBM PC 
AT and compatibles with at 
least I megabyte of RAM . It 
also runs on PS/2s . 
Price: $6500 to $20,000. 
Contact: Structural Measure
ment Systems Inc., 65 ! River 
Oaks Parkway, San Jose, CA 
95134, (4-08) 263-2200 . 
Inquiry 783. 

co111i11ued 
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The LOGITECH HiREZ Mouse
the only mous expres I de igned for 
high-resolution screens. 

With a resolution of 320 dots-per
inch (as om pared with 200 dpi or less for 
ordinary mic ), it covers the same area 
on your high -re reen, but needs le ' · of 
your desk to do iL More than 50% le . 
Saving you valuable desk space, and 
effort mouse maneuvers that used to 
requir a ·weep of the hand are now 
reduced to a flick of the wri t. 

Hi llEZ m OUM Utttli 
JO% tar dJslt spau 

le '""" lk"''"' 

Whi h makes tJ1is new mouse a 
hand's be t friend. And a more reliable, 
long-lasting companion-fully compatible 
with all popular software, and equipped 
with a Lifetime Guarantee. 

Equipped, too, with other advantages 
excl u ive to all Logitech mice: A unique 
lightweight erg nomic design. Low
angled button ti r maximum c mfi rt 

and minimum fatigu . An exclusive tech 
nology that guarantees a much greater life 
span. An exc ptionally smooth-moving, 
dirt-resistant r lier ball. And natural 
compatibility with all PCs, look-a- likes, 
and virtually any software. 

So if you 've got your eyes on a 
high-r s s r n, get your hands on the 
one mouse that's agi le enough to keep 
up with iL 

Th LO ITECH HiREZ Mouse. 
For th d a ler neare t you, call 800

231-7717 (800-552-8885 in California), 
or write Logitech, Inc.. 6505 Kai er Drive, 
Fremont, A 94555. ln Europe, call or 
·write: Logit ch wiczerland, European 
Headquarters, H-1111 Romanel/Morges, 
Switzerland (+ +41-21-869-9656). 

~LOGITECH 

Circle 150 on &ader Service Card (Dealers: 151) 
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Though most mice out then-· look pn-:lly 
much alike , rh ey'1-c nor al l equal in perf(ffrnance. 
It pays Lo be just a little choosy to make su re you 
end up with the rig li t mouse for your needs. 

Starling with software . If you wa11l full co m
patibility with all of your software, all you h ave to 
do is look t< lr a mouse wirh rhe l .og it ec h name. 
There are frn1r in all. each on e clesihrr1 e cl frn· clit~ 
!Crcn t hardware n eed s. 

THE HiREZ MOlJSE 
If you've got your eyes on a high -reso lution 

screen, the mouse to ge t yo ur hand o n i. the n w 
L()(;rrECH HiRF./. 
:vin1 i.~ e. 

With ;i r so lution of 
'.)20 dots-p r -inc h (as 
compared with '..WO rlpi 
or less for ordi11ai-y mic ). 
it covers the same area .,.,,,. / .()(; /"/"/·,"( :11 

un your high -res screen I fr/(/·./ .\ l 111L\/' 1/r'l'tl\ 

;n'.X-. l1~\~ d,~~A· 'J f>1Jrt>
hut needs less of your for ·111'1'1 fhl'\IIITll' 

11 m11tu1l 1Jj ff ,.,.,..,,d esk Lo do it. Mor than 
mi' rl fl.\ fl 2f)(J d/n 

50% less . Savi 11g you ffllJl l tt'. 

va luable d esk space . and 

R2 BYT E · APRll.1 988 

( ,oml rn,fmt l\ '1111 !11 till\ /11 u11fl (/(·ft {1 1 nghU. th1· 1/1'ri /.(){;{ / FCJ/ ll1Nl. l 
.\ lnwt' f St/t1 1. :h,· uni\ m''''"" dnl,t_"?11'd , , ·11r1"\.)J\ t11 1 lue,h tt'' \{T11n~. th1· /J )( ,// I·.( .11 
\_;.,., ,.,] ,\[11/ L\1 ' fur th1' tint/ ~\' 2tS(>')· j)lrtg' ' '· rht mtu mou.~i · pm·t): 1wd rhi · 
f l)(,/ // :(./ ( ,\ f ntL\I' Jm \/IU1t"1 r 1f ' l "Tt'r"H.' IS // 'I. 111 /im t11rd 1r'11al :1n\111mJ 

. \ II 11 m11 · ;nth l .01.[rf1' f h \ {1u·11 !'tu..\ .\njl~J'tUI'. rrlr11 J, 11'-'i~rr~ l '(L\.I' 1if fjv ' i1·11h 

effo rt: n1 0 11se 111ann1vcrs that. used lo require 
swee ps of tJ1c li a11d are IHI\\" redu ced Lo a !lick of 
the wri s t. 

Whi ch makes th is new mouse ;i li a rnJ s li es t 
fri e nd. And a more re li a bl e, long- las ting co111 

panion. And. like all Logitech mi e, it \ fulh 
crnnpa tibl e with a ll pup u br so it\\·arc. and 
equipped wi1li a I .ik1i11w ( ;u;ir;111tcc . 

THE SERIES 2 
MOUSE 

fu r t.hosc who've ho, e n 
the Pe rsona l Sys r em / '.2 .~ the 
most logic1I choice is 1hc 
LOGITECH Series '.2 
\;louse . It" 100';{. cnmpati 
1 le h·ith PS l'.2 . and p l11 gs 
ri gh l into th mouse port , 
leavi n g lhe se rial po rt. lrce 
lo acco rnmodatc othc r 
1w rip li e r: ils . 



with all H-1111 Roman I/Morge wiizerland 
(++ 1-21-869-9656). 

tmouse. 

• 

THE ALL-PURPOSE MOUSE: 
SERIAL OR BUS 

Most p opl find our tandard m u i · till 
th b t h ic for th ir y tern . It's available in 
both bu and . rial ver ion on of which is ur 
t fit p rfi ti ur hardwar . And" ith all 
your fa -b ed 
or n t. 

It' hard I an a cid nt that on! L gi ch 
offi r y >u , uch a om pl t sele tion-w 'r th 
only mous om pan to d sign and manufa tur 

due . We make m re mice, in fact, 
el . Including cu tom-de igned 

model fi r EM like T&T, DE , and 
Hew! tt-Pa kard. 

A Logtt«h mol.LU! plw l.ogitzch a/1pllCll11on Miftuxm tqunl! a complLIL Milutinn (all 
priu.s i~ltuk ~. Pim >.ftware, and appiuatum ): 
WGICADD...SI . P BLJ H ER PACKAGE LOG/PAI T ET... 
TumsyourPCi11to .. .$179. I' BL/ H ER S/49. Eleven tyf,,. 
<1 fulljtalured CA DD sojlwart lets begmr1en and fonts and a 16-colur 
workstation. Every- expms a/Jltt product pro- pa/£111:. Crtaies filr.s thal 
tl1111g yau nudjfJT fmional. lugh·1mpac.1 move easily mlo both 
diml!7tsioned line docum1!11Lr. Design umplatz..~ LOGICADDmrd 
drawing and CADD. make page layoul easy. PUBLI HER dl>CUml!llts. 

(800-552-8885 in alifi rnia). Or fill out and mail 
the coupon below t : L gitech Inc. 6505 Kai r 
Drive, Fremont, CA 9455 . ln Europe, call or writ 
Logit ch witz rland Europ an H adquaners 

1.----------------,

Logitech, Inc., 6505 K i er Dri e, Fremont, CA 94555. I 

I Logilech wiLzcrland , European Headquarters,
I H -1111 Romanel/ Morgc , witz ·rland . \ 

I Ye ! Pl asc e nd me I.he name oflJ1e neare t Logilech d alcr. I 
I a"w I 
I Company/Title I 
I Add~ I 
I I 
I Phone j 

:~ LOGITECH: 


And in com£ rt. With a unique lightw ight 
ergonomic design . Low-angled buttons for maxi
mum om fort and minimum fatigue. An exclu ive 
t chnology that guarantees a much greater life 
pan. An excepti nally ·mooth-moving, dirt-

r i tant roller ball. And natural ompatibili ry with 
all PCs look-a-like , and virtuall an software. 

II f whi h lead to an in seapabl on Ju 
n: if u want t end up with the right mou 


tart" ith th right mouse compan . 

LogiL h. W ' e got a mou e fi r whatever the 

ta k at hand . 
For th dealer neare t you, all 800-231-7717 L----------------~i'eBOnal ysu.m/2 i521r.1demarkof lrucrnational Busine• Machine .Corporati n 
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WHAT'S NEW 

SOFTWARE • SCIENTIFIC AND ENGI EE RING 

A Schematic Design 
Program for $395 

CapFast CFlOOO from 
Phase Three Logic de

igns prin1ed-circuit boards 
and programmable-logic
device application ·. The 
EGA-compatible program in
cludes a schematic editor, 
symbol edjtor, symbol library , 
netlist extractors, a parts-list 
program, and a ploning utilicy . 
The ymbol library has over 
2000 pans in IEEE and ANSI 
formats. 

Phase Three Logic calls it 
an entry-level program, but it 
offers unlimited design levels 
with multiple-page schematic 
editing at any level, compre
hen ive ymbol-attribute han
dling, on-line electrical-rules 
checking, scalable vector text , 
split-screen capability, dy
namic panrung, and keyboard 
macros . In addi tion, with its 
ASCH database, you can inte
grate files with other 
applications. 

CFIOOO runs on the IBM 
PC AT and PS/2s. 
Price: $395. 
Contact : Phase Three Logic 
Inc. , P.O. Box 985, 
Hillsboro, OR 97123, (503) 
640-2422 . 
Inquiry 785. 

Apollcatlon Design 
and Modeling Program 

P C-Prolo U leis you build 
and change system model 

and create reports that can 
become the basis for specifica
tions . The program takes the 
completed model and extracts 
the de ign detail , cross-ref
erence . source code, views for 
data modeling, and a data 
dictionary. 

System models are buil1 
from sub ystem Jinked by a 
main menu and ubmenu . 
You can invoke and test each 
subsystem as a stand-alone 
system model. 

You can demonstrate the 
model without the data files. 
and the program also sup
ports sequential and keyed file 

Emry-level schematic design with CFJ000. 

proce sing. PC-Proto U sup
ports file inquiry and update 
(insert, replace, and delete). 

The program includes a 
screen paimer that supports 
Windows and fiU screens, 
alpha and numeric editing, 
range checking, variable 
names, and date and time func
tions. The program's data· 
base manager supports hierar· 
chical and relational 
databases. A repor1 writer en
ables you to print reports in 
external index sequence and to 
send reports to the printer. 

PC-Pro10 II runs on the 
lBM PC, XT, AT, and compat
ibles with 640K bytes of 
RAM, DOS 2.0 or higher, and 
two floppy drives or a hard 
disk drive. 
Price: $1000. 
Contact: Kartech Data Ser· 
vices Inc. , 165 Pinewood Ave ., 
Toronto, Ontario M6C 2Y6, 
Canada , (416) 656-2032. 
Inquiry 786. 

Acquire and Control 
Data with Lablog 

L abLog works with the In
dustrial Computer Source 

ML-16, an analog and digital 
1/0 card. You can define data
acquisition and control pa
rameters by selecting from a 
menu . One selection presents 
a real-time trend line of up to 
three channels with an ani
mated bar graph of one e
lected point. Another display 

code provide four bar graphs 
for individual points. When 
channels are di played. you can 
send data 10 disk or IO a 
printer in either ASCII, binary, 
or a Lotus 1-2-3-compalible 
formal. 

According to Industrial 
Computer Source, the board 
that LabLog works with of
fers 16 single-ended or 8 dif
ferential inpuis multiplexing 
inlo a 10-micro econd 8-bit 
AID converter. It offers two 
8-bit analog output channels 
and eight digital 1/0 channels. 
An optional crew termina· 
tion board and interconnect 
cable are available . 

The ·oftware runs on the 
IBM PC, XT, AT , and compat
ibles with at least 256K bytes 
of RAM and a graphics 
adapter. 
Price: $100 (includes source 
code); ML-16 1/0 card, $289; 
tennination board and cable, 
$99. 
Contact: lndus1rial Com
puter Source, 5466 Complex 
St., Suite 208, San Diego, 
CA 92123 , (619) 279-0084. 
Inquiry 787. 

Fiitering Data 

HEM Data Corp. added a 
digital filtering program 

to its series of data-acquisi
tjon , storage, analysis, deci
ion-making, and fihering 

soflw-Me, which includes Snap
shot Storage cope and Snap
Calc . 

Snap-Filler offers low-
pass, high-pass, band-pass, 
and band-rejec1 fillers. You 
can pecify them a FIR (finite 
impul e response) filters that 
produce a linear-phase re
sponse. thereby preservi ng 
the 1ime relation hip of differ
ent signal components. Or 
you can specify them a rRRs 
(i nfinite impulse response fil· 
ters) , which emulate common 
analog filters such as Butter
worth and Chebyshev, accord
ing to HEM. You can also 
pecify low-pa s filter as Han

ning moving-average-type fil
ters to smooth dala. 

To run Snap-Filter. you 
need an IBM PC, XT. AT. or 
compatible with at lea t 256K 
bytes of RAM. 
Price: $395 for Snap-Filter 
(for curreni users of Snap
Calc); $1185 for entire 
eries. 

Contact : HEM Data Corp., 
17025 Crescent Dr.. South· 
field. MI 48076, (3 13) 
559-5607. 
lnquiry 788. 

Spectrometer Reading 

I nte1Jc1ive Microware's 
Spectrochan-PC works with 

IMI's Adlab-PC da1a-acqui i
1ion board in recording and an
alyzing voltage signaJs from 
the recorder output of any 
spectrometer. A method file 
controls data acquisition and 
the analysis according to you r 
protocols . You can also ana
lyze ASCn data files from 
any source . And you can send 
data and re ult a ASCH 
files for use with other 
programs. 

Spectrochan runs on IBM 
PS/2 . 
Price: $595. 
Contact: Interactive 
Microware Inc ., P.O. Box 139 . 
State College , PA 16804. 
(814) 238-8294. 
Inquiry 789. 

conri111;ed 
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FULLY OVERLOAD 
PROTECTED 

TRANSISmR - - -...... 
TESTER 

9 FUNCTIONS____ 

34 RANGES 

CONDUCTANCE _ _ _ 
TESTER ADDS 
VERSATIUTY 

TEMPERATURE ---~ 
TESTER TO 
2001r F 

* ~YEARREPLACEMENT WARRANTY
* 3DDAYMONEYBACKGUARANTEE
* TOLL FREE TECHNICAL !!iLJPPDRT
* NEXTDAYAIR!!iHIPAVAILABLE 

MODEL 2000 $389.95 
20 MHz DUAL TRACE OSCILLOSCOPE 
Model 2000 makes frequency calcula lion and phase 
measuiement quick n<l easy. The component rester 
aids m lasl troubloshootm9 Scrvlco technician$ appre
ciate !he TV Syncci1C<J l!s lor viewing TV-V and TV·H and 
accurate synchronli.ahoo o f lhc video stgnal. Blankmg . 
v rTS. and V1H sync pulses. 

• 	 Eic~a0y 1><1gn1 5' CA 

BUIR·tn componenl l&a ler 


• TV Syne fill.Ot 
• X·Voper11ho" • 110<220vOlts 

MODEL 3500 $499.95 
35 MHz DUAL TRACE OSCILLOSCOPE 
WldO b11ndwldtn and excopllom1l I mV/DIV sensl1lv ty 
mnke lho Model 3500 a powerful diagnostic 1001 for 

oglooors orioehnlclans al a remarkable price. Delayed 
Lriggenng llllowa any portjon or a waveform lo bf! 
1r.olntod An(! oxpnndod !or doser fnspecllon. Vanable 
Moldofl !lows s1abl.e viewing or cornple~ wavetorms. 

• EYC<lllllOMJIY bt'Ohl s· CRT.• zaa11..-y-~-al<lgle·--
• X·Yope<_, • TV...,lilltH 
• filll IOllallM-

Tius full funclion J .5 dlgtl OMM off is highly occu1•1e performance an<la ho t 
ol added teatures 10 help you do lfle )Ob-last. Capacilance. transistor. tom· 
peratuTe. conductance ena eud1ble coni inuliy in addil,on 10 the ranges you'd 
expecl lrom a DMM al !his quallly. Temperature probe, lest leads and ballery 
Included. lnpul Impedance: OM ohm. Bas c DC accuracy: plus1mrnus 0.25% 
Approx. Tx3 11.!' x t :V.- w 1.1J11> ozs. 

DPM-1000 $54.95 
3.5 DIGIT PROBE TYPE DMM 
Custom 80 pln LSI chip p1o• ldes accuracy and reliabilily 
In such a compact size. Au1oranglng , au<l1blo con1inu!ly 
and dala hold lealure help you pinpoint !he problem 
quickly. Caso and Datre1ios included. 

• Basic OC &ccura~y plus.minus 1 ~ 

• DC ""'!Oge 2v- 500v. a1110tanglng 
• AC voltage. 2v-500v. ou10tang<ng 
• A<>SISlan<O: 2k ollms- 2M onms. au10tang1ng 
• Fully OVGf·-ioad ptOl&el&d 

lnpy1 impedance. 11 M ollm 
• Appfox 6 1ff x 1 • x Jr,c Under J ozs. 

DMM-200 $49.95 
3.5 DIGIT FULL FUNCTION DMM 
Gel htghly accu1a1e performance al a Yery attordable 
pr ice. Rugged cons1ruc1 ion. 20 amp curren1 capabllil y 
and 22 rangos mako ii a porloct choice for ser iou s fiold 
or bench work Lo ba11ery lndica101 and lill·sland. Probe s 
and 2000 hour ballory lnclu<leO. 

• Baste OC accuracy J:>'us OI mlnus 0.25%. 
• DC voltago: 200mY- 1000V. 5 1anges 
• AC vol~o 200mv- 750V, 5 "'"9"' 
• Rosis1ance· 200 ohms- 20M ohms. 6 ranocs 
• ACOCcurren1 · 200µ..A- 20A, 6ran9 s 
• lnpv1tmpcdonco. IOM ol>m 
• Fully OYOtload p.O!OC!ed 
• Approx r x 3112'. 1117" 'N1. 11 ozs. 

DMM·100 $29.95 
3.5 DIGIT POCKS SIZE DMM 
Pert ct tor !ho llold snrvlco lechnlciao. Shin poclcet sJze 
wilhoul comproml• ng lealuresoracctJ racy. Large. easy 
10 read W LCD displ3y. Fully overload prolecled for 
sato1y. 2000 hour battery me wilh slandard 911 CG!! Probes 
end b nery lncfudod. 

• Basic DC accuracy; plU$1ln•nus OS,. 
• DC voltaQe:2Y- t000v. • rengcs 
• AC YOIQge: 200Y-750v. 2tanO" 
• Reslil...... 2kolvn$-2M olvns. ' rangot 
• DC airrlfll:2111A-2A. •r.,.e 
• lrlpUI imp9data . IOM o1Vn 
• Flll\'OIMl1Md~ 
• ~ 5"•3'• I' Uncflr7aa. 



WHAT'S NEW 

SOFTWA R E • BUSINESS 

Lotus Tunes 
Symphony and Jazz 

S ymphony, the integrated 
business program for the 

IBM PC, now includes word
proces ing enhancements, new 
preadsheet and database fea

tures, and bundled add-ins. 
Symphony 2.0' new 

word-proce ·ing features in
clude automatic word wrap 
and paragraph reformatting; 
accelerator keys for editing 
tasks uch as deleting, insert
ing. and moving block of 
text ; and a tore-and-pa te fa
cility that restores text if acci
dentally erased. 

The pread heel in version 
2 .0 recalculates only cells af
fec ted by changes to !he 
work heet. The database man
agement form in version 2.0 
upport up to 256 field . 

Bundled add-ins include 
Symphony Text Outliner, Sym
phony Spelling Checker, a 
network file-locking utiJity , 
and a VT-100 terminal 
emulator . 

Symphony 2.0 is not copy
protected and run on the IBM 
PC with at lea t 384K bytes 
of RAM (5 l 2K bytes is neces
ary to run the spell ing 

checker and other add-ins). 
The program is available on 
3IA- and 5 1A-inch disks and 
run on PS/2 Models 30, 50, 
and 60 with DOS 3.3. 

On the Macinto h front, 
Lotus i planning the release of 

WORDPERFECT FOR THE MAC 

Modern Jazz, an update of the 
Macintosh bu iness package. 
The work heet , graphics, 
database, word-processing, and 
communication capabilitie 
are upgraded, and addition in
clude a command language, 
macro , and a new forms func
tion. In add.it.ion, Modem 
Jazz supports the 68020 math 
coproces or, 68881 floating
point coprocessor, and SANE, 
Apple's numeric package. 

The Jazz function Hot View 
is expanded in Modem Jazz . It 
provides dynamic data inte
gration between worksheets, 
graphs, databases , fonns, 
and word-proces ing 
documents. 

The Modem Jazz com
mand language is a library of 

W ordPerfec1 Corp .' 
Macintosh word pro

cessor takes full advantage 
of the mouse and Mac 
graphics interface. The Mac 
ver ion of WordPerfect of
fers you all the keyboard 
functions of the IBM ver
ion . and you can access 

them from the keyboard or 
from pull-down menus. 
Key troke equivalents ap
pear on- creen beside menu 
options to simplify keyboard 
access. 

Enhancements to the Mac 
version include the ability to 

reconfigure the program 
without exiting . You can 
read in and edit graphic 
images and preview printed 
output on the screen. Unlike 
the IBM edition you can see 
all fonts and other graphics
based text enhancements di
rectly on the screen. Text 
appears in all fonts, sizes, 
and styles that the Mac sup
ports. You can also have an 
unlimited number of docu
ments open at any one time. 
You can also read in Word
Perfect files from Apple II, 
Amiga, Atari . IBM, VAX , 

more than 200 macro 
command . 

Other benefits of Modern 
Jazz include the ability to ad
dres all available RAM and 
to share information with IBM 
PCs as it reads and writes Lo
tus 1-2-3, Symphony, Micro-
oft SYLK and ASCII files . 

Modem Jazz run on the 
Mac Plus, SE, or II . An 800K
byte floppy di k drive and a 
hard disk drive are 
recommended. 
Price: Symphony 2.0, $695; 
Modern Jazz. $395. 
Contact: Lotus Development 
Corp., 55 Cambridge Parkway , 
Cambridge, MA 02142 , 
(617) 577-8500. 
Inquiry 790. 

and Data General machines. 
Other features include a 

115,000-word spe ll ing 
checker, the ability to have 
up to 24 columns, automati 
text formatting and table-of
co ntents crea tion , and a 
macro capability . The ·au
rus and merge facilities are 
also standard WordPerfect 
features. 
Price: $395. 
Contact: WordPerfect 
Corp., 288 West Center St. , 
Orem, UT 84057, (80 I ) 
225-5000. 
InquJry 792. 

WYSIWYG 
Spreadsheet 

I nnovative oftware call 
Wingz the first WYSIWYG 

integrated preadsheet. It lets 
you generate numbers, text , 
charts, and graph . and lay 
them out on a page. 

The pread heet feature 
32,768 rows by 32,768 col
umns and offers over 180 
function for busines . scien
tific , financial, and general 
application . 

The program ha 21 chart 
types, a choice of256 colors 
from a palette of 16 million , 
and three-dimen ional rotation 
of images. You can pop up a 
graph by defining a block of 
numbers in the pread heel , 
and define !he area where you 
want to place the graph. You 
can mix graph types, add text 
with the word proces or. or 
use images you've scanned into 
the Mac . Innovative Software 
reports that Wingz has three 
time as many basic graph 
types as Excel. 

Wingz lets you u e an 
type fon t, tyle, or size in a sin
gle cell. You can have a 
many as 256 custom style 
sheets anac hed to any one 
spreadsheet. 

Wingz also ha its own 
programming language called 
Hypersheet that lets you 
create any number of new ap
plication a you need them. 
It offers an unlimited array of 
colors and type styles . 

The program read and 
write in WK , WKl, YLK, 
DlF. ASCII text , and 
SMART formats. 

To run Wingz, you need a 
Mac Plus, II, or SE. It makes 
full use of color displays on 
the Mac ll. Po tScript driver 
will be incorporated imo the 
final release of the program, 
cheduled for the second 

quarter of thi year, according 
to Innovative Software. 
Price: Between $395 and 
$495 . 
Contact: Innovative Software 
Inc ., 9875 Widmer Rd., Len
exa, KS 66215 , (913) 492
3800. 
lnquiry 791. 
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Perfect matches to DEC user needs. Hip. Hip. And Hooray. 

One-size-fits-al l is an attribute best reserved for inexpensive socks. In the 
realm of PC-based emulation and communications software for DEC mainframe 
users, it's important to match specific user needs with sp cific product attributes. 
We have. 

SmarTerm® 240 features exact four-co lor emulation of a DEC® VT24 l terminal. 
Along with delivering full-screen ReGIS& and Tektronix& 40I0/4014 graphics. 
SmarTerm 240 offers precise VT220. VTJ02,VT IOO, and VT52 text emu lation. 

For non-graphics applications. SmarTerm® 220 duplicates virtually every 
SmarTerm 240 text. commun ication . and ease-of-use feature.Three error-free file 
transfer protocols. including Kermit and Xmodem. are provided. Downloading 
minimizes on-line time requirements to boost overall system efficiency And an 
optional network package allows d irect LAN access to shared modems. printers. 
as well as host mainframes. 

As SmarTerm 240 and 220 focus on graphics and text. new SmartMOVE® makes 
PC-to-the-rest-of-the-World commun ications sharper than ever. Speed connect. 
auto redial. and background file transfer featu res make this VTI 00 emu lator a loud 
and clear cho ice for advanced communications requirements. 

Graph ics. text. and communications. 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 COMDEX/Atlanta~East Hall 352, 
visit your dealer, or phone us at 608 273-6000. persn;r· 

Circle 50 on Reader Service Card 



WHATS NEW 

S O FT WAR E • O T H E R 

Replacing 
COMMAND.COM 

C ommand Plus 2 .0 re
places the COMMA D

.COM in DOS 2.0 and high
er. The new version includes 
enhanced DIR, COPY, and 
DEL, a well a a block- truc
rured batch-processing lan
guage that has a Pascal-like 
syntax . 

Command Plu 2 .0 i com
patible with 3Com and ovell 
networks. It runs on the IBM 
PC. XT. AT, and compatibles 
with DOS 2 .0 or higher , two 
floppy di k drives , and SOK 
bytes of RAM . It also run on 
PS/2s. 
Price: $79.95 . 
Contact : ESP Software Sys
tems Inc. , 11965 Venice Blvd. , 
Suite 309, Los Angeles, CA 
90066 , (800) 992-4377; in 
California , (213) 390-7408. 
Inquiry 793. 

A Collage of Desk1op· 
Publlshlng Utilities 

I nner Media's four utilities , 
combined in one program 

called Collage, let you con
nect a variety of applications in 

Command Plus 2. 0 fea111res a block-srrnc111red language. 

a PC-based desktop-publish
ing environment. 

Snap is a memory-resident 
utility that can save screens to 
graphics or text fi les without 
leaving the application you are 
in . If you ave a screen to a 
graphic file , you can paste it 
in to documents. If you save it 
to a text file , you can view or 
edit the screen using most 
standard text editors. The Snap 
graphics format (PCX) i 
compatible wi th PC Paintbrush 
and Publisher 's Paintbrush . 

COMPUTERIZED DARKROOM FOR THE MAC 

S ilicon Beac h reports 
that Digital Dark.room 

i the first program that con
verts bit-mapped images to 
object-oriented graphics on 
the Mac, and the first in
stance of grny-scale bit maps 
being converted to objects 
on any personal computer . 

The program has image
enhancement features that 
let you adjust the brightness 
and contra t with lider con
trols. You can pas the 
image through filters that 
blur , sharpen , remove 
noi e, and enhance edges. 
You can bring in bit-mapped 
image from paint programs 
or scanners and use Auto
Trace to convert them into 
draw-based objects. The ob
jects you convert the images 
to. including Bezier curve 

infonnation , can be manipu
lated in draw programs. 

You can remap gray 
values to produce special ef
fects such as posterizing, 
equalizing, and inverting . 
You can get more precise ef
fects by manipulating gray 
vaJue within a graph or a di
alog box . 

Tools such as the Magic 
Wand let you select a region 
according to the gray value 
by pointing and clicking . 
You can use the scissors 
tools for clipping and delet
ing portions of active selec
tions . You can paste selec
tions in front of an existing 
image, blend with it, or 
paste behind it. 

Digital Darkroom im
ports and export file in 
PICT, PICT-2. TIFF, Mac-

You can al so use Snap with 
Window and GEM applica
tion . AutoCAD. Lotu 1-2-3. 
Framework, and other en
vironments . 

The Show utility di plays 
PCX files in color o you can 
view one or more graphics 
screens that you saved with 
Snap or other graphics 
programs. 

Smooth i a file-reading 
tool that scrolls text forward 
and backward . 

The MuJtiLine utility let 

paint , SuperPaint and 
Thunderscan fonnats. You 
can al o export in the EPS or 
Adobe Illu ·trator file for
mat. The program convert 
I-bit-deep black-and-white 
Paint files or multiple-bit 
gray-scale TIFF file s to 
7-bit gray-scale images. You 
can also print halftone on 
Post cript printers by speci
fying screen angles, re olu
tion , and creen patterns. 

The program runs on the 
Mac 512, Plus, SE, or Il . A 
Mac U is recommended for 
gray- cale viewing. 
Price : $295. 
Con tact: Silicon Beach 
Software, 9770 Carroll Cen
ter Rd ., Suite J, P.O. Box 
261430 , San Diego , CA 
92126, (619) 695-6956. 
Inqui ry 796. 

you select the number of line 
of text you want displayed . 
When usi ng an EGA or com
patible display adapter, you 
can choose from 16, 25 , 35, 
43, or 50 line per creen; 
using a VGA adapter or a PS/2 
·y rem . you can choose from 
16, 25, 36, 44, or 50 lines per 
screen . 

Collage run on the IBM 
PC , XT, AT, and compatible 
with at least 256K bytes of 
RAM, an EGA or VGA, and 
DOS 2.0 or higher. It also 
runs on PS/2s . Inner Media 
recommends 640K bytes of 
RAM and a hard disk drive . 
Price: $89. 95 . 
Contact: In.ner Media Inc . , 
60 Plain Rd . , Hollis, H 
03049 , (603) 465-3216. 
Inquiry 794 . 

See the Music 

As you play note on a 
MIDI keyboard, Coda's 

program Finale automaticaJly 
transcribes them to the screen 
or printer in standard nota
tion . Coda says that built-in 
transcription and notation in
telligence let you manipulate 
music data. You can play in 
any tempo, and the program 
use a proprietary " time tag
ging" method to print notes in 
the proper time ignarure and 
cleft. 

Finale hand les complex 
time ignature and binding of 
lyric syllables to notes , ac
cording to Coda . It also fea 
ture automatic placement of 
hyphens , knowledge of triplets 
and ruplets, reverse stem
ming, cross-staff stemming and 
beaming, angled beaming, 
and custom stemming and 
beaming. 

The program runs on the 
Mac and the IBM PC, XT, AT, 
and compatibles with at least 
I megabyte of RAM . 
Price: $795. 
Contact: Coda Mu ic Soft
ware , 1401 East 79th St., 
Bloomington, M 55420, 
(612) 854-1288. 
Inquiry 795. 
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Starter· Kit 
• two adapters 
• two-user 

version of • tcnnlnators 
LANtastic NOS 

AddltloualAdapter 



WHAT'S NEW 


REGIONAL SECTION 


PACIFIC COAST 

Liquid-Crystal Shutter 
Printer Offers Laser 
Quality 

Crysta!Print Series ll uses 
liquid-crystal-shutter 

technology to provide a reso
lution of 300 dots per inch 
while printing 6 pages per 
minute. The printer features 
Hewlen-Packard LaserJet 
Plus emulation and includes 
512K bytes of RAM (expand
able to 1.5 megabytes) . 

The printer is based on a 
Casio printer engine and uses 
fixed optics technology, 
which allows pixel sizes and 
light source/drum clearance 
to remain unifonn across the 
entire line. The organic 
photoconductor drum prints 
up to 10,000 pages and is 
replaceable . 

Other Crysta!Print Series 
II features are Bitstream fonts 

(up to 48 points in size), two 
font cartridge slots, a 100
sheet-capacity paper tray, and 
fonns-overlay capability for 
automatic fonns printing. 
Options include an upgrade 
that supports Hewlett-Pack
ard LaserJet Plus and Series lI 
emulation in addition to fonts 
and an additional megabyte of 
memory; and cartridge-based 
command and font emulations 
for the Diablo 630, Epson 
FX-85, HP 7475A, and IBM 
ProPrinter ll . 

The CrystalPrint Series ll 
measures 15~ by 13 lh by 9 
inches . 
Price: $1995; Hewlett-Pack
ard LaserJet Plus and Series II 
emulation, $499. 
Contact: Data Technology 
Corp., 2551 Walsh Ave. , Santa 
Clara, CA 95051, (408) 
727-8899. 
Inquiry 797. 

Two New R:base 
Versions 

Microrim 's R:base for 
DOS and R:base for 

OS/2 include Structured 
Query Language (SQL) com
mands and extensions based 
on IBM's DB2 system. Among 
the SQL Data Definition Lan 
guage (DDL) commands are 
Create Table, Create View, 
Select, Upd~te, De lete, In
sert, Declare, and Fetch. 
You can also perform Group 
By, Order By, and Distinct 
options, and Sum, Average, 
M1n1JDum. Maximum, and 
Count functions. 

Both new R:bases are writ
ten in C, but you can generate 
applications without pro
gramming via the Express Sys
tem. Developer's Express, a 
pseudocompiler, enables you 
to compress and encrypt 

code, so you can bypass the in
terpreter and run applications 
directly off the R:base engine . 

The programs provide 
password protection and Grant 
and Revoke commands that 
enable a LAN administrator to 
designate database access 
privileges. Support is now pro
vided for Lotus/Intel/Micro
soft Expanded Memory Speci
fication. Among the LA 
capabili ties are simultaneous 
database or table access with 
automatic locking and simulta
neous record and item access 
with concurrency control. 

R:base for DOS supports 
up to three users; also available 
are lhe Network Six. Pack, 
which supports six users, and 
the Network Unlimited ver
sion. which supports an un
limited number of u ers on a 
single LAN. 

continut'd 

ANEWWAYTO LOOK AT 

Wonder what the weather holds? Ask your computer. Witl1 PC Weather 
Pro, your IBM PC or compatible can have its own weatl1er monitor
ing system ... ready for viewing at the push of a button. 

Here's what you'U see: 
D Wind speed and direction D lnside and outside ternperature 
0 Barometric pressure D Wind chill factor 
0 Rainfall D Present conditions and daily record 

Look at these special features : 
0 Rf!'"d..I time clock D Programmable weather alarms 
D On board buzzer OO 

Circlt 481 on &adtr Strvke CanlOnly $575 
leclmology Marketing Inc. 
4000 Krnse Way Place 2-120 
Lake Oswego, OR 97035 
1-800-247-5712 
In Oregon 635-3966 
VISAIM0'AMEX Accepted 

1HE 



On Site S.rvlce 
Contract available. 

Basic System Features: 
:l02SO 16 bl! CPU. 512K RAM expandable to 
I MB. c lock/calendar with baltery backup, 195 
Nall power supply, Maxlsw1tch keyboard (10 1 
<ey optional), 1.2M8 floppy drive, floppy/hard 
l lsk controller, 80287 socket . 8 expansion 
; lots, AMI BIOS, full manual , 48 hour burn.In 
:estlng and a one year llml ted warranty. 

Complete System Packages 

Monoerapn1c1 Supef EGA 
SF-288 Sytltm SYtt•m 

8 MHl! $995 $1499 
10 MHz $1199 $1649 
10 MHz CO wsl $1349 $1799 
12 MHz (0 wsl $1499 $1950 
16 MHz 180386) $1950 $2450 

Monographlc System: 
Basic system feature11 plus mOOOQrapl1ics card 
Nith printer po11 and 1 2" amber monochrome 
nonltor wllh lllUswlvel base. 

Super EGA System: 
9asic System features plus EGA deluxe 
irapl11cs card (640 x 480 and 752 x 4 t Ol and 
\lllsubishl Diamond Scan Multlsync mon11or wi th 
:Ill/swivel base. 
0

0lr.r .11nte°r'~a/9 ~~ calllOTl'JllCtt$ 

SF-286·8 MHz 
Super VGA Special $1649 
3as1c System leatures plus: Everex EVGA 
Jra ph1cs board (6~ 0 x 480. up 10 256 colors) 
•nd M1tsub1sh1 Diamond Sc3n mull lsync 
iionllor w llh till /sw ive l. 

SF M. 1186 

Super EGA Bundle $599 
Everax EGA Dllluxe auloaw1lc:h graphics board. 
640 x 460 and 752" 410. 132 columns PLUS 
Mitaubisl'll Diamond Scan wilh tilUswrvel 

Super VGA Bundle $749 
Everex VGA Graphics board , 640 x480 and 800 x 
600. 132 columns PLUS Mitsubishi Diamond scan 
with 111!/swivel 

Monographlcs Bundle $1 39 
MCJnOllraphlcs boart1 with prlnrer Po11 PLUS 
Samsung ember monochronlll monil.or with 
Iii!/ swivel 

Hard Disk Drives 
Seagate ST225 20M8 
+ Controller $275 
Seeoate ST236 30MB 
+ Conlrolltlr $309 
Mlmscribe 3650 40MB 
+ Controller $399 
Seagate ST251 40MB 
+ Controller $499 
Seagate 4038 30MB <39 msl $499 
Miniscribe 3650 40 MB 161 ms> $359 
Seagate ST251 40M8 !40 m;l $449 
Mlcropolls 1335 71 MB (26 msl $865 
Seaoate 4096 BOMB !28 msl $899 

Everex Modems 
Everex Evercom half ca rd modem. 300/1200 baud, 
ully Heyes compa1101e and Si tcom soflware. 

Ex1ern al Pockel Modem $139 
Everex Evercom 

& .......
2400 baud modems 

Internal $179 Ex tern al $199 

Circle 476 on Readu Service Carri 

Spec I al 
Mini 110 $55 
Serial Mouse from $65 
l !50 Walt F'Qwer SupPly $55 
MOOO\jraphics board $79 
2MB EMS !)Oard w/OK $80 
3.5" 720K lloppy/l.4MB floppy $119 /$1 59 
EGA Oetuxe Gr11phlcs board $139 
Evercom 2400 Int. modem tor PSl 2 $199 
MemotY 1lOOtO tOt PS/2 $269 
Everex EVGA Graphics boart1 $299 

http:monil.or


WHAT'S NEW 

PACIFIC COAST 

The programs run on the 
IBM PC and compatible as 
well as the PS/2s. The single
user versions require DOS 2.0 
or higher and 512 K bytes of 
RAM; the LA versions re
quire DOS 3. l or higher and 
640K bytes of RAM. Each also 
requires a hard di k drive or 
two 3 1/i-i nch floppy disk 
drives. Both 5 1A- and3\li 
inch floppy disks are prov ided . 
Price: R:base for DOS. 
$725 ; etwork Six Pack , $995; 

etwork Unlimited. $2695 ; 
R:ba e for OS/2 . $895 . 
Contact: Microrim 3925 
159th Ave. NE . Redmond. WA 
98052 , (206) 885-2000. 
Inquiry 798. 

C-Zar for the CZ: 
Power to Make Music 

C -Zar is a music edito r 
and librarian fo r the Ca io 

CZ-101 and CZ-1000 key
board . It provides over 200 in

struments and sound effects. 
You can tune the keyboa rd' s 
six eight-step envelopes; 
pitch, tone , and loudness enve
lopes are color-coded and 
drawn in eight color in a 
1024- by 200-pixel are<i . You 
can display more than one. en
velope at once . 

T he program provides a 
Lime display that ·s calibrated 
from 4 milliseconds to !000 
seconds and is scaled logarith
mically. You can use the 
mouse to drag segments of an 
envelope around the sc reen . 
The program al o enables you 
to record sequences and auto
matical ly play them back . and 
maintain a library with up to 
6000 sounds . 

Other C-Zar features in
cl ude line copying and detun
ing, key transpose , key fol
low, pitch bend , vibrato, 
modulation , portamento, and 
waveform election . Eight pro
grammable tone mixes are 
provided in every bank of 

sounds. 
C-Zar runs on the Amiga 

with 5 l 2K bytes of RAM and a 
MIDI. A Casio CZ- 101 or 
CZ- 1000 keyboard i al o 
required . 
Price : $195 . 
Contact: Diemer Develop
ment, 12814 Land ale St. . Stu
dio City. CA 91604 , (8 18) 
762-0804. 
Inquiry 799. 

Neural Network Picks 
Up and Pigeonholes 
Patterns 

ARI ET is a version of 
1.he Adaptive Resonan e 

et work , a neural network 
that is designed for unsuper
vised recognition and cla si
fication of arbitrary patterns. 
When used with the A ZA 
Neurocomputing Coproces or 
System (which is required to 
run the program). it enable 
you 10 construct a self-pro

gramm ing system that can 
create and organize its ow n 
categories from patterns pre
sented to it. The program in
clude AR I for binary ignal 
and AR2 for analog signals. 

When ARI ET doe ·n 't 
recognize an input it either 
ignals you or creates a new 

category for it: it can learn a 
pauern from only one expo
ure . The program's tolerance 

of small variance i direc tly 
proportional to 1he pauem·s 
complexity . You can al o 
manually et the amount of 
error that will be tolerated . 

AR/ ET runs on lhc IBM 
PC AT and compatible· \ ith 
DOS 2. 1 or higher , 512K 
bytes of RAM, and an A ZA 

eurocomputing Copro
cessor Board. 
Price: $600 . 
Contact: Hecht- ielsen 
Neurocomputer Corp . . 5893 
Oberlin Dr. , San Diego, CA 
92121. (6 19) 546-8877 . 
Inquiry 800. 

"World's Largest se1ecdon of RS-422A Converters" 
RS.232C TO R5-422A 
CONVERTER 
Converter allows your • 
AS-232C equipment 10 · .. 
communicalewtth devices thal 
use the AS·422A standard inter
face. The AS-422A starldard uses 
balanced diHeren1ial signals, whichallows communica
tions to take place on cable lengths up 10 4, 000 feel .Ten 
receivers can be connected 10 any ooe driver for use in 
multi-drop systems. 

Converter uses male DB25P connector IOI RS-232C 
interlace: female DB25S connector for RS422A 
interface. The RS-232C Transmit Data is conve~ed lo 
RS-422A and the RS-422A Receive Dalais coovened 10 
RS-232C. No handshake lines are connected . Requires 
12 \'Olis DC at about 100 ma, an optlooal power supply 
is available. 
ModeU22CON RS.232C to R&-422.t. Convertt1 $49.95 

"BUY DIRECT FROM 
MANUFACTURER AND SAVE" 

NEW! 4 CHANNEL 
RS.232C TO RS-422A 

CONVERTER 
CompatJb/1 with the New 

RS-5311lnt1rflce StJndard 
Model 422CFC is a lou r channel version of our popular 
two channel 422CON. ConveM Transmit Data and 
Request-To-Send from RS..232C to RS-422A. Also 
convens Receive Data and Clear-To-Send from RS-422A 
10 RS-232C. The RS.232CcoonecLion is a male DB25P 
connector. The RS-422A coonection is a female DB25S 
connector which also conlorms to the new RS·530 
interlace standard. 

NEW/ 
RECEIVE ONLY 

R5-422 TO RS.232 
CONVERTER 

One channel RS-422A ToRS·232C Convertercan be used 
with receiveooly devices. such as prrnters lnpuls 
RS.422A signals on female DB25Sconnector.converts it 
10 AS-232C:oulputs it on the male DB25P connector. pin 
3. On the AS.232 connector, pin 4 is jumpered to pin 5. 
and pin 6 is jumpered to pins 8 and 20. 

C-Orwerter is self-powered from the RS·232C poll; 
requires thal pin 2 be lowand pin 4 or pm 20 be high to 
operate. 
Model 422CRS R5-422A To RS-232CConverter $24.95 

Also available is a reversed version of the coovener 
with a female DB25S RS-232C conneclor and a male 
DB25P RS-422A connector. 

Model 422PS PowtrSupptylorConvertt1 14.95 
Requires t2 Volts DC at about 100ma., an optiooal 

power supply is available. 
lloclll 422CFC 4Channel A&-422A Convtrtt1 $69.95 

Modtl 422CRSR RntrMd Convtrttr $24.95 
Also available is a version of the RS·422A Conve~er 

with alemale DB25S connectolfor lhe AS.232C in terface, 
and amale DB25P connectorforthe RS-422A interface. 
llodel422COR Rntrted Converttr $49.95 
RS-422A TO CURRENT 
LOOP CONVERTER 
Model422CL isa bi-di rect· 
ional. optically isolaled 
RS-422A to Current Loop Con .,_ 
vener. One channel accepts - ~ 
AS-422Adata and outputs current loop;one 
channel accepts current loopdala and outputs RS-422A. 

The converter uses a male DB25P connector tor 1he 
currenl loop intertace and alemale DB25S connector for 
the RS-422A interlace.The unit requires 12 Volts DC at 
about tOOma .An optionalpower supply Model 422PS is 
available to power the RS-422A side or the isolators. 
Model422Cl R&-422 toCun91ltloop S44.95 
Modtl 422PS P- Supply forConvtrttl 14.95 

llodll 422PS PowtrSupplyforConverter 14.95 

NEW! 8 CHANNEL 
RS.232 TO R5-422 

CONVERTER 
Compatlb/1 with t/N Naw 
RS-530lnt1rt.c. St.ndard 

Converter supports Eight Channels of RS232C to 
RS-422A conversion; converts TD(2). RD(3). RTS(4). 
CTS(Sl,DSR(6),CD(8l~DTR(20), ancfTC(24l signals.The 
RS.232C poll 1sa OCt interface (pin 2(T0l is an input) 
using afemale DB25S coonec1or.The RS-422A poll isa 
DTE 1n1ertace (pins2 and 14 (TOA&B) are outputs) using 
a male DB25P connector that follows the new RS-530 
inlerface slandard. 

This Eight Channel Cooverter will opera1e at any voltage 
from 10 lo 30 volts DC. draws al>Oul tOOma . Optional 12 
Volt DC power supply available. 
llodtl422CEC SChtnntl R$-42:2AConwertt1 $99.95 
llodtl422PS Optional t2YoltOC PowtrSupply 14.95 

"SAME DAY SHIPMENT 
DIRECT FROM THE MANUFACTURER, 

8&8 ELECTRON/CS" 

"MONEY·BACK 
GUARANTEE" 
'One Year WatTanty 
For All Products" 
WRITE OR CALl FOR 
FREE COMPREHENSIVE 
RS-232C 1n1ertace ar.a MonltoMg 
Equ1pmen1 CATALOG 

·· lrom 038 Elec1ronlcs 

8&8 !!!~~!:~!!!~! 
15240 Boyce Memorial Drive 
PO. Box 1040 • Ottawa. IL 61350 
(815) 434-0846 
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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 not just 
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 JOURNAL 
award for excellence in program design). We believe the end-user comes first and instead of 
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 just: 

Also avai lable from RIX: $99.00 
ORDER NOW!EGA SCREEN ENHANCER 

in CA · (800) 233-5983 out CA (800) 345-9059This easy to instalJ device enable 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 MacArthur Bl. Suite 375. Irvi ne, CA 927 15 
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S U R A H a computer wmpany ...Where Quality Counts . . • S U R A H 

WHOLESALE outlet direc t from factory LOCATED m the S1/1con Valley SERVES thousands of Sat1sded Customers 

the 386 orignafe ' 
16 MHz - 32 Bits - 80386CPU 

1MD RAM on 2Mb board,. uP11..,.ble up 10 t lMb 
l.2M b Floopy wUh Floooylll.,,, dl .. Comrollo< 

2 S.flal 6. 1 P1r1H11 Por11 on Mot..., &oard 
EOA 1d1plef buUMn on Syatem Board. Suppons 

VOA 6"0'<'80 Gropt,lcs. 
CO.A. MO.l & Htrcuttl 6mullll0tl 

Slandard M Krp AT Soyle Keyboord 

s2199 


SURAH 
IBM XT Comptllbl• 

4.77/10 MHz - 8 Bits - 8088CPU 
256K RAM on MOK Mother Board 

One 360K Floppy Drive with Conlroller 
Baby AT Case with Loek & LEDs 

Standard 8" Keys AT Style Keyboard 

S360 
Full SojiH."are Compatibility 

RUN any. DalaBase, CAD, Accounllng. Desktop 
PuDlosn1ng, w ore Processing, Spreao Sneet, Net 
Working and other Similar PrOQrammes 

--- ·
P/s2 Model 50 
w1lh 20Mb Hard Drive $2690 
p ,,J M<••. 1<•130 - 2F l u ~µ , D,, ·n··, S1270 

P ~12 M ~ ,d 1 · 1 JQ --- 20 M1 1 H.ir. 1 0r •·.1 • $ 1721 

P ·.2 M '" h•l 60 44M b Haril[) r,.r. S3890 

C~t. 11 ! o r u 11 1er MODE LS.'l.;p~ r a dt· op l HHl'. 

Chicany· 
Keyboard XT/AT 
with a CLICK 

101 KEYS ENHANCED 
Model KBS 161 

$78 

Oth6 F11mous Brand 


PRINTERS. MONITORS. PERIPHERALS 

ADO-ON CARDS 11nd SOFTWARE 


also avauable 


DEALERS-OEM-GOVERNMENT 

SCHOOLS · UNIVERSITIES & 


EXPORT 
INOUIR IES WELCOME 

llJJ ,.,~ "~ .1.$1.........,.. loolil't..wpd t~ ,..,,.. ~ Sl 

lllG$ lvtllf • .tr • t~I0 1t~•fl '""""""'~flAIUS 
..at lCJ l l L SUPP\.l(..S LAST lrt:I afll ~·C....,. • -.r:1 ~ 
JIUWC, Jrlll! l\AJ frilC. 11C11 --...i IQ) Siat lo ~ .....,. NOi 

~-l'/000f--trl'Ol'1 

286AT 
IBM AT Compat ible 

6/10 MHz - 16 Bits - 80286CPU 
512K RAM on 1024K Mother Board 
1.2Mb Floppy Drive with Controller 

TURBO &, RESET Push Button• 
CLICK AT Style Keyboard 

sa42 
618/10112 MHz 

SYSTEMS also AVAILABLE 

OTttBI OPTDtS: ADO 

6/12Mltl ATSyslJnins1!00~6/ 10 MHz S 25 
6/8/10/1 2 MH2(4$plld)ATS~ l/S6/\0 MHz S 56 
<OMblllnl DM! (ST225) lnslala1ion XT 65ms S2ll.'5 
2DMb ltlnl DM(ST225)instllalionAT65ms .. S250 

Ovlb ltlnl CJ1ve(ST451) instllllbiAT 4Cffli $475 
384KRAM UWade l'.l lWOK RAM 150ns . $ 66 
51 2K RAM Upt;µde kl 1024J< RAM I:!()is . S 85 
1.2Mbadcl&ml ~()Ne . . S 95 
:B!Ka!Xitknll~ [)Ml ' s 70 
101~ATS¥e&nnml~ S 29 
IN/OUTl'UT Cini M~ FC.CC,SP. PP.GP $ fi1 
M~<:aro + 12·· T&S Mero MOlfTORAM/GR . S135 
~card + 14" RG8 Cda' MONITOR . . . .. $296 

Plllf1BI 'fWI CIW!b' U1N U1N Pikes ' ' CALl 
Various Style Cases Ava ilable 

Front Panels May Ditter In Some Cases 

FULL 
• WARRANTY 


-ASF
"_/)1P111ti1111 

286 Premium 
Model 80 $1425 
286 Pr.:n " ""' Mu<lc ' 80 • 40 MhH D SCALL 
386 P rr·rr ,, ,m 20MH1 $CALL 

C..J ll r •.11 o lf1er M00(L S· uPf]f.=tr1 (• Of1 1i on ~ 
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TCS 8000 

3 MHZ, 0 WAIT - STATE 


? 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 4/JO on Reader Service Card 

<> .. ': .. t?\\ TATUNG ~08-435-0~40 . , 

., - ;: ' .. -~ .. ;: __ ._ . t ~ s I " I 180 CHARCOT AV E SAN JOSE CA 95 131 

TATUNG SCIENCE & TECHNOLOGY INC. 
0 
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ALTEC ZIP-386 

$2,265 
• Intel 80386 mocrDll!OU$SO< 
• IM high soero menlO<y install~ 
• Expandable to 10 MB 
• Ptooen" 386 BIOS o< Award 386 BIOS 
• 4 st>«d (4 77/618/16 MHz) 
• 200W powe< supply 
• Case wttn re-set DuUon 
• Enhanced keyboatd 
• Hard d1sk/lio91ly disk conuolle< card 
• L2 M l io!>PY OlSk onve 
• MonoclYOl\11!/Gr•P"ICS 

ca10 w11n prlnte< por1 
' HI-RES Monoclllome Mon11or 
' Use<'S ma,...al 
• 1 year warrar\ly 

ALTEC-286 Enhanced System 

$1,135 
• Intel 80286· I 0 mic10D<oc<sse< 
• tMRAM 
• Oual speed 6110 MHz 
• 200WPoWe<SUlllll'i 
• Ar style case 
• Enhaneed keyboa1d 
• Hard d1sk/lio!>PY disk controllei caro 
· I 2M llo!>Oy disk drove 
· Monoclvom1!/G1Jpl11CS 

cru d w1 1r. pr1n1~ pewt 
' Hf. RES Mon0Cl1I0111e 1tor 
• Usef smanual 
• I ye.a1 wanarUy 

ALTEC-286Jr System 

$1,095 
• fnte180286· 10 mlct OD<OC:t$SOI 
' IM RAM 
• 200W gowe<suppiy 
• AT • style case 
• AT style keyboard 
• Hard dosk/flopgy disk contronoo 

card 
· I 2M flow/ disk dnve 
• Monoclvome/GraplHCS 

card with or01 tor pan 
• HI-RES Mooocnrome Motlll o< 
• U~s m>lll.l~l 
• I y..r wananry 

ALTEC-XT Turbo System 

$ 575 
• 8088· I microprocessor 
• 07/ 10 MHz 
• 640K RAM 
' t SOWpowMS<.Wfy 
• AT styie kevboa1d 
• Mulll l/O card 
• 360K llol>ov disk dr"'m.- • MOMCIVQm6IGraplllC$ 


card w11h D!llllel DO<I
lllllllllllllllllllll • HI-RES MOOOCll<nme Mon1 t01 
• Usefs ma,...al 
• I year wanantv 

....... _..__ 

_. smooo 111111111~ --  A ALTEC Technology Corporationl~S 51000CI 

111-l~llolllll - 11.MCIGIJll'llll 111mGllP"1 ·-·.....*_,__ 5751 Rickenbacker Road, Los Angeles, CA 90040 
•»ll i.t• 51115DD13M ' 2'll 141' Gii IXll 

Tel: 1·213-888·9100 .....--_....·Ar1&1--1172G 3 • .....,...__ ·-·-112000 - Order Desk: 1·800·255-9971,.. ,n~..., *"' 111~00 

Converting Data 
isn't impractical 
anymore••• 
Universal 
Stand-Alone Dual Drive System 

Now anyo ne can move Important data and costly software 
from 5 1/• " IBM·PC fo rmat to 3 1h " P / 2 form at wilhoul any 

hard ware connection . 

You don ' t have to wire anyth ing. program anything or understand 
anyth ing abou t either l yp or compu ter . Just in ta ll yo ur 5'1• " d al a 
disk ette and a bl ank 3 1h " disketle in t he Copi • Riter and press two 
but ton . l l' ' tha t ea yl 

The Copi · Riter ca n a lso collect data from non·IBM system s wilh RS·232C 
or Parallel In t rface and sa ell In IBM ompalib le fo rm a t. Writ , o r phone 
MECA today fo r speci fi ca tions on t he Copi •Riter and our other ver a t i le 
storag devlc 

=== == =~== ------ . ... ==== ·= ·== 
56677 Sunset Ave.. NBU 841 9 

Yucca Va lley . CA 92284 
(61 9) 365· 7686 
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Now You Have A Friend 

In The Computer Business 


Authorized Autocad and Novell Dealer 
5 Good Reasons To Buy 

AST PREMIUM 286/ 386 
WYSE 286 System 

LAPTOP SPECIALS 
Sl2K RAM, 1.2 Floppy,ZENITH 181/183-20 40 MR fust HD, 512K R M, 1.2 fl ppy, 40MB HDhi-r<-s mono card , 
mono monimr, DO~ 

$1579 I $2395 fu II monochrome sysrem 
3.2, GW Basic 

ZENITH s2 179FLAT SCREEN $2195 
lN S10CK!Call fo r allMONIIDR WYSE 386/ WYSE TerminalsAST produc1s1 

CALL 

LEADING OGE COMPUTERS ACER 710 / 910 SYSfEMS 

(Formerly Multilech) 
512K memory. 20 MB1DSH1BA 1000 $795 ll D, 6/ 10 0 wait stale 
full mono sys1cmlDSHIBA 1200 $2395 

1DSH1BA 3100/ 20 $3099 
IN STOCK!1DSHIBA 5100 CALL Model D Hard Disk Full Mono Sysrem 

Call for Best Price
$1095NEC Multispeed EL $1595 

Acer 386 machineAulhorized Leadi ng Edge DealerNEC Multispeed 20MG $2435 

386 Model 
In Stock 

We carry a full line of HP, IBM, lntel, Diconix products at best prices in town. 

SOF'IWARE SPECIAL 	 AUTI-IORIZED DEALER FOR l'omputown-Mountain Vie \\ 
\Verd p rfe<:I .. . . .. .. .. • .. '194 '-••t• II \1 '.\ ,,. 2455 1Old M1ddlcficld \ y
M1crosol! Word . .. . 209 Epson Compuler> & Prim rs Mouniain View , CA 940ol3 
Lo!Us .. JO \ r Canon 
c:.iu rur Jn) •,ufrn.i~-Jd 1~' in 14 hnun! 	 Samsung Universal Dala Systems (415) 962-TOWN 

Zenilh 11 \\I'PRINTER SPECIAL 	 (415) 962-8696Toshiba Ash1011 Tale
Er»<m LXSOO .. ..•.............. . ....... • 189 
 Wy5'! Computers raradox (Ansa Sol1wareJ
Ep><m EXS00/1000 .... ............... 389/ 499 


AT&T ~h• r· ·"*• 1lEp«>o LQS00/ 1000 ... .......... .. .... 369 / 499 

Epson LQ2500 •...•• , .. • , , • .. . •.•. .. .. ... 899 
 Autoc:id Ventura 

Epson U18S(l/1050 .... .... • ..•.. ... . .. 499/ 699 lort11'\!•I rlt·11H1 1111 Itri Aldus (Page laker) C'omputown-San Fr a ncisco 
EC 1'611'712200 . . . . •.•..•. ••.. ... 414/ 6151379 Leading Ed e i60 Morkc1StrPCt , Suile 219 

To hiba P3215l./ 1'3SISL •.• . .••.••..... I S'TDCK (Phelan Buil<ling)Computown Plca\anl I Jill
HP U...:t )er Scrioo 2 ...... . .•.. . •.•.•..•CALL 	 San Francisco. CA 94102
1527 COntra CoSb Blvd . 
ASD TurbolJur PI S . . ....... . .... ....... . 3099 
 l'k-=ni H ill, 94523
NEC 890 wirh PIS ..... . ................. 3195 	 (415) 956-TOWN 

......._..__,...,_<._ ..............~....,..,,..........-	 (415) 682.:rDWN 
 (415) 956-8696 
c.1 ... -.. ......"•·-	 (415) 682-8696 

FAX (415) 989-TO~ 
£We Sell, Deliver, Install, Service, & Train You 

~ 1nJr.ur\ d "h111t. ~-- 'w....'\u.. c.' 
lll\\1 • • ~,~ .,~......i,_..... ......1"orn.bc.. 
-...-~I~ ~~4' ......_,-  iLM
c_~,.•1••~1!11c......,... 


l:.pi;>l!I • I~ n.JJr-1 d l.p.A A~ Jfk. 


o\'ll _.-. _...'--  CDMPUTDWN 
o\Drr°"~~~-~ ..---~ 
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on these new computer books and software from McGraw-Hill 
CALL TOLL·FREE 1 ·800·2· MCGRAW 


INTRODUCING PC-DOS AND MS-DOS 

By T. Sheldon. 374 pp. , illus., softbound Find out about 

the free advanced capabilities of DOS and how to use 

them . ··wonderfully enlightening .. . we ll-wrillen ... my pick 

for technical book of the year."-Online Review 056559-7. 

Regular Price : $18.95. Your Price: $16.10. 


INTRODUCING UNIX , .. SYSTEM V 

By A. Morgan & H. McGilton. 480 pp., illus ., softbound 

Guides you step by step through the facilities , commands, 

utilities, and applications of System V, AT&Ts new version 

of the UNIX operating system. 043152-3 . Regular Price: 

$19.95. Your Price: $16.95. 


UNIX ,,. UTILITIES: 

A Programmer's Guide 

By R. S. Tare. 640 pp. , illus., softbound Save time and 
effort with popular UNIX utilities! Helps you write efficient. 
bug-free programs and significantly reduce turnaround 
time. 062884-X. Regular Price : $24.95. Your Price : $21.20. 

HOW TO BE A SUCCESSFUL 
COMPUTER CONSULTANT 
By A. R. Simon. 256 pp., illus., sotrbound Everything you 
have to know to set up and run your own computer consul· 
tant (or software development) business, full· or part-time. 
No business experience required! 057296-8. Regular Price : 
$18.50. Your Price: $15.70. 

dBASE DEMYSTIFIED: dBase 11/111/111 
Plus ,,. Applications and Solutions to Real 
Problems 
By L. Barnes. 288 pp., 120 illus., softbound Covers the 
full range of dBase features and shows how to apply the 
various releases of dBase to real-world problems. 
003844-9. Regu lar Price : $19.95. Your Price : $16.95. 

BUILDING YOUR FIRST EXPERT 
SYSTEM 
By T. Nagy, 0 . Gault, &M. Nagy. 293 pp., book/disk (IBM 
PC and compatibles) How to easily create your own 
working expert system. A book/disk combination ideal for 
beginning programmers. 912673-1 . Regular Price : $19.95. 
Your Price: $16.95. 

GETTING THE MOST OUT OF YOUR 
EPSON PRINTER 
By D. A. Kater & A. L. Kater. 224 pp.. 170 illus., 
softbound The A to Z of the popular Epson printer and 
how to make maximum use of it. Covers the full line. 
033385-8. Regular Price : $19 .95. Your Price : $16.95. 
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dBASE Ill PLUS IM TRAIL GUIDE 
By H. Dickier. 350 pp. , book/disk (IBM PC and compati
bles) Follow this step-by-step trail and learn dBase Ill 
Plus in one week' With valuable programs you can modify 
and use over and over again. 912709·6. Regular Price: 
$29.95. Your Price: $25.45. 

A COMPREHENSIVE GUIDE TO Al AND 
EXPERT SYSTEMS 
By R. I. Levine, D. E. Orang , & B. Edelson. 256 pp., 99 
illus., softbound All about artificial intelligence and how to 
utilize it on your personal computer. Gives you everything 
from basic concepts to sophisticated programming tech
niques. 037470-8. Regular Price : $19.95. Your Price; 
$16.95. 

MICRO-EXPERT 
By B. Thompson & W. Thompson. 74 pp., book/disk 
Become an instant expert with the world's most widely 
used expert system shell. Includes its own source code so 
you can tailor it to meet your needs. "Highly recom
mended. "-Online Today IBM PC (and compatibles): 
852109-2. Apple II (all models): 852110·6. Apple Macintosh : 
852138·6 . Regular Price (all versions) : $49.95. 

Your Price : $42.45. 


For fast service call TOLL-FREE 
1-800-2-MCGRAW or use coupon below. 15-day 
examination period. 

,---------------------, 

.,.4~ ~ • iii.I McGraw-Hill Book Company
• • M • P.O. Box 400, Hightstown, NJ 08520 

Please send me-at 15% of1 the regular price-the prod· 
ucts whose code numbers (the number before the regular 
price in above blurb) I have checked below. I understand I 
have 15 days for lree examination before I send payment lor 
those products I want to keep (plus postage. handling. and 
local tax) and relurn any unwanted products postpaid. 

D 056559·7 $16.10 n 003844-9 $16.95 rl 037470·8 $16.95 
o 043152.3 s16.ss n 912513-1 $16.95 11 052109-2 $42.45 
D 062884-X$21 .20 n 033385·8 $16.95 D 852110-6 $42.45 
[] 057296-8 $15.70 D 912709-6 $25.45 D 852138·6 $42.45 

Name 

Address -------------- 
City _______ State ___ Zip ___ 

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



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

I 

EQUITY II PLUS 

EQUITY I+ 
• 360K FloPP't 
• 20 Me\) Hard Disk 
• 640K Ram 
• Serial/Parallel Port 
• Monochrome Card 
• Monochrome Monitor 
• MS DOS 
• r;w Basic 

LEADING EDGE. A 
MODEL "D"™ 

• 1.2 Meg Floppy 
• 40 Meo Hard Disk 
• 640K Ram 
• Seria.VParallel/GIC 
• 80286 CPU 
• Monochrome Monl1or 
• Graphic Card 
• MS DOS 
• bW Basic 

In onltf 10 pnMdl lhl "" ltrvlet. 
EPSON £0UITY Is 
m:klalwly aotd Oft loctllon. 

S1295 

EQUITY Ill+ 
• 80286 CPU &-8 iO MHz 
• 1-2 MEG flopPy 
• 30 MEG Hard Disk 
• DOS 12 Mono Monitor 

&Gtaphic Card 

S2595 

ALL Configurations In Stock! 
NEW IMS Bernoulli Dual Speed 


MOOEL " D" IS A REGISTERED TRADEMARK 

OF LEADING EDGE PRODUCTS. INC. 


Alllllorized Dealer service Center 


romPAa 

Desk Pro 20 meg. ................ .1495 
266 30 meg .. . . . . . . . . . . . . . . . . . . . 2875 
366 40 meg ................ . .. .. 4335 
366 60 meg/20 MHz ...... .. ....... 5650 
Portable Ill 40 meg/20 MHz . . . . . .. . 5450 

CARD & MONITOR EXTRA 

----- · 
PS/2 model 30120 meg .......... 1695 

PS/2 model 50/20 meg . . ....... 2695 

PS/2 model 60/40 meg ......... .3495 

PS/2 model 60!71 meg .......... 3995 

PS/2 model 80/40 meg . . ... ... .. 5100 


MONITOR EXTRA 


LAP-TOP 
 l 
Toshiba 3100-20 ............ . .... Call 

Toshiba 1000 . . ....... . . . ... . .... Call 

NEC Multispeed ........•...... .1395 

NEC Multispeed EL . ............. 1650 


CITIZEN lDSHIBA PRINCETON GRAPHICS AMDEK PC MOUSE IRWIN & ARCHIVEWE STOCK OKIDATA NEC SONY HAYES MICROSOFT MICE TAPE BACK 

HARD DISK 

Seagate 20 meg ..... . ............ 305 

Seagate 30 meg . ................. 365 

Seagate 4038 ...... ... . . .. ..... . . . 495 

Seagate 251 ... ... . . . ........... . . 465 


SOFTWARE 

Microsoft Word . . .. . .. . ... . .... .239 

Word Perfect 4.2 ................ 215 

Lotus 1-2-3 ............... . .... .325 

dBase Ill + . .. . . . ..... .. . .... 385 

Microsoft Works ... . . .. . .. .... . . . 135 


AND MANY, MANY MOREi 

~ 

NOVELL 

Authorized Dealer 


Netware 


AST 

.AST 286 model 80 .......... 1495 
AST 286 model 120 ...... ... 2350 
AST 286 model 140 . . . ... ... 2650 

CARO & MONITOR EXTRA 

-

EPSON~ 

PRINTERS 

Epson FX86E ......... . . . 305 
Epson 286E .......... . .. 435 
Epson EX800 ............ 425 
Epson EX1000 .. .. . . . ... .460 
Epson LX800 . . . .... .. ... 210 
Epson L0500 .... .. ... ... 335 
G03500 ... . ... . . . ... . .. 1295 
Epson L0850 ....... .. .. .525 
Epson LQ1050 .... ..... .. 675 
HP LASER II ............ 1699 

[ 

WE ACCEPT LC, CASHIER CHECKS, MONEY ORDERS, VISA, MC, AmEx 
30/o charge on VISA, MC & American Express 

COMPUTER LANE 

22107 ROSCOE BLVD.HOURS: 

CANOGA PARKM-S 10-6 (818) 884-8644 
 1h BLOCK W. OF lOPANGA 
CA 91304 


CORPORATE ACCOUNTS WELCOME Compaq is a Registered Trademark or Compaq 
C'..ALL FOR VOLUME DISCOUNTS Prices subject to change without notice IBM is a Registered Trademark ol lntemational Business Machines 
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A UNIQUE WAY TO UPGRADE YOUR COMPUTER 
Without Changing Your DOS .. ! 

ASTRO EXT-3.50" Internal and External drives just plug into your 
computer. AIJows you transfer and access data files between 5.25" Desk 
Top computers and 3.50" Lap-tops, IBM PS/2s. Format , read and write 
720Kb, I.44Mb and all HP150 formats. Fully com patible with Sperry 

(UNISYS) computers. AJI external drives come with self-power su pply. 

ASTRO EXT-140LT 5.25" 360Kb External floppy drive fully compat
ible with the TANDY 1400LT computer. 

ASTRO EXT-TOS31 & EXT-31 OLT-12 are External drives allows your 
Toshiba 3100/5100 read, write 3.50" 720Kb/l.44Mb and 5.25" 360Kb/ 
1.2Mb formals. Available 5.25" 360K for Toshiba 1000, 1100 +, 1200... 

IBM PS/2 models 50/60/80, our ASTRO drives allows you to choose 
from 5.25" 360Kb/1.2Mb or 360Kb External drives and our drives will 
NOT take an 1/0 expansion slot. 
Second or third 5.25" 360Kb external drive for PS/2 models 25 and 30 
computers have one or two floppy diskette drives. 

Contact your dealer or call us for more informations: 

• • Phone: (408) 727-5599/727-7626 - Fax: (408) 727-8149 
AST RO SYSTEMS, I NC. 807 Aldo Avenue #106- Santa Clara , CA 95054 (USA) 

--n===~ 

Important TIPS* for BYTE Subscribers: 

Receive Product Information 10 Days Earlier! 


IDENTIFICATION CARD 

John Sample 

785432189 

All you need is a touch-tone telephone and your subscriber 1.D. number. 

See instructions facing the Reader Service Index in the back 


of this issue for outrageous time-saving opportunities1 


*BYTE's Telephone Inquiry Processing Service 
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Manufacturer Represeruath'es: 
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Placentia. CA 92670 
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Microfuture 

Fremonr, CA 94538 

Tel: (415) 657-0264 


To order call 

1-Soo-635·3355 
for technical information H203)-87t-6170 

TBLEX: 643331 fAx.(203)872-2204 
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4 Park Street ~~~~ 
Vernon, CT 06066 ~

• tlo;Ciit'kn:fna 
• 1• a:tlllrolbK'.tmm 
• DncdyOlWD~ ftimgr 

~"'°'~ """""""' • AIMw'mra._.~ 
<ontl't*d ~<edir....,. 

APRJL 1988 • BYTE 88PC-13 

,,..____ .. 

CGIWW\ M-

http:OEM-286-$620.00
http:GTI80-5395.00


Those fantastic Byte covers- and boy, 
do they look great on this stylish, ¥4 sleeve 
T-shirt from Robert nnney Graphics! 

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! 

You 'll also appreciate the shirt itself: 

'
·~·• 
' "' a heavyweight cotton/polyester blend 

( ... which combines tough washability with 
' 

the cool , soft comfort of cotton. Each Human o· . . imensions ' Byte T-shirt is priced at only $12.50 
v· --··-----~.._ #T7 ($11 .50 eachfor3 or more) . Be sure to 

------ ---- !i' include shirt size : C-(child 10-12), S
TWONEW f (34-36) , M-(38-40), L- (42-44), and 

DESIGNS! / XL- (46-48) . Most orders shipped 
/ within a week. 

# T2- Sortware Piracy #T4- Futura Past 

# Tt -Computer Engineering #T3- lnside ISM #TS- Breakthrough 

r-----------------------------~Send the following T-shirtS(s) at $12.50 each, or $11 .50 each for 3 or D --• I 
more. 1 have Included $2 for shipping & handling ($5 overseas). I have e"':''osed U.S. check or money order. mall this coupon to:
I D C.O.D. (via UPS- stateside orders only) Robert Tinney I


I D VISA D MasterCard O American Express Graphics

I Card II : 1864 North Pamela Dr. I 


Baton Rouge, Louisiana I
I Expires: ___Signature: 70815 I 

Ship my shirt(•) to: For VISA, MasterCard or II American Express orders. I 

iii 
IName: or for more infonnetlon 

I (Business): Call 1-504-2n-7266 I 
Address: 

I City: ~~ I 
I State: 1p· ,- I 

L----------------------------~~ 
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LaserJet font Nirvana. 

Or your $99.95 back. 


Witness a LaserJet miracle. 
Glyphix generates a dazzling variety of 

downloadable fonts from a set of four flexible 
typeface outlines. 

Working with your PC, Glyphix makes 
creating a font as simple as picking an effect 
from a menu. Select sizes from 6 to 60 point. 
Choose from 14 different weights. Portrait or 
landscape. Condensed. Expanded. Slanted. 
Patterned. Shaded. The possibilities? Mil
lions of them. 

Microsoft Word , WordPerfect. 
Glyphix and our font managers: 
a match made in heaven . 

Let our font managers free you from the 
Purgatory of using fonts with Microsoft 
Word• and WordPerfect• . Sorting through 
PRO files and printer drivers is a thing of 
the past. 

Our managers build fonts right into Word 
and WordPerfect, giving you the freedom to 
change font as often as you like. Best of all , 
!he font managers use Glyphix to create and 
download your fonts automatically, liberating 
megabytes of disk space from font storage. 
With a Glyphix font set and a font manager, 
you have an army of fonts at your fingertips. 

If you're using Aldus Pagemaker® or Ven 
tura Publisher'8l, you're ready to use Glyphix. 
(Any package that can read HP soft fonts 
can manage Glyphix fonts.) 

IX 


~Swfte 

Software with capability. And credibility. 

Circle 479 on R.ader SeTl'ice Cant 

Bitstream 

FONTS TO 60 POINT 

FONT SCALING YES NO 

DEGREES OF BOLD 2 2 

PATTERNED FONTS NO NO 

300 x 300 DOT QUALITY YES 

TIME TO CREATE 30 POINT FONT 1:34 

PRICE 

GLYPHIX 

HP 


Let the Glyphix Basics lead you through the pearly gates. 
The Basics is a collection of four Chancelor is a decorative lace 

typeface outlines, each representing that reflects a cursive handwritten 
one of the major lettering styles. look. And rounding out the family 
Roman, our version of Times is Rockland, a versatile square serif 
Roman® is a classical serif face that font that commands attenlion in 
has bec~me a standard for body headline and body copy. 
copy. Helvette, our version of The Glyphix Basics. The Glyphix 
Helvetica• . is a modern sans serif Font Managers. Products that give 
lace designed for presentations and your documents a look of celestial 
headlines. beauty. Order yours today. 

r---------------------- 
Take me to Heaven! I 

I 
ID Send me the Glyphix Glyphix Basics:Basics for $99.95. I 

D Send me your MS Word Roman 
Font Manager for $79.95. 


D Send me your WordPerfect 
 HeIvette 
Manager for $79.95. Cfumafor

D Send me a catalog of all 

the Glyph ix type 
 Rockland
collections. 

Name-------- Telephone _ _______
Address ___________________ ro 

City ----------- State Zip --- ~ 

ORDER TOLL FREE: ~ 
(800) 237-9383 

IN DELAWARE CALL (302) 733-0956 

Include $5.00 shipping and handling_for one item . $2.50 each additional 
item. Mail orders to SWFTE International, Box 5773, W1lm1ngton, DE 19808. 
Money back guarantee is extended for 30 days from the date of sale. 
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Plug-In To Our Network And 

Receive AFree Issue Of... 


II you're responsible for the use, planning, design and implementation 
of information networks ... YOU should be connected to this magazine. 

DATA COMMUNICATIONS is devoted 100% to reporiing and exploring 
developments in digital communications. And it publishes more than 
half of all networking inforn1ation printed in the USA! 

In it you vvill find practical ideas to help you enhance productivity in 
your own environment. build more efficient systems. cut costs and 
avoid mistakes. 

Each issue examines methodologies of computer applications ... system 
design and optimization ... message switching... integrated voice data 
and video ... diagnostics, error detection and testing ... digitized voice 
... common carrier faciliti es... software and network design ... and more. 

But don't just ta ke our word for it. Let us send you a free issue to read 
and evaluate. Simply complete and mail the postage-paid card adjacent 
to this page. We'll send you a copy of the current issue. along with our 
invoice for the term you select. If you like what you read. send us your 
payment. If not, just write "cancel" on the bi ll, return it. owe nothing 
and keep the free issue with our compliments. 

So plug-in to our network now... and see for yourself why 
DATA COMMUNICATIONS is recognized as the world's leading 
networking magazine. 
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SHORT TAKES 

BYTE editors offer hands-on views ofnew products 

Low-Cost Sharp Laptop Sprouts 
a Hard Disk 

As goes the desktop, shortly follows the laptop. Hard disk 
drives, now de rigueur on desktop personal computers, 

are rapidly becoming required equipment on laptops. The 
new Sharp PC-4521 is evidence of this trend. 

This new system is currently the high end of Sharp's low
priced crop of IBM-compatible laptops . The system is almost 
identical to Sharp's dual-floppy-disk-drive system, the PC
4502, but with a 20-megabyte hard disk drive in place of one 
of the older system's 720K-byte 31h-inch floppy disk drives . 
The new system also comes standard with more memory 
(640K bytes), is about 2 pounds heavier ( 12.4 pounds total), 
and has a shorter battery time (2 hours compared with 2 'h 
hours on the older system). Naturally, the list price is also 
higher ($2995). 

All other features of the two systems are the same, 
including a high-contrast electroluminescent backlit liquid
crystal-display screen, a 7 .16-MHz 80188-compatible pro
cessor, an 88-key keyboard with separate numeric keypad , a 
parallel printer port, one 720K-byte 3 'h-inch floppy disk 
drive, and a connector for an external 51A-inch floppy disk 
drive. Unforrunately , neither system includes a serial port or 
an RGB connector, aJthough both are available as options. 

The 7.16-MHz 80188-compatible processor pushes the 
system at speeds about 50 percent faster than a standard 4. 77
MHz IBM PC . In our Sieve test , the new system was 20 per
cent faster; in the Dhrystone test, the result was 59 percent 
faster. The best performance was in our floating-poim test, 
where the new system was 73 percent faster. 

The screen on the new system seems a little slow during 
fast scrolling, for example, during a directory listing. But the 
dark-blue-on-light-blue characters are easy on the eyes. The 
resolution is 640 by 200 pixels. The screen does not seem to be 
able to display shades of gray. 

The keyboard differs slightly from a standard IBM PC 
keyboard. The function keys are arranged in two horizontal 
rows above the main keyboard . A numeric keypad (lacking 
the minus and plus keys) appears in the upper right. In 
addition, an inverted T of cursor keys has wedged itself into 
the lower right of the keyboard . Strangely, there are two pajrs 
of Insert and Delete key . 

A Third-Generation Word Processor 

I n the beginning there was EMACS, one of the very first 
word processors for some of the very first small computers 

(and stiJI going strong in the public domain). EMACS begat 
FinalWord, an enormously powerful but difficult-to-learn MS
DOS-based word processor. Borland International bought the 
rights to the FinalWord engine and- with some major 
upgrading and the addition of an artful, easy interface
produced EMACS' slick grandchild: Sprint . 

Sprint retains and enhances its ancestors' power and 

Inside the 4521 is a short , proprietary expansion slot. 
Here, you can add one of everaJ options for the system . One 
problem, of course, is that you cannot add both a serial card 
and a modem at the same time. 

The system I used was in the prototype stage, but it looked 
sturdy and performed admirably . If you have special needs and 
require, ay , both a modem and a . e rial port, or a modem 
and an RGB connector , you should see other systems. But for 
most situations, the PC-4521 will no doubt be very useful. 

-Rich Malloy 

The Facts: 
Sharp PC-4521 
$2995 

Sharp Electronics Corp. 
Sharp Plaza 
Mahwah, NJ 07430 
(20 I) 529-873 1 
Inquiry 859. 

Options: 
1200-bit-per-second internal 
modem, $399; serial 1/0 
card, $99; expanded memory 
card (with I megabyte) , 
$599; RGB adapter , $255 . 

flexjbiJity : It lets you produce anything from plain ASCII text 
files to elaborate desktop-publishing-style documents with 
text in "snaking columns." Like Micro oft Word, Sprint le ts 
you manually embed formatting commands or use style 
sheets to clone formats from one document to another. Sprint 
lets you have up to 24 document and up to six on- creen 
windows open at once. 

It has a built-in dictionary and thesaurus . It can 
cominued 
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SHORT TAKES 

semiautomarically generare indexes and tables of conrents for 
long documents. It's fast (on an IBM PC AT- class machine, 
I jumped from the top to the bottom of a 17 ,000-byte test fiJe 
in a few tenths of a second-virtually instantaneously). And 
it automaticalJy and unobtrusively stores your work every 3 
seconds or so (writing to a swap file on disk) to save your 
bacon in the event of a power failure or similar disaster. 

Sprinr also rerains a few quirks whose origins trace back to 
the days when RAM cost dearly . For example, Sprint is 
" partially what you see is what you get," in that you see 
most, but not all, of your formatting . To preview the final 
appearance of your document, you load and run a separate 
formatter routine to- in essence-print it to the screen. 

Fortunately , the familiar Borland interface-menus of 
menus , with in-context help at every tum-makes it all simple. 
But unlike other incarnations of the Borland interface, 
Sprint's is reconfigurable, so you can make Sprint appear and 
act like any other word processor. (The beta version I tested 
came with alternate interfaces for WordStar- and WordPerfect
like operation.) 

Sprint's defauJt inrerface is logical enough that almost 
anyone can sit down and poke around the menus to tum out 
presentable documents with essentially zero learning time; 
experienced users can access Sprint's advanced features via the 
menus or more quickly with command-key shortcuts. 

Becau e the interface is reconfigurable, people already 
familiar with another word processor can use Sprint without 
having to unlearn one set of commands and relearn another. 
As a side benefit, an office can use Sprint to standardize on a 
single word processor (and therefore a single file formal) and 
yet still let people use another interface . 

Sprinr retains Borland 's typical aggressive pricing : Less 
than $200 gets you a fast, powerful, flexible, chameleon-like 
word processor with a built-in dictionary and thesaurus. 

I've been looking for a new word processor for some 
time-and if the production ver ion lives up to the beta 
version, Sprint may be it. 

-Fred Langa 

The Facts: 
Sprint 1.0 (version tested : Requirements: 
beta E.02) ot final at pre s time , but 
$199.95 the beta version required 

256K bytes of RAM and a 
Borland InremationaJ hard disk drive (the 
4585 Scotts Valley Dr. program 's modules are 
Scotts Valley , CA 95066 supplied on five 360K-byte 
(408) 438-8400 floppy disks); it supported 
Inquiry 858. monochrome and color 

monitors; it was not copy
protected. 

A Boost for Your Old System 


P utting the Quad386XT board in your old IBM PC or PC 
XT is like putting a much larger engine in your old car. It 

offers a boost to your old system, but it could leave you 
feeling delighted or disappointed with the change in 
performance. 

EssentialJy, the Quad386XT can upgrade your 8088-based 
PC or XT into an 80386-based computer. You must be 
familiar with the layout and chip location on the PC 
motherboard before you can install the Quad386XT. You must 
remove the 8088 CPU (and, if present , the 8087 math 
coprocessor) from the PC motherboard. You insert a spec ial 
adapter module into the 8087 socket and insert the 
Quad386XT connector cable into the 8088 socket. The full 
length Quad386XT board plugs into any empty slot in your 
PC or XT. You then plug the connector cable from the 8088 
socket into the board. The 80386 then becomes the PC 's 
CPU . 

The board comes with an 80386 running at 16 MHz, I 
megabyte of 120-nanosecond RAM, the BIOS in two 27256 
EPROMs, and a socket for an optional 80287, 80387, or 
Weitek 1167 math coprocessor. An optional daughterboard 
containing 2 megabytes of 32-bit RAM is available (for 

The Facts: 
Quad386XT Requirements: 
$995 IBM PC , XT, or compatible 

computer 
Quadram 
One Quad Way Options: 

orcross, GA 30093 2-megabyte 32-bit RAM 
(404) 564-5566 daughterboard, $775 
Inquiry 856. 

$775); an 8-megabyte daughterboard is planned for the future . 
Included in the package is a disk with the QVM.SYS driver 

program and the QVM.COM program for switching from 
80386 real mode to the 8086 virtual mode. The disk also 
includes a selection of diagnostic software, a Dhrystone 
benchmark program, a RAM disk , a print spooler, and other 
utility software. 

In operation, the Quad386XT gives mixed re uJts in speed 
tests. The BYTE 80386 benchmark programs do not run 
because of a conflict with the QVM.COM program. The 
Norton SYSTNFO program gives the Quad386XT a rating of 
13.3 . When I used rBM's BASICA to run the BYTE Calcula
tions and Sieve BASIC benchmark programs, they gave 
disappointing times: I minute , 26 seconds for CalcuJations, 
and 4 minutes, 26 seconds for the Sieve. BASICA uses the 
ROMs on the PC motherboard , thus slowing down the 
program 's execution. When I used GWBASIC. which can 
reside completely in RAM on the Quad386XT board , the 
times improved to 7.6 econds for the Calculations program 
and 25 seconds for the Sieve program. 

-Stan Wszola 
co111in11ed 
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You only want the best. You want it first. And, you work 
hard to get it. When you choose WeUs American's A • Star• 
microcomputers, that's exactly what you get. Not only the 
best, but also the first. 

Wells American was the first to release a 12MHz AT class 
computer. The first with 14MHz. The first with a no-hassle 31 
day money-back guarantee. And yes-we were even the first in 
business. We've been making microcomputers longer than 
IBM, Compaq•and Apple.•ln fact. we've probably 
been making them longer than anybody. 

Our A•Star computers are the only PC/AT 
compatibles that can run at 6, 8, 10, 12 and 
14n6MHz. The press has rated them as ''the best 
on the market." That's because they not only out
perform the competition, they're also less e.xpen
sive. A 14MHz model with 20MB of storage sells 
for under $1800. Basic unit prices start as low as 
$995! But being best is more than just impressive 
statistics and low prices. Its also a lot of little 
"extras''. Extras like a one year factory warranty. 
nationwide on-site service from CE and, here's 
another first. free schematics! 

What does all this mean to you? Simply put, it means we 
have the resources and the technology to provide you with the 
best And to provide it first And in a company with so many 
"firsts:• it's not surprising that's how we rate our customers. As 
one noted computer publication said: 'The effort that Wells 
American takes on behalf of its customers is remarkable, 
showing a degree of concern that a number of computer com
panies should copy:' Of course. many have tried to do just 
that But. according to our customers, no one comes close to 

matching our 15-year reputation for exceptional 
customer support. No one. 

Don't you think you deserve the best? Call us 
at 803/796-7800 for details on our special one 

month A * Star trial offer. Do it today and you 
could have the "best" on your desk tomorrow 

morning. Isn't that what you really wanted 
in the first place? 

• Wells American. 
T 3243 SUNSET BOULEVARD 

W. COLUMBIA. SOUTH CAROLINA 29169 
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Hltilchl 15035 CT 35005' OJ-ROM Drive with '/OS' choice ot: 
- McGrawo HIU Science and Technical Reference Set •..• $895 
- Microsoft Boob'le lf .tth OJ-ROM Extenskm ....... $895 
- Grolle r Ele cttoolc Encyc lolled la . • • . • • . • . . . . . . • . $895 
- PC SG Lb rary (Disks 11 - tafll ... . . . . . .. .. .. $895 
- Gedv'lslm U.S. Atlas &"Id Mepmaker .. . .... ••.. .. $1~95 

' add $20 !CT 3500S 

' . ' ' 
Grolle r Elec!'r(rijc Encyc loped la . . . . . . . . . . . • . • . . $269 
Microsoft BookS\elf . • . . • . . . . . . . . . . . . . . . . . $269 
McGraw Hin Science and Technical Reference Set .... $269 
PC SG Lbrary . . .. . .. . ........ ... . .... • $269 
Gedv' l91m U.S . Atle!I lrld Mapnaker . •.••.. . .•. .. $795 
Klrk-Othmer Encyclopedli! of Oiemcaf Technology •.••• $799 
Re Is of Mas:i S ctraf Data ..... . . .. .. . .. $2595 

TOLL FREE ORDER l NE 000-MEGABYTe 1634-2290 I 
,., ,. ,. 

Hltaehl 15035 Ext:emal CO-ROM Drive "'Audio .. , .. , $729 
15035 "" Digital Audio Out9Jt; ......•....... . . Ji929 
Hltaehl 35005 htemaf Hall Heloht Drive 

SHORT TAKES 

A Quiet Ink-Jet Printer 

I 
Circl~ 60 un Reader Service Card 

Ol'Audlo ••.•. $779 
Opcotech Laserbri 400 MB WORM Orive ... ...• $2799 
Maxru 800 MB WORM Drive . . . . . . . . . . . . . $3799 
Pcrteble 206 w/ ffi-AOM Dl"ive in! 1-8'<1 Disk . . . $3795 
AMOEK L8Sl!rdrive . . . . . . . . . . . . . . . . . . . . . Gall 

CO-Play 1ss51 P•Nnlis ""'' "'""' " ...,., w·o "' t-11.1>en. ...., °"""""~ ~...... 
RAM t('f.ldent. pao ut,A_t.y. Output. to h4-adllh<res er nrro1r1tr-. 

CD-PlayiSampler ~.~1o1s".:,..\·~·. "fnw-»""' "'.., .,,. "'"'' c.o '*"..,., 
CO-Aud ioF ile 1sti51 "'°"""" ., " ,..,.,. ...,., w·.."'"""""""' ......... l • ... 


YoJ d\QCJlie • P""' '"""d pllJy 5"(J.Jerv;'.f 10"' t'llCh ddt. ~ 
rM09ntO'I ot co-,. er,.at.es OOasti CCl'l"OatlJ~ rtc(l'1j s. 

COP I · nr.ernaLional Orders a Specialty ij 
corroect 0 isk prodUC ts, l"C. Au9tralan AQe nt: 
U.S./'1t.erneti:rel h)Jnes: Kewte l D"e~d.UY'd su.... ' 
217 E 85th St. Suite 2'6 145 Cotha'Tl Rd. &'Yl P11'Ch"5e 
New York NY 'l'.l02ll Kew Victoria 3101 Oraors W•cane 
c21219ss-s999 <mia17-5933I 

NANCY 
GRAHAM'S 


RAMBENDERS 

Nancy Graham. ~ "81ionaly for 
he! high-predsion WaJaroolOIS al clesslc 
cars. is aea!ilg a series al original pail· 
Wigs which e>;*lre lhe lnl!.play al lhe 
- al the 50'!!. •• aw. and Ille 
al lhe 80'& • ' rompo.J1lll1. Suporti qualrty 
IXb repmductOns al Ille tist lv.o painl· 
Wigs In lhls ..OOS. ~ UM!; br IBM PC 

""""""'17""""1r"" 

enll1osiasU and Polishing lho Appl& lor 
~a~ n available now: 
These .._.,. Images are r$llOduood 

lor lho 1'1'51 - 00 100 h 15 ' . 19 • 

acid l!ee book weigh! COOied paper Wllh 


- tesistalt nl<S IC lnsuro prodse
repmduaion al Iha original W9IOltOIOfs , 
Each l9pCIXlucrlOf1 is sig..a b\' 1111! artlSt. 

The pnc:o al lhese lllGlCI ~ is 

jlJ5I $J0 eacll ()I boUl lor $50. These ~ 

ltoductory prices lrdLJde shlpmenl 1'111 

UPS Bk.le Label 12~ doM<y) ond an 

tnCOndCional »day ~ 


-u-
Order )OUI\! from AamBendin 11100 
l88lwood Lane. Mtin. Texas. 787so.J409, 
(512) 25&-018.i 
11cw!ramb11nd~unel.r.m llttt 

~~ 
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Th Facts: 
Desk Jet Options: 
$995 15 font carlridges. $75 to 

$125; Epson FX-80 printer
Hewlett-Packard emulation cartridge, $75 · 
3000 Hanover St. 128K-byte RAM cartridge, 
Palo Alto, CA 94303 $150. 
Call your local dealer. 
Inquiry 852. 

T he DeskJet is based on Hewlett-Packard 's almost silent 
ink-jet technology. It has I 28K bytes of buiJt-fin RAM, a 

16K-byte buffer, and both parallel and RS-232C input. It can 
run at 240 characters per second (draft mode) with a resolution 
of 300 by 150 dots per inch or at 120 cps (letter-quality 
mode) with a resolution of JOO by 300 dpi . This provides near
laser-printer-quality output for $995 . 

The primer uses a third-generalion , thennal ink-jet, drop
on-demand print cartridge . In contrast to previous Hewlett
Packard ink-jet printers that required special paper for the 
best-quality output, the Desk Jet print cartridge can print on 
regular bond, photocopier, and Hewlett-Packard' s special 
ink-jet papers. One print cartridge can print from 500 to 800 
pages, depending on the font selected or the type of graphics 
printed. Replacement cartridges cost $18.95 . 

The printer features an automatic cut-sheet feeder, and the 
buil!- in paper tray can hold 100 sheets. It can handle U.S. 
letter- or legal- ize and European A4 paper sheets . You can 
also manually feed it #10 business envelopes. 

The printer is simple to operate. All the diagrams for 
loading paper and print cartridges and setting function and 
front -panel keypad switches are located under the printer's 
front cover. The front panel has switches for fonnfeed , font 
selection , draft or letter-quality mode, and forward or 
backward linefeed . It also has a button to start new printer 
cartridges and a reset button. 

The DeskJet has the Courier, Courier Bold, and Courier 
Compressed fonts at 10, 16.67, and 20 characters per inch . 
You can make all font selections from the fro nt panel. Two 
cartridge slots on the front panel hold optional font cartridges, 
a printer-emulation cartridge, or a l 28K-byte RAM 
cartridge. 

In operation , the DeskJet is almost silent. Print quality is 
comparable to laser-printer output. The DeskJet appear to be 
ideal for the small busine s that wants laser-quality output at 
a dot-matrix price . 

-Stan Wsznla 
continued 
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Our range of computer add·ons offer facilities you've always wanted - at prices 
thatwill surprise you. Here's just some of the ideas on offer this month. 
FastTrap'" The perfect alternative to a mouse.Takes up far less room - and 
has featu res never seen on a mouse - like 3D pointer control. Can be used as 
a direct replacement tor Microsoft9 serial mouse. 
PSION Organiser II Aphenomenal hand-held programmable computer. 
Comes with software for Diary, Filing System and Address Book Other 
applications are available. Can be linked to your comp uter to exchange data in 
either direction. 
Handy Scanner Capable of scanning in various standard graphics file formats at 
200 DPI in both directions, this is the perfect add-onfor DTP - line or 
halftones easily input and edited. A must for today's serious computer user. 
NumeriKeys* Aperfect extra for portables. Easy to install as it plugs in 
between the parallel port and the printer and can be configured tor special 
applications through the easy-to-use software provided. 

Extended Function Guides Designed to fit either 
Standard or Enhanced boards, these guides show you all 

,,,.. the functions for the most popularsoftware available 
....,,_,,,c--. together with a minimanual for extra information. 

Electrone Dashboard* Afull function 
'enhanced' board to fit the AMSTRAD PC port that 
comes with some smart software that allows you 
to configure any key for virtually any 
application. 
FiSll<iP isa !r>demltkol McO!l*d Inc. M~ 

IS a ..g1$1.,ed Tr.ldeman.. ol Mioosoll Int. 

Nome<1Keys os • lr..,.ma•k ol G<nm 

lechnolog.,. Inc O•shbo.Jrd "a 

~odemo•k ol El«trone Lid P•oduct> 

rT\lfVlf'l!l!gl!lly~omll'IOSe-...:t 


Catalogic 
PO Box 300249 
1700 Lincoln 
Denver 
co 80203 

SHORT TAKES 

WordStar Strikes Yet Again 


S ince it was first released in 1984, WordStar 2000 has 
been the serious-business big brother of the venerable old 

standard WordStar . But despite rave reviews and a huge 
marketing effort, WordStar 2000 never seemed to reach the 
level of acceptance of arch competitors like MultiMate, 
WordPerfect , and Microsoft Word. With WordStar 2000 3.0, 
that situation may change. MicroPro has taken a shocking 
approach for a software company: It has actually incorporated 
user suggestions into the upgrade and has fixed a bevy of 
complaints. 

WordStar 2000 3.0 has 662 features. oodles of them new 
and improved. But listing even a small subset would take more 
room than I have for this entire review. If you can think of it , 
it's probably there, including a spelling checker, thesaurus , 
and even a telecommunications program. But I'll concentrate 
on a couple of high points. 

First, those control-character commands that have always 
been the curse and blessing ofWordStar are significantly 
improved in version 3.0. Commands are actually mnemonic 
now. For example, quit and save is now Control-Q-S instead of 
the maddening Control-K-D. And in what's still a unique 
WordStar feature , you can choose whether to have help screens 
stay or pop up after a time delay that you define. You can 
also use single-letter commands, which may be simpler when 
you're first starting out. 

The program comes with custom support files for some 
400 printers, and laser-printer support places this release 
plainly several steps ahead of its competitors. Setting fonts 
and selecting sizes are simple tasks , and the program comes 
with Inset, a utility that merges text and graphics. Put them 
together, and you have a more-than-basic desktop-publishing 
package. 

Then there's the speed. When WordStar 2000 first hit the 
shelves, I gave it up in disgust because doing anything usetul 
with it required patience. But I was pleased to find that 
version 3.0 is quick and actually functional. Scrolling through 
long files and doing search/replace functions now are 
virtually instantaneous, and when you perform a function that 
requi.res extensive reformatting, the program does its thing in 
the background while you keep working away. 

The disadvantages? The program is huge. It took me about 
half an hour to install, and when I was done I had 296 files in 
various automatically created subdirectories, taking up a total 
of nearly 4 megabytes of disk space . Even a minimal installa
tion takes 2. 5 megabytes. WordStar 2000 does just about 
everything, and that too is a disadvantage. How do you learn 
alJ the ins and outs? The answer is that you don't- right 
away. As is true with aJI feature-rich software, it's an 
evolutionary process. You find and team the features as you 
require them. In that regard , MicroPro is now offering toll-free 
customer support 7 days a week at no extra charge. It 's 
radical for MicroPro, and too long awaited. 

-Stan Miastlwwski 

The Facts: 
WordStar 2000 3. 0 Requirements: 
$495 IBM PC, XT, AT, PS/2, or 

compatible with 320K bytes 
MicroPro lntemationaJ of RAM (5 I2K bytes for Inset 
33 San Pablo Ave. text/graphics integrator); a 
San Rafael, CA 94903 hard disk drive is 
(415) 499-1200 recommended . 
Inquiry 855. 

continued 
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MICRO CADAM CORNERSTONE:M 

Real mainframe-based PC CAD 


software that beats them all. 


Now you rnn get r~u m~tinframe 
CAD power for your IBM PS/2 " 
PC/A'! and compatihles at a PC price
just ;2,995 :' 

MICRO CADAM CO ERSTONE 
beat the competition at the recent 
"PC CAD Shootout"- a hench rmu-k 
evaluation of the best PC CAD software, 
sponsored by the National Computer 
Graphics A!wciation (NCGA), and 
witnessed by 170 CAD/CAM profession
als and editors. 

We not only finishetl first-we 
were the only sy tern to completely 
finish the benchmark exercise in the 
allotted time. 

AllCI when the audience voted, 
MICRO CA DAM CORNERSTONE outpollecl 

the closest competitor by a 6-to-I 
margin . 

MICRO CA.DAM CORNffiSTON · 
isn 't just fast, it's also incredibly power
ful. IL employs the friendlyCADAiv1 (f_\' 
user interface famous throughout the 
industry for being easy to learn and 
use- even if you've never worked with 
a CAD ')'Stem before. 

MICRO CADAM CORNF.RSTONF. is 
upwardly compatible with the whole 
CADA/vi family of CAD/ CAJ\l/CAE solu 
tions, working tocby on more than 
2),000 CJ\DAM terminals and used by 
over 100,000 design and manufacturing 
professionals worldwide. And it features 
DXF neutral files, so you can exchange 
drawings with other J">C-based ystern · 

and interface to other application 
like desktop publi hing. 

So if you' re looking for real 
mainframe CAD power at a PC price, 
then ;L'ik fm the one that beats them 
all , MICRO CADAM CORNER~ffONE. 
Call CADAM toc~1y -toll -free at 
800-255 -57!0. 
MICRO CADAM CORNERSTONE . .. 
The Ultimate PC CAD Production Tool 

~~· 

ifj_. 


CRDAm inc 
A SU BSIDIARY OF LOCKHEED CORPORATION 

' Su~~IN t: S r~JI l kemm~ ftt f.AO.liM tu. rt'61nttt'd 1rll1mrL.md MIQIO t~o\ l ~~l l)l~N~ONE tH u~~ uf C.\ll.\ \ 1 l~C IBM .in.J PC/Ai 1ro! rc~lsiertd 1r.kkm;:Hk.5. rnd r'S./ .! l' ~ trlUc.rn;nk ul l11tiri:wiu1lll }hw.um M;ldnno Wrf«il l~n 
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Cil'Cle 66 on Reader Service Card 

w1 re-in your n ns or ess 
than 5 cents and will pay for itseH 
even in one day dependina on 
printer use. Average cartridge 
can be re-inked 60-1 OOtimes. We 
support over 12000 printers, car
tridges, spools, multicolor car
tridges. Ask for complete catalog. 

Universal Mclnker (cartridge or spool) .............. 68.50 

~r~~~~~t~:rJgi ~~~J~{ ~~~$~~.s1r1ii·v·coi:·00 
Shipping ........................ ......... 2.00 

>100,000 sold since 1982, satisfaction or return 

MERCURY MODEMS 
100% Hayes compatible (guaranteed), full lights, autodial 
answer, repeat, volume control, 2 year warranty 

1200 ext ..................99.00 
1200 Int •................. 89.00 
 ORDER TOLL FREE2400 ext .........•.....• 249.00 


1-800-547-3303cables ..................... 19.00 

In Oregon (503)626-2291 

Cl!mpuler 
Friends,Inc.. 

14250 NW Science Park Dr. 

Portland OR 97229 telex 4949559 CF 


lax (503)643-5379 


~' 
~ 
Keyboard Protector 

Finally! A Keyboard Protector That: 
• 	PROTECTS CONTINUOUSLY. 24 HOURS A DAY -

Agairuil computer downtime due to liquid spills, dust, ashes, 
staples, paper clips and other environmental hazards. 

• REMAINS IN PLACE during 1he operalion of your keyboard. 
SafeSkin is precieion molded to Iii each key-like a "&econd skin." 

• 	EXCELLENT FEEL - The unique design elhnlnates any in· 
terference between adjacent key1, allowing smooth natural 
operation of your keyboard. 

• SafeSki11 	IS VIRTUALLY TRANSPARENT • Keyt op and 
side markings are clearly lli1ible. In fact, SafeSkin is so clear, 
aometimea you may not know it's there! 

• DURABLE • LONG LASTING - SaleSkin is not a "throw
away" item. Many of our protectors have lasted over 3 years 
under continuous daily wse, without failure. 

SafeSkin ia available for most popular PC's and portables including: 
IBM, APPLE, AT&T, COMPAQ, DEC, EPSON, KEY· 
TRONICS, NEC, TANDY, TOSHIBA, WANG, WYSE, 
ZENITH. Specify computer make and model. Send $29.95, Check 
or M.O., VISA & MC include exp. date . Dealer inquirie1 invited. 
Free brochure available. 

Merritt Computer Proda,te, In,. 
4561 S. Westmoreland I Dallas, Texas 75237 I 214/339-0753 
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SHORT TAKES 

Thin Is In 

The Facts: 
ZCM-1490: Flat Technology 
Monitor 
$999 

Requirements: 
15-pin analog RGB input 

Zenith Data System 
1000 Milwaukee Ave. 
Glenview, IL 60025 
(800) 842-9000, ext. I 
Inquiry 853. 

Everyone's saying it, a.nd it's true: You have to see the 
ZenJtb Flat Technology Monitor (ZCM -1490) to believe 

it. The colors are brilliant , the screen has no glare, and the 
flamess is quickly addictive. Jt's hard to go back to the average 
bulging monitor screen that lets you count the ceiling lights 
renected on its surface- very hard . 

The ZCM-1490 is a 14-inch high-resolution flat-tension.
mask color analog monitor designed to support the VGA 
output from IBM's PS/2 computers and comparable video 
cards. It also supports CGA, EGA, Monochrome Display 
Adapter , and Hercule oftware via Zenith's Z-449 video 
card. The monitor handles the standard SO-character by 25· 
row text output. Its resolution is 640 by 480 pixels, and it has 
a horizontaJ-scan frequency of 31 .5 kHz. 

Two dials on the top control brightness and contrast, and a 
switch on the back lets you operate at either 120 or 240 volts 
AC. The on/off switch is located on the rear, as is an IBM 
PS/2- compatible 15-pin RGB cable connector. 

I tested the ZCM-1490 on a PS/2 Model 80 and played 
with one of the many paint packages. When you first sit down 
to a flat monitor, your eyes are so accustomed to a curved 
screen that the flat one appears concave. This deception 
disappears in a few minutes. 

The colors on the Zenith are clear and crisp. I would say 
they are "true." but I'm speaking subjectively. I didn't 
actuaUy compare them with color charts . Color selectfon is 
governed by the video input to the monjtor and is not restricted 
by the monjtor itself. The black background default screen is 
indeed black instead of the usual dark gray . In fact, the black, 
added to its lack of glare, gives it almost a matte finish. 

I was very impressed with Zenith's ZCM-1490: the 
colors, the clarity, the lack of glare-and it's easy on the eyes . 

-Jane Morrill Tazelaar 
conti1111ed 



SAVE 50°/o or more with our National Computer~·· brand products. 

NATIONWIDE 
QUALITY1-80000 292-6272 SERVICE 

MARYLAND PRICING 
BUY DIRECT FROM1-800-442-6272 TM 

T HE MANUFACTURER9566 Deereco Road • Tirnonium. Maryland 21093 


MARYLAND LOCAL 
 STOP THROWING AWAY 
YOUR DOLLARS561-0200 

$ 
VISA [Ill We manulacrure ou1 p roducts wi th rhe 

lint:st m.11n .< mks p ri; rn111m hrgt1 den
'1. II of our nbbons are man11facrured ro si ty nyton. precis ion 1mgmeered plas
e• ceed your ou g.nal eqw pmen r manu tics and Rem J11 rr::/rrg1:1Jted load ing 
IJ1,turors spcc lf1carions 1:q t11pmen r 

COLORS . .. BLUE - GREEN - PURPLE - RED (Add $1.00 To Each Price) 

Nylon Only 


CARTRIDGE RIBBONS (NYLON) 

No. Descr iption Price {ea.) 

289 Alps 2000 ................ .. .. . ... ... .. ... .. $4 .50 

050 Anadex 9500/9600 ........ .. ... .. .......... 3.60 

160 App le lmagewnter II 4 color....... .. ... 9.95 

114 Apple lmagewriter/ DMP .. . ....... . .. . .. . 2.95 

102 Brother M1409....... ....................... 4.50 

127 Brother M 1 50911709 ................. .... . 5. 50 

1310 Burroughs B-9246-3/6 ... . ...... ......... 4.95 

104 Canan A-1200 .. .. .. .. . ..................... 4.50 

113 Centronics 150/ 152 ...... ................. 2.25 

109 Centronics 350/ 351 /352/353 ... .. . ..... 6.50 

112 Centronics 704 / 705/ 753 .. .. .......... ... 4.50 

118 Citizen LSP 1200 ..... .. ................... 4.50 

t69 Citizen MSP 10120.. ... .. ........ .. . .. .. . .. 2.50 

167 C1 t1 zen MSP 15125 .. . ......... ..... ........ 3.50 

123 Comrex 420 ............. . ................ . .. 6.90 

114 c. ltoh 155on5oot8510 ............. .. . .. 2.95 

130 Data Products M-lOOL/ 1201200 .. . .... 3.50 

131D Data Products B-300/600 ....... .... .. ... 4.95 

137 Data Products B-900/ 1000 ....... .. .... . 6 50 

135 Data Royal 5000 ....................... . .... 2.60 

990 Oatatrol / LRC MP40 .. .. ................... 4 15 

135 Data South 160/ 220/ 5180 . ...... ........ 2.60 

160 Dec LA 34 / 1001210 Let terprinter .. .. .. 2.95 

114 Dec LA 50 .. ... .. . .. . .. ................ .... ... 2.95 

156 D1ablo 166012300 Matrix .. .. .......... . .. 3.50 

153 Diablo Hytype II Nylon.. . ............. ... 2.95 

280 Epson EX 60011 000 . .......... .. .. .... .... 4.20 

165 Epson FX/ MX/RX 70/80/85 .. ........... 2.50 

167 Epson FX/ MX/ RX 100/ 165/ 286 ... ... .. 3.50 

288 Epson Lq 8001Lq 850 H.D .. .. .. ........ 3.50 

289 Epson Lq 1000 H.D ............. ... ..... .. . 4.50 

163 Epson Lq 1500 . .. . .... . .... ....... ........ .. 2.95 

281 Epson Lq 2500 H.D .. ............. . ........ 4.50 

175 Epson LX 80/90 .. . .. . ...................... 2.50 

226 Facit 2301 14512/ 4514 ......... .......... .. 2.95 

133 Faci t 4500/4510/4511 /4513 ............. 3.75 

135 Facll 4520/4525/4526/4528 .......... . .. 2.60 

991 Fuji tsu DMPG 9/ DX2100-2200 ...... . .. 3.95 

171 General Electric 300/34 1/W/ 1 ........ 35.00 

146 Hewlett Packard 2608 .................. 18.65 

145 Hewlett Packard 2631A ....... .. ....... 10.95 

231 Honeywell 15001702319104 G.P . ... ... 2.50 

161 IBM 3287/36 15 Sil.Doi.Cup/ Loop . .. 1.60 

195 IBM 3287/3619 Silver Doi Cart. ....... 2.50 

182 IBM 3288 1 /2" Harmonica ... .. .. ........ 3.00 

185 IBM 3776 3/4" Harmonica......... ... . .. 3.50 

188 IBM 4201 ProPnnter II .. . .. .. ........... 3.75 

176 IBM 4202 ProPrinter XL. .............. .. . 4.50 

177 IBM 4207 Pro Prin ter X24 ........ ...... .. 4.95 

211 IBM 4208 ProPrin ter XL24 ...... . .. ... .. 5.95 

198 IBM 5224 Baseball Bat .... . .. . . .. . ..... 13.95 


No. Description Price (ea.) 
176 IDS Prism Black 132/ 208012132 .. ..... 3.50 
178A IDS Pnsm Primary RD/BL/ GR/ B ...... 9.75 
178B IDS Prism Process CY/ MA/ Y/Bl .. .. . 9.75 
286 Mannesmann Tally 85 .. .. .. . ............. 3.95 
285 Mannesmann Tally 86 .... .... .... ........ 4.50 
233 Mannesmann Tally 10001120011600 ... 2. 75 
204 Mannesmann Tally 100/ 120/ 160 ...... 3.00 
205 Mannesmann Tally t 301140/ 180 ...... 3.50 
200 NEC 5500/ 7700 Nylon Cart. ........... . 2.45 
114 NEC 8023 PC/8024 PC/8027 PC .. . ... 2.95 
660 NEC Pinwriter P1 I P2/ P6 .. .... . ... .. ..... 3.60 
661 NEC Pinwriter P3/ P7 .................... . 3.95 
662 NEC Pinwriter PS H.D . ........ .. . .. ...... 3.95 
663 NEC P2200 H.D . .................. . .. . ..... 5.50 
209 Okidata 1821183/ 192/ 193 ................ 3.95 
206 Okidata 292 ........ ....... .............. .. .. 4.85 
208 Okidata 2931294 ... ... ............ .... .. ... . 5.60 
2t7 Panasonic KXP 1080/ 1091 /1 093 . .. .. .. 6.90 
226 RadtO Shack DMP 400/ LPV\. .. ......... 2.95 
235 RadioShackDMP100/LPVllfTRS80LPll .... . 3.95 
282 Radio Shack/DMP 130 .. .. .. . .. . .. ...... . 3. 75 
282 Seikosha SP800/ 1000 ..... .. ....... .. .... 3.75 
261 Star Micronics NB/ NL/NP/ NX 10 ..... 3.60 
264 Star Mlcronics NL/NP/ NX 15....... . ... 5.20 
262 Star Micronics Radix 10/SR 10 .. . ..... 3.60 
263 Star Micronics Radix 15/SR 15 .. .. ..... 4. 10 
290 Star Micron ics SD10 ...................... 3.75 
291 Star Micronics SD 15 ............... . ..... . 4. 10 
135 Telex 287D/ 287D2 ..... ... ................. 2.60 
242 Texas Instruments 850/655 : . .. ... .. .... 3.10 
243 Texas Instruments 860/865 ............. 3.20 
245 Toshiba P321 / P341 / P351. .... . .. .. ...... 3.10 
245 Toshiba P1340/ P1350/P 1351 ... ... .. ... 3. 10 
135 Tri tel. ....... . ............... .. .... .. ........... 2.60 
131 D Univac 0789/0790 .. ................... . .... 4.95 

CARTRIDGE RIBBONS - FILM 
(correctaDle I mulri-strike) 

306- Brother EM60/100/200 Corr............. 3.50 

307- Brother HR15125/ 35 MI S .................... 3.75 

227- CPT Rotary 8/9 MIS .................. ......2.95 

156- Diablo Hytype II MI S ................ .. ......2.25 

317- Diablo Xerox Memorywriter .. ..... ..... .. ..3.50 

3346- Epson DX 10/20/35 M/ S ..................... .4.40 

166- Facit 4560/8000 Corr. .......................... 4.75 

1960EM-IB M5218/ 5219 Displaywriter 

M/S OEM .... ......... .. ...... ... .................... 11.25 

222- IBM 6240 M/S ............... ......... ........ ...... . 1.75 

8120EM- IBM Ouietwrlter N/ C .... ............. .. .. 10.95 

740- IBM Wheelwriter Corr.......................... 3.50 

730- IBM Wheelpnnter M/S .......... ... ... .. ..... .. 7.90 

320- IBM Selec tric II H .Y. Corr....... ..... .... .. . 1.55 

2020EM-NEC 2000/3500/8800 Flip M/S ..... 11 .60 


''CALL US FOR VOLUME DISCOUNT PRICING" 

No. Description P'rice 4•-1 
20 1- NEC 550017700 Spinwriter M/S ...... ... .2.~ 
303 Nakajima Corr .... .. . . . ....... .... ... .. .. . 3.50 
304 Nakajima M/ S ........................ ............... 5.SO 
334 Olivett i ET 201 / 12 1 Corr .................... 3.90 
334B- Olivetti ET 121 / 351 M/ S .............. ....... 41 ..W 
222- Qume I/ Sprin t 315 MI S ............... ...... .. 1.7'5 
223A- Oume Il l Quick Load .......... .. .. .. ...........2.40 
2 19- Oume IV Sprint 7.8.9,10,11.12 M/ S .... 2.i5 
227- Ricoh 1300/ 1600 M/ S ............ .............. 2.96 
251- Wang System 558 1/6541 MIS Matrix 2.95 

TWIN SPOOL RIBBONS - NYLON 

445- Burroughs 9245/9247 SM ................. 15.96 

453- CDC 10012001300 .. ..............................4.76 

450- Cen l ron ics 100/300/500 ... .... .. ....... ...... 3. 75 

453· Data 100/300/400 .......... . ..... 4.76 

454- Decision Data 680716811 /6814 ....... i .95 

455- Dec writer LA 30/36 .... .. .... .. ..... 2.50 

456- Dec writer LA 120/ 180 .................. 3.5Q 

460- Fac1 t 4540/4542 Black .... .. ............ 3.70 

462- IBM 3262/ 5262 ..... ........ .. ... ....... ........ .. . 4.t5 

465- IBM 3525 TIS... .................................... 3 00 

463- IBM 5211 .. .. .. ... .... ... .. ..... .. .................. .. .. 3.75 

464- IBM 5225/5250/5280 ............. .. .. ......... 14.50 

470- Okidata 80, 82, 92, 93 ........................ 1.26 

471- Okidata 84.94 ... ................... .. ........... .... 2.50 

467- Prln tronix 150/300/600 ..... .. ......... 4.95 

955A- Seiko Universal Black / Red .... .. ........... 1.25 

470- Star M1cron1cs Gemini 10/ 1 OX.......... 1.25 

455- Texas Instruments 600/8 10/815 .... ... ..2.50 

456- Texas Instruments Omni 820 ... ........... 3.!iO 

401- Wang 2221 /552 1 ............................... 2.75 


WIDE COMPUTER RIBBONS 
0056P-BST 14"x 10 yds............. ............... .. .... 7.95 
0106P-Burroughs924615"x20yds .. ... .. .. .. .. .. 15.95 
0156P -Control Data CDC 15"x 25yds.. .. .... 111.75 
0256P -Data Products 2230/ 2330 

15"x15 yds ....................... .. .... ...... ... 13.75 
0276P ·Data Products 2400 14 'h"x 15 yds... 13. 75 
0356P-Documation 1200 15" x20 yds ........15.95 
0456P -Honeywell Pru 1200 17.6"x22 yds . . 18 .~ 
0 106P-Hltachi 15"x20 yds ...................... 15.95 
0556P-IBM 1403/3203/4245 14"x20 ydi; ..... 13.29 
0656P-IBM 3211 / Documation 17"x20 yds. 16.25 
0756P-IBM 4248 w/lmposer Str ip 

16 'h" x20 yds . ........... .. .......... .............. t-9.50 

0956P -Univac 0770 15"x55 yds .... .. ........ .. .. .36.00 

0976P-Unlvac 0776 15¥<'x20 yds..... .. ... ...... 18.50 


·ss.oo Shipping and hand/Ing charge on all 
orders under $50.00. Over $50.00 aclual 

freigh t is charged. 

·rhis is only a partial list o f our products. 
See why corporations such as General Motors, Mobil Oil, AT&T, MCI , Eastman Kodak, the entire U.S. 
Postal Service and thousands more are now using National Computer~ · brand products 

Circle 184 on Reader Service Card 
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Memo 1 

To: 	HP LaserJet II users 
and dealers 

Sub1ec1 : GUfS L
aserFax 40l 

a plain paper ta . more than 1us1
0 a1a · l GUI"' L 1" 

· · ""' aserFax 40 1
between your IBM P Can be hnked 
Laser.Jar 11 to make t~ and your Hp 
a plarn Paper fax . e system rnto 

2 . Rerarr p
3 T nee under US$3 000 

ransm1ssion speed · 
Group Ill and Grou of 9600bps. 
ot halftone P 11 · with 16 levels 

4 Can also be a s 
copier econd Plain paper 

Suggested Actron· HP 
. d users--Cail your HP 

ealers . HP dealers- 
Call you r HP u sers 

GUIS 
A Lillie Gian! in Tekcoinmunicarions 

GlorJcus Union Information Syuems Inc. 

I 4th Floor, 201 Tun- Hwa North Rd , 


T•IP<'i, Taiwan. R.O.C 

TEL 2-7 153356 2-7 I 60035 

TUC · 21651 GUIS FAX 2-7134572 

HP •S a reg1ster9d rraden>ark ol Hew1e11 Pack<l.r d Co 
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SHORT TAKES 

A Compatibility Step Toward OS/2 

The Facts: 
Microsoft Windows 2.0 Requireme11ts: 
$99 	 IBM PC. XT, AT. or 

compatible with at least 5 I2K 
Microsoft Corp. bytes or RAM; it also runs on 
16011 Northeast 36th Way the IBM PS/2. 
Redmond, WA 98073 
(206) 882-8089 
Inquiry 854. 

Microsort Windows 2.0 is an update of the original 
Windows designed lo allow at least limited compa1ibili1y 

among al l the Microsoft graphical interfaces. 
Most users will see few differences between version 2.0 

and earlier versions of Windows. The major feature in the new 
version is the ability to use expanded memory to swap 
programs. In older versions, program were swapped to disk , 
resulting in slow performance that could degrade if your hard 
disk became fragmented. Swapping to expanded memory 
allows programs to swap in times that more closely approxi 
mate a genuine multitasking system. 

If your system has both expanded memory and extended 
memory, you can get even better performance by swapping 
programs to expanded memory and using the SMARTdrive 
di k-caching program that comes with Windows in extended 
memory. The other user-apparent changes in version 2.0 are 
minor, including improvements in the speed and ease of use in 
the keyboard command "shortcuts" and the ability to size 
wi ndows from the fat borders. 

The major changes in Windows are in the application 
programmer level. Microsoft 's original intention of having 
well-behaved Windows applications run unaltered under the 
OS/2 Presentation Manager has changed, but Windows now 
has file structures and programming hook that are similar to 
those in OS/2 , so that ports from Windows to 05/2 will be , if 
not easy, at least possible. 

In all , Microsoft has updated Windows in ways that 
maintain a great deal of compatibility with earlier versions of 
the environment, while providing features that make it more 
useful for many users. 

In moving from the Windows Operating Environment to 
the Windows Presentation Manager, Microsoft has opened a 
door of new features to applications programmers, but 
without leaving earlier Window users standing alone in the 
cold . • 

-Curtis Franklin Jr. 

http:Pack<l.rd
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ALL IT LACKS IS 

A choice of snap-in /o ut, 24- or 
18-pin print heads gives you the 
verSdtility and ease of mainte
nance that other printers lack. 

With a top speed of 360 cps, 
it makes most printers seem 
downright lackadaisical I /I 

ALPS P2400 I 

But who needs competition And take care of it faster. Thanks 
when you've got all this? not only to its talents pointed 

Namely, the ~ ~ out above, but to its many 
ALPS P2400C"' --~ others, as well. 
Dot Matrix Printer. ~~!~k Like a choice of 

No other printer w~.::~~~~~:- draft, correspondence~~-~~~:;!"~ 
in its class can do so ~$~~__:..;-..--~ and letter quality print 

;:;::r:: ...-- -::"~;.....

much for so many for ~~--~ modes. A print buffer 
so little. ""$.-- expandable to 256K. 

For instance, the Multiple font cart
P2400C can easily take ridges. And full com-For letiers. seven·color grdphics. 


spreddsheets or whatever. /Is ou tput is so tibili th th
on all the wor k an 0 ffi.ce brilliant, everyth ing &lse dppem lncldusler. pa . . . ty wi e most 
full of busy PCs can dish out. popular PCs and software. 

0 

.' 
' 



COMPETITION. 

Mos/ printers lack the good 
sense to include a paper-sa ving, 
p ush/pull tractor for b oth b ottom 
and rear feed. Not this one. 

Not to mention the ability to 
nm quietly. At under 55d.BA, the 
P24000C is one of the least noisy 
printers around. 

One of the most durable, too. 
It comes with a full, one-year 
limited warranty. And if you give 
it normal care, it'll give you over 
five years of trouble-free 
performance. 

Of course, there's nothing like 
a live performance to prove there's 
nothing like the P2400C. 

\ 

You also get conve nien ces that 
many other prin ters cire la ckin g. 
L ike control of e verything from 
the front pan el, the fea ture menu, 
or from software - without usin g 
DIP switches. 

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

And see what every other 
dot matrix printer is lacking. 

ALPS 
AMERICA 

IT'S TIME YOU SAW THE ALPS. 



CALL TOLL Am& 1-800-528-1054 

Cell 
121129 

. Call 
.92119 
1419 

.. .an =......... 
HOii 

' 9'149 
. . 91M 

··= 

MONEY MANAGEMENT 
Ootf111:1 & Sarne w/ FOfC8R . 
T- Moneglng Your Mo- • .O . 

.. an 
S1t4 

COMMUNICATIONS 
~Se<Ye Sta-ter Kii 
CloltilkX'<'I . 

•c.mlon CoO)' 
!Alm><ll 
Aemo . 
Sm1ncom111 ••. 

GRAPHICS 
l.otl Teel! MlCO . 
-ter 
MJctolo1t euu MOUN I 0 . 
Micn>IOI! ChArt 3 0 
MICTOlolt SoM I MO<JIO 1.0 
Ntw1room . 
PC 9u91 ~I MOUN w/ Pl lnl 
PFS: Flfar Pu1141oner . • . . • . . 
tlldSI Moun w/ Or. He~ 111 
PC MOUM w/ Patnt .... . ... . 
Ptt-e<Plut . 
M-rPftMn!Otlon Piel< 
lUloo ol>I> TOol 8olc • .o 

S19 
. ... 
StH .. an 

. ... 
91M 

c.11.... 
Call 
Can 

.. Call 
NO 

.. SS3 
HZ 

..... alle ... ... ae• 
... 9118 
S315 

. .. SlllJ 

OWEST PRICES 
FAST DELIVERY 

HARDWARE 
MIHllMD2(0ty 100)5~ 
M2S5ll 
M0-2 Hillh Den11!y 
Sonr OS/ DD (01y 100) 
H0(100~) 5 ll 

DS ( I00..) 3Ji 
6W 0$/ DD 

MONITORS 

sea.so 
sea 

StU... 
St90 
9105... 

*"dellAll Mon Iton . . . .Call 
Mltaultllhl Diomond Scan Mff 
Ot,,.. Mocl9l1 .can 
NEC MUl!ilync 11 U71J""""rvn<: Plus .. N75 
Mu~lsmc ~L . . . H009 
Prlnoet- Gr.phlcl All Model Cell 
U~ . . .. MN 
Sony Mullisall w/ csble SN8 
~Uhr11e1n .. . . ...9 
Zealtll 1490FTM . . . . . . . ... H10 
OITler M-11 . . , . • . . . .Call 

KEYBOARDS 
K81i15! • • 
KB5153 ......... . 
K0!01 

DISK DRIVES 

.. .....9119 

... ..... 11149 
.... 979 

l<Mnllll8 0e"""'m 10""'9 ... . .. MlllJ 
Bernoulll20meu .91290 
Bornoulll 40 ""'II -.. . . . .91... 
Bernoulli Belll lntomal (5ll) . . . .. 9909 
Bemoulll8e!Ol<:.temtl (5ll) •.. 91.... 
Mini-be Oriv9s . . Cell 
THC AT 1.2 Meu Ort.... •.9100 
XT Ji H1" Drive . , ...SU 
TOlhlllll 3.H20K . , .91111 
3.5 !.4 MB . . ....... .. .. . . 91111 
1\1119!1111ft T-8-up . , .Call 
Evarex To.oe u . . ... Call 

m n1fAllTurbo PC/ 
840 M8!11Q<Y,'l!;,e3eOK Brand N
Flopov Dfhle • 135 Win l'l>we< SUPPi~~ 
AT Style~ • 4·10 MH•C!Oclc S-' 
(l<eyboW ~). 8 ElrpanslonSlotl 

ililtiO PC/XT •/&40K &2  • • 
Turbo PCJl(Tw/ ISOOl(. I Drive, 20MG .9749 
PC/ AT10 Mtuw/t012olltt.2 Flo!>OvOrfve .... 
PC/ AT12 MH• l l024K.1.2 FlopoyOIM 910411 
PC/AT 12 MHZ/10241(. 1 Drive. 40 MG 911149 
PC 38016Mt 1 OR .. • , , S197i 
PC3881111i1•1DRl40"499 ., 9U711 
MonGl"IOlllca c.td wllll l'ltlllel Prlnlllt Pan ... 
ColorCW wfl'lrlllel Ptlnter R>rl • ... 
-MOfliltw(TTL) •.••• . .. ... 
-Mon11orw111.o1...rnn .... llN 
Color MClft!IDt (RGB) • • • • . • .. • • . • • S.U 
E.Gll Monitor • • ' Nll9 
EGA+c.td •.. . ... . . .. . .. ••S1... 
i/OCerCI (Senal/P1n1uel) • • •Na 
liOCMd(SetllllCloclr~l .. U9 
Enhanced~ ... 
ATMutlll/Oc..d Mii 
XTMullll/OCtrd ... 

MODEMS 

I All Mod!m!"~911~..... .. CtM I 
ProtrHllheUI 2•008 w/Sofl . . S129 
Otnor MOO<>!• .. • • . • • • • • . • . . Call 
US Aobollcl Couriel 2"00 SSIH 
Pal<-.11200 . ......... ... 91411 

BOARDS 
AST Sl•-Pack Piu. 
Hot Shot 266 •. 
O!ller Modol1 . . . 
ATI EOA Enhanced .. 
VIP VGA 
Horculel Colof C.rd ... 
G,.l>hlc C.rd & Grspnlc card + 
lnlol Above Board PS/ PC (11101 
Ab0Yello4r<IPC!O!O 
AbOYG ll<>ord AT (4020) . •• 
AbOYe Ooer<I PSl l'TC'1 20l 
366w/C.bl<> . 
Inboard w/ Cable . . 
NEC Mulrioync Graphic Board 
Orchid T lny 1\rrt>o 28& 
Turbo EGA .... 
Dfflon<tr UGI' . 
f'llrmdlM Au!OIWllch 350 
l'Utoswllch <l30 
VG.A + . .. . " ....... . 
\/Gl'PmfHtionol . 
Plus De..elopmenl 
Plu• Hard Card 20 & 40 M011a1>y1• 
Moun111n Hlr<I C.rdo . . . . . 
Ou..i..m <l<Jod EGA+ ..... 
VGA .. . •••• 
Video-7 Vto• Deluxe ... 
VGA 
COMPUTERS 

.... 
.UM 
..o.. 
.•1111.... 
11... 
91711 
S2H............ 

..171'9 
.s'"9•t•... = ..11.•1•.... 

NM 

". Call 
. C.H .. •27•
HU ..•1• 

. H111 

AST Model 80 . ... " .... .. . . .a1eoe 
AST Model 120 . . . S2UO 
AST MOdOI 140X . " .. " . " s2:au 
AT&T .. . . . ... ..... . C.H 
NEC MulD• 91:17• 
NECMulli-EL 91... 
Slllrp ~1 ........ . .... 
•502 .. 91MO 
7202 .. .... 
122 1 . • ". . 11700 
ToahlbllT IOOO . . . 17811 

~::i.~t . .:= 
T-3100 . .. HT.. 
Zenith .. Call 

VIDEO TERMINALS 
Oume 101 PIWI Qr..., . . . 
Wyte ... . ........ .. 

IBM PC and 100% Cempatlbl!! 
.___.._....,..,.,......,._,..,____..,, WORD PROCESSORS 

INTEQRATIVE SOFTWARE 
Ena111<>2.o SHiit 
F<amework 11 . . saoe 
Smart Soltw.... Svo1em 3.! . . ..., Prioe 
Symphony .. Ma9 
l'b!U!y Plut .C.fl 

TRAINING 
MS Flighl Slmu l1l0< 
PCLogo .. 
'fypfnQ ln11ructo1 
'IYl:Mng Tutor IV .. 
MS Learning DOS 

LANGUAGE 
C Compiler (Mlc:rooolll , 
Fortr.in Complier (M lcrosoh) : 
M1e10 Auembler (M rc1oeof1) 
Ploc81 Compiler (M lcroeofl) . 
O..lck 8Ulc • .O .. 
TUrbO Jumbo Pack 3.0 • 
Tu rt>O l'ticll 4.0 . 
TurboC I.~ . 
Turt>oeaalc . 
TUrtK> Prot 

C.11 
970 
H7..,
Call 

Call 
Call 
Call 
C.11 

. Call 
S1H 

9511... 
9•8... 

PROJECT MANAQEMBNT 
HIMrd Total Prolect M.,,.ger II ACHI 
Micn»chProl41C1 . . .Call 
Suoor Prolecl E>!OOl"I . . . . . . . . S:IN 
Timellne 2.0 92119 

SPREADSHEETS 
Loluo 1-2-3 lJ295 
Multlplan3.0 . . . c.11 
Twin . S32 
VP Plann...- Plut • . Na 
I SUPriilC4.......1269 I 
DATA BAS MANAGEMENT 
cnpper ... .a:aee 
Drue Ill Plu1 S374 
OulckCOde Plua ... 9129 
OulekRoPOrt . S129 
R•llex . . . .. . , .. 978 
DB·Xl . 1711 
PFS: Profeulonll Fiie . . S 119 

I R:eae FOi 008 .. s42s I 

To Aece an Order: 1-800-528-1054 
To Foflow.up on an Order: 602-944-1037 

lll>rd Parfec1 E.>.acutlYe hll 
LeedH!Q Edge W/ Pw/S~e111 Mall ... ... 
Turbo Ugh11nlr>Q HS 
MiclolohWor<l•.O 911• 
Multimala Advon11Qe II •1149 
Wo<dstarw/Tutor... ... • . •. ' . . s1 ea 
'M>rclllar Pro Pack • .0 SM• 
PFS: ProleA onol Write .• . • . .... , •. 91 02 

1=...~:BI 
UT1LITIES 
MS Wlndow1 2 .0 
Copy II PC 
I OIRPlu> 
FU!bockPlus 
Norton UIUUIH • .O 
Printworks fo, L.uar 
Sldeklck (Unprot&clod) .• 
Sld9ways3.2 
SuP<!fi<ey . 
Xlme 
SOZPlu1 
Brooklyn Brldjjo . 

Many ol.IMK Ill... 1vallllillll. 

..Call 
st• 
Me =M7..... 
A7... =... 

CWF·281! 

Ord9I' Line Heura: 

II 

------------~-------=:::::::::::~ 
..................,__ - - 



FIRST IMPRESSIONS 


BYTE Staff 

Microsoft Languages 

Update 


New prerelease versions ofold friends offer a bridge to OS/2 

I
t's not every day that a soflware com
pany unleashes a barrage of language 
upgrades the likes of which Microsoft 

introduced earlier this year. The com
pany wanted to provide its languages with 
OS/2 functionality so that programmers 
could write applications for use with the 
new operating system or turn it into a de
velopment platform for MS-DOS appli
cations. In doing o, Microsoft ha an
nounced new versions of five language 
products and two development kits: 

• C Optimizing Compiler 5. l 
• BASIC Compiler 6.0 
• FORTRAN Optimizing Compiler 4. I 
• Macro Assembler 5.1 
• Pascal Compiler 4.0 
• OS/2 Programmer's Toolkit 
• Windows 2.03 Software Developer's Kil 

Funhem1ore, the company introduced 
at about the same time a new COBOL 
Compiler 3 .0 (actually developed by 
Micro Focus but marketed by Microsoft) 
that also provided OS/2 functionality. 
The only Microsoft languages not directly 
affected by the OS/2 upgrades were, in 
fact. QuickC and QuickBASIC . How
eve r . Microsoft has said that it is simply a 
mauer of time before OS/2 versions of 
these languages are developed as well. 

WhiJe the basic objective of the revi 
sions was to bring OS/2 functionality to 
the languages, an added aim was to do so 
without sacrificing MS-DOS compatibil
ity. The intent behind this plan W'dS to 
provide programmers with a single im
plementation of each language instead of 
separate versions for OS/2 and DOS. To 
accomplish thi , enllancements had to be 
made that affe.cted all elements of the de
velopment cycle, from the editor to the 
debugger. 

One of the most noticeable changes, at 
least for programmers familiar with past 

Illustration by Kevin Hawkes 

Microsoft languages, is that a common 
program editor- the M editor- has been 
added to each language. (Other than the 
Quick products, this is the first time 
Microsoft has delivered languages that 
have integral editors.) Among other 
things. the M editor allows multiple win 
dows and multiple files, and it is config
urable so that it can look like editors you 
may aJready be famjliar with . (Config
uration files are included that enable em
ulation of the Brief, Epsilon, WordStar , 
and QuickC/QuickBASIC-style editors .) 
The M editor has macro capabilities to 
automate frequently used operations, and 

it creates a h.istory file that automatically 
logs in the changes made to a program, 
the type of changes they were, and who 
made them. Additionall y, other pro 
grams can be invoked from within the M 
editor. 

On the compiler side, the revised com
pilers emit Intel 80286 instructions when 
running in OS/2 protected mode . Also 
added were special software libraries that 
take advantage of unique OS/2 capabili 
ties-primarily the ability to work with 
dynamic linked libraries (DLLs) and 
multithreaded applications. 

Dynamic links are the primary method 
by which OS/2-system and non ystem 
services are obtained. They let you post
pone making external references until 
load time or run time. DLLs ailow librar
ies of routines to be linked to applications 
at execution lime. Since DLLs can be 
shared among programs, those programs 
can be much smaJler. Multithreading is 
an OS/2 feature that allows more than one 
path of execution through the same in 
stance of an applications program. OS/2 
aJlows a maximum of 255 threads in use 
by the system at any one time . 

In general, libraries included in the 
compiler let system calls be made di
rectJy to OS/2 functions. TypicaJ caJls 
might be to open a file, allocate memory, 
and so on . 

Because OS/2 enables you to write 
much larger programs, the linker was re
vised o that, among other th ings, it is 
easier to make frequent changes to large 
code modules. You can also specify that 
programs be linked so that they run under 
either OS/2 or MS-DOS. (A unique OS/2 
utility called BIND.EXE lets you asso
ciate a program with either environment. 
Such a program is said to be .. bound" to 
OS/2 or to MS-DOS. ) 

Part of the ignificance of this is that 
contim1ed 
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MICROSOFT LANGUAGES UPDATE 

Table l: Programs created with the Microsoft C Compiler 5. 1 and "bound " 
with a utility program can run under OS/2 and MS-DOS. The same binary 
image ofeach sample program was rw1 under OS/2 and then in the MS-DOS 
window. The programs nm JO percent ro 28 percent faster in the MS-DOS 
window because background processing is suspended. Because we tested 
prerelease software, these are not true benchmarks; they simply give a rough 
idea ofrelative performance. 

OS/2wlndow DOS 3.x window 

Ohryatone' 3 125 4059 

Fibonacci 70 62 
Sieve 11 8 
Sort 21 18 

• Larger number indicates better perlormance. All times are in seconds. except for the 
Dhrystone. which is in Dhrystones per second. One hundred iterations were run for the 
Fibonacci. Sieve, and Sort benchmarks. The Dhryslone version is 1.1: no registers 
were used. and 50.000 iterations were run. 

MS-DOS program can be wrinen under 
OS/2 with the resulting benefit that pro
grammers can undertake several concur
rent development tasks- execution in one 
window and debugging in another, for in
stance- and considerably speed the de
velopment process. The programmer 
would then use BIND.EXE to marry that 
application to MS-DOS. Microsoft says it 
will also supply prepackaged libraries of 
code for simple things like 1/0 access to 
the operating system, and has indicated 
that the company wiJl provide additional 
libraries (e.g., graphics libraries) in the 
future . 

Microsoft readily admits that debug
ging OS/2 programs can be extremely 
difficult , particularly with multithreaded 
programs that can have dozens of threads. 
Code View the Microsoft debugger , now 
provides thread-level control of break
points and tracing. Breakpoints can be set 
on a program level or on a thread level. If 
set on a program level , the complete exe
cution sequence stops when a breakpoint 
is encountered. You can, however, set a 
breakpoint at the thread level by specify
ing the thread on which execution is to 
halt. Similarly. tracing can be applied to 
either the overall execution sequence or 
only to the path ofa specific thread. 

C Optimizing Compiler 5.1 
Among the new features included in the 
Microsoft C Optimizing Compiler 5. 1 
are run-time library enhancements, OS/2 
upport , and the BIND.EXE utility that 

modifie a program so that it can run 
under either MS-DOS or OS/2. Micro
soft C 5. I itself runs under either OS/2 or 
MS-DOS 3.x . 

We installed a prerelease version of the 
compiler on a Compaq Deskpro 386 with 
a 40-megabyte hard disk drive and run
ning Microsoft 's OS/2 version 1.0. The 
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C 5. I installation package has grown 
from four 360K-byte 5 IA-inch floppy 
disks that composed the version 5.0 pack
age to thirteen 360K-byte 5 1..4 -inch flop
py disks and one I.2-megabyte 5 1..4 -inch 
floppy disk . That's the bad new . The 
good news is that a ophisticated setup 
program manages the details of getting 
the software from the floppies to your 
computer's hard disk . 

The setup program asks you questions 
about the type of run-time upport you 
want (OS/2, real-mode/DOS , or both) , 
types of math libraries desired (copro
cessor, emulation, or alternate), the 
memory models you need (small. medi
um, compact or large), and if you want 
QuickC installed . Once you've answered 
these (and a few other) questions, it be
comes a simple matter of inserting the ap
propriate disks as the setup program 
prompts fort.hem . 

If you ' re already using C 5.0, you'll be 
familiar with the operation of C 5. 1. If 
you're upgrading from C 4.0, however. 
you 're in for some changes. First , the msc 
command you used to invoke the com
piler under 4 .0 has been changed to cl. 
The compiler switches are still the same, 
but while you could combine them under 
4.0 (e.g., msc / AL / G2 s i eve), you must 
separate them with spaces under 5.1 
(i .e., cl / AL / G2 / Gs sieve.c). Perhaps 
the most jarring change is that you must 
explicitly supply the file extension of 
.c for the program file or C 5 .1 can't lo
cate it-something that didn't occur 
under 4.0. 

On the positive side, C 5. 1 (and its pre
decessor 5.0) applies powerful code opti
mization techniques to compile your pro
grams, and it supports the new ANSI C 
standard. Unlike C 5.0, C 5.1 's run-time 
support has been expanded 10 include 
OS/2, and new C keywords let you access 

certain OS/2 functions. For example. 
spawn( ) creates and starts a new child 
process, and ewe.it() stops the calling 
proce until a specific child process 
completes. A s igne.l ( ) function lets you 
choo 'e one of everal ways for a process 
to deal with interrupts from the operating 
system . Some of these signals-floating
point error, for example- can be deaJ1 
with under OS/2 or MS-DOS , while 
others, such as process flags. are applica
ble only under OS/2 . 

A new compiler switch , L, lets you link 
code for either OS/2 protected mode (Lp) 
or DOS 3.x real mode (Lr) . If you com
pile and link a C program using only the 
protected-mode options, you can use the 
bind utility to modify the executable so 
that it can run under either OS/2 or MS
DOS. 

However, for BIND 1.0 to locate the 
required APl.LIB and DOSCALLS.LIB li
braries, you have to provide it with ex
plicit path names to these files . Depend
ing on your file directory structure, these 
path names can get quite involved, so we 
resorted to a . CMD file (OS/2 's equivalent 
ofa .BAT file) to invoke BIND.EXE. The 
C 5.1 update documentation states that a 
/ Fb switch Jets you invoke the bind utility 
from the C compiler command line, but 
try as we may, the compiler insisted that 
it was an unknown option, and we had to 
bind the files manually . 

To test this dual-mode capability of the 
C 5.1 compiler. we compiled ample 
programs using the protected-mode op
tion and then bound them. (In this case, 
we used several BYTE benchmark pro
grams to check dual-mode operation, not 
to establish benchmark results .) Next , we 
ran the programs under OS/2 and re
corded the times. Finally, we switched to 
the DOS window, ran the same execut
able files again, and recorded the times . 

No problems were encountered run
ning the programs in either mode. See 
table I for the resuh . Only one OS/2 
screen and the MS-DOS window were 
present during the timing tests . The pro
grams executed I 0 percent to 28 percent 
faster in the DOS window because back
ground processing is uspended while the 
program runs in the MS-DOS window . 

Despite the minor glitches mentioned 
here, C 5. 1 ran capably in both the OS/2 
and the MS-DOS windows . With the 
added OS/2 support and the bind utility , 
it makes a useful bridge between the old 
and new operating systems. 

BASIC Compiler 6.0 
The previous release of Microsoft's ge
neric MS-DOS BASIC compiler (almost 
4 years ago) was the no-hardware-hooks 
BASCOM 5.36. The new BASIC Com
piler 6 .0, which sit astride the MS-DOS 
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and OS/2 operating ystems, has features 
and fu'n ctions that let you access the 
world of multitaskjng . 

With OS/2, BASIC leaves the single 
threaded, real-mode safe harbor of MS
DOS and enters the turbulent waters of 
multiple-threaded protected mode where 
event trapping, interproce communica
tion , and dynamic linking become impor
tant. For BASIC programmers, "OS/2 
programming " wilJ become synonymous 
with " complexity ." 

Like Microsoft" s other updated lan 
guages, BASIC 6 .0 comes on everal 
disks-seven in this case . However, a 
prompt-driven setup program make the 
in stallation of the program relatively 
easy. In addition to new statements and 
functions to facilitate interprocess com 
munication and mul ti tasking, BASCOM 
6 .0 lets you caJl OS/2 functions dire<:tly 
from BASIC. You can use evenl-lrapping 
fun ctions in either real or protected 
mode. 

BASCOM 6 .0 is really QuickBASIC 
4.0 in another guise ; the BASIC pan of 
BASCOM 6.0 is functionally the same as 
Quick.BASIC 4.0 . The Quick.BASIC 4.0 
environment, including edi tor and 
threaded p-code interpreter , comes with 
the distribution disks for BASCOM 6.0. 
The documentation for BASCOM 6.0 is 
the QuickBASIC 4.0 manual set. 

Even though BASCOM 6.0 offers two 
environments, only one runs in protected 
mode. The QuickBASIC 4 .0 environ 
ment runs exclusively in real mode; you 
can create programs in that environment 
and then compile the resulting source 
code in protected mode with the BAS 
COM 6 .0 compiler, BC.EXE. You can 
al o invoke BC.EXE in real mode and the 
compiler automaticaJly emits an object 
file suitable for real mode; invoked in 

The Facts 

Product Minimum system Price 
requirements 

C Optimizing 	 448K bytes of RAM $450 
CompllerS.1 	 One double-sided floppy drive 5.0 owners - free 

and a hard disk drive 4.0 owners - $150 
OS/2 1.0 or MS-DOS 2 1 
(or higher) 

BASIC Compiler 6.0 	 320K bytes of RAM $295 
Two double-sided floppy drives 5.36 owners -$99 
0512 1.0 or MS-DOS 2. 1 
(or higher) 

FORTRAN Optimizing 320K bytes of RAM $450 
Compiler 4. 1 	 Two double-sided floppy drives 4.014 .1 owners - $50 

OS/2 1.0 or MS·DOS 2.1 3.xx owners - $150 
(or higher) 

Macro Assembler 5. 1 	320K bytes of RAM $150 
Two double-sided floppy drives 5.0 owners - $15 
OS/2 1.0 or MS-DOS 2.1 4.0 owners · $75 
(or higher) 

Pascal 	 320K bytes of RAM $300 
Compller4.0 	 Two double-sided floppy drives 3.32 owners - $40 

OS/2 1.0 or MS-DOS 2. 1 3.3 (or before) - $75 
(or higher) 

OS/2 Programmer's 	 320K bytes of RAM $350 
Toolkl! 	 One double-sided floppy drive 

and a hard disk drive 
OS/2 1.0 

Windows 2.03 640K bytes of RAM $495 
Software One double-sided floppy drive and 
Developer's Kit 2 megabytes of available storage 

MS-DOS 3.0 (or higher) 
Graphics adapter card 
Windows 2.0 (or higher) 
Wlndows/386 (optional) 
Microsoft-compatible mouse 

protected mode , BC.EXE creates an object 
file for protected mode . The one thing 
that BC.EXE cannot do , however, is create 
programs that run in both real and pro
tected mode , programs that Microsoft 
caJJs "bound application . " 

With the addition of seven new 
keywords to support OS/2 programming, 
the new Microsoft Editor. CodeView, 
and a new segmented linker . BASCOM 
6 .0 is more than a simple enhancement to 
QuickBASIC 4 .0. Wilh the add itional 
tools , programmers can choose the 
QuickBASIC 4.0 development environ
ment , or they can opt for u ing the Micro
soft editor and the stand-alone compiler 
and linker. 

The new BASCOM version doesn' t 
support IOCTL/ IOCTL$, !NP. OUT , PAL
LETTE / PALETTE US I NG, PEN, PL AY, 
SOUND , STICK, or \.IA IT in protected 
mode. Some statements-BLOAD / BSAVE, 
CALL. PEEK / POKE, and VARSEG- func 

tion somewhat di fferently in protected 
mode. BASCOM 6.0 also does not offer 
EGA, VGA. or Hercules graphics sup
port in protected mode. Otherwise , BAS
COM 6.0 mirrors QuickBASIC 4.0. Like 
Quick.BASIC 4 .0 , BASCOM 6.0 offers 
two options for arithmetic support in 
either real or protected mode . One option 
emjts in-line code for use by a math co
processor, if present, or emulates copro
cessor functions in software when no co
processor is present. The other option 
offers a software-only malh package that 
U'ses a subset of IEEE-754 Binary Float
ing-Point Standard number formats . 

The major difference in the two ver
sions of BASIC lies in the way you create 
programs for real and protected mode. 
Linking under OS/2 is much more in
volved than under MS-DOS. BASCOM 
6 .0's linker can be used in eilher real or 
protected mode, but in protected mode 
lhe number of linking options is greater. 

This increased number ofoptions lets you 
modify libraries, override default librar
ies , combine libraries, and create ex
tended run-time modules of your own 
functions . You can call OS/2 functions 
from within your BASCOM 6 .0 pro
grams by using the DOSCALLS.BI file . 
added to you r program with a #include : 
DOSCALLS. BI statement. This file con
ta ins declarations for OS/2 function caJJs 
and type definitions for data structures 
u ed by OS/2 . 

While BASCOM 6.0 lets you use some 
of OS/2' s facilities , it will not let you 
create multiple threads from within a pro
tected-mode BASIC program. You can 
call external routines or create a process 
that creates multiple th reads. Multiple 
thread within a BASCOM 6.0 program 
are not possible because BASCOM 6.0 
run-time routines are not reentrant. 

BASCOM 6.0 provides record- and 
co11tinued 
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Table 2: Resulls ofsample program execution with Microsoft 's FORTRAN 
Compiler 4. 1. File sizes for the compiled program gauss were slightly larger in 
the bound version and ran a /iu/e slower. When running two copies ofthe 
program, the second copy slowed down significantly more 1hat1 the first. 

File size Execution time 
(bytes) (seconds) 

Real rnode 45818 53 

Protec1ed rnode 50318 60 

Bound version , 
running under OS/2 

61070 60 

Bound version, 
rnul itasking, first copy 

61070 76 

Bound version. 
rnultilasking, second copy 

61070 113 

file-locking features in both real and pro
tected modes. These features work well 
for networked applications in real mode ; 
however, record and file locking are 
more important in protected mode for 
multiprocessing file operations . 

With BASCOM 6 .0, programmers 
now have a way to port their BASIC pro
grams to the OS /2 protected -mode 
environment. 

FORTRAN Compiler 4.1 
Microsoft's newest version of its optimiz
ing FORTRAN compiler lets you create 
.EXE programs that run under MS-DOS 
3.0 or h.igher (including the DOS com
patibility box of OS/2), OS/2 protected 
mode, or under both operating systems. 
The package also supports the use of 
DOS and OS/2 environment variables to 
specify frequently used command-line 
options, and it includes switches for com
piling and linking under OS/2 or DOS . 

A a further convenience for software 
developers who will be compiling for a 
wide variety of systems, the FORTRAN 
compiler lets you specify, on the com
mand line , that a particular default li
brary not be searched during linking . 
You can even set up code overlays on the 
command line . 

In stallation of the 10-disk package 
takes a few minutes but is fairly simple, 
thanks lo the well-designed installation 
program. We found it particularly helpful 
be able to run through the entire setup 
procedure on a "dry run" basis, using an 
option presented at the beginning of the 
setup procedure. Al various points during 
the process, the program gives you the 
optfon of learning more about a given 
ubject before making a crucial setup 

decision; for instance, whether to in tall 
for 80x87 hardware or emulation, and 
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whether to build a medium- or large
memory model library . 

While testing a prerelease version of 
the package on a Compaq De kpro 
386/20 running OS/2 version 1.0, we put 
many of these new features to use . For in
stance, the commands to compile , li nk , 
and bind a test program called gauss _for 
were 

f'L IAL I f'Pc / Od / Zi / c gauss.for 
link / NOD : llibfore.lib llib
fep. lib gauss+c: \ lib \ apilmr,,,,; 

and 

bind gauss c : \ lib \ api. lib 
c : \ lib \ doscalls.lib 

To see how the various compiling options 
worked, we used the 300-line numerical 
approximation program gauss .for and 
compiled the program for real mode, pro
1ected mode , and both (using the bind 
utility). Table 2 summarizes the results . 
Not urpri ingly, .EXE file sizes were 
largest on the bound version and smallest 
on the real-mode version. The real-mode 
version ran 15 percent faster than the 
OS/2 versions , which is also to be ex
pected due to the greater overhead of the 
multitasking OS/2 operating system. 

Just to demonstrate the latter feature 
(multitasking), we started a second copy 
of the program running while the first 
copy was running. This slowed down the 
times somewhat, but otherwise every
thing worked fine. (The econd copy ran 
considerably slower than the first , 
because the first copy was assigned to 
the active window group and thu had a 
higher priority in the multitasking 
scheduler.) 

FORTRAN 4.1 may be the first tool to 

open up OS/2 systems to mainframe ap
plication . Acco rding to Microsoft 
spokesman Greg Lobdell , beta testers of 
FORTRAN 4. l in the aero. pace industry 
have been especially pleased with the 
OS/2 version, which lets them run IBM 
VS and DEC VAX mainframe applica
tions requiring very large memory spaces 
(up to I 28 megabytes ) on their 
80286/80386 personal computers . (In 
practice, the upper limit for virtual mem
o ry may be les , depending on th e 
amount of free pace on the disk drive .) 

Macro Assembler 5.1 
Gone are the day when assemblers 
seemed geared to programmers who were 
apparently happy to work with the soft 
ware equivalents of flint axes and bone
bladed kni ves. Microsoft' s latest relea e 
of its macro assembler, MASM 5.1, ar
rived on five disks filled to the gunwales 
with the assembler and supporting util
ities: UB (the library manager), LINK. 
the Code View symbolic debugge r . 
Microsoft's program editor, an entire 
di k of Code View tutorial, demonstration 
programs with "glue code" for attaching 
assembly language routines to high-level 
languages. and more. 

MASM 5 . I· foremost improvement 
over MASM 5.0 i -, of course , its support 
for and ability to run under OS/2. There 
are actually two version of the ~ASM.EXE 
program provided with 5. 1- one that 
runs only under MS-DOS, and a bound 
version that executes under DOS 3.x a 
well as OS/2 . 

The documentation we received 
contained about seven page covering 
OS/2 and included sample code frag
ments illustrating OS/2 's calling conven
tion. If you're counting on using MASM 
to create programs that run under either 
MS-DOS or OS/2, you'll discover most 
of your work will go into creating judi
cious macros governed by as embly 
switches to emit code based on the target 
operating ystem . 

The update information for MASM 5.1 
also boasted that the MS-DOS version of 
the assembler was faster than its ances
tors thanks to a bener use of far memory. 
while the OS/2-compatible version was 
billed as being slightly slower. Although 
there's no way we knew whether 5.1 uses 
memory more intelligently than its prede
cessors , we did run a sample assembly of 
the same 62K-byte source file under both 
MASM 5.0 and a prerelea e ver ion of 
5 .l. 

On a Compaq 386 running Compaq 
DOS at 20 MHz with a 40-megabyte hard 
disk drive, all assemblies (we ran lhree
one for 5.0 and one each for the two new 
5.1 versions) yielded identical object 

con rinued 
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It could be that the best 

news about the latest 

macro assembler is that 

there is no bad news. 

file (that wa a relief) in around 8. 5 ec
onds; any difference in the times was im
measurable. We should point out that the 
code we were compiJing did not use any 
new OS/2 features, so the resulting object 
file was for MS -DOS only . Had we 
added the DOS bindings (in the file DOS
CALLS.L IB) when we as embled with 
5. 1, the resulting object code would cer
tainly have been larger. 

MASM 5.1 's most attractive new fea
tures, however. have to be the numerous 
embellishments its designers have added 
to macros and compiler directives: exten
sions to the PROC and ODEL directives to 
ease interface to high-level languages, a 
new LOCAL directive for creaLing and ma
nipulating stack-based local variables, 
and ELSE IF-which let you considera
bly simplify complex I F construct in 
conditionaJ a semblies. 

MASM 5. 1 also adds predefined text 
macros that allow a program to query it · 
intended environment at assembly time. 
For example, if you ' ve set the target CPU 
for an assembly using an assembly lan 
guage dire.ctive (such as .286), you can 
perfonn conditionaJ assembly based on 
the vaJue of @CPU . This value 's bit set 
tings indicate which proce or and /or co
proce sor you've selected. Finally. with 
MASM 5.1 you can explicitJy indicate 
pointers within data declarations ; this lets 
you properly view the data item as a 
pointer when debugging with CodeView. 

Overall, thi is an update for MASM 
that was certainJy called for by the on
coming OS/2, and we're happy to see that 
MASM's designers are paying attention 
to everyone out there anaching assembly 
language routine to high-level lan
guages . What we're aying here is ··no 
big surprises," and it could be that the 
best news about MASM 5.1 i that there 
i no bad news. 

Pascal Compiler 4.0 
In Pa cal these days, the key number is 
4-as in Turbo Pascal version 4 , and now 
the Microsoft Pascal Compiler version 4. 
Faced with keen competition from the 
low-cost Turbo product from Borland, 
Microsoft has enhanced its own Pascal 
with a number of key features, including 
OS/2 support, the Code View debugger, 
and a text editor. 

The new compiJer's support for OS/2 

will probably be its most noteworthy fea
ture. Most ofthe significant programs in
cluded wi th the compiler are bound , 
meaning that they can be run under either 
MS-DOS or OS/2. In addition , you can 
choose to have your own program 
bound, or you can link Lhem o that they 
are specifically tailored to either MS
DOS or OS/2. Thus. you can develop 
OS/2 programs in the familiar MS-DOS 
environment . Or, you can develop MS
DOS programs under OS/2. The latter 
approach should not be overlooked, ince 
the OS/2 environment hould aJlow more 
memory for debugging purposes and 
multitasking. 

ote, however , that one should be 
careful when programming for mul!itask
ing. The procedures and functions in the 
PascaJ library are not reentrant. Thu . 
you hould be careful not to enter a par
ticular function until you are sure that no 
other part of your program is using it. 

The new Pa cal al o features Code
View for the first time. This version of 
Microsoft' source code-level debugger 
now includes the ability to evaJuate some 
PascaJ expre ion . It also u es virtual 
memory, which suggest that memory 
limitations should not occur even under 
MS-DOS. 

Another new feature for Microsoft' s 
Pascal is a text editor. Like the other new 
language products , the new Pascal in 
cludes Microsoft's Editor , a fairly 
traightforward text editor that reportedly 

can be linked to the compiler . According 
to Microsoft. you can run the compiler 
from the editor and instruct the compiler 
to pass error information back to the edi 
tor . The re ult hould be a rough approxi
mation of the programming environment 
provided by the Turbo languages. The 
editor is a bit complicated, however, and 
many programmers will probably opt to 
configure it to uit their own preferences 
or to use their own favori te editors. 

The older versions of Micro oft PllsCTil 
required two passes to compile a pro
gram each pa s performed by a separate 
program (December 1986 BYTE) . Three 
passes were needed if you wanted an ob
ject code listing. The new version still 
does at lea t two pas es, but you can call 
aJI three passe and the linker program 
with a single driver program caJJed the 
"PL driver.' This obviates the need 10 
construct complex batch files . ote, 
however, that you can still pass com
ma nd-1 ine options to the individual 
pa se and to the link.er via the command 
line that invokes the PL driver. 

A number of other goodies are prob
ably included in the other new languages. 
These include a MAKE program, which 
should automate the process of checking 

co111i1111ed 
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to be ure that a program i based on the 
latest source and object files . 

As for perfonnance, we did some tests 
using a prerelease version of the compiler 
running under MS-DOS. A full analysis 
of the speed of the program under both 
MS-DOS and OS/2 will have to wait for a 
full review, but Microsoft assured us that 
any benchmark results we obtained 
would be similar to those of the shipping 
product. 

On our Sieve test, an MS-DOS pro
gram executed in 3. 77 seconds on a PC 
AT clone, about 3 percent faster than the 
same program compiled under the previ
ous version of Microsoft Pascal (version 
3.32). A bound version of the program 
running under MS-DOS ran at the same 
speed as the DOS-only version. By con
trast, the same program produced by 
Turbo Pascal version 4 required 33 per
cent more time. 

As for program size, the DOS-only 
version of the Sieve program weighed in 
at 31 K bytes, while the bound version 
was 42K bytes. The same program pro
duced by the previous version of Micro
soft Pascal was 32K, but the Turbo ver
sion was a mere 3K. 

For floating-point calculations, the 
new compiler has a numeric-copro
cessor-emulator option similar to that 
used on the older versions of the com
piler. When a program is compiled with 
this option set, it will use an 8087 or 
80287 coprocessor if found, or it will em
ulate these coprocessors if they are not 
present. To get a rough idea of the perfor
mance in th.is area of computations, we 
ran a floating-point benchmark without a 
coprocessor. The benchmark ran 10 per
cent faster than a similar program com
piled under the previous Microsoft Pas
cal . The Turbo version , however, was 26 
percent faster than the new version. 

One other feature of the new Pascal 
compiler i that it should have less of a 
tendency to run out of memory. It now 
uses far memory to store the table of sym
bol names, instead of storing these names 
in a single segment along with the stack. 
This should mean that the symbol table is 
limited only by system memory and that 
the stack can grow much larger. 

Microsoft Pascal 4.0 comes on nine 
5 1.4-inch floppy disks and, when com
pletely loaded on your hard disk, takes up 
about 2.5 megabytes. This alone is an in
dication of significant change-the last 
version consisted of only two disks. 

Development Kits 
In addition to OS/2 language functional
ity, Microsoft has introduced software 
tools to further encourage the develop
ment of OS/2-based applications. For the 
most part, these development packages 

consist of lots of documentation with 
some accompanying software. 

The OS/2 Programmer's Toolkit, for 
instance, can be used with any of the five 
language compilers de cribed earlier and 
is made up of three manuals: The OS/2 
Programmer's Reference Manual is a 
comprehensive description of OS/2 sys
tem functions, structures, and file for
mats; the OS/2 Programmer's Learning 
Guide describes OS/2 programming 
techniques; and the OS/2 Programming 
Tools explains the software tools and util
ities provided with the Toolkit. Among 
those tools are the BIND.EXE utility (de
scribed earlier), APl.LIB (a library used 
in conjunction with BIND.EXE, contain
ing the functions for applications that can 
run in both MS-DOS and OS/2 environ
ments), and IMP.LIB (a utility that helps 
progranuners create DLLs) . 

The Windows 2.03 Software Develop
er's Kit (SDK) also consists of three man
uals: the Windows Programmer's Learn
ing Guide, the Windows Programmer ' 
Reference Manual, and the Windows Ex
tension Manual. (Version 1.04 of the 
SDK did not include a Leaming Guide.) 
The SDK provides infonnation ranging 
from a description of all the Windows 
functions, me sages, daia types and 
structures, and file fonnats to a step-by
step guide to creating Windows applica
tions. It also provides an exhaustive dis
cussion of the Tag Image File Format 
(TIFF) and Dynamic Data Exchange 
(DDE) characteristics. 

In terms of the software, the differ
ences between the SDK 1.04 and 2.03 are 
a new API, which provides 15 new func
tions and messages; updated utilities, in
cluding new font and dialog box editors; 
and a new screen-caprure fearure called 
SNAP that lets you copy selected regions 
of the screen instead of the entire screen 
(as did the 1.04 SLAPJR utility). Addi
tionally, a debugging aid called SPY has 
been added to let you "spy" on message 
passed from Windows to the application. 
This debugging tool is selective in that 
you can specify the type of message (i.e., 
DDE, mouse , Clipboard, and so on) to 
monitor. 

Furthennore, a couple of new files 
have been added, particularly an assem
bly language include file (1.04 had only 
C and Pascal include files), new floating
point libraries, and the capability to instill 
within applications the automatic checking 
of host personal computers to see if a 
math coprocessor chip is present. • 

This article was wrinen joi111ly by the 
following BYTE editors: Jonathan 
Erickson, Richard Grehan, Rich Malloy , 
George A. Stewart, Tom Thompson , and 
G. Michael Vose. 



With any UPS purhcase from March I 5 chru Apr il 30. I 988 

TEST TRUE RUN CURRENT tFORE YOU BUY 
The TS I OB Load Tester is 
designed to measure the ex
act power consumption of 
your system. This enables 
you to select just the right 
sized UPS model. It also 
tests for 6 common wiring 
faults In your wall sockets 
that can cause computer 
malfunction. 

1455 LeMay Drive 

- .-....: Suggested Retall 

250 WATT 

300 WATT 

500 WATT 

600 WATT 

1200 WATT 

1600 WATT 

120 Volt s 359.00 

120 Volt s 549.00 

120 Volt s 699.00 

120 Volt s 899.00 

120 Volt Sl499.00 

120 Volt s1999.00 

230 Watt Units Also Available 

~ Telephone: 
Carrollton. Texas 75007 PARA SYSTEMS, INC. (214) 446-7363 

'-" 

Fax: (2 14) 446-9011 1-800-2 38-7 2 7 2 TELEX : 140275 OMEGA 
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PSpice 

The Standard for Analog Circuit Simulation 


Now Available on the Macintosh II 

Since its introduction just over four yea rs ago, 
MicroSim's PSpice has sold more copies than all 
other commercial Spice programs combined. In 
addition to running on th IBM PC famil y, in
cluding the new PS/2 and the Compaq 3 6, the 
Sun 3 workstation and the VAX /VMS familv, 
PSpice is now available on Apple's Macintosh ll. 

All these features which have made PSpice so 
popular are available: 

• 	 Standard part s libraries for di ode - , bipolar 
transistors, power MOSFET's, opamps, vol tag 
comparators, and transformer cores. 

• 	 GaAs MESFET devices. 

• 	 Non-linear transformer devices mod ling 
saturation, hy tere is, and eddy current losses. 

• 	 Ideal sw it hes for use with, for example, power 
supply and switched capaci t r circuit designs. 

In addition, all these PSpice options are available 
on the Macintosh: 
• 	 Monte Carlo analysis to calculate the effect of 

parameter tolerances on circuit performance. 
• 	The Probe "software oscilloscope", allowing 

interactive viewing of simulation results. 
• 	The Parts parameter extraction program, allow

ing you to ex tract a dev ice's model parameters 
from data sheet information. 

• 	The Digital Files inte rface, allowing you to 
tran sfer data from your logic imulator to (or 
from) PSpice. The interface perform the 
necessary D to A or A to D conver ions. 

Each copy of PSpice comes with our extensive 
product support. Our technical s taff has over 50 
yea rs of experience in CAD/CAE and our software 
is supported by the engineers who wrote it. With 
PSpice, expert assistance i o nly a phone call away. 

Please call or write today for a fr e demo copy of PSpice. Find out for yourself why PSpice is the standard 
in analog circuit si mulation . 

23175 La Cadena Drive, Laguna Hills, CA 92653 U.S. A. • (714) 770-3022 (800) 826-8603 • Telex 265154 SPICE UR 
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FIRST IMPRESSIONS 


Nicholas Baran 

dBASE IV: 

A Paradox Killer? 


Ashton-Tate's long-awaited new edition ofdBASE ups the ante 
against competitors like Paradox and R:base 

Faced with scrong competition from 
rival database managers, Ashton 
Tate is rea serting its leadership in 

che database market with the release of 
dBASEIV . 

In addition to major new features uch 
a Structured Query Language (SQL) 
support, a ource code compiler, and a 
greatly improved user interface, dBASE 
IV appears to meet or beat the capabiJi 
cies of its main competitors whiJe pre
serving complete compatibility with 
dBASE ill . Indeed, Ashton-Tate claims 
that aJI databases, forms, reports, and ap· 
plication developed in dBASE m will 
run without modification in dBASE IV. 

Ashton-Tate is billing dBASE IV as the 
crucial first tep in developing complete 
database connectivity between personal 
computers, "workgroup environments," 
and mainframe SQL databases. But, al 
though dBASE IV supports a complete 
et of SQL commands either in interac 

tive command mode or as embedded 
commands in dBASE programming 
code, there is no provision for transfer
ring data between dBASE and SQL data
bases. In other words, the SQL imple
mentation is u eful only for developers 
who want to write code that they can 
eventually port to SQL environments. 

True portability of SQL and dBASE IV 
databases will have to wait for the SQL 
Server system planned for OS/2, which 
was announced in January in conjunction 
with Microsoft and Sybase. Ultimately , 
Ashton-Tate's goal is to make dBASE the 
database of choice on Unix and VMS file 
servers as well as on MS-DOS and OS/2 
systems. 

Leaving the Past Behind 
While dBASE IV might be a stepping 
tone to the future, it is also a major break 

with the past. Until now, dBASE has al· 
ways had a reputation for being hard to 

Illustration: Jame Yang © 1988 

learn and hard to use, requiring a great 
deal more programming than its competi
tors. Ashton-Tate has answered chis criti
cism with a completely redesigned menu
driven user interface (chough you can still 
use the familiar dot prompt if you want) 
plus an improved applications generator, 
keyboard macros, and a query-by-exam
ple (QBE) feature similar to that found in 
Paradox. 

In addition, new reports and form gen 
erators include menu-driven screen de 
signers, calculated fields data valida
tion, box and line drawing, and other new 

feature · for customizing input and output 
screens . The new dBASE also includes a 
facility for automatically generating 
graphs and charts on Ashton -Tate's 
Chart-Master graphics software . You do 
have to exit from dBASE however, to run 
Chart-Master. 

The dBASE IV database structure is 
fully compatible with earlier dBASE ver
sions but includes a new floating-point 
data type with 64-bit numerical preci 
sion . Also , you can now manipulate data 
in memo fields as you would other text 

continued 
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DBASE IV 

fields. which you could not in dBASE UL 
Another enhancement to the database 

trucrure i the ability to combine multi
ple databases into a view or "pseudo" 
databa e, which looks like any other 
database. This means you can work with 
forms, reports. and application code that 
access the view and automatically extract 
and update data from the databases linked 
to the view . This feature makes relational 
operations far less complex than in earlier 
dBASE versions. However, you can have 
only one view or database on the screen 
at a given time , unless you resort to 
programmjng. 

The latest dBASE also has automatic 
indexing with up to 47 indexes per data
base file . Although you can till create 
your own DX index files, the automatic 
indexing feature eliminates the need for 
them in most situations. 

The dBASE IV package includes up
grades to the dBASE programmjng and 
command language. These include a li
brary of financial and mathematicaJ func
tions, a "template language" for custom
izing the applications generator , 
commands for creating windows with 
pop-up and pull-down menus, and a new 
multiple-window debugger . The win
dowing capability allows applications de

velopers to create windows on the screen 
that can display multiple databases 
simul!aneousl y. 

Object-Code Compiler Adds Speed 
The new package also includes a com
piler of sorts . dBASE IV's new compiler 
produces a type of object code that , ac
cording to Ashton-Tate, make dBASE 
programs execute up to 9 time faster than 
indBASEm . 

The compiler produces files with a 
. DBO file extension rather than the . EXE or 
.COM files produced by most other com
pilers. A special Build utility in a devel 
oper's version allows you to link com
piled programs together. 

Finally, dBASE JV includes improve
mencs for multiuser applications . These 
include transaction processing , error re
covery, password security and encryp
tion, and automatic record and file lock
ing, with an indicator identifying which 
workstation is locking the file or record . 

dBASE IV will be available for both 
MS-DOS and OS/2. The MS-DOS ver
sion requires 64-0K bytes of RAM and 
automatically u es extended or expanded 
memory, if either is present. 

When dBASE ships in July , it will be 
in two editions: the standard dBASE IV 

($795) for productivity users, and the 
Developer's Edition ($1295) for seriou 
programmers and applications develop
ers . The two are the same except that the 
Developer's Edition include additional 
documentation for programmers and de
velopers, plus the Build utility for linking 
compiled source code. unlimited run
time support. and LAN keys for testing 
multiuser application . 

A report provided by Ashton-Tate 
summa rizing the difference. between 
dBASE IV and dBASE Ill is over 50 
pages long. There obviously isn't space 
here to discuss all the other new or 
enhanced commands and functions. But 
it is clear that Ashton-Tate's objective i 
to silence it critics and to expand it al
ready overwhelmi ng share of the data
base market. • 

[Editor's ote : We based this First Im
pression 011 product demonstrations a11d 
early documentation provided by Ashton
Tare. We are planning to provide a more 
derailed review ofthe product in the near 
future.] 

Nicholas Baran is an associate technical 
editor ofnews and technology at BYTE 's 
San Francisco offlee. 
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''Its 6:33 pm. Tbe lines are down. And 
shes tbe closest tbing I've got to a teclmklan. 

Meanwhile, I've got asalesguy here waiting 
to close a halfmillion-dollar deal, and he's 
screaming 'why_didn1 my ordergo through.' I 
have no clue. My technical staffis home watching 
the game. And all I keep thinkinf! is whatever 
haPf!ened to that word reliability? IfI could have 
anticipated the problem, at least I wou.ld have had 
a chance. As far as I'm concerned, somebody at 
headquarters better start talking to AT&T about 
getting anetwork tnanagement system. Or they 
can find themselves a new whipping bay. 

A'l&Tcomes through.'' 

AT&T DATAPHONE• II 

Network Man~t System 


There's no great mystery to improving your opel"dling 
efficiencies. '-Ou jtN ha\'e LO start with fall-proof data oom
muoications equipment. As follows. 

IJSis DAJ'APHONE II System ControUer manages a 
fully integrated netwock of modems (analog, private line, 
switched network), multiplexers (stallstical, T-1), and digital 
service units (switched, private line). 

Nelu:orks ofany size can be managed from a single 
point, so problem5 can be readily pinpoimed and mrrecied. 

Rea/.lime diagnoslil:s and re-routing help anticipate 
system failures and reduce downtime. Complete monitoring 
includes customlz,ed reports. menus and graphic displays that 
let you tine-tune your network. 

Tu learn more, con!aet your A'OO' Account Executive. Or 
call I 800 247-1212 for the number of our office nearest }'OU. 

From equipment 10 networlting, from axnputers 
to communications, A'M Is the right choice. 
01-AlllT 

- ATs.T 
The right choice. 
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OUTSTANDING BUY 
Low/Middle Price 

Speed and print-quality tests 

reveal the best values 


among 37 dot-matrix printers 


S
electing a dot-matrix printer can be 
a maddening experience. You have 
to weigh differences in price, 

speed, and print quality, and then hack 
your way through a morass of specifica
tion and descriptions of font cartridges, 
buffer sizes, emulations, and control 
panels. 

But the factors that really matter are 
speed and quality, ' and if you insist on 
having both in one printer, you'd better 
focus your attention on 24-pin dot-matrix 
printers. Traditionally the top of the line 
in terms of price and qua! ity , some of the 
new models rival 9-pin printers in both 
speed and price . 

To help you in the selection process, 
we tested 37 of the newest 24-pin dot
matrix printers: We've grouped them into 
four categories so you can quickly focus 
on the ones that fit your budget: low 
($499 to $999), middle ($1000 to $1499), 
high ($1500 to $1999), and deluxe 
( 2000 to $2499) . 

The good news is that bargain hunters 
have the widest choice: Almost half the 
units fall into the low-price category. In 
last year's dot-matrix -printer roundup 
(April 1987 BYTE), only four 24-pin 
printers , out of 15 tested, fell into that 
range. Further good news is that the char
acter-per-second (cps) speeds are up. 
La t year' top three ratings in "top qual
ity font" throughput at IO characters per 
inch (cpi) were 94, 96, and 104 cps; this 
year , the top three were timed at 103, 
118 , and 138 cps. Speeds in draft and 
graphics modes also showed similar 
increases. 

All the printers we tested meet certain 
minimum standards. For example, char
acter pitches of 10, 12, 17. 1, and propor
tional spacing are universally available. 
All the units have parallel interfaces ; 
serial interfaces are also available on all 
the printer , either as an option or 
standard. 

All the printer emulated at least one 9
or 8-pin printer. typically an IBM Pro 
printer, an IBM 5152 Graphics Printer. 
or an Epson FX printer. However, these 

Photography: Paul Avis © 1988 

emulations will not give you the full 
capability of a 24-pin printer. For that, 
these printers need to emulate a 24-pin 
standard like the Epson LQ or the To
shiba P35 l. All the printers we tested had 
one or more emulation modes for taking 
advantage of 24-pin capabilitie-s. When 
more than one standard was available, we 
selected the emulation that gave the best 
results. 

For thfa review. we selected wide-car
riage models (using up to 15-inch-wide 
paper) unless on ly a narrow-carriage 
model was available. Narrow-carriage 
models (using 8 1h-inch-wide paper) are 
generally $200 to $300 less than their 
wide-carriage counterparts . Thus , if you 
don't need the wide-paper capability, you 
can save some money without sacrificing 
anything in terms of performance or 
quality . 

Table 1 lists the printers by price cate
gory . along with individuaJ specifica 
tions and features . One significant speci 
fication is the MTBF (mean time between 
failure) rating, a manufacturer's rating of 
the durabiJ ity of a printer . 

One relatively new feature for printers 
is forms parking, the ability to automati
cally retract one type of paper aJready in 
the printer-like multipart fonns-to let 
you insert and print on a single sheet like 
letterhead, and then to automatically re
load the multipart forms . This feature, 
available on only a few printers we tested, 
increases the versatility of a printer for 
office use ; 24-pin printers are often 
called upon to do letters as well as fonns 
printing. Another extra-cost option of
fered for most of these units is an auto
matic sheet-feeder bin. 

Testing Criteria 
We measu red throughput, sound level, 
and print quality on each printer, using 
an IBM PC AT running at 8 MHz to drive 
the pri.nters. 

BO-column text throughput. This is a 
real istic measurement of print speed 
using a typical document. Our 80-col 

conrinued 

Epson L0-500 

Fujitsu DL3400 

Copal WriteHand 6700 

High/Deluxe Price 

HP RuggedWriter 480 

' 
Okldata Mlcroline 393 

Fujitsu DL5600 
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Table I: The 37 24-pin dor-marri.x primers we 1es1ed vary widely in price. The primers are grouped here according to 
price category, with other key specifications and features listed. 

Manufacturer/Model Price Carriage Resident Plug-in font Draft-quality/ Forms 
lonts• cartridge top-quality swltch2 parklng3 

Price category: Low 

Epson L0-500 
NEC P2200 
Seikosha SL-80AI 
Copal WH 6700 
Epson L0-850 
Printronix P1013 
Panasonic KX-P1524 
Brother M-1724L 
C 1~zen Tribute 224 
ALPSAL0324 
Fujitsu DL3400 
NECP7 
Sanyo PR-241 
Star Micronics NB24-15 
Toshiba P341 SL 

Price category: Middle 

IBM Propnnter Xl24 
Dataproducts 9044 
Epson L0-1050 
Fac1183450 
C. ltohC-715A 
N1ssho NP-2405 
ALPSP2400C 
Okldata M1crohne 393 
Star Micronics NB-15 
Epson L0-2500 
Fuptsu DL2600 
NECP5XL 
Toshiba P351 SX 

Price category: High 

Radio Shack DMP-2120 
AT&T 477 
Hewlett-Packard AW 480 
Nrs.sho NP-2410 
NECP9XL 
Mannesmann Tally MT330 
C, ltoh C-815 

$499 narrow 
$499 narrow 
$549 narrow 
$795 wide 
$799 narrow 
$895 narrow 
$899 wide 
$949 wrde 
$949 wide 
$995 wide 
$995 wide 
$995 wide 
$999 wide 
$999 wide 
$999 wide 

$1049 wide 
$1099 wide 
$1099 wide 
$1245 wide 
$1295 wide 
$1 295 wide 
$1395 wide 
$1399 wide 
$1399 wide 
$1449 wide 
$1495 wide 
$1495 wrde 
$1499 wide 

$1599 wide 
$1695 wide 
$1695 wide 
$1745 wide 
$1795 wide 
$1799 wide 
$1995 wide 

3 

1 0• 
0

• •5 • 
• • 

• 
1 

• 
0 

3 0 0 

1 • • •1 

• • •1 

• •1 • • 
0
• 

1 

• • 
0 

1 • • 
0 

2 0 0 
7 0

• 
1 

• 
• • 

3 0 0 

1 

• •2 • • 0• 
3 0 0•2 0 0•
1 0

•2 • 
0
• 

1 • 0 
2 

•• • 0 
1 

• • 
0 

6 0 0 
1 • 
2 0 0•
4 0 0• 
1 0 0 
1 

• 
• 0

•2 
• 

0
• 

2 0 0 
2 

• 
0 

1 • 
• 

• 
2 0 0 

Price cat.egory: Deluxe 

Fujitsu DL5600 $2195 wide 1 0 
Japan Digital Laboratory JDL-850 $2495 wide 2 

Notes 

NA-lntormatron not available tram manufacturer. ' The number of built-in 10-pilch tonrs. 

• - Feature is available. 2 Draft-quality/top-quality switch implies tha each font can prinr 

0-Feature is not avai lable. in draft quality or top quality. 


umn ASCn document consists of five 
pages (330 lines) of single-spaced text 
with I - inch margins, indented para 
graphs and ragged right margins, and 
with three tables on the last page. The 
text contains no special attributes like 
underlining or boldface. 

As with all the tests, we transferred the 
data from a hard disk file to lhe printer 

120 8 Y T E • APRIL 1988 

using lhe PC-DOS copy f ile command . 
We started lhe timer when the command 
was entered and stopped the timer when 
the last line was printed. 

We timed the printers in draft-quality 
mode and in top-quality mode (variously 
referred to by manufacturers as leuer 
quality, near letter quality , or correspon
dence quality; we always used the highest 

quality available). 
132-column 1ex1 1hro11ghpu1. To test 

the printers on 132-column text, we used 
a fulJ page (66 lines) of numbers divided 
into 11 columns , similar to a financial re
port or spreadsheet. We me.asured the 
time for draft quality and top quality at 10 
cpi. To aJJow testi.ng of lhe narrow-car
riage printers , we also ran the test using 

http:testi.ng
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Daf-MATR!X PRINTERS 

Maximum Input buffer MTBFt Dimensions (Inches) Weight Comments• 
copies' standard optional height by width by depth (pounds) 

3 
3 
3 
3 
4 
3 
4 
4 
4 
4 
3 
4 
4 
3 
3 

8 
8 

16 
18 
6 
2 

13 
0 

24 
7 

24 
18 
10 
5 

32 

0 
0 
0 

32 
32 

0 
32 
32 

0 
64 
0 

32 
0 

16 
32 

15 Pitch-select by software only 
11 Front-load cut sheets: compac1 
15 Pitch-selec1 by software only 
24 Light-duty tractor mechanism 
20 
19 24-pin hammer-bank mechanism 
35 Versaule paper handling 
19 Versatile paper handling 
17 NC model Tribute 124, $699 
31 NC model AL0224 , $695 
27 NC model DL3300, $795 
25 NC model P6, $699 
20 Awkward to configure 
33 NC model N824-10, $749 
18 NC model P32tSL, $749 

27 NC model Propnnter X24, $799 
27 NC model 9034 , $899 
26 NC model L0·850, $799 
33 Versatile paper handling 
38 Plug-in emulation cards 
33 Full-feature control panel 
44 Versatile paper handling 
37 Versatile paper handling 
33 
26 
40 
37 
33 Versatile paper handling 

2 
4 
4 
4 
4 
5 
6 
4 
3 
4 
5 
4 
6 

6 
32 
16 
16 
32 

6 
4 

30 
16 
8 
8 
8 

32 

0 
0 

32 
0 
0 

30 
252 

0 
16 
32 
0 

32 
32 

5 0 64 
5 8 0 
4 2 16 
5 6 48 
6 16 32 
4 0 32 
4 42 0 

4000 
4000 
3200 
4000 
4000 
4000 
4000 
4000 
5000 
5000 
8000 
5000 
8000 
NA 
NA 

6 x 15 x 13 
6 x 15 x 11 
6 x 16 x 13 
Sx23x15 
6X17X14 
5 x 16 x 12 
6 x 24 x 15 
5x20X12 
5 x 23 x 14 
6 x 19 x 16 
5 x 23 x 14 
4 x 22 x 13 
4 x 22 x 13 
5 x 23 x 15 
4 x 16 x 15 

NA 
5000 
6000 
4000 
7200 
6000 
6000 
4000 
NA 
6000 
6000 
7000 
NA 

5 x 23 x 14 
5 x 23 x 13 
6 x 24 x 14 
7 x 25 x 16 
5 x 25 x 15 
8 x 24 x 15 
7 x 25 x 18 
7 x 16 x 22 
5 x 23 x 15 
6 x 23 x 15 
6 x 22 x 15 
6 x 23 x 15 
6 x 23 x 16 

50 Manual forms parking 
40 Easy configuration dialogue 
35 Front-loading forms 
41 Versatile paper handling 
37 Automatic paper loading 
SS Difficult ribbon loading 
33 

3000 
6000 

20,000 
6000 
7000 
4800 
7200 

8 x 23 x 15 
6 x 22 x 15 
8 x 24 x 14 
6 x 24 x 17 
6 x 23 x 15 
7 x 24 x 17 
6 x 23 x 16 

8 24 0 8000 7 x 24 x 15 45 Versatile paper handling 
4 128 0 4000 8 x 26 x 17 43 Includes HP plotter emulation 

3 Refers to automatic forms parking only. 
• Maximum copies includes original and applies to carbonless forms. 

s Mean ime between failures. in hours. as quoted by manufacturer : 
the rating systems vary among manufacturer-most 
are for a 25 percent duly cycle. 

e NC stands fo r narrow-carriage counterpart . 

17 . I cpi, draft mode, producing 8-inch 
in tead of 13-inch line . (At 17 . l cpi, 
draft mode is of higher quality than at JO 
cpi because of the higher dot density .) 

Throughput values are inevitably lower 
than the cps speeds quoted by the manu
facturers . The manufacturer's rating is 
actually the highest speed the printer is 
capable of on a single line. Our tests take 

into account the time requi.red to advance 
the paper and po ition the print head to 
the start of the next Line. 

Table 2 present all the throughput fig 
ures in cps and lines per minute (lpm). 
The cps figures are given to ease compar
ison with last year ' results; lpm i a 
more standard unit of measurement for 
throughput. Characters per second is 

imply the document length in bytes di 
vided by the number of seconds to print 
it. Lines per minute is the document 
length in lines divided by the number of 
minutes required to print it. Keep in mind 
that 66 !pm is equivalent to one page per 
minute, in either 80-column or 132-col
umn printing. 

continued 
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Table 2: Throughpw ratings for BO-column and 132-co/umn text reveal clear leaders in each price category. Higher 
numbers signify faster performance. 

SO-column throughput 132-column throughput 

Manufacturer/Model draft, draft, top, top, draft , draft, top, top, cond., cond., 
cps lpm cps lpm cps lpm cps lpm cps lpm 

Price category: Low 

Epson LQ-500 101 124 44 54 124 55 
NEC P2200 85 105 39 49 95 42 
Selkosha SL-BOAi 56 69 30 37 60 26 
Copal WH 6700 102 126 50 62 138 61 60 27 130 58 
Epson LQ-850 148 183 64 79 173 77 
Printronix P1013 107 132 42 52 130 58 
Panasonic KX-P1524 107 132 48 59 140 62 52 23 124 55 
Brother M·1724L 107 132 49 60 128 57 48 21 11 1 50 
Citizen Tribute 224 122 151 55 68 149 67 61 27 157 70 
ALPSAL0324 105 130 50 62 147 66 58 26 128 57 
Fujitsu DL3400 146 180 58 71 188 84 57 25 155 69 
NECP7 11 1 137 50 62 138 61 54 24 121 54 
Sanyo PR-241 90 111 49 61 130 58 54 24 85 38 
Star Micronics N824· 15 11 3 139 50 61 147 66 55 25 79 35 
Toshiba P341 SL 110 135 47 58 145 64 53 23 136 60 

Price category: Middle 

IBM Proprinter XL24 159 196 64 79 173 77 63 28 147 66 
Dataproducts 9044 121 150 61 75 184 82 72 32 149 67 
Epson LQ-1050 147 181 64 79 180 80 66 29 176 79 
Facit 83450 134 166 56 69 176 79 66 29 149 67 
C. ltohC·715A 131 162 63 77 201 90 74 33 166 74 
Nissho NP-2405 139 172 64 79 188 84 73 32 276 123 
ALPSP2400C 146 180 73 90 215 96 87 39 188 84 
Okidata Microline 393 184 227 89 110 232 104 92 41 315 141 
Star M1cronics NB-15 140 173 62 77 192 86 72 32 109 48 
Epson L0-2500 128 158 61 76 173 77 73 32 116 52 
Fujitsu DL2600 146 180 73 90 188 84 76 34 196 88 
NEC P5XL 132 163 57 71 78 35 43 19 82 37 
Toshiba P351SX 165 204 77 96 232 104 88 39 221 99 

Price category: High 

Radio Shack DMP-2120 150 185 74 91 196 88 77 34 201 90 
AT&T 477 146 180 73 90 192 86 76 34 201 90 
Hewlett-Packard AW 480 191 236 138 171 253 113 155 69 227 102 
Nlssho N P-2410 169 208 103 127 239 107 132 59 294 132 
NECP9XL 170 210 82 101 232 104 90 40 196 88 
Mannesmann Tally MT330 205 253 72 88 252 113 72 32 
C. ltohC-815 182 225 91 112 252 113 116 52 184 82 

Price category: Deluxe 

Fujitsu DL5600 236 291 118 146 315 141 124 55 368 165 
Japan Digital Laboratory JDL ·850 169 208 95 117 226 101 106 47 166 74 

' "Test not applicable on narrow-carriage printers. 
··would not complete test due to software Incompatibility . 

• 
Complex text printing speed. To com- IBM 5152 graphjcs printers, depending printers within the same price category . 

pare the printers ' speeds on more compli- on the emulation in each printer. Graphics speed. Two tests measured 
cated text , we used a document consisting These results are not directly compara- graphics speed. The first test consisted of 
of various combinations of underlining, ble to the 80-column text throughput re- printing four graphs ( two scatterplOls 
bold, itaJic , superscript , subscript , pica , uJts because the style test is an unreal is- conuilning lines and circles, a bar chart, 
and eli~ fonts. We generated the print file ticaUy dense mix of printing styles. It is and a pie chart) on a single page. We pro-
using the XyWrite DI Plus word-process- definitely not a throughput test. Table 3 duced the print file using STATA 1.5 , a 
ing program configured with printer lists these resuJts in cps only. What is sig- stati lical-analysis and data-presentation 
drivers for Epson LQ, Toshiba P35 J, or nificant about this test is how it ranks the program , configured with a printer 
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T&Me 3: Epson and Fujitsu printers, along with several others, did well on 
rite style, graphics, and gray-scale tests (higher numbers are preferable). hr 
the sound-level ratings , where lower numbers are preferable, each 3-dedbel 
increase corresponds to a doubling in the intensity ofthe sound. 

r., qu1111r 
Mllnufacturer/Model 9tyl9, Graphics, Onlyseaf•, 90WllMllW'W9!, 

cps cps cps dM 

"1ice c•tewo'l'= Low 

Epson LQ-500 67 650 692 72 
NEC P2200 46 830 920 72 
Seikosha SL·80AI 451 329 68 
Copal WH 6700 59 450 312 69 
Epson L0-850 100 1350 1548 71 
Printronix P101 3 65 683 1173 78 
Panasonic KX·P1524 61 850 826 75 
Brother M·1724L 65 931 413 72 
Citizen Tnbure 224 71 917 73 
ALPSAL0324 52 562 420 69 
Fujitsu DL3400 92 1440 627 63 
NEC P7 55 1255 1024 65 
Sanyo PA-241 52 955 611 68 
Star Micronics NB24 ·15 39 705 627 72 
Toshiba P341SL 38 905 404 70 

PrtQe ctilegory: Middle 

IBM Proprinter XL24 58 195 299 73 
Dataproducts 9044 34 687 371 72 
Epson L0-1050 105 1367 1548 71 
Fac1t 83450 52 1090 790 72 
C. Uoh C·715A 39 1186 516 74 
Nissho NP-2405 60 650 855 71 
ALPS P2400C 70 1000 920 70 
Okidata Microl ine 393 80 2400 67 
Star Micronics NB·15 45 658 430 75 
Epson L02500 78 1459 11 92 70 
Fujitsu DL2600 105 1588 1399 69 
NEC P5XL 66 1421 1276 68 
Toshiba P351SX 59 2117 876 70 

Price cet990ry: High 

Radio Shack DMP-2120 76 465 932 68 
AT&T 477 109 1301 1515 69 
Hewlett-Packard FfN 480 68 542 854 69 
Nissho NP·2410 66 683 1039 71 
NECP9XL 87 1928 1914 68 
Mannesmann Tall y MT330 1069 826 63 
C. l!oh C-815 100 2823 673 71 

1'11oe category: Deluxe 

Fujitsu Dl5600 171 3176 2273 68 
Japan Digital Laboratory 

JDL-850 72 497 836 63 

·would not complete test due to software incompat ibility. 

<.lriver for Epson LQ, Toshiba P35 l, or 
IBM 5152 graphics printers. The first 
rwo drivers take advantage of the 24-pin 
h:ijh-dot-density capabiHties and were 
IMICd wherever possible . (Only the Radio 
Shack DMP 2120 required us to fall back 
IO the IBM graphics printer driver, since 
that unit ' s 24-pin graphics command set 
is unique to Tandy. ) 

The second graphics throughp11t test 
consisted of a series of gray-scaJe f"lffems 
written for 9-pin printers with IBM 5152 
Graphks Printer emula<ion. This is a 
very stressfuJ test because the print heaQ 

is constantly working. Some pri~rs he"1 
to slow down to cool off, reducing their 
effective throughput . For example, the 
Brother M-1724L came to a complete 

~ several times to cool off during this 
lest . 

Table 3 inchKres cps res11lts for both 
g_,trics lleSts. Keep ill mind that, here , 
~P' 9houid more properly be called bytes 
,_r sCCOD(f, since tlie test file is binary , 
AOtASCH. 

Sownd level. We measured the sound 
le\'ef of each priater during d.raft-qwality 
Mid t~ i.xt priming (SO-column 
.'Wiell file) MHI for gtaphics speed prim
ing (gray-S<iale test). 

Our test device , the Radio Shack 
soun4-Jevel meter (Model #33-2050), 
was posit:imled OR a triped 2 feet in front 
f1f me te!ll wnit ' at ear level for a person 
llittin& in fmM ofU.C priRter. We used the 
llleter ' s A weigltting, wh.ich models an 
average person 's aud itory fr~uency 
Tespot!Se. 

Owr !Mftbers me higher than those 
qvoted in die lllM1Uticturer 's specifica
tions eecause we used a small office 
rether than the standard environment pre· 
scribed for soood-level measurements; 
however, eur mHTibers are consistent and 
valHI kif making comparisons. The re
!lllks for~ levels <Wring the tGf)· 't'lai· 
ity-mode test IR fiven in tabk: 3; the 
resutts were comparable for the draft· 
quality-mode aed graphics tests . 

Print qWlliry. Fioolly , we subjectively 
evaluated the print q4oHl.iity of text and 
~aphics from each printer. For text qua:L· 
ity , we used a few pages from the top-
quafoy-mode SO-column throughput test 
aRd me complex text-printing speed test. 
For graphics quaHty , we used both graph
i£s speed leStS: the four-graph printout 
and the gray-scale pri.Rtout . 

We posted the 74 9a1Tlples aioll@ two 
wells , musewm style, numbered fur refer
ence but unJabeled as to manufacturer . 
Twenty-two BYTE 9laff members rated 
samples on a sca)e of l (worst) to 5 (best) 
(see figure I ) , us ing the following 
criteria: 

Te!lt : 
• Unifonn print density (no variation in 
c.iensity) 
• Unifonn shape of characters (a given 
letter always looks the same) •• Clarity (easy to read) 

6raphics: 
• Straight lines and smooth curves 
• Solid, urufonn filled-in black areas 
• f ineness of lines 
• Unifonn density of filled-in areas (no 
variation in density) 

Each prinier' s fll'l8.I score was the nu
meric rating ( 1 to 5) that its print sample 
received most frequently from the BYTE 
staff. 

continired 
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Photo 1: As with most ofthese printers, the NEC P2200 is small and light. 
yet it offers numerous advanced features. 
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Figure 1: In our ratings oftop quality and graphics printing, the two samples 
on top received a score of5; the two on the bottom received scores of3 (left) 
and 1 (right). 

The Proof Is in the Printing 
In general, throughput goes up with 
price; however, a few exceptions are ' noted below. Sound levels are generally 
highest in the low-price range . One 
surprising fact is that text quality is gen
erally highest among the middle-price 
printers. 

Print quality. Among low-cost 
printers, the Fujitsu DL3400, the Pana
sonic KX-Pl524, and the Printronix 
Pl013 rated highest , with 4s for text and 
graphics. Among middle-price units, the 
NEC P5XL had perfect 5s for text and 
graphics, while the C. Itoh C-715A, the 
Okidata Microline 393 , and the Nissho 
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NP-2405 had 4s in both ca tegories . 
Among high-priced printers, the Hew
lett-Packard RuggedWriter RW 480 and 
the Nissho NP-2410 had two perfect 5s. 
The Fujitsu DL5600 won in the deluxe
price category with a 4 and a 3 in text and 
graphics, respectively. 

Throughput, BO-column, draft quality. 
As shown in table 2, the Epson LQ-850 
and the Fujitsu DL3400 won in the low
price category, with rates of 148 cps and 
146 cps,,,. respectively . The Okidata 
Microline 393 won in the middle-price 
category by a wide margin, with 184 cps; 
the Toshjba P351SX followed at 165 cps . 
The high-price category also had a clear 

leader the Mannesmann Tally MT330 at 
205 cps: the Hewlett-Packard RW 480 
was second at 191 cps. The Fujitsu 
DL5600 achieved a blistering 236 cps in 
the deluxe-price category, equivalent to 
approximately 4.4 pages a minute. 

Throughput , BO-column , top quality. 
Although the speeds were slower by 
about half, the fastest printers in this te t 
were the same units that won the 80-col
umn draft test, except in the high-price 
category , where the Hewlett-Packard RW 
480 was the clear winner ( 138 cps), fol 
lowed by the issho NP-2410 . Surpris
ingly, the Mannesmann Tally MT330, 
which won the draft test, dropped to last 
in its category in this test. 

Throughput , 132-co/umn . draft qual
ity. The winner list in this category re
sembled that of the 80-colurnn draft test, 
except for the narrow-carriage Epson 
LQ-850, which could do onJy the con
densed-font ( 17 . I cpi) test. 

Throughput. 132-colunm, top quality. 
The wide-carriage uruts in the low-price 
category ranked close together, with 
speeds ranging from the Brother M
1724 L · s low of 48 cps to the Citjzen Trib
ute 224's high of6!. Results in the mid 
dl e-price range were equally close , 
except for the EC P5XL, which turned 
in a 43-cps rating, less than half that of 
the Okidata Microline 393 stop-rated 92 
cps. The Hewlett-Packard RW 480 again 
won in the high-price category by a wide 
margin . The Fujitsu DL5600 outper 
fonned the Japan Digital Laboratories 
JDL-850 in the deluxe-price class, 124 
cps to 106 cps . 

Throughput, 132-column, condensed 
font. Rankings followed the 80-column 
top-quaJity results fairly closely, except 
among high-price printer , where the 

issho NP-2410 at 294 cps was almost 
30 percent faster than the next-ranked 
Hewlett-Packard RW 480. 

Style test. The only surprises were in 
the middle-price range, where the Epson 
LQ-1050 and the Fujitsu DL2600 won by 
a clear margin at I 05 cps, and in the high
price range, where the AT&T 477 won 
with 109 cp . 

Graphics rests. The cps ratings in both 
tests varied over a wider range than with 
the other throughput tests, from a low of 
3 I 2 cps to a high of 3176 cps. For the 
four-graph printout, the winners were: 
low price , Epson LQ-850 and Fujitsu 
DL3400; middle price, Okidata Micro
line 393; high price , C. ltoh C-815; and 
deluxe price, Fujitsu DL5600. Gray
cale test winners were: !ow price, Epson 

LQ-850; middle price, Epson LQ-1050: 
high price, NEC P9X L ; and deluxe 
price, Fujitsu DL5600. 

Sound level. Low-price units exhibited 
,-ontinued 
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Price range : Middle ($1000-$1499) 
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APRIL1988 •BY TE 125 

Price r1n 

20 

16 

~ 
m 12:::i 
CT 

f 
II 8 
> 
0 

4 

0 
o<::a 

'<ltf(f 
...., 

: Low ($499-$999) Graphics quality D Text quality Throughput (cps) 

....._ _ __ _______. 



- - -

Dal'-MATRIX PRINTERS 

Views from BIX: Dot-Matrix Printers 

D espite claims of an irruninent paper

less society, printers are still an es
sential peripheral for most of us . Every
one has his or her favorite . These 
comments were taken from the IBM.PC 
conference on BIX and are based on ac
tual user experience. 

-Stan Wsza/a, Technical Editor 

LARRY HAMBY [hamby]: "Any
body want to recommend a dot-matri:it 
printer that gives the best correspon
dence-quality type for the least price? I 
don't need to type that many great-look
ing letters, but when I do I hate for them 
to look so 'computerish . ·I want to spend 
ne:itt to nothing, of course. Thanks." 

PETE WH1TE [petewhite] : "The LQ 
series of printers from Epson are great . 
The LQ-800 is reasonable in price, and 
the LQ-2500 is for me an expensive 
dream printer." 

PATRICIA HENSON [phenson]: 
'Tve read BYTE's April 1987 survey of 
printers, and from what I could tell it 
looks as though the Panasonic KX 
PI092i is a reaJly good buy if you want 
good NLQ te:itt. Does anyone have any 
experience with the KX-Pl092i?" 

LARRY EMERY {lemery]: " I have 
owned both a KX-PI091 and a KX
p 1592, which are excel.lent printers for 
the price. I think the new models (the 
"i" series, e.g .. 1092i) are even better 
than the old. If so, the NLQ will be real 
hard to tell from LQ. The 1092 at work 
is also very nice, but it lacks a com
pressed print switch on the front panel. 
They may have corrected this on the 
1092i. For all-around quality in con
struction, print quaJiry, speed, and con
venience features, I have yet to ee a 
printer that beats the P..masonics." 

• 

TCHOLAS BARAN [nickbaran): "I 
highly recommend the ffiM Proprinter. 
I particularly like the single sheet/enve
lope feeder that you can use without re
moving the tractor-feed paper. It prints 
200 cps in draft mode and about 50 cps 
in letter-quality mode. You can get a 
Proprinter for about $350." , ROEDY GREEN [roedy]: "This is an 
open letter to the designers ofdot-matrix 
printers describing the sorts of features I 
would like to see in the new crop of 
printers and also the blunders in design I 
would like them to avoid. 

'Tm familiar with about a hundred 
models of printers used in Canada, the 
U.S .. Sweden. lndia, and Australia. I 
have written drivers for about 50 of 
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them. My dream printer is mostly a 
combination of the best e:itisting 
features. 

"Make sure you fully support the 
Centronics interface (specifically pins 
12 and 13). so the computer can detect 
whether or not the printer is off-line or 
out of paper. Roland, Okidata, take 
note. 

"When the user is adjusti.ng the paper 
or rollers, under no circumstances 
should the printer start moving . To
shiba, take note. 

"When the printer is off-line, the 
New Page and Line Feed buttons should 
work . Kudos to Hewlett-Packard for in
venting the idea and to Roland for copy
ing it. 

" The printer manual should show 
command sequences in ASCIJ, decimal, 
hexadecimal, octal. and CHR$ fonns. 
complete with one realistic example for 
each form. The examples should show 
the actuaJ print results of commands . 

"For printers with design-your-own 
fonts, the manuaJ should also show en· 
larged pictures of the dots on a grid 
so you can use them as models to 
design variants. Kudos to Okidata and 
Epson . 

"The paper path should be as straight 
as possible, with at least 4 pins per side 
for tractor-feed paper engaging at aJI 
times . The paper-threading path in
structions should be printed or em
bossed on the printer where they cannot 
get lost. Make sure the in and out paper 
paths are sufficientJy separated that the 
out paper doesn't easily get sucked back 
in the input. Epson, take note . 

"The ribbon cartridge shouJd have no 
more than I cm of ribbon e:itposed. Thi 
makes it almost impossible to misthread 
the ribbon. Please do not invent yet an
other cartridge design. Kudos to To
shiba for sticking with a great design 
through all its models . 

"It should be possible 10 read what 
the printer has just typed without having 
to waste a sheet of paper. The Okidata 
Microline 292 solves this by automati
cally rolling the paper up for you to 
look, or tear off, then rolling it back 
down when you resume printing. 

"II should be possible to make micro
alignments both horizontally and verti
caJly while the printer is printing. The 
Sujata, a printer manufactured in India 
and designed by Printek, has such 
features . 

" If the printer does not receive any 

new characters for a few seconds, it 
should go ahead and print rather than 
holding characters in its buffer waiting 
for a carriage return. Kudos to Okidata. 

"If a printer cannot do all possible 
combinations of attributes, ii should use 
the following priorities : First, get the 
pitch right. Then worry about getting 
the type width right. If you don't get 
these right, things will look a mess be
cause they will not align. Once you've 
got that right. worry about getting italic 
and boldface right. Then. finally. han
dle NLQ. Better still, allow all combina
tions. Kudos to the IBM 5152 . 

"Support Epson 8-bit graphics. 
"Downloadable character sets should 

be saved in battery-backed RAM while 
the power to the printer is turned off to 
clear a jam or to reset top of form . Ku
dos to Okidata. Toshiba, take note . 

·•Make sure there is a wdy to print 
every last item in the IBM 256-character 
set so that a decent Print Screen is possi
ble. Ideally , use the IBM codes 
untranslated . 

"To make single-sheet feeding easy, 
there should be a simple lever to tum off 
the paper-out detect. It should not be 
necessary to remove the tractor and set a 
DIP switch. Toshiba, take note. 

"Redesign the printer until the proper 
print ribbon thread path is the one natu
rally selected by naive users 95 percent 
of the time. Toshiba, take note. Kudos to 
Seikosha and Sujata. 

"When designing your printer, make 
the presumption it is in a different room 
from where the computer is. Anything 
you can do from the printer's control 
panel, you should be able to do from the 
computer. 

"Finally, what kind of name is KX
Pi595C or MP- 1300AI for a printer? 
How are you supposed to pronounce it? 
Remember it? Do they really plan to 
manufacture 26X26X26x lOx IOX 
!OX IOX26 = 45,686,760,000 differ
ent models of printer? That's even a lit· 
tie optimistic for a serial number. Get 
serious, Panasonic and Seikosha." 

[Edi1or' s note: Views from BIX presents 
a variety of infonnal, diverse opinio11s 
from users of a selected class of prod
ucts. Messages chose11 for publication 
may be edited for length or clarity. The 
views eJCpressed are those of each mes
sage's aurhor and do 1101 necessarily 
reflec1 1hose of BYTE or BYTE's 
reviewers.] 
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How to create monumental plots 

in a matter of minutes. 


Side Exterior 
40.962 m __ 
Surface \11-"-'.._.._....._..........__.._..._.._.u.....&f, 
1,650 m2 

Side E)(lerlor 
70,695 m 
Surface 
4,200 m2 

Time is of the essence. The 
essence of the HP DraftMaster Plotter. 
The fastest A to E size drafting plotter 
made by Hewlett-Packard. A plotter 
so fast, any designer can create big 
ideas at blinding speeds. 

How did we do it? With unsur
passed acceleration. And features 
like a new pen-sorting algorithm. 
Bi-directional plotting. And a very fast 
resident micro-processor. We even 
offer a model with roll-feed for non
stop plotting. 

But the HP DraftMaster doesn't 
sacrifice output quality for its blinding 
speed. Every plotter is thoroughly 
tested to ensure the highest reliability 
and precision. So you get smooth 
arcs, straight lines and perfectly
formed characters, time after time. 
Furthermore, it handles a variety of 

pens on drafting film, vellum or paper 
- all at optimal speeds. 

Naturally, it works with just about 
any computer. Like the HP Vectra PC 
and .IBM PC's. As well as popular 
PC-CAD software like AutoCAD 
and VersaCAD. And the DraftMaster 
brings with i t HP's worldwide reputa
tion for quality. Prices start at just 
$9,900~ 

Why wait? For a brochure and a 
sample plot, call us at 1 800 367-4772, 
Ext. 901A. 
The drawing shown below was produced on the 
HP DraftMaster with AutoCAD software 

Ff,9'1 HEWLETT 
~/!.I PACKARD 
AutoCAO is reg1ste1ed uademar of AutoOesk Inc 'MrsaCAD LS a 
rcql<rnroa t.radema1k ol T w SyGtems · suggesu>d US hat p11 
© !!le? H wlau PnckA1d Co 

Circle 119 on Reader Service Card 
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Company Information 
ALPS America Dataproducts Japan DigitaJ Laboratory (JDL) Printronix 
3553 orth First St. 6200 Canoga Ave. 2649 Townsgate Rd. 17500 Cartwright Rd . 
San Jose , CA 95134 Woodland Hill . CA 91365 Suite 500 Irvine. CA 92713 
(408) 946-6000 (818) 887-8000 Westlake Village , CA 91361 (714) 863-1900 
inquiry 907. Inquiry 913. (805) 495-3451 Inquiry 925. 

inquiry 919. 
AT&T Epson America RadioShack 
4513 Western Ave. 2780 Lomita Blvd. Mannesmann Tally 1700 One Tandy Center 
Lisle, IL 60532 Torrance CA 90505 830 I South I 80th St. Fort Worth TX 76102 
(312) 971 -6000 (800) 421-5426 Kent, WA 98032 (8 17) 390-3100 
Inquiry 908. Inquiry 914. (206) 251-5524 Inquiry 926. 

Inquiry 920. 
Brother International Facit Sanyo Business Systems 
8 Corporate Place 9 Executive Park Dr. NEC Information Systems 51 Jo eph St. 
Piscataway. NJ 08855 Merrimack, NH 03054 1414 Mas achuseus Ave. Moonachie, NJ 07074 
(201)981-3000 (603) 424-8000 Boxborough, MA 01719 (20 I) 440-9300 
lnquiry 909. Inquiry 915. (617) 264-8000 Inquiry 927. 

Inquiry 921. 
C. ltoh Digital Products Fujitsu America Seikosha America 
2515 McCabe Way 3055 Orchard Dr. Nissho Information Systems l 111 MacArthur Blvd . 
Irvine. CA 92714 San Jose, CA 95134 10855 Business Center Dr. Mahwah, NJ 07430 
(7 14) 660-1421 (408) 432-1300 Suite 100 (201) 529-4655 
Inquiry 910. Inquiry 916. Cypress, CA 90630 Inquiry 928. 

(714) 952-8700 
Citizen America Hewlett-Packard Inquiry 922. Star Mlcronics 
2401 Colorado Ave. 1820 Embarcadero Rd . 200 Park Ave. 
Santa Monica, CA 90404 Palo Alto, CA 94303 Okidata Suite 3510 
(2 13) 453-0614 (415) 857-1501 532 Fellow hip Rd . New York, NY 10166 
Inquiry 911. Inquiry 917. Mount Laurel. J 08054 (212) 986-6770 

(609) 235-2600 Inquiry 929. 
Copa.I (USA) IBM Inquiry 923. 
2291 205th St. 900 King St. Toshiba America 

uite !05 Rye Brook, NY 10573 Panasonic 9740 Irvine Blvd . 
Torrance, CA 90501 (800) 426-2468 Two Panasonic Way Irvine, CA 92718 
(213) 618-0225 Inquiry 918. Secaucu , NJ 07094 (800) 457-7777 
Inquiry 912. (20 I) 348-7000 Inquiry 930. 

lnquiry 924. 

the widest sound-level range of all the 
categorie . Considering the top-quality 
measurements. as well as the draft and 
graphics sound levels not shown in the 
table , the NEC P7, the Fujitsu DL3400, 
and the Seiko ha SL-80Al were quietest. 
The PrinLronix PIOl3 was clearly the 
noisiest printer, its graphics sound level 
reaching 84 decibels with the A ' 
weighting. 

Among middle-price units, the Oki
data Microline 393, the NEC PSXL, and 
the ALPS P2400C were quietest overall , 
and the Star Micronics NB-15 was loud
est. Among high -price units, the 
Mannesmann Tally MT330 was quietest, 
and the Nissho P-2410 and the C. ltoh 
C-815 were loudest overall. The quietest 
delu1te-price unit was the Japan DigitaJ 
Laboratories JDL-850; this is the only 
rating in which this unit outperfonned the 
Fujitsu DL5600. 
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No Need for Apologies 
The ideal printer should have a high 
throughput, excellent print quality, and 
low cost. Are there any candidates among 
the 37 printers tested? 

If you're willing to pay the price , you 
can definitely find peed ru1d quality in 
one unit. The Hewlett-Packard RW 480 
($I 695) offers the highest text throughput 
(lop quality) and achieved top ratings in 
text and graphics quality. 

The mjddle-price category as a whole 
outperformed the other price ranges in 
terms of quality ratings (a greater per
centage of 4 ratjngs). The Okidata Micro
line 393 ($ 1399) looks more like a high
price unit in terms of 80-column 
throughput and quality. 

Among low-price units , the Epson 
LQ-500 ($499), the Copa! WriteHand 
6700 ($795), and the Fujitsu DL3400 
($995) each offer bargain hunters good 

combinations of speed and quality. 
Figure 2 shows the relative score for 

each printer, taking peed and both text 
and graphics quality into account. This 
si ngle graph can point you to the best 
value in each price range . 

If quality alone is your con ideration. 
the NEC PSXL ( 1495) may be your best 
buy; it rated a 5 in both text and graphics 
quality . Dropping down just one notch in 
quality, you can look at Lhe Printronix 
PJ013 ($895), the Panasonic KX -P1524 
( 899) , or the Fujitsu DL3400 ($995). all 
scored 4s on text and graphics quaJ iry. 

Finally, you don't have to apologize for 
using a dot-matrix printer for business 
communication . • 

George A. Stewart is a technical editor 
for BYTE. He can be comacted at BYTE. 
One Phoenix Mill Ltme. Peterborough. 
NH03458. 



Ah, the big idea. Everyone 
has one. But not everyone can 
afford a plotter to plot one on. 
VVhichgotusthinking.VVhatu 
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 \kctra PC and IBM PCs. As 
well as popular PC CAD programs 
like \krsaCAD and AutoCAD. 

If the idea of having HP 
reliability with 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 011Jy 
$4900.* 
The drawing shown below was produced on the 
HP DraftPro with VersaCAD software. 

F//'09 HEWLETT 
Ii:~ PACKARD 
Ver'Sft.CAD 1.d a 1139lslered trndomark of T & W Systems A utoCAO LS 
o registered u odom&rk or AutoDosk. Inc ' SuggosUX! US llat puce 

Circle 120 on Reader Service Card 

How to pull off a fantastic 

HP plot for only $4900. 
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The WYSEpc 386 


What do you do if you can't af
ford a top-of-the-l ine 80386 
system like the IBM PS / 2 
Model 80 or the Compaq Desk
pro 386, but you want some
thing a little classier than 1he 
386 system s from the usual 
clone makers? You could try 
the WYSEpc 386, a 16-MHz 
80386 system with an attractive 
design , perfonnance to match, 
and a price tag that beats 1he 
386 systems from IBM and 
Compaq handily. 

Al $4999, the WYSEpc 386 
(Model 3216-40) comes with 
Intel· s 80386 processor running 
at 16 MHz, I megabyte of 
RAM e/\pandable to 6 mega
bytes , a half-height 1.2-mega
byte 5 'A-inch floppy disk drive, 
a half-heigh! 40-megabyie hard 
disk drive, a 102-key modified 
AT-style keyboard , one parallel 
port, and two serial (9-pin 
male) ports. The review unit 
also came with an EGA-com
patible display adapter and a 
monitor , bringing its price to 
$6247. You can add an 80287 
(6-MHz or 10-MHz) or 80387 (16-MHz) 
coprocessor, but these are nm available 
from WYSE. 

Made to Upgrade 
The WYSEpc 386 is a standard AT-size 
unit with a detached keyboard and front
panel controls . The system is based 
around a backplane design rather than a 
motherboard system-the CPU and all 
memory boards sit in expansion slots so 
they can be repaired or upgraded easily 
(see photo 1). The system has 10 e/\pan
sion slots: three 8-bit slots and seven 16
bit slots. 

In a standard system configuration, the 
CPU and the memory board occupy two 
of the 16-bit slots, and the serial/parallel 
port board occupies an 8-bit slot. The re
view unit also had a half-length WYSE 
EGA-compatible display adapter in one 

Ed McNierney 

memory board , which holds I A classy 80386-based 
megabyte of I 00-nanosecond 
(ns) static-column dynamicsystem priced to rival machines 
RAM (DRAM) operating at 16 
MHz with zero wait states. Youfrom the big boys 
can add an additional megabyte 
of RAM to the standard board , 
and you can also plug a second 
memory board (up to 4 mega
bytes) into the backplane. 

The serial/parallel board 
connects to the main CPU 
board with a ribbon cable, and a 
second serial connector is lo
cated on the CPU board. While 
thi makes convenient use of the 
CPU board's slot space, the two 
boards are installed as far apart 
as po sible and the cable is 
strung along the back of the 
case. The cable gets in the way a 
bit , but you can remove it if you 
don't need the second port. 

In addition to the basic flop
py and hard disk drives , you can 
install another full or half
height floppy disk drive under 
the floppy drive , and a second 
half-height hard disk drive 

of the other 8-bit slots. The combination 
floppy/hard disk controller board lies in 
front of the backplane board on the bot
tom of the case and connects to the back
plane through a special edge connector, 
so it doesn ' t take up any expansion slots. 

Missing from the WYSEpc 386 are 32
bit slots . Most manufacturers of 80386
based microcomputers use 32-bit slots 
chiefly for connecting high- peed RAM 
expansion boards to ma/\imize system 
performance. WYSE has taken a slightly 
different approach, purting the 32-bit ex
tensions on a separate bus that runs 
across the top of the expansion boards 
rather than on the backplane. A special 
rigid connector couples adjacent 32-bit 
boards together to allow rapid com
munication . 

The standard system comes with the 
CPU board connected in this way to the 

above the original hard disk 
drive, for a total of four devices driven by 
the controller board . 

The average access time of the 40
megabyte drive is 28 milliseconds (ms), 
and the Coretest utility showed a lightly 
slower-than-average data transfer rate of 
165K bytes per second . The drive 's 
track-to-track seek time is only 4 ms, and 
the disk's overall performance is good. 
The drive is very quiet ; when running 
disk-test software, I had to put my ear to 
the front panel to hear the disk heads 
moving-a welcome improvement over 
many of the scratchy and clattery hard 
disk drives currently available. 

T he unit's keyboard connects to the 
back panel of the CPU board with an RJ 
1 l telephone jack . The keyboard inter
face is otherwise compatible with the AT 
keyboard, and WYSE provides an adapt

cominued 
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THE WYS PC 386 

WYSEpc386 

Company 
WYSE Technology 
3571 North First St. 
San Jose. CA 95134 
(408) 433-1000 

Components 
Processor: Intel 80386 processor 
running at 8 or 16 MHz; socket for 80287 
(6-MHz or 10-MHz) or 80387 (16-MHz) 
coprocessor 
Memory: 1 megabyte of 100-ns, zero
wait·s ate DRAM , expandable to 6 
megabytes 
Mass storage: One half·he1ght 1 .2· 
megabyte 5 1/•·inch floppy disk drive; one 
half-height 40-megabyte (28-ms access 
1me) hard disk drive in the Model 3216
40 
Keyboard: 102-key modified AT-style 
110 interlaces: One parallel port; two 
serial (9-pin male) ports; seven 16-bit 
expansion slots; three 8·bit slots 

Size 
21 inches by 18 inches by 61h inches; 
41 pounds 

Software 
Enhanced MS-DOS 3.21 : GWBASIC 
3.2; SElUP and TEST utlhtles 

Options 
EGA adapter. $499 
EGA monitor. $749 
1-megabyte memory expansion: $500 
2-megabyte memory expansion: $1200 
Floor stand: $165 

Documentation 
103-page Enhanced MS-DOS User's 
Guide, 71-.page Installation and Assembly 
Manual 

Priee 
Model 32 6·01 (base system, with a 

1.2-megabyte S!/•-inch floppy disk 
drive and 1 megabyte of RAM): 
$3799 

Model 3216-40· $4999 
System as reviewed (Model 3216-40, 

plus an EGA adapter and a monitor): 
$6247 

Inquiry 883. 

Dhrystone • Fibonacci Float Savage Sieve Sort 

WYSEpc386 

PS/2 Model 80(80387-1 6) 
Compaq 386 (80387-16) 
Compaq 386 (80287-8) 
IBM PC AT (80287-8) 

3982 50.32 

3626 57 26 
3748 53.1 
3748 53.12 
1590 126.22 

34 71 295.52 

1 62 
1 43 
6.80 

10.98 

9 49 
8.95 

21 53 
37.30 

· For the Dhrystone test only. higher figures denote fas er performance 

DISK ACCESS IN BASIC (IN SECONDS) 
WRITE READ 
0 5 IQ 15 20 ~ a 5 10 

- 5 0 

71 

i-a 5 1 

14 
I 

§: J, 


BASIC PERFORMANCE (IN SECONDS) 

SIEVE CALCULATIONS 


I I:- 1 l.. I r 

5.65 6.68 

6 45 7 74 
5 98 5.58 
5.99 5.58 

24 .60 43.17 

15 lll 25 

I I I 


SPREADSHEET (IN SECONDS) 

LOAD RECALCULATE 


SYSTEM UTILITIES (IN SECONDS) 
40K FILE COPY 

Ll.. I I f l 
• WYSEpc386 

• IBM PS/2 MODEL 80 
• COMPAQ DESKPRO 386 
• IBMPCAT(8MHZ) 

The table contains the results of the C language benchmarks (see "A Closer Look" by 
Richard Grahan in the September 1987 BYTE). All times are in seconds, except lor the 
Dhrystone, which Is in Dhrystones per second. The Disk Access benchmarks write and 
then read a 64K-byte sequential I.ext file to a hard disk. Sieve runs one iteration of the 
Sieve of Eratosthenes. Calculations performs 10,000 multiplication and division 
operations. The Spreadsheet tests load and recalculate a 100-row by 25-cotumn 
Multiplan (1 .06) spreadsheet. The 40K File Copy benchmark copies a 40K·byte file on 
the hard disk. All BASIC benchmark programs were run with Enhanced MS·DOS 3.21 
and GWBASIC 3.2 on the WYSEpc 386; PC-DOS 3.3 and BASICA 3.11 on the PS/2 
Model 80 and the IBM PC AT: and Compaq DOS 3.1 and Compaq BASIC 3.1; on the 
Compaq Deskpro 386. 
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THE WYSEPC 386 

er plug that lets you connect an after
market keyboard to the WYSE jack. The 
keyboard, which closely resembles tho e 
available on WYSE terminals over the 
last several years, has a light and slightly 
clicky touch. I would prefer a more IBM
like keyboard with bener tactile feed
back , but for me the WYSE keyboard is a 
reasonable compromise. 

The keyboard's layouc belongs to the 
" modified enhanced " class, resembling 
the I 0 I -key keyboard standa rd on all 
IBM machines. The two exceptions to 
chis layout are both mi takes, in my opin
ion: The Alt keys (one on either side of 
the space bar) have been shrunk consid
erably- they are no bigger than the stan
dard alphabetic keys-while the Control 
keys next 10 them are the largest keys on 
the keyboard ocher than the space bar. 
Since both Control and Alt are popular 
application shift keys, I can see no reason 
for the change . Also. a Select key ha 
been added at the upper right of the key 
board. The documencation says this key 
ha an application-defined usage, but 
none of the software supplied with the 
WYSEpc 386 uses it, and since the key is 
found only on WYSE keyboards. few, if 
any. third-party software developers are 
likely to support it. 

Displaying Its Options 
Since WYSE has had years of experience 
building terminal s, the quality of the op
cionaJ EGA monitor (Model WY-640) 
that came with the review unit is not sur
prising. The 640- by 350-pixel display i 
bright and crisp, with clear pixel separa
cion and no trace of fuzziness. The moni
tor has brightness controls and a color
selection switch that lets you selectively 
disable some of the RGB inputs co the 
monitor, changing otherwise white text to 
either amber or green . This is a nice con
venience for monochrome applications, 
but it makes some color combinations 
di appear entirely . 

The monitor i attached to a tilt-and
swivel base that holds the power switch 
and supply. You can connect the power 
cord to an outlet on rhe rear of the system 
unit and control the entire system with 
one power switch . 

On the front panel of the system unit, 
rhree push button let you interact with a 
IS-character LED display directly above 
them. The display shows the current date 
or time and the system processor speed (8 
or 16 MHz). You control the daie/time 
and peed roggles with the push buttons, 
and you can change them at any time , 
even in the middle of an application. The 
third push button switches the LED to a . 
"CPU usage" display, which shows a 
si ngle bar growing and shrinking in re
sponse to CPU load . Other than for 

amusement value , this di play mode is 
useless; the CPU load doesn't Cranslate 
into any practicaJ measurement , and all 
you can do is watch the bar wiggle back 
and forth as an application runs. 

You can, however, use the LCD panel 
to display programmable mes ages that 
either are static or scro ll across the 
screen. Such messages could be u eful 
for monitoring the progress of long batch 
files or for notifying you of the system 's 
status. 

Enhanced DOS 
The WYSEpc 386 comes with WYSE' 
version of MS-DOS 3. 2, called En
hanced MS-DOS 3.21: it contains a few 
enhancements and a number of new util 
it ies not included in the standa rd MS
DOS package. Enhanced MS-DOS pro
vides support for di k devices larger Chan 
32 megabytes (the review unit was set up 
for a si ngle 40-megabyte hard disk drive). 
You can et partition size and adjust 
them with the standard FDISK utility, and 
you can create mulciple MS-DOS parti
tions if you prefer smaller di ks instead of 
one large one. 

A disk optimization program called 
DISKPACK assiscs hard disk performance 
by compre sing files into contiguou 
space for faster sequential acce s. For e
curity reasons, DISKPACK works with a 
floppy disk in drive A serving a a tem
porary storage area. ff a power failure oc
curs while you 're running DI SKPACK, you 
can restart the system and run DISKPACK 
with the /R witch to re ume operation 
with no loss of data. 

A in most 80386 machines, che stan-

Photo I: The WYSEpc 386 
is designed around a 
backplane rather than a 
motherboard. All system 
cards. including the 80386 
CPU card, insert imo 8- and 
16-bit expansion slots in the 
backplane and communicate 
via 32-bit connectors that 
run across the top ofthe 
boards. 

<lard I megabyte of RAM in the WYSEpc 
386 is divided into 640K bytes for DOS 
and 384K bytes of leftover RAM. WYSE 
gives you a number of options for taking 
advantage of this otherwise orphaned 
384K bytes of memory ; these include the 
standard MS-DOS VDISK , which lets 
you create a RAM disk in that memory , 
and a disk cache that you can install in 
either extended or conventional memory . 

The disk cache can be dynamically 
loaded and unloaded at any time , and a 
pecial command option makes it di play 

a helpful set of ·tatistiC' about the current 
cache hit rate and usage , along with an 
e timate of the performance improve
ment gained by using the cache . The 
cache requires 12K bytes of system mem
ory even ifthe buffer itself is in extended 
memory, but the boost in disk perfor
mance is worth it: MicroCalc , the sample 
spreadsheet that comes with Turbo C (ap
proximately 7700 lines of C source code) 
required 48 second to completely com
pile and link without a cache; installing a 
256K-byte cache in extended memory re
duced that time to 35 seconds-an im
provement of over 25 percent. 

If you don't want caching , WYSE pro
vides a device driver that use the 
80386's memory management capabili
ties co make extended memory appear to 
be Enhanced Expanded Memory Specifi
cation (EEMS) memory. accessible to 
applications as data storage areas. 

Although you can cont rol the proces
sor speed from the front panel , a SPEED 
utility lets you select high or low speed 
(or disable the front -panel switch en

cominued 
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us 
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tirely) from the keyboard . An LCDPANEL 
utility lets you send text to the LCD panel 
di splay . You can aJso install an LCDP AN
EL .SYS driver in your CONFIG . SYS file; 
lhis creates the DOS character device 
LC DDEV , which lets applications write to 
the LCD display just as they write to a 
file. You can even redirect DOS com
mands to the LCDDEV device; for example. 
lhe command DIR > LCDDEV causes lhe 
current directory display to scroll across 
the panel. 

Rounding out the complete set of MS
DOS utilities are a Help system (which 
provides information about any MS-DOS 
command , internal or external), a combi 
nation lock program , and an equipment 
check utility . 

Finally , a SETUP utility lets you run 
system configuration and tests. Since one 
of lhe more difficuJt steps in setting up a 
hard disk sy tern is determining the ap
propriate drive type for lhe disk, SETUP 
provides a list of drive type along with 
associated characteristic (e.g .. size, 
number of head , and number of cylin
ders) from which you can choose the 
proper type. 

Included with WYSE's Enhanced MS
DOS is GWBASIC 3.2 , along with some 
simple batch files that let you start the in
terpreter with the commands BAS IC , 
BASICA, or GWBASIC . 

How Compatible Is It? 

The WYSEpc 386 is reliably compat

ible with all the PC oft ware I tested, in 

clud ing Turbo C 1.0, SideKick l.56A. 

Lotus 1-2-3 version 2 .0 I , Lotus Sym

phony l.2, Microsoft Word 3.0, Brief 

2 _0 , and Microsoft Windows 1.03 and 

2. 0 . I encountered no problems with 
these packages , except when installing 
Lotu 1-2-3 on the hard dfak : Even when 
the processor speed was slowed to 8 
MHz, the INSTALL utility could not set 
up 1-2-3 to run directly from the hard 
disk drive . However, I was able to use 1
2-3 's COPYHARD utility to achieve lhe de
sired result . 

Microsoft Window /386 had interest 
ing difficulties. The Windows/386 SETUP 
procedure lists the WYSEpc 386 as a 
compatible computer, but installed soft
ware refused to run, displaying an error 
message indicating lhat the current DOS 
version (MS-DOS 3.21) was not sup
ported - If I booted lhe ystem under IBM 
PC -DOS 3 .3, Windows/386 ran but 
would not let me start COMMAND . COM in a 
window, claiming that an incorrect DOS 
version was in use. WYSE technicaJ sup
port did not return either oft.he two calls I 
made to investigate the problem. How
ever, a company spokesperson said later 
that WYSE has corrected the incompati
bility with Windows/386 in Enhanced 

MS-DOS 3.21 version 1.03, which now 
comes with the system. 

WYSEGujdes 
The documentation supplied wilh the 
WYSEpc 386 came a two booklets, En
hanced MS-DOS User's Guide and the 
Installation and Assembly Manual. The 
MS-DOS manual was clear and well in
dexed, with descriptions of the standard 
DOS commands as well as WYSE's ex
tension _ The manual' biggest defi
ciency was its lack of documentation for 
lhe DEBUG, LINK, and EDLIN programs in 
cluded with DOS. These programs are 
given only one line apiece in the entire 
manual, which otherwise does an excel
lent job of documenting DOS functions . 

The Installation and Assembly Manual 
is an outstanding example of its class of 
documentation. It is simple, clearly writ
ten, and well illustrated, and it presents 
information in the order that you can ex
pect to need it. Information on jumper 
settings and adding new boards and co
processor hardware is complete . The 
manuaJ is nOI very large, but it still seems 
to have a.I l the right bits of information. 

Among the Fastest 
The WYSEpc 386 performed well in all 
the BYTE benchmarks. Since the review 
unit did not have a math coprocessor, its 
floating-point performance was not opti
mal- In other te ts , the system ranks 
among the faster 16-MHz 80386 systems . 
It clearly outperformed the IBM PS/2 
Model 80 and the Compaq Deskpro 386 
(as the graphs and table on page 132 
show), though it did not reach the speed 
of machines like the PC Designs GV-386 
(January BYTE). For consistency, I ran 
all disk benchmarks with the disk cache 
disabled; with lhe cache installed, the 
Disk Read tests rd.n 15 percent faster 
(3 . 12 seconds), while the Disk Write 
speed did not change al all. 

An Excellent 386 Alternative 
The WYSEpc 386 is an attractive 80386 
system . It looks good performs well , and 
comes wilh complete documentation and 
a robust set of enhancements to MS
DOS. The standard list price of $4999 for 
lhe 40-megabyte hard disk system is a lit
tle on the high side, compared to 80386 
systems from companies like PC Designs 
and Kaypro, but it's a bargain next to 
comparable systems from IBM or Com
paq. If you want a solid, reliable, hassle
free system wilh lots of nice touches and 
attention to detail, the WYSEpc 386 is an 
excellent alternative. • 

Ed McNiemey is a principal engineer at 
lo1us Development Corp. in Cambridge, 
Massachuseus . 
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Money-Back Guarantee 

WE\!E JUST MADE mE BEST EVEN 

Peadttree f.omplete IJ:The Business Acrounting System 

The success story 
of Peachtree Complete 

(now with over 200,000 
users) continues with the 

newest member of the 
Pe:ichtrcc family, Peachtree 

Complete U. 'Much more than just 
an update , Complete a builds upon 

the comprehensive fearur that have 
tllllde PC2chtrcc the IC2dcr in small busi 

n accounting software for nearly ten 
)'ears. We've added many exciting new fc..":1 
rures and designed stare-of-the-an methods 
for using the packages. The result-all eighr 
modules arc even more powerful and easy 
10 use, yc1 stlll priced at Just Sl99-a 96% 
price reduction from the original 14 .800. 

C!f wtndow illld Pop-Up Menus. 
Complete U is designed for user conve
nience. Use the cursor throughout the syi;tem 
IO make easy " point-and-shoot" selections. 
If you can' t remember a cust0mcr or 
account number while uslng a program, 
simply open a window and scroll through 
your customer ll'>I or chan of accounts. 
Select the informatJon you're looking for 
directly from the table! 
rn'sbon-Cut Keys. We pttd you from 
one function to another without the time
consumlng wk of manW11ly passing through 
multiple mcnm. 
CJf Smart HELP. If you get stuck, the same 
function key will always bring HELP to your 
rescue with pop-up windows or information 
that rel.arc IO your individual trouble spot at 
both progr;un and Acid levels. 
C!i"Qulck-and-Easy Error Handllng. 
Complete 11 traps errors and gives a plain· 
English description or the problem along 
with suggested solutions. 
rn'IUnge Printing. Print a1l information 
on a repon or select a spedflc range of 
information for print out. A great fearure 
for resriining long reports or panial printing 
of cenain sections. 

uf l!.aslcst Installation Ever. Enter your 
company's lnfo mt1llon once and it is 
reflected throughout rhe sy tern. Complete 
11 includes a separate Installation Guide. 
basic Accounting Primer, eighr-volume 
Reference Library and extensive Tutorials on 
each package - all at no extra charge! 

Ideal for Service BlllllnCSSClJ. Enter 
inform:uion free form on scnricc: invoices o r 
store pre-defined paragraphs of up 10 160 
characters. Enjoy full cdJting capabilities at 
time of invoice: entry. 

Elgbt Integrated SOf'rware Modules 
• Gmer.al Ledger • lnvrntory 
• Accounu Rccdv:iblc: • Pixed As.sci$ 
• Invoicing • Job C05t 
• 	Accoun P:ay:iblc • P:ayroU 

Complete U inciud eight software mod
uks that may be integrated or installed 
iod1vidua1ly and 1uay be distributed among 
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When you purchase Pl>achtree Compleu: 11 
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pro1ec1ed wich a 30-Day Money Back 
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CLEO is your SNA or BSC 

~ 
Gateway 

Remote Sites Communication 
Whate\'er your indu try, your remote 
computers need w hare information with 
your mainfnme. Or, they need to exchange 
d:n.a with other remoces. In ei ther ca e. you 
need a total ·olution at the remote ·ite . You 
need ftware, hardware interface and 
modem that all work together moothly. 
You need LE ! 

LE oft \\~1re produ t allow micro
computers lO communi at with mini 
compute :md mainfnmcs. and w emulate 
their w rk 1a1ion . incc 1981, CLEO has 
proridcd rem te communi arion bcrwcen 
micro · and mainframe· for th au1omo1ive, 
insur:m c, medical and banking indu trie . 
Tod3y over 6 ,000 CLEO u ers worldwide 
arc running on all major br:mds of micro
proce ors. The grcatc 1 number of the e 

L ftwarc n IBM Personal 

Complete 
Software/Hardware Package 
Ever · LE package <:ontain · all the soft 
ware and hardware acce orie needed at the 
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modem ard for di:Jl-up applicarion , or 2) 
:in interface ard and c:iblc for u c wi1h your 

xi · ting modem. Thc:rc' no wairing for non
CLEO add-on . And, 1ou get prompt , ingle-

Package price 
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CLEO 
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all u · toda · to di ·cw 
your :tpplication. 
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SYSTEM REVIEW 


Commodore 

Opens the Amiga 


The Amiga 2000 i poised to be 
a player in an IBM PC-compat
ib le world . Unlike Commo
dore's Amiga 1000, the 2000 is 
expandable through internal 
slots and pace for additional 
di k drives . Moreover, when 
equipped with the optional PC
compatible Bridgeboard, the 
2000 can run MS-DOS soft
ware and use PC peripherals. 
Commodore has coupled these 
addition with the Amiga's 
ex i ting strengths- uperb 
graphic ca pabilities and a 
multitasking operating sys
tem- and has priced the base 
sy tern at $1995. 

Ba ed on the same CPU and 
video hardware as the Amiga 
500 and 1000, the 2000 u e a 
7 . 14-MHz 68000 and supports 
it with a et of cu tom direct
memory-access (OMA) copro
ces ors for graphics , audio , and 
disk 110. The standard 2000 
come with 1 megabyte of 
RAM , one 880K-byte 3 'h -inch 
floppy disk drive, and 256K 
byte of ROM . The machine ha 
the same display architecture and soft
ware compatibility as the 500 and 1000. 

The 2000 adds an IBM PC-compatible 
coproce or capabi.lity to the bus, which 
has even expansion slots (see photo 1 ). 
Five of the slots form a IOO·pin Amiga· 
compatjble bu ; two of these also accept 
AT·compatible boards, and you can place 
the Bridgeboard in either of them. The 
two remajning slots are XT-compatible. 
In addition to the seven main slots, an 86
pin CPU coprocessor lot connects di 
rectly into the 68000 bus and is intended 
for u e with enhancements such as a 
68020 card . Finally , a cu tom video lot 
brings out most of the Amiga's video sig
nal for u e with boards such as genlocks 
or video enhancement . 

Al o new on the 2000 is space for three 
drives : two 31h -inch floppy disk drives 
and one half-height 5 1.4-inch floppy or 

Charlie Heath 

fore hipping it in the U.S. (For Will a new open architecture 
a full technical description of 
the original 2000, see the pre and IBM PC compatibility 
view in the March 1987 BYTE.) 
The redesigned system uses a spur the Amiga 2000 to success? 
custom animation chip , known 
as the "Fat Agnus, " from the 
500. This custom chip incorpo· 
rates several support chips from 
the original Agnus DMA con
troller, the heart of the Amiga's 
coprocessing system. 

The redesign also enhance 
the video 101. The new slot 
brings out all 12 bits of RGB 
video data to the edge connector 
and incorporates control logic 
from the peripheral bus. In ad 
dition, the company redesigned 
the 86-pin CPU coprocessor 
lot to improve system stability 

and to allow a coprocessor to 
work in a bus-sharing copro 
cesssor mode. 

The 2000 has room for an in
ternal hard disk drive and can 
use relatively inexpensive PC
compatible ST-506 hard di k 
drives. This solves one of the 

hard disk drive . The review system had 3 
megabytes of RAM, consisting of 5 I 2K 
byte of 150-nanosecond chip RAM, 
5 l 2K bytes of on -board 150-ns fast 
RAM, and 2 megabytes of 150-ns RAM 
on an expansion card. The system also 
had a 4 . 77- MHz 8088-based Bridge
board with a 5 ~-inch floppy disk drive, 
the A I 084 analog and digital RGB/com· 
posite monitor, an optional 2090 hard 
disk controller and a 20-megabyte ST
506 hard di k drive. (Commodore 
doesn't sell a hard disk drive for the 
2000, preferring to let dealers configure 
the y cem.) Depending on the price of 
the hard disk drive, a comparable system 
costs about $4000. 

An Improved Design 
Commodore designed the original 2000 
in Germany but redesigned the unit be-

more difficult problem with 
add-on hardware for earlier Amigas : 
Hard disk drives for the 1000 were ex
pensive and not particularly reliable. 
Most of the drives for the I 000 use Mac
into h-compatible SCSI boxes and a cu 
tom controller card . 

You still need to add a hard disk con· 
troller to the 2000, which has no built-in 
SCSI port. Corrunodore's 2090 control· 
ler, which has two SCSI connectors, lets 
you attach up to nine devices (two ST
506-compatible and seven Macintosh
compatible SCSI devices). By the time 
this review appears, several controllers 
hould be available from other compa

nies, including ASDG and MicroBotic . 
The delay in gettjng third-party control 
lers for the 2000 is partly due to the fact 
that Commodore is still finalizing the 
pees for auto-booting devices · the cur-

continued 
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Amlga2000 

Company 
Commodore lnternauonaJ 
1200 Wilson Dr. 
West Chester, PA 19380 
(215) 431 ·9100 

Components 
Processor: 68000 running al 7 14 MHz 
Memory: 1 megabyte of RAM, 
expandable to 9 megabytes 
Mass storage: One 880K-byte 3V2-inch 
Ooppy disk drive; space provided for two 
additional disk dnves 
Display: Optional (see below) 
Keyboard: Detached 94·key keyboard 
with 1 O func on keys, cursor keypad, and 
18-key numeric keypad 
1/0 interfaces: One RS·232C serial 
port: one DB·25 parallel port: two DB·9 
1oys 1ck ports; two audio outputs (RCA 
type); DB-23 RGB analog or digital 
output: monochrome video output 
(RCA), external disk drive connector; five 
Amiga expansion slots, tv-io IBM PC AT 
slots (shared with tv-io Amiga slots), and 
two IBM PC XT slots: CPU coprocessor 
slo . custom video slot 
Other: Optomechan1cal wo·bu ton 
mouse; bat ery-backed clock/calendar; 
200·wall power supply 

Size 
171/z by 153A by 6'/• inches: 
281/2 pounds 

Software 
ArmgaDOS 1.2, 1nclud1ng Kickstart 1.2 
in ROM, Workbench 1.2. Amiga BASIC 
1.2. and uttl111es 

Options 
Internal and external 3 112-inch and 

51/•·tnch Hoppy disk drives: $199.95 
0 $299.95 

Hard disk controller· $399.95 
2-megabyte RAM expansion card: 

$499.95 
Bridgeboard ~ncludes 5 V•-inch floppy 

disk dnve)· $699.95 
Analog and d191tal ROB/composite 

morn or· $399 95 

Documentation 
300-page Introduction to the 
Commodore Amiga 2000; 291 -page 
Amiga BASIC 

Price 
Base system· $1995 
System as reviewed (excluding 20· 

megabyte hard disk drive}: $3995 

Inquiry 884. 

DISK ACCESS IN BASIC (IN SECONDS) 
WRITE READ 
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BASIC PERFORMANCE (IN SECONDS) 

SIEVE CALCULATIONS 

0 100 ll!O 200 250 100 1!IO 200 
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SPREADSHEET (IN SECONDS) 

LOAD RECALCULATE 
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SYSTEM UTILITIES (IN SECONDS) 
40K FILE COPY 
0 0 !IO 

I 

,1. 
0 

" i-H 

- AMIGA2000 
PC BRIOGEBOARD/AMIGA 2000 

- AMIGA 1000 
- IBMPC 

The Disk Access benchmarks write and then read a 64K-byte sequential text file to a 
loppy disk. Sieve runs one 1terat1on of he Sieve o Eratosthenes. Calculations performs 
10,000 multiplication and division operations. The Spreadsheet tests load and 
recalculate a 25· by 25-cell spreadsheet The 40K File Copy benchmark copies a 40K
byte 1le using the system utilities. All tests on the Amiga 2000 and 1000 were run using 
KickstarUWorkbench 1.2; the Amiga spreadsheet tests were run with lattice's Unicalc 
1.0. Amiga BASIC 1.2 was used for BASIC tests on the Amiga 2000; ABas1C 1.0 was 
used on the Amiga 1000. Tests on the Amiga Br1dgeboard and IBM PC were run with 
MS-DOS 3.2 and GWBASIC 3.2: the spreadsheet tests were run with Mulliplan 1.0. 

rent y tern oft ware require that the sys faster with DMA hard disk drives. The and the 2000- come with built-in erial 
tem make the initial boot from the inter new file ystem is slated to ship sometime and parallel ports. The originaJ IOOO had 
nal Ooppy di k drive . Commodore is al ·o thi pring a. part of a Workbench 1.3 connector that are the reve r e of conne 
designing a new file sy tern that the com upgrade . tors normally used with IBM PC- com
pany says will run a much a 4 times All the Amiga - the 500 the 1000. pat ible systems; thus , it wa difficult to 
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get the correct cus1om cable . With the 
2000, as well as with the 500. the ports 
are redesigned so that the pins supplying 
power are current-limited, making it safe 
to plug in nearly any IBM-compatible 
printer or modern . 

This redesign also has an impact on 
NewTek's Digi-View video digitizer. one 
of the driving forces behind the market 
the Amiga dominates: desktop video. 
Digi -View lets you digitize in color by 
doing separate pa e of a video image 
with a black-and-white television cam
era . The hardware plugs into the parallel 
port and uses the power available on the 
port to run the digitizer. The redesigned 
ports on the 2000 mean that you can use 
Digi-View with a cable adapter available 
from NewTek for $21. 95. 

Currently, the system software for the 
2000 is practically identical to that for the 
1000. The 2000 includes a few extra pro
grams, such as the Setclock program to 
read the built-in battery-backed clock. 
The 2000 also has Kickstart 1.2 in ROM . 

A Nitpick or Two 
The 2000 has a 94-key keyboard, ex
panded from the lOOO's original 89-key 
keyboard. The additions, which include a 
numeric keypad , make the keyboard 
more suitable for use as an IBM PC
compatible system. Compared to the 
IOOO's keyboard, though , the 2000's 
keyboard does not have as nice a feel; the 
keys are stiff, and they bottom out abrupt
ly. Commodore says it is now shipping a 
new keyboard with the 2000· it ha the 
same layout, but it may have a different 
feel. 

The fan on the 2000 is louder than the 
I000' s fan , which wa so quiet you 
couldn't tell it was there. The 2000's fan 
is quieter than those on mo t AT clones, 
but compared with the IOOO's it 's a howl
er. However, you might not notice it if 
you install a hard disk drive, most of 
which are even noisier than the fan . 

Amiga versus Amiga 
As the benchmark show (see page 138) , 
the Amiga 2000's perfonnance is almost 
identical to the IOOO's, except for differ
ences due to fast RAM. The 2000's mem
ory bus is mapped into different areas, 
with 5 l 2K bytes of chip memory (which 
is addressed by the custom graphics and 
audio chjps) and 5J2K bytes of fast mem
ory oo a separate bus. On the 1000, pro
grams usually run in chip memory be
cause the entire 5 l 2K bytes of internal 
RAM is chip memory. By loading pro
grams into fast memory, the 2000 • s CPU 
can avoid bus contention with the custom 
chips in chip memory . This results in 
programs running about 3 percent faster 
than on the Amiga 1000 right off the bat , 

and over twice as fast when a lot of cus
tom chip memory contention occurs , 
such as with a high-resolution 16-color 
display . 

The current design lets the Amiga 's 
custom chips address 5 l 2K bytes of chip 
memory; this memory gets used up 
pretty quickly when you 're doing anima
tion and desktop video. The Fat Agnu 
chip has the external enhancements to ad
dress at least I megabyte of chip RAM, 
but it till can handle only 5 I2K bytes in
ternally . However, the 2000's design will 
eventually be able to accommodate re
placement plug-in chips that address a 
full megabyte of chip RAM. 

With the Fat Agnus, unforrunately. the 
first 5 I2K bytes of fast memory i con
trolled by the same logic as the chip mem
ory bus. If you try to access programs or 
data in this area of fast memory. it will 
run at the same speed as a chip memory 
access. Commodore supplies a program 
called SlowMemLast that designates this 
first 512K bytes of fast RAM as the last 
fast RAM allocated; I.his gives you I.he 
best CPU performance. 

I recommend getting at least 2 mega
bytes of additional RAM with a 2000. 
The extra RAM gives the system the 
room it need to run software quickly and 
reliably. Setting up a RAM disk can give 
the system near-instantaneous response 
and let sofrware run withou1 pushing the 
limits of the machine. 

No problems showed up on the 2000 
with existing Amiga software. I estimate 
that 99 percent of all software that works 
on the 1000 will work on I.he 2000 . Some 
game programs that directly access the 

Photo 1: The 
Amiga 2000's seven 
expansion slots 
hold a wide variety 
ofAmiga and PC 
or ATadd-in boards. 

Photo 2: The 
Bridgeboard purs a 
PC system inside 
the Amiga box, 
complete with an 
8088 processor, 
an 8087math 

keyboard may fail because of slight tim
ing changes, but software that uses the 
ROM routines as advised by Commodore 
will not have this problem . Glitche could 
also occur with a few programs, such as 
those for audio digitizers, with tight tim
ing loops that don't adjust to the presence 
of fast RAM or that can't work with a 
fa terCPU. 

Amiga versus PC 
The 2000's Bridgeboard i a good copro
cessing implementation, letting two com
pletely different systems run in one box at 
the same time (see photo 2). The Bridge
board comes with a 4. 77-MHz 8088 pro
cessor, a socket for an 8087 math copro
cessor, an IBM PC- compatible Phoenix 
BIOS enhanced to work with AmigaDOS 
and MS-DOS , and 512K bytes of RAM . 
The board also comes with a 360K-byte 
5 \4-inch floppy disk drive, installation 
software , and MS-DOS 3.2 and GWBA
SIC 3.2. With the Bridgeboard installed , 
you can add up to three PC or AT expan
sion cards, including memory board 
such as Intel's Above Board, graphics 
adapters , internal modem , hard di k 
cards and controller ca rds, RS-232C 
serial cards, and network board . 

To an MS-DOS program, the Bridge
board looks just like a normal PC-com
patible system, with a couple of djffer
ences. Most notably, the Bridgeboard 
u es the interrupts for the econd COM 
port on a PC to synchronize with the 
Amiga. This can be a problem if you want 
to hook up a plotter or mou e that usually 
use s the second COM port. On the 

continued 
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Amiga side, things are a bit more com
plex because the Amiga needs to provide 
keyboard and display facilities for the 
Bridgeboard. The Amiga· existing 
multi tasking wi ndowing software han
dles aJl this, lening the PC run as a win
dow within the Amiga . 

How well does this work? The most 
noticeable difference is that the Bridge
board' PC display is a bit slower than 
that of a normal PC. This is because the 
Amiga needs to convert the PC mono
chrome or color graphics di play into a 
bit-mapped display-a very processing
intensive operation. UnJike software em
ulations. however, the 8088-based board 
still runs at full speed; the display is just 
updated a fraction of a second slower than 
usual. 

The main im pact on performance 
comes on the Amiga side, where the PC 
looks like a graphics-i nten ive operation. 
Depending on the application, Amiga 
programs may slow down si nce the 
Amiga has to keep the display refreshed. 
For example. the BASIC Calculations 
benchmark took 17. 2 seconds when run
ning on the Amiga without the Bridge
board. r al 0 ran thi benchmark while 
running a short BASIC program (i.e .. 10 
for i=O to 100000: prin i: next i) on 

the Bridgeboard in monochrome mode. 
This time, it took 62 .34 seconds-a 
nearly worst-case time that reflects the 
effect of an ' active" display task on the 
Bridgeboard. When I ran the benchmark 
with the same program on the Bridge
board with no display updating (i.e ., 10 
for i:oO to 100000: next i) . the time 
was 17.28 econds, practicaJly the same 
as without the Bridgeboard . 

Generally , the software interface be
tween the Amiga and PC ides worked 
well. When my review machine fir t ar
rived and I tried to run the Bridgeboard, I 
got the cryptic error message Library 
not found. This turned out to mean that 
the Bridgeboard was not properly seated 
in its socket and was not inilializing. As a 
result, the board ·s Janus library (which 
handles Amiga/Bridgeboard communi
cations) wasn ' t installing itself during the 
auto-configuration. Opening the box and 
reseating the Bridge board ol ved the 
problem. 

Several nice additions 10 the Bridge
board let you use some features of 
AmjgaDOS and Intuitjon (the underlying 
part of Workbench) when you're running 
programs on the Bridgeboard. For exan1
ple, you can cut and paste with the 
Amiga's clipboard anywhere in an MS

DOS text window . Another nifty addition 
is the ability to freeze a window display 
and then keep running in another win
dow. This way, you can get a graph from 
Lotus 1-2-3. freeze the window, and plot 
another graph in another window. You 
can then look at ei ther the old frozen win
dow or the current window . The result of 
this interaction is a system that's more 
useful and convenient than a plain MS
DOS operating environment. 

You can also set up virtual di sks that 
reside either in RAM or on di k on the 
Amiga side of the system and can be ac
ces ed by MS-DOS. Similarly, you can 
partition an MS-DOS hard di k so that 
AmigaDOS uses one of the partition a a 
disk drive . 

I ran my Lotus 1-2-3 version 2.0 l 
spreadsheets, and everything came up the 
same as it doe · on my Compaq Portable. 
To use a printer from the Bridgeboard 
you need to run a program on the Amiga 
to swap cont rol of the printer over to the 
Bridgeboa rd, but once that's done it 
work fi ne. Brief 1.03 also ran without a 
hitch. My company's golf game Mean 18 
(the CGA-only version) ran on the board. 
although the display latency can be a prob
1em with action games that have fa !

changing animation. But then. who'd want 
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to play a game on the Bridgeboard with the 
Amiga only a bus connector away? 

More Horsepower to Come 
Commodore has announced a JO-MHz 
80286 Bridgeboard and a 14-MHz 68020 
board that fit into the 2000's copro
ce sor slot. According to the company, 
the 68020 board includes a 68881 math 
coprocessor. a 68851 memory manage
ment unit , and 2 megabytes of RAM , and 
it i supposed to run Unix. The company 
expects to ship the 80286 board in May or 
June and the 68020 board in the fall, but 
prices are not yet set. Other 68020 boards 
are available , including one from Com· 
puter System Associates. 

One of the most talked-about deficien
cie of the Amiga 1000 ha been the qual 
ity of ational Television Sy tern Com
mittee ( TSC) interlaced video . The 
same thing that makes the Amiga so ap
pealing to video engineers that need an 

TSC video signal and genlock make 
the display poor a an engineering work· 
station: The high-resolutjon (over-400
line) display uses interlaced video that re
ults in a 30-Hz di play update rate, and 

this introduces flicker . (Di play monitors 
need a refresh rate of at lea t about SO Hz 
to avoid flicker.) 

MicroWay has announced a display de
interlacer that will take the Amiga's 
video and buffer it so it can be displayed 
on MuJtjSync-sryle monitors at double 
the normal display rate. This should re
sult in a flicker-free display thar's equiva
lent to IBM VGA monitors; with over
scan, you can display about 704 by 470 
pixels. MicroWay will sell this board , 
which should be available by the time you 
read this, for about $600. 

Commodore is also working on rhe 
A2024 monitor with a 1008· by 800-pixel 
15-inch display, but only in four shades 
of gray. The monitor actually caprure 
standard Amiga display output and con
verts it for redisplay at higher resolution 
at a 15-Hz refresh rate . The A2024 , 
though , has only a I4-inch screen, and 
most people prefer a somewhat larger 
display to match the high resolution . The 
A2024 will be great for desktop publi h
ing and CAD applications, but some soft· 
ware will require special programming 10 

access the high resolution . The monitor 
should be available in May or June. 

The Difference Is Worth It 
The Amiga 2000 is a powerful system 
with a Jot of promise, particularly with its 
video animation and multitasking. But i 

the 2000 worth 50 percent more than Lhe 
original 1000? From a software and per
formance perspective, the two machi ne 
are practically identical . The difference 
is in expandability. The 2000 lets you ex
pand with internal components , making 
for a more compact footprint than a imi
larly expanded 1000. You can also ex
pand the 2000 more reliably due to its 
more robust bus architecture . 

Finally , expansion boards and hard 
di k drives for the 2000 are le expen
sive than equivalent 1000 expansions . 
The 2000 can use off-the-shelf hard disk 
drive components, and the system's ex
pansion cards do not require a complete 
expansion box, just a PC card. And given 
the 2000's PC compatibility , the choices 
are wide open . 

If you need an expandable Amiga sys· 
rem, especially with MS-DOS compati
bility. the 2000 i worth the extra cost . 
For desktop video, the Amiga 2000 can 
outperform Macintosh Ils and 80386
based machines at an affordable price . • 

Charlie Heath , vice preside/II of Micro
smiths In c. in Cambridge , Massachu 
se11s. has developed several Amiga pro
grams , including TxEd, Mean 18, Fast· 
Foms, and ARP. 
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Graphics. 
So rhl!y can see wlwt 

_l'Ol l llll!llll . 

The documents on these page were prepared 

entirely with Microsoft Excel. From the calcula

tion to the graphics to the stunningly crisp layout. 


What you see here is a clear statement of the 
difference between Micro oft Excel and every 
other preadsheet. 

Only Microsoft Excel can give yow· printed 
work such power to impres . Becau e only 
Microsoft Excel can harness the fu 11 
power of the new computers, high
resol ution displays, and laser printers. 

Looks that thrill. 
Microsoft Excel brings photographic 

clarity to everything on screen and in print. 
Which lets you make even your daily reports 
look as good as annual reports. 

Microsoft Excel works wonders with 
graphics, too. You can instantly tum its massive 
spreadsheets into any of 44 charts. Customize them 
with everything from simple arrows to 3-D label 
And preview pages before you print. So when 
you finish , what you have in hand is exactly what you 
had in mind. 

In short, Microsoft Excel lets you di play what people want to see most. 
The point. 

The best program on television. 
Of course, there's much more to show, o call for your 

copy of our video: (800) 323-3577 ext. D17 
You'll see twenty minutes of possibilitie. beyond any 

other pread heet. 
The tape goes for $10, but you get that back when you get 

Microsoft Excel. Or simply zip to your dealer and try Micro oft 
Excel firsthand. 

And ee how it gives even the implest statement the power to say far more. 

MicrosoftExcel 

The soul of the new inachines :" 

Mi rosoft and the Mierow t logo are reg istered trndcmarks and The soul uf the new machines is a trndcmark fM icro ort rporatinn. 
Compan nanw aml Jaw used in the' utpm are fi t iti u . 
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The Crysta/Print VIII and the Crystal Jet 

offer alternatives to laser printers 

results between the LaserJet thinks it is talking to LPTl, but 
and the CrystalPrint are about actually it is running through 
what would be expected due to JET. This means that Crystal
the differences in the setups. Conlrol will not work with the 
The Crystal Jet was slower be Mode command enabled. It also 
cause it depends so heavily on has the potential for raising so
the host comput.er' s CPU. phisticated hell with software 

lhat directly accesses the print
Taxan Crystal Jet er port hardware. 
The Crystal Jet is a solid page The Crystal Jet differs from 
printer. It's more flexible than other printers in that the elec
the CrystalPrint Vill ; it's also tronics that control the printer 
somewhat more difficult to set are installed in the host com
up. At $3495, it is more expen puter. The PS2 .0 interface 
sive, too, but the price includes board includes 2 megabytes of 
the PS2.0 printer controller/ RAM (not expandable), the 
scanner interface board- a fuU  pr,inter interface, and the scan
length PC card with 2 mega ner interface. The board is thick 
bytes of 120-nanosecond RAM. (it's ac(ualJy two boards joined 
The Crystal Jet also comes with together), and it may be a light 
CrystalCont rol 3.0 software, fit if placed next to a modem or 
the Fontware font program for a hard disk drive card. 
Ventura Publisher , and a cable One unusual aspect of theThe Taxa11 Crystal Jet LCS primer. 
to connect the printer to the in- Crystal Jet is that the PS2.0 
terface card. 

The Crystal Jet can print 300-dot-per
inch (dpi) text and graphics . With 2 
megabytes of memory on the interface 
card, it can easily handle full -page 
graphics. 

The front panel includes a two-digit 
LCD for error and status messages, six 
LEDs to indicate various cond itions 
(e.g., ready or data being transmitted), 
and four push buttons to place the printer 
on- or off-line, select the mode, and con
trol automatic paper-feed. 

The installation process is of average 
difficulty for a laser printer, and the man
uals adequately cover the details . The 
process involves inserting the PS2 .0 in
terface card in the computer, attaching 
the cable, and running the installation 
software . The software consists of a 
driver program and the CrystalCootrol 
program . 

The Crystal Jet is designed to work 
only through the CrystalControl program 
supplied with the printer; there is no way 
to run the printer without it. Through the 
CrystalControl program , you can select 

the printer emulation , set page param
eters, and select type fonts and printer 
ports. CrystalControl comes in both 
memory-resident and conventional ver
sions. The pop-up version is 91K bytes. 
while the conventional version is 97K 
bytes. With the memory-resident ver
sion, you can pop into the Setup program 
from within another program to set page 
parameters or select an emulation . This is 
handy, but don ' t expect to call it from a 
program that redefines the keyboard, 
such as SuperKey. 

CrystalControl 's menus make the 
Crystal Jet easy to use, but you give up 
some control over your sy tern param
eters. When you install CrystalControl, 
the program rewrites your AUTOEXEC. BAT 
file and resets some parameters (e.g., 
files= 15) in CONFIG.SYS. This is fine if 
you don't mind programs that go tromp
ing through your AUTOEXEC. BAT and 
CONFIC .SYS files, but we would prefer to 
set the parameters ourselves. 

CrystalControl also creates a dummy 
printer port calJed JET. Your computer 

board uses the computer's CPU 
to produce the bit map for printing (see 
photo I). Unlike the Crystal Print VIIl or 
the LaserJet, which have internal micro
processors to handle such jobs, the Crys
tal Jet's speed depends directly on the 
processing speed of the host computer. 
Thus, the Crystal Jet limps when it's at
tached to a standard IBM PC running at 
4. 77 MHz. It takes the proces or so long 
to build the bit map of each page that the 
printer's speed suffers badly, as you can 
see in the benchmark results in table I . 
When we reset the computer to run at 7. I 
MHz, the printer's speed improved ac
cordingly, although it still lagged behind 
the CrystalPrint and the LaserJet, espe
cially on graphics jobs. 

Based on the 4.7-MHz and 7.1-MHz 
timings, we e timate that on an 8-MHz 
AT the CrystaJ Jet should be about as fast 
as the CrystalPrint or the LaserJet. On 
80386-based systems, it should run even 
faster. We would not recommend using 
this printer with anything slower than an 
8-MHz AT-class computer. 

continued 
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HARDWARE REVIEWS 


Laser Printing Without Lasers 

Rick Cook and Paul Schauble 

They look and act like laser 
printers, but the Tax.an Crys1al 
Jet and the Data Technology 
Crystal Print VIII don't use 
lasers. Both are fiquid-crystal
shutter (LCS} printers that use a 
different iterographic method to 
produce a printed page. 

Laser printers use a laser 
beam reflected off a rotating 
mirror to write text or graphics 
images on a photosensitive 
drum . LCS printers have a prinl 
bar holding 2400 individually 
controlled liquid crystal shut
1er . These individual shutters 
lum on and off to control the 
high-intensity light lhat writes 
text or graphics images onto the 
photosensitive drum . 

In theory , an LCS printer 
should have a few advantages . 
The LCS array is smaller, 
lighter , and more compact than 
a laser engine , and that means 
that LCS printers can be smaller. The 
printers can also be Jess expensive to 
make because the basic mechanism is 
si mpler and doesn't require the same pre
ci ion that a laser printer calls for . A 
laser printer needs a synchronized, multi
faceted mirror and fairly sophisticated 
optics to focus the image on the drum; an 
LCS printer replaces all that with a fairly 
simple shutter array . (For more informa
tion on page printer technology , see the 
September 1987 BYTE. ) 

The theory sounds good; in fact, how
ever, the Crystal Jet and the Crysta!Print 
vm are no different in size, weight, and 
price from laser printers in the low-to
medium price range: The Crystal Jet lists 
for $3495, and the Crystal Print VIII costs 
$2495. According to Taxan, LCS printers 
will be cheaper to make than convention
al laser printers once the manufacturers 
get their volume up. 

Both of the reviewed printers are based 
on the 8-page-per-minute Casio LCS en
gine , which uses separate drum and toner 
cartridges . The print quality of both 

144 B YT E • APRJL 1988 

Dara Technology Corp. 's Crysta/Print VIII LCS primer. 

printers is fairly good but slightly inferior 
to the quality of the Hewlett-Packard 
LaserJet . Inspection under a magnifier 
revealed that gray scales weren't as good, 
images were less sharp, and there were 
more "freckles" in the white parts of 
images. The gray appeared decidedly 
washed out compared with the Laser
Jet' s. However, except for the gray 
scales, none of these differences are 
likely to be apparent to the untrained ob
server, and both printers do an excellent 
job of emulating the LaserJet. Like the 
LaserJet , neither of these systems is Post
Script-compatible . 

The Crystal Jet and the Crysta!Print 
VITI eject their output face up, which is 
less convenient than the LaserJet's face 
down presentation. Each printer has an 
optional automatic feeder that attaches to 
a door on the printer's back. The auto 
matic feeder let work pass s tra ight 
through the printer, avoiding the 180-de
gree tum required with the conventional 
feeder . This is especially convenient for 
such items as envelopes and transparen

cies. The back door is also very 
handy for clearing paper jams, 
although neith er printer 
jammed during our tests . 

Like the LaserJet the re 
viewed printers use a two-char
acter LCD readout on 1he from 
panel to display error codes and 
printer statu infonnation. This 
may be the standard, but a cryp
tic code that you must look up in 
a manual is decidedly Jes con 
venient than a display that tells 
you exactly what's happening. 
However , both companies list 
the most common error codes 
on a chart that you can place on 
top of the printer. 

About the Tests 
We tested the printers using a 
30-page text file , measuring the 
time each took to print the en
tire file, to print one page from 
the file, and to print 30 copies 

of that single page. For mixed text and 
graphics, we used a file called SCOOP, 
supplied as an example file with Ventura 
Publisher. It contains the now-famous 
pictures of the space shuttle and the noz
zle, as well as a mixture of type sizes and 
style laid out in a I-page newsletter for
mat. Finally , we ran the full Ventura Pub
lisher example file, which consists of 30 
pages of material designed to show off 
everything Ventura Publi her can do . 

We printed all test files to a disk file 
first and then sent them to the printers 
using the DOS PRINT command and the 
HP LaserJet emulation; with this proce
dure, the 1est timings did nm count the 
time Ventura Publisher took to compose 
the file . All timings are in hou rs:min
utes: seconds ( ee table I). 

We ran the tests on PC XT- compatible 
computers running at 4. 77 and 7. I MHz, 
and we timed the printer at both speeds . 
For comparison, we had an HP LaserJet 
with 5 I 2K bytes of RAM connected to an 
8-MHz AT compatible driving the printer 
via a parallel port. The differences in 



LASER PRI TrNG WITHOUT LASERS 

Outstanding Flexibility 
Unhke many page printers , the CrystaJ 
Jet does not use font cartridges. Instead, 
the CrystalControl program loads fonts 
into the interface board's memory . This 
is arguably less convenient than font car
tridges but, given Cry taJControl's ease 
of use, not onerously so. It is also much 
cheaper than buying font cartridges at 
$150 to $200 apiece . 

The printer package includes four resi
dent fonts, and you can add others . In ad
dition, the Cry tal Jet' software includes 

Photo 1: The PS2. 0 printer/scanner 
controller board. Ir is composed oftwo 
boards connected together to occupy 
one slot. 

Fontware for Ventura Publisher. Font
wa.re, from Bitstream, is a sophisticated 
typographic program that produces pre
cisely fitted fonts in any selected size. In
stead of having two or three fonts to cover 
all sizes and enlarging or reducing them 
as needed , Fontwa.re designs each font for 
the exact size needed . The Bitstream 
Charter font is standard with the printer , 
and a library of other fonts is available. 

Fontware requires an AT, and the man
ual recommend adding a math copro
cessor and an Intel Above Board (or a 
similar product) to increase memory to at 
least 640K bytes before using Fontware. 
Since our test systems were PCs, we did 
not try to test the Fontware package. 

CrystalControl printer emulations in
clude the HP LaserJet (the default) and 
LaserJet Plus, NEC 3350 and 55 LO , 
Qume Sprint 5, Diablo 630, Epson 
MX/FX, and the IBM Graphics Printer. 
The Crystal Jet doe a solid job of emulat
ing the LaserJet and the Epson MX; it ran 
the Ventura Publisher sample pages in 
Epson emulation mode without a hitch . 

Because the printer emulations, fonts, 
and configuration controls are in oft
ware , and because of the way the printer 
uses the host computer' CPU , the Crys
tal Jet is an e;ictremely flexible printer. 
You can configure the printer the way you 
want without having to set switches or in
stall cartridges; your hands needn't leave 
the keyboard. At the cost of some compli-

Table 1: The benchmark results show that the Crysta/Prim VJ// was the 
fastest in all tests except for the mixed text and graphics 30-page ex.ample file. 
The Crystal Jet was limited in speed because it depends on the host 
computer 's CPU. All times are in hours:minutes:secom/s. 

CrystalPrlnt Crystal Jet HP (8-MHz AT) 

30-page text file 
4.7 MHz 
7.1 MHz 

0:03:44 
0:03:46 

0:13:12 
0:09:23 

0:04:04 

One page of text 
4.7 MHz 
7.1 MHz 

0 :00:18 
0:00:18 

0:00:34 
0:00:27 

0:00:29 

30 copies of a single page of text 
4.7 MHz 
7.1 MHz 

0:03:42 
0:03:46 

0:04:22 
0:04:14 

0:03:58 

Mixed text and graphics: 
Ventura Publisher SCOOP flle 

4.7 MHz 
7.1 MHz 

0:02:01 
0:02:01 

0:08:38 
0:05.24 

0:08:40 

Mixed text and graphlca: 30-page 
Ventura Publisher eumple Ille 

4.7 MHz 
7.1 MHz 

0:40:08 
0:38:39 

1:26:33 
0:55:46 

0:32:31 

warm-up time (ready to print) 0:01 :25 0:01 :12 0:01 :18 
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cation in setup. you have much more con
trol over the printer. In fact, flexibility is 
probably the Crystal Jet's most outstand
ing feature. 

Installing the Crystal Jet's separate 
drum and toner cartridges is slighLly less 
convenient than using the Canon all-in
one cartridge on the LaserJet ; on the 
other hand, you don't have to di card a 
drum with life left in it because you are 
out of toner . Replacement drums cost 
$75, and toner cartridges are $60. Instal
lation is very easy: With the printer open. 
simply slide the drum and the toner car
tridge into place and lock with the flick of 
a lever. 

According to Taxan, the drum lasts for 
10,000 pages, and the toner cartridges 
are good for 5000 pages. The life of the 
print engine is given as 300,000 copies, 
which i about the life of a LaserJet. The 
duty cycle is given as 800 pages per day . 

The Crystal Jet comes with a one-year 
warranty . Taxan says it will provide er
vicing th.rough its offices. 

Substantial Documentation 
The documentation consists of fou r man
uals: an installation manual , mislead
ingly labeled Instruction Manual ; the 
Crystal System manual , which covers in
stalling the interface board and setting up 
various software pack.ages for use with 
the printer; the CrystalControl U er' 
Guide, which covers the control program 
for the pri nter; and the Fontware Installa
tion Kit for Ventura Publisher User's 
Guide . 

The documentation ranges from excel 
lent to adequat.e. The onJy reaJJy annoy
ing point was a lack of information on the 
printer's error codes. Although the com
mon ones, such as shell open or paper 
empty, are explained in the manua.1 , 
some error codes merely indicate the 
need for periodic maintenance or a fault 
with the internal printer circuitry. The 
manual gives no information at all on 
these codes; it only instructs you to call a 
service technician. 

Data Technology CrystalPrint Vill 
Unlike the Crystal Jet, the $2495 Crystal
Print VIU has its controller, 1.5 mega
bytes of nonexpandable RAM, and 
LaserJet Plus emulation built into the 
printer. It can handle fulJ -page 300-dpi 
text and graphics, and it comes with four 
built-in fonts. The front panel is the same 
as the Crystal Jet's. 

The CrystalPrint ran all the LaserJet
compatible software we tested. In fact, 
the only major difference between this 
printer and the LaserJet is that the Laser
Jet stacks its output face down and the 
CrystaJPrint stacks it face up. 

contin11ed 

http:Fontwa.re


-----------

~ 
-

each) every single word,/hrase, and date is automatically in 

Which means that MemoryMate can find that record later 
by using any word, date, or £hrase in it. And MemoryMate 
does it fast. You can search 180K on a PC XT in three 

ince MemoryMate is memory-resident, it's always 
there. You can access it while other programs are running. 
You can even cul nnd pnste between MemoryMnte and other 

Circle 46 on Reader Service Card 

With aJJ this praise and aU these incredible feahues, you'd 
expect MemoryMate to cost a lot more than $69.95. But it 
doesn't. 

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

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

----------

disk offer good whil e supplies last . BrrJderbund® 

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 ca ll it MemoryMate. A 
new breed of data manager 
that reduces your paper clutter 
and takes the mess off your 
desk. 

Unlike structured data bases, 
MemoryMate is free-form and 
works intu itivelv. Once you 
enter a record (up to 60 lines 

dexed . And cross-indexe . 

seconds' 
And 

programs. And vice versa . 
Just enter your memos, notes, tables - anyth ing - using 

the built-in word processor. You can forget designating 
"keywords:' Just like you can forget where you stashed that 
important scrap oi paper or ye llow Post - it ~. 

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? MemoryMate 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 attorney you met playing ten
nis last May. But you can't remember his name. All you 
remember ts 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 of 
"tennis" entries. To narrow your search, you type "tenn is 
and May and attorney". Bingo! You've got his name and 
phone number. 

Is a 
better memory worth 

$69.95? 
Much more, according to 

Michael J. MiUer, lnfdAfJrld : 
"lf you've got lots of unstruc
hnrd information to kup track 
of, MemoryMate is a wondt'r.. . 
And at $69.95, it 's a bargain." 

PC Week agrees: " 011ct 
you'w m1/ocktd MemcryMalt's 
puulfT, you 'II wonder how you 
etlt'T got by u.~thout it." 

Syndic.ated colwnnisl Bob 
Sch1vabach is ecstatic: "l don't 
knaw quite how they did 
it ... but this thing is lightning 
fast ." 

emoryMate demo disk for justDYES Send me the M
• $5.95. tax arid shipping included. 

DI'M SOLD. =:~~~ry~s~. 
CA res. add 6% sales tax. 

NAME 

tw'Tl.\lE llllP\iONl 

OCheck!Money Order OV1So.1 OMaste!Card OAmeriran Express 

~°"" ~ 
Order Toll-Free. 24 Hours. 

1-800-527-6263 

Order by Mail: P.O. Box 12947, San Rafael, CA 94m2947 33BY.3 

Allow 4 weeks for delivery. Demo 



LASER PRI TING WITHOUT LASERS 

CrystalPrlnt VIII Crystal Jet 

Type 

LCSprmter 


Company 

Data Technology Corp. 

2551 Walsh Ave. 

Santa Clara, CA 95051 

(408) 727-8899 

Features 
Cas1o~pnnt engine, rated at 8 pages per 
m1m.1te. 1 5 megabytes of RAM : 300- by 
300-dpi resolution. senal and parallel 
ports; four resident fonts: also uses font 
cam1dges and accepts any LaserJet· 
compatible soft font ; buill-ln LaserJet Plus 
emulation: 250-sheet paper tray 

Size 

18'13 by 16Vz by 13'{2 inches: 

70112 pounds 


Hardware Needed 
Any computer with a senal or parallel 
port 

Documentation 
112-page Getting Started; 120-page 
Reference Manual 

Options 
Paper casseues. $75 
Font cartridges A, C. F H, Y. and Z 

$195 each 
Emulation cartrrdges for Epson FX and 

Drablo 630 printers: $195 each 
250-sheet stra1ghHhrough automa11c 
feeder, $595 

Price 

$2495 


Inquiry 886. 

Like the LaserJet, the CrystalPrint 
VIll uses optjonal font cartridges ($ 195 
each) . Although they are not interchange
able with LaserJet cartridges, they follow 
the same nomenclature and contain the 
same fonts . The cartridges available are 
equivalent to LaserJet's A, C, F, H, Y, 
and Z cartridges. Any LaserJet-compat
ible soft font will work, too. Emulation 
cartridges for the Epson FX. the Diablo 
630, and the Hewlett-P.ackard Graphics 
Language are also available as options. 

The printer's two cartridge ports are 
located beneath the control panel. They 
are unlabeled, but they are not identical. 
The emulation cartridge goes on the 
right, and the font cartridge on the left (as 
you face the printer). You could easily 
plug the cartridges into the wrong ports; 
this would produced an error code 18 on 
the printer's display. Unfortunately, 18 is 
not one of the codes on the quick-refer
ence guide on the printer, nor is it imme
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Type 
LCS printer 

Company 
Taxan USA Corp. 
18005 Cortney Court 
City of Industry, CA 91748 
(800) 772-7491 
(818) 810-1291 

Features 
Casio print engine, rated at 8 pages per 
minute; 300· by 300-dpi resolution, PS2.0 
controller/scanner board with 2 
megabytes of RAM, four resident fonts; 
Epson MX/FX. IBM Graphics Printer, 
Diablo 630. NEC 3550 and 551 O. Qume 
Sprint 5 , HP LaserJet and LaserJet Plus 
emulation: CrystalControl and Fontware 
software: 250·sheet paper tray 

Size 
13Vz by 18% by 16V2 inches: 

88 pounds 


Hardware Needed 

IBM PC. AT. or compatible (PC AT 

recommended) 


Documentation 

47-page Fontware Installation Kit for 

Ventura Publisher. 38-page Instruction 

Manual , 126·page Crystal Control 

User's Guide. 43-page Crystal System 

manual 


Options 

Dual-feed sheet feeder· No price set 


Price 

$3495 (includes controller board) 


Inquiry 885. 

diately obvious in the documentation. 
Unlike the Crystal Jet, the CrystaJ

Print's memory is inside the printer, and 
the CrystalPrint runs off the computer's 
standard parallel printer port. There is no 
special interface card , and the LaserJet 
emulation is built in; this makes the Crys
ta!Print easier to set up than the Crystal 
Jet. You simply install the drum and toner 
cartridges, connect the cable, and tum 
the machine on. 

On the tests, the CrystalPrint ran neck 
and neck with the LaserJet and ahead of 
the Crystal Jet. The LaserJet was slower 
in some tests because of its 5 l 2K bytes of 
memory, but it was faster in one of the 
tests because it was connected to an AT . 
By and large, however , the times are 
comparable. 

Spotty Emulation 
In addition to the standard LaserJet emu
lation , we also tested the optional Epson 

FX emulation. While the LaserJet emula
tion worked flawlessly , the Epson emula
tion didn 't. 

The CrystalPrint failed when we at
tempted to print some sample pages from 
Ventura Publisher configured for an 
Epson printer . This test is a particularly 
severe one because Ventura Publisher 
tells an Epson printer to make three 
passes per line to get a higher resolution 
(about 216 dpi). On the Crystal Print, this 
produced three super imposed partial 
copies of each line . However, a WordPer
fect test document that puts out the entire 
character set and samples of the various 
fonts, pitches, and other printer charac
te ristics worked perfectly in Epson mode. 

Technical support for Data Technol
ogy said that the company was not aware 
of a problem, but that it would try to re
peat the problem we had. 

The Crysta!Print's documentation is 
adequate. The installation manual , Get
ting Started. is complete. accurate. and 
illustrated; the Reference Manual, how
ever, is not as good. The last half of the 
Reference Manual is a Ii ting of the 
LaserJet control codes in hexadecimal. 
This is perhaps useful for programmers, 
and Data Technology's listing is better 
formatted than LaserJet' s. but it is not 
something the average user needs. The 
manuals with the review printer were pre
liminary version ; final versions are now 
included with the printer . 

Data Technology estimates the life of a 
toner cartridge at 5000 pages, and Lhe life 
of the drum at 8000 pages . The duty cycle 
is 5000 pages per month . The toner car
tridges and drum are considerably more 
expensive than Taxan's- $119 and $159. 
respectively . 

The CrystaJPrinter comes with either a 
one-year warranty with walk-in service 
or a 90-day warranty with service on-site. 
Service is provided through Momentum 
Service Corp .. which has 140 offices 
throughout the U.S. Extended service 
contracts are available . 

No Major Advantages 
The Taxan Crysta.I Jet and the Data Tech
nology CrystalPrint are good, solid page 
printers. Whi le LCS print engines do not 
yet offer any major advantages over a 
laser printer, we found no serious draw
backs either . Ta ken simply as page 
printers , they are worthy competitors of 
the LaserJet. They provide reasonable 
speed (assuming the Crystal Jet is con
nected to at least an 8-MHz AT) , solid 
performance, and good, but not great, 
print quality at decent prices . 

Of the two , we consider the Crystal Jet 
to be the better value . The PS2 .0 inter
face board, the CrystalControl program, 

contin11ed 



CONNECTYOUR COMPUTERToA 

HIGHER INTELLIGENCE. 


CompuServe's reference 
databases make you more 
productive, competitive, 
and better informed. 

Remember the last time you tried lo 
get your hands on hard-to-find facts'? Jn 
a magazine article you read a year ago. 
In a news report you never saw. Or in a 
table of data you didn't know existed. 

Imagine those facts just a few 
keystrokes away on your personaJ 
computer. Through CompuServe. 

Your personal research center. 
Save hours of research IJj going 

Circle 63 on RLlllhr Service Card 

straight to the reference information 
you need in seconds. 

Access thousands of sources of 
information in the areas of business, 
finance, medicine, education, 
demographics, science, law, news, 
popular entertainment, and sports. 

What you know can help you. 
Research an industry or company 

through articles, financial statements, 
and other sources. Analyze an 
investment. Assist in a job search. 
Follow market competition. Investigate 
a business opportunity. 

Check characte1istics such as age, 

income, and occupation in any US. 
community. For a geography report, 
a business plan, or a family move. 

All )'QU need to access CompuServe's 
unlimited world of information is a 
modem and just about any personal 
computer. Visit your computer dealer 
today. To order direct, or for more 
infonnation, call or write: 

ColllpuServe® 

lnloonalion Se<vices. PQ Box 20212 
5000 Ming1on Centro Blvd.. Colt.mbus. OH 43220 

800-848-8199 
In Ohio and Canada. cal 614 457-0002 
Art 1-1.9.A Blodt ~ 
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GETTING THE BUGS OUT 

and the Fontware software provide 
nexibility; and both the board and the 
software can be replaced with improved 
versions without scrapping the printer. 
The Crystal Print has the advantage of be
ing $!000 cheaper , easier to set up , and 
somewhat eas ier to u e, thank to the font 
and emulation cartridges . Both printers 
hare the rusadvantages of producing out 

put that is not quite as good as the Laser

Jet's and of using supplies that are not as 
widely avai lable as those for the LaserJet. 

Someday, LCS printers may be smaller 
and cost less; in fact, Data Technology 
has already announced the CrystalPrint 
Series ti ($1995), which the company 
says has the smaJJest footprint of any 
avaiJable xerographic page printer. For 
the time being, however, the LCS printers 
aren't any cheaper , faster, or smaller 

than laser printers. Still, if you need a 
non-PostScript page printer, the Crystal 
Jet and the Crysta1Prin1 vm are both 
worth a look. • 

Rick Cook is a freelance writerfrom Phoe
11 i.x, Ariwna, specializing in compwers 
and high technology. Paul Schauble is a 
computer co11sulta11t doing br1siness as The 
Second Ring in Glendale, Arizona. 

Getting the Bugs Out 

Ross M. Greenberg 

Two debugging tools: 

Is AT Probe worth $1500 

more than Periscope Ill? 

Your project i$ due in a week. All beta 
te I sites have been caJling dutifully, indi
cating no major problems. Suddenly, one 
site after another calls with the same 
problem. ft seems their hard disk d.is 
solved , and your program was the only 
one runn.ing when it occurred. Time to 
start debugging. 

Either of two hardware-assisted debug 
ging systems, AT Probe ($2495) from 
Atron and Periscope ill ($995) from The 
Periscope Company, may be able to help . 
Both provide a means of isolating their 
respec tive debugging programs from 
"normal " code space. They offer some 
unique fearures a well , includ.ing the 
ability to stop your code in the middle of 
anything. debug it, and then continue 
proces ing; real-time tracing which only 
ICEs (i n-circuit emulators) could do untll 
now; the ability to breakpoint in real 
1ime, based on access to any component 
within the machine: and displaying and 
experimenting with the prefetch buffer. 
(Fo r a discus ion of debugging , see 
·'Finding Lhe Culprit" on page 154. ) 

During the review process, I used the 
boards to solve a variety of bugs: a write 
access by a terminate-and-stay-resident 
(TSR) program outside its data space: 
problems with the initialization routines 
in two different device drivers ; timing 
problem between incoming characters in 
an interrupt -driven TSR concurrent 
erial-communications program; spe 

lunking through the innards of MS-DOS 
to determine real-time DOS u age of the 
PSP (Program Segment Prefix) and FCB 
(File Control Block) records; and using 
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breakout switches to enter the debugger 
on an apparent total-system lockup. I 
might have been able to solve some of 
these problems without a hardware 
assisted debugging board, but it would 
have taken significantly longer. 

I tested the boards on a variety of high
speed AT clones with and without EGA 
displays. The EGA causes a problem with 
AT Probe because the debugger 's 128K
byte RAM footprint conflicts with the 
memory space norm.ally allocated for the 
EGA BIOS. (Th is problem is docu 
mented in the manual .) You can select an 
other area, but the l28K-byte footprint i 
pretty large. At 64K bytes, Periscope 
Ill 's DOS footprint is smaller than AT 
Probe's, so it ran on my EGA system 
without any modification . 

AT Probe 
AT Probe 2.0 is a full-height , fu U-length , 
lBM PC AT card with I megabyte of 
write-protected on-board memory and 
the ability to be used in protected mode. 
It comes with a cable that plugs into the 
80287 socket on Lhe AT motherboard. 
Your 80287 plugs into the cable's piggy
back socket. The debugger has both hard
ware and software components. Most of 
the oftware loads directly into AT 
Probe's own memory. but 128K bytes of 
system RAM is also required. Installation 
is easy; it takes only moment . (An XT 
version of the board is also available.) 

A switchbox comes with AT Probe and 
is an intrinsic part of the package . It con
tains a Stop button , which you can use to 
break out to the debugger, and a Reser 
button , which you can optionally in tall 
to let you re et the computer. To install 
the Re et button, you crimp a connector 
(which is provided) to the power-supply 
reset wire (no t available on all AT 
clones). This is a permanent change. and 
I'm surprised Atron didn't use a less in-

Hardware-assisted debuggers like AT 
Probe (lop) and Periscope Ill (bottom) 
can significamly reduce debugging 
time-for a price. 

trusive method . However, if you need 10 
remove AT Probe from your ystem , you 
simply pull its reset wire out of the con
nector which then remains attached to 
the power-supply wire. 

Various add-on to AT Probe are avail
able: AT Source Probe ($395) lets you 
debug at the source code level in addition 
to the symbolic level; AT Software Per
formance and Timing AnaJyzer ($395) 
add · timing and performance measure
ment tool to the debugger; and Win
probe ($495) enables you to debug ofl
ware designed to run under Microsoft 
Windows 2 .0 . 

Three opt.ions are also available 10 opti 
mi7..e AT Probe for specific applications . 
The /ISO option ($395) let you run the 
entire debugging process in the 80286 's 
protected mode using no sy tem mem
ory . There are certai n relatively obscu re 
di sad vantages to running the / ISO version 
(most having to do with the keyboard). 
but the beauty of running in protected 
space, where the debugger is almo t in 
visible to your own code, is worth ii. 

The / PL o ption ($125) ·upports 
Plink86 Plus , a linker from Phoenix 
Technologies that resemble the standard 
Micro oft Linker but let you use over
lays in a more powerful way. The /PL op
tion lets you set breakpoints in overlay · 

co111in11t'd 



THIS IS AN IBM 

PS/2 MODEL 80 

RUNNING DOS 


nder DOS, this PS/ 2·· i a powerful 80386-based single
tasking, ingle-u er computer that can run thousands of 
DOS application . In 16-bit, 8086 mode. 

One at a time. 


When OS/ 2'" becomes available, the PS/ 2 can become a 

multitasking, single-user computer running in 16-bit, 286 

mode that can utilize DOS application under OS/ 2. 


One at a time. 


With DO or OS/ 2, the PS/ 2 will support one user. 


I user (DOS) I user (OS/ 2) 

Co t per system• • : $12,389 $12 594 

Cost per user: $12,389 ' 12,594 


Circle 246 on Readu Service Card 

THIS IS AN IBM 

PS/2 MODEL 80 


RUNNING SCO XENIX 

Under SCO XE CX, this PS/ 2 becomes a powerful 80386
based multitasking, multiuser computer that can run thou 
sands of XE IX application . In fi.Jll-tilt, 32-bit, 3 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 XE IX, the PS/ 2 will uppon one user. 

Or 9 users. Or even 33 users. 


And it can do all that today because you can get SCO 

XE1lX for the PS/2- now! 


I user 9 user.; 33 user.; 

Cost per system• ... : "14,559 19,726 40,402 

Cost per user: 14,559 $2, 192 $1 224 


SCO XE IX System Vand the SCO Xf. IX family of software solutions 
are available for all industry-standard 8086-, 80286-, and 80386-based 
computers. and the IBMe Personal System/ 2'" Models SO, 60. and 80. 

sco (800) 626-UNIX (626-116'19) 
(408) zs- m 
FAX: ( 08) 58 - 227 
1WX: 910·598 ·45 10 Sf.O ~ 
uucp: ... dccvru< !micr<>£of1 !sco! info 

. "_.tl\l'flt\ -~~ 
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AT Probe2.0 Periscope Ill 3.1 

Type 

Hardware-assisted debugger 


Company 

Alron 

12950 Saratoga Ave. 

Saratoga, CA 95070 

(408) 253·5933 

Features 
2K bus·cycle traceback buffer: 4 
hardware breakpoints with 1 megabyte of 
on-board memory: 660K·byte symbol· 
table space: multiple software tools; 
breakout switch Reset button; 12-inch 
80287 cable (longer lengths available); 
2-foot cable on breakout switch 

Size 

5 by 13V2 inches 


Hardware Needed 
IBM PC AT or compatible with 8·MHZ/ 
10-MHz AT hardware-compatible bus 
structure (one 16-b1t slot required): one 
wait state required: 128K bytes or 
available memory 

Software Needed 
DOS 2.0 or higher; DOS 3.0 or higher 
recommended 

Documentat ion 
220-page AT Probe/AT Source Probe 
Manual 

Options 
AT Source Probe: $395 
AT Software Performance and Timing 

Analyzer: $395 
w1nprobe: $495 
/PL (Plink86 Plus) extension: $125 
/ISO (protected-mode debugger): $395 
/ISO and IPL extension: $495 
/PRO (protected-mode operation): $975 
/PRO and IPL extension: $1075 

Price 

$2495 

386 Probe: $4195 


Inquiry 887. 

... 


that you haven't yet loaded from disk. 
Another option, /PRO ($975), lets you 
run in protected mode in memory above 
the first megabyte. Combinations of these 
options are also available: /lSO with /PL 
($495), and /PRO with /PL ($1075). T he 
particular software configuration I tested 
included the /lSO and /PL options and 
the AT Source Probe. 

Probing for Bugs 
Using AT Probe is straightforward. The 
command structure of the debugger re
quires a considerable learning curve be
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Type 
Hardware-assisted debugger 

Company 
The Periscope Company 
1197 Peachtree SI., Plaza Level 
Atlanta. GA 30361 
(404) 875-8080 
(800) 722·7006 

Features 
BK bus-event traceback buffer; 64K 
bytes of on-board memory with 32 
hardware breakpoints; abil ity to use 
alternate display device; multiple software 
tools: 15-inch 80x87 cable (longer 
lengths available on request); 5·foot cable 
on breakout switch 

Size 
41,i by 13Y.i inches 

Hardware Needed 
IBM PC, XT, AT. or compatible (16-bit 
bus slot required on AT), operating with 
one wait state at up to 10 MHz: 64K 
bytes of available RAM 

Software Needed 
DOS 2.0 or higher: DOS 3.0 or higher 
recommended 

Documentation 
218-page Periscope ManL•aJ; Quick 
Relerence card 

Price 
8-MHz version: $995 
10·MHz version: $1095 

Inquiry 888. 

t-

cause i t is not similar to DOS DEBUG; 
however, the on-screen help facility in 
two command windows makes the pro
cess less painful than it would be if you 
had to tum to the manual all the time. The 
user interface, however , is simply a com
mand-line interface. 

When invoked, AT Probe looks for its 
configuration file, PROBE.CFO, which 
contains the base address at which to load 
the software, as well as the cursor- and 
creen-addressing information required 

to use a remote serial device as if it were a 
local console . 

When you first load the debugger, it 
also looks for an !NIT.MAC file , which 
can contain user-defined macros con
cerned with initialization. (An AT Probe 
macro contains a series of AT Probe com
mands.) As with any macro library, you 
eventually end up with your own set of 
specially designed tools, but AT Probe 
comes with a good set in PROBE.MAC to 
use for your initial debugging sessions. 
This set includes such macros as sector 
read , ector write, di play program pre
fix segment, display registers , and 
display stack data. 

Once withjn the debugger, you can 
specify the name of the file you want to 
debug and its associated symbol tables, 
as well as any additional macro files you 
wish to load . You can examine the code in 
its disassembled state, and symbol names 
are shown after their actual addresse to 
aid in your debugging. From past experi
ence, I fi nd that aciually replacing the 
hexadecimal address with the symbol 
name is a bit more comfortable and clos 
er to the original source code, but that's a 
matter of personal preference. 

Debugging an application without a 
symbol table is more difficult, but since 
AT Probe lets you enter symbol names at 
pecific addresses and thereafter displays 

those symbol names, exploring code 
fragments (even DOS itself) is easier than 
before. The board devotes 660K bytes to 
keeping your symbol table in its write
protected memory so that it won ' t be 
overwritten. 

The heart of debugging. the setting of 
breakpoints. is an easy task with AT 
Probe. You can set them to occur when 
execution reaches a given location; when 
a particular range of memory is read, 
written, or fetched by the CPU; or when a 
specified I/O port (or a particular value 
for that port) is read from or written to. 

The real power of AT Probe shows in 
its macros. The macro capabili ty lets you 
execute an intelligent breakpoint request, 
such as : " Breakpoint when an area out 
side of this bounded area is written to, if 
and only ifthe code segment is within this 
range and the data value at this addres. i 
greater than a particular value and less 
than this value." You can make a macro 
just about any length you like, and it can 
call other macros (up to a nesting level of 
5) with parameter passing. 

The macro processing speed isn't as 
fast as I'd like. An intelligent breakpoint 
request runs at full speed on AT Probe, 
but once it reaches a breakpoint and starts 
executing in the CPU, processing slows 
down. When you know this, you wiJI find 
yourself setting breakpoints a bit more 
sparsely. 

You can have a total of only four hard
cominued 



An Incredible Display OfPowerAndVersatility. 

For just. $599, the new 965 gives 
you ASCII, ANSI and IBM PC com· 
patibiliry in one terminal. 

The new 965's versacili ty is 
unparalleled. ltsupport:s 23 ter
minal emulations, more. than any 
other model in irs class. You even 
ger your choice of ASOl. ANSI or 
lBM Enhanced PC keyboard styles. 

Th r 's a 14" Oar display in 
green or page-white with cri p, clear 
characters in a high-re.solution 10xl6 
matrix. A 2-posirion keyboard wich 
a true accounting keypad. 20 user-

programmable edicing keys, and 
128 programmable function keys. 

The 965 am display up tO 49 
daca lines, enough to show large 
sprcadsheecs or cwo normal di.splay 
pages of text at che same rime. o 
ocher cerminal this affordable can 
do d1ar. 

The 965's scace-of-che-arc single 
board design uses a 16-bit CPU and 
sophisricaced gace array to give you 
a high-perfonnance, very reliable 
terminal with a full one-)•ear end
user limited warranty. 

The 965. A whole new look 
in term1nals from TeleVideo. Call us 
coll-free or wrice today for more 
information. 

Tele ideo Systems, Inc., 
1170 Morse Ave., Sunnyvale, CA 
94088-3568. 
Cirr:l~ 276 on REufu SeTl'ice Card 

'IeleVideo 
TiiE VISION YOU EEO TO UCCEED 

Call 1-800-835-3228 
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Finding the Culprit 

F ixing a bug, once found, usually 

takes onJy minutes; finding it, how
ever, can talce minutes or weeks . A great 
number of software-only debuggers are 
available, all of which let you examine, 
step-by-step. e.ach instruction the CPU 
executes, and compare the actual results 
with the results you expected . But, for a 
variety of reasons , hardware-assisted 
debuggers can make the process go 
much more quickly than software-onJy 
debuggers can. 

One of the most common software de
buggers is DEBUG, included wilh MS
DOS up to version 3.3. DEBUG is very 
u eful for examining small assembly 
language programs or for re olving sim
ple problem . However, it's woefully in
adequate for any but the most rudimen
tary debugging. To debug program code 
easily. you need to be able to ex.amine it 
wit.h a symbolic listing; for example, 
INC [TIMEILTICKJ is inherently clearer 
than INC [ODCA]. The first convey at 
least part of t.he meaning the original 
programmer intended. To debug easily, 
you need to see the source code, or at 
least the symbol map. Many symbolic 
debuggers contain options to enter these 
symbols as required . 

Other capabilities also affect the de
bugging process. When single-stepping 
through your code, for instance, a de
bugger needs to be able to et the "sin
gle-step" bit in lhe processor flag word. 
This bit generates an interrupt after each 
in truction, which the debugging pro
gram then processe , and it u ually re
uHs in a display of the next instruction 

to execute (or the previous one) and the 
current setting of each register. If this 
information i stored in a traceback 
buffer, then you can see how your code 
arrived at the current point of execution. 
The larger the traceback buffer, the 
more instructions you can ee, and the 
easier debugging becomes. 

Determining when to examine that 
traceback buffer is more of an art than a 

science; being able to set breakpoints to 
top execution of the current program 

and enter debug mode makes the process 
easier. The number of breakpoints a 
particular debugger allows is an impor
tant consideration, since the number and 
different types of breakpoint you use let 
you execute more of your code and Jess 
single-step tracing. The abiLity to issue 
breakpoints when your program reads or 
writes to a particular area of memory , 
when a register equals a certain value or 
range of values, or when your program 
accesses a particular 110 port is an im
portant aid to debugging . 

However. if the problem you're trying 
to find terns from the interaction of var
ious hardware components over which 
you have no control (such as a timer tick 
occurring every 1/18 econd or a con
flict of serial-port interrupt ) , then even 
the niceties of Microsoft's Code View (a 
full-screen symbolic debugger) may not 
suffice. It 's not that software debuggers 
don't have the ability- most do; it' 
simply that tracing or single-stepping 
through your code can be terribly slow, 
because the CPU is executing perhaps 
hundreds of debugger instructions each 
time it executes one of your program's 
instructions. Trying to use the same 
CPU chip to process all these "intelli
gent" breakpoints, to manage a trace
back buffer, and to protect your code 
and the debugger code from each other 
is a difficult if not impossible, task . 

Finally, ometime the software de
bugger itself has an adverse effect on 
what you're debugging (since the posi
tion of your program in memory may de
pend on where the debugger is placed). 
Debugging may even be impossible , 
since the errant pointer causing your 
problem may actually modify a portion 
of the memory space occupied by the de
bugger- thus causing the debugger to 
crash mysteriously . In these situation , 
hardware-assisted debuggers like the 
ones reviewed here are your only choice. 

memory that hould never be executed 
but can be read or written to , such as your 
data-segment area or your !ow-memory 
interrupt table . 

AT Probe's traceback buffer is 2K bus 
cycles, or events, in length . Atron calls 
this a dequeued buffer. You won ·1 see in
structfons that have been fetched but not 
executed unless you specifically ask to 
ee them . This is an important consider

ation when looking at the traceback 
buffer; it can be confusing to see in !ruc
tions that were never executed. 

A few features of note are AT Probe's 
ability to debug using Microsoft C's local 
stack referencing, its complete 80287 
support, an on-line editor and notepad (in 
AT Source Probe) , the ability to follow a 
nested calling convention backward on 
the stack, and the ability to re-enter data 
items by data type instead of hexadeci
mally , byte by byte . 

One caveat, however , regarding AT 
Probe: One of the manual's appendixes 
contains a note about executing break
points while in a non-reentrant BIOS call 
uch as the keyboard- or monitor-service 

routines. Atron ays that ince AT Probe 
uses these routines. you could crash the 
system if you breakpoint within them. 

Writing a Wrong 
I used AT Probe to find a wr1te access by 
a TSR outside of its data and code space. 
First , I defined a write-to-memory break
point for each of two memory-address 
ranges: one before the initial TSR code 
egment, and one after the last TSR seg

ment. Both DOS and foreground pro
grams, such as COMMAND.COM, nonnally 
acce s these area of memory. Therefore , 
the debugger had to filter out all such 
valid write accesses. 

Using a macro to set the breakpoints, l 
checked the code segment after each 
breakpoint to see if it fell within the TSR 
range . If it didn ' t, I resumed program 
execution; if it did , I knew I had found the 
culprit and could use the real-time trace
back buffer to determine howl had gouen 
to the instruction causing the problem . 
Again. the macro didn ' t execute as fast as 
I'd like. but with some fine-tuning of its 
logic , I managed to speed it up . 

ware breakpoints active at any given 
time. I found that thi wasn't sufficient in 
many cases, especially when I was trying 
to trace carefully through the many dif
ferent cases on a C case/switch state
ment. I don t like having to outsmart lim
itations a debugger places on me. 

Fetch and Carry 
For the CPU to be as fast as possible, it 
automatically reads the next few instruc
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lions into a small on-board buffer while it 
executes its current instruction. In most 
programs, after a given instruction has 
run, the instruction most likely to run 
next is the one that folJows it; since that 
instruction i already in the prefetch 
queue, little access time is needed except 
to read or write the operands. 

Since prefetch is used only for instruc
tjon execution , it mjght be useful to set a 
breakpoint on prefetch into any area of 

Periscope ID 
Periscope IT! 3.1 is a full-length hard
ware-assisted debugging card with 64K 
bytes of write-protected RAM, an 8K
bus-event real-time traceback buffer, 32 
hardware breakpoints , and a remote 
breakout witch. It requires an IBM PC 
XT, AT , or compatible with 64K bytes of 
available RAM . (Since the board is not a 
full-height card, it runs in the XT as well 
as the AT.) Periscope IIl comes in two 

conri1111ed 
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GI SYSTIM 

Engineered

for speed, 

flexibility


and 

expandability 


BayTech 
Bay Technical Associates, /11c. , Data 01111111111icatio11s Products Divi:.io11 


200 N. Second St., Bay Saint Louis, MS 39520 USA 

Telex 910-333-1618 BAYTECH, Telephone 601 -467-8231 or toll-free 


800-523-2702 

CHECK THE SPECS 
• Th Daia Exchang Sysic m. 
Model 24 . allows high peed 
exchange of da ta b·twcen 
computers , prin ters and other 
peripherals. 

• Powerful 16-bit CPU plus 
multiple high performance 1/0 
processors allow super high 
speed transfer of data 
demanded by new faster 
computers and software . 

• Optimum fl exibility: Select 
the right. combination of serial 
and paralle l ports. and set any 
o f these ports as a peripheral 
port or as a computer port. 

• Basic unit expandable to 24 
ports by 4-port modules offered 
in serial/parallel combinations. 

• Standard 512KB buU r 
expandable to 4 1h megabytes. 
to handle big print/ plot jobs 
and ma ny small ones . 

• Buffe r memory dynamica lly 
allocated to maximize buffer 
utilization . 

• Simultaneous data input and 
output on all ports, so no 
devices are kept waiting . 

• Computer-to-computer 
communication concurrent 
with all other operations. 

• Full duplex communication 
allows fil e tra nsfer capabili ty 
with many communication 
software packages. 

• Compatible with virtually all 
computers, printers, plotters, 
mod ems and other peripherals. 

• Pop-up RAM reside nt PC 
support so ftware allows 
peripherals I ct ion via hot key. 

• uper fast throughput allo' 
data to pas through with no 
apparent processing delays. 

• Many user-definable 
parameters including separate 
baud rat s, now control and 
parity for each port . 

• Internal serial-to-parall I and 
para llel-to-serial conversion. 

• ascading ca pability lo 

increase avai lable number 
of ports. 

• Unlimit d hotline tech 
support. 

csigned and manufactured 
in th e U.S.A. 
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GETTING THE BUGS OUT 

models : an 8-MHz version ($995) and a 
10-MHz version ($1095). It requires 
DOS 2.0 or higher, but DOS 3.0 or high
er is recommended because DOS 2.0 and 
2.1 contain some bugs involving improp
er changes to the stack; The Periscope 
Company warns that if your breakpoint 
happens to occur at just the right- or 
wrong-moment, you may have trouble. 
Note that this is true for AT Probe, too. 

Like AT Probe , Periscope ID ha a 
cable that plugs into the 80287 socket on 
the motherboard, and an existing 80287 
plugs into the cable· s piggyback socket. 
A plug ocket at the end of the card at
taches to a breakout button that immedi 
ately enables the debugger. 

Once you install the hardware (which 
takes about 5 minutes), you must install 
the software- also a rnpid and straight
forward process. You can run the soft
ware portion of the debugger without the 
hardware. After you install the software, 
you're ready 10 run a TSR called PS.COM, 
which takes command-line or indirect 
file witches. One switch lets you specify 
which area of memory the board is to use. 
Other switches let you specify the size of 
the symbol table, various window sizes, 
and other setup parameters. 

No software extensions are available at 

this lime, including those that allow for 
protected-mode operation; thus, most of 
the symbol table is visible in ystem 
memory. Although the debugger pro
gram itself is write-protected and is there
fore safe from typical programming mis
takes , the symbol table and other 
important tables are not protected. And 
since these tables are stored in system 
memory, you may not have enough mem
ory to debug a large program with a large 
symbol table. This was not a problem in 
my testjng, however. 

Up Periscope 
Once you load PS.COM, it sits quietJy in 
the background until you call it. You can 
access it in either of two ways: through 
the breakout switch, or through RUN.COM, 
which automatically loads your program 
and its symbol table. Once your program 
is loaded, you are in the debugger, ready 
to debug your code. 

Part of Periscope IIJ 's power is, sur
prisingly enough , in its user interface. 
You can choose from a variety of screen 
windows. I found that having two data 
windows, one stack window, a register 
window, and a disassembly window usu
ally sufficed for my needs. Changing 
window sizes is an easy operation ; for ex

ample , if you want two dala window 
with lengths of4 lines and 6 I ines, respec
tively, you enter fW D:4 D:6. 

There is a not- o-subtJe difference be
tween Periscope ID and AT Probe: AT 
Probe feels as if it were designed for pro
grammers, while Periscope m feels as if 
it were designed by programmers. This 
shows th.rough not just in the display of 
the various windows, but also in the com
mand set and options, designed for pro
grammers who want ultimate control over 
their debugging environment. For exam
ple, to issue a breakpoint when the byte, 
COUNT, equals 08 , you would enter BB 
COUNT EQ 08. For AT Probe, the com
mand would be BP l =.COUNT WDATA 08. 

Periscope rn provides breakpoints on 
byte, code, interrupt, line. memory , 
port , register , user test , word , and exit. 
AT Probe has many of these abiliries, but 
its interface uses a less intuitive format. 

The myriad breakpoints that Periscope 
Ill allows also reflect this philosophy: 
You can set up to 16 hardware break
points , allowing read , write. execute. and 
fetch breaks, and includjng breakpoint 
above the first megabyte of memory for 
AT-class machines. You can al o set 
breakpoints when the data on the bus 
meets a particular value , or when input or 
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output to a port occurs (you can specify 
up to 16 different ports). These break
points can be set directly on Periscope 
Il1 s board . Finally, you can set a pass 
coum, which breaks out only after the 
breakpoint has been executed a certain 
number of times ; for example, "break on 
the fifth write to this screen location." 

You can also set software breakpoints. 
Aside from those breakpoints that are put 
in Periscope ill hardware for speed, you 
can set additional interrupts when a par
ticular byte, word or register meets cer
lain tests (Jes than, equal to, or greater 
than a specified value) , as well as when a 
particular interrupt executes, when a par
ticular line of source code runs , when re
turning from the currently executing rou
tine, or when a user-supplied (and 
previously loaded) assembly language 
routine returns a certain value. 

With Periscope ill's "go using moni
tor" mode (GM command) some of these 
oftware breakpoints can work in combi

nation with the hardware breakpoints. 
Thus, the program can run at full speed 
until it reaches a breakpoint on the board. 
Control then transfers to the board to de
termine if the specific condition exists, 
such as "break on register value" (BR 
breakpoint). Ifnot. the code resumes exe

cut ion inunediately . If the conditions are 
met, the breakpoint executes, and you 
can slart debugging. 

One real disappointment is that "break 
on register value" allows only one break
point test for each register. Thus, testing 
for a write acces to a range of memory 
with a double range check on the CS reg
ister isn't as easy to accomplish on Peri
scope ill as on AT Probe. (AT Probe's 
macro capability can handle lhi .) 

Periscope ID lacks macro capability, 
but, with its USEREXIT capability, you 
can make tests as arbitrarily complex as 
you wish. A LISEREXIT is user-written as
sembly language code (USEREXIT.ASM) 
with which Periscope ill can interface. It 
is loaded as a memory-resident program, 
called USEREXIT.COM, that uses an avail
able interrupt. Of course, you'll have to 
debug the assembly language routines 
that make up the USEREXIT routine itself. 

Like AT Probe, Periscope III has 
traceback-buffer capabilities. However , 
Periscope Ill's traceback buffer is SK bus 
events long (a bus-event record is 48 bits 
wide), so it can hold substant.ially more 
information than AT Probe's 2K-bus
cycle buffer. You can set up the buffer to 
capture SK events before the breakpoint, 
4K events before and 4K events after lhe 

breakpoint, or BK events aft.er lhe break
point. However, much of Peri cope In ' 
traceback information consists of pre
fetch instructions. As such, except for the 
obvious ones, like jmp call, ret, and 
int, the trace buffer contains instruc
tjons that may not have been executed but 
were onJy in lhe prefetch buffer. This 
makes debugging more dffficult. 

Periscope ID comes with a number of 
auxiliary programs, including one to let 
you use the map-file output from Plink86 
Plus, and another to run through assem
bly language ource code and make each 
symbol public . Since lhe more symbols 
you have, the easier lhe debugging be
comes, the PUBLIC progran1 should be a 
welcome addition to any library . 

Driving Devices Crazy 
Debugging a device driver can be diffi
cult , especially since the device driver is 
loaded before you can load your debug
ger . Peri'cope ill' distribution di k con
tains a program, SYSLOAD, that lets you 
load lhe important parts of Periscope Ill 
as device drivers o you can debug the de
vice-driver initialization routine . When I 
combined this wilh Periscope ill's ability 
to perform a "short boot" (which usually 

conrinued 
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leaves the interrupt vectors loaded). de
bugging a device driver became as easy as 
debugging any other program. 

The problem I had was that the serial 
communications device driver was crash
ing the system somewhere in the initial 
ization routine-sometimes. At other 
times, and at high data transfer rates, 
characters were being dropped . The 
worst kind of bug is the kind that isn' t al 
ways repeatable. 

By setting breakpoints on input or out
put instructions to ranges of ports , I 
found that the device-driver initialization 

routine was tu rn ing interrupts on too 
soon . By using Periscope m· user-exit 
capability, I found that the time used to 
return after a polling loop and before gen
erating the End-of-Interrupt instruction 
was sufficient for a character to arrive 
when receivi ng at I l 5K bytes per second. 
Without a hardware-assisted debugging 
board , ei ther condition would have been 
difficult, if not impos ible, to discover. 

The Competitive Edge 
Determining which debugger is better is a 
difficult task. There is no clear and sim
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pie benchmark that you can base a judg
ment on. Once you find a bug with one 
debugger, it's gone, and it's impossible 
to repl icate the problem. {But, sadly, an
other bug always lurks around the corner; 
there's never a shortage of them.) 

If you re developing Microsoft Win
dows programs; if you're using the over
lay capabi lity of Plink86 Plus substan
tially; if your code is very large (greater 
than 400K bytes); if you have a huge 
number of symbols; or if you're writing a 
protected-mode application (and with 
OS/2 on the horizon, protected-mode op
erations are going to be{;ome increasingly 
important) , then you need the supporr of
fered as options fo r AT Probe 2.0. 

However, the interface on Periscope 
III is easier to work with than AT Probe 
2.0 's; the capabilities, such as the num
ber and type of breakpoints, are substan
tially better; and the command summary 
is, to my way of thinking, closer to the de
bugging needs of a programmer. And if 
you ' re a smal l developer with limited 
funds, Periscope Ill's lower price be
comes paramount. 

But al l this is changing. New releases 
on both products are forthcoming . The 
features in the new releases clearly 
indicate how acutely each company is 
aware of the competitive edge the other 
has to offer. 

The Periscope Company says that Peri
scope III 4.0 (due out this month) will 
support Microsoft Windows, Pli nk86 
Pius's overlays, and Microsoft C's local 
symbols. Periscope IV, due out this 
spring, is planned to support the 80386 as 
well as the 80286. Atron says that the next 
release of AT Probe, also due out thi 
month, will contain a user interface simi
lar to that of Microsoft Code View. 
Atron's 386 Probe for 80386 systems has 
recently been released . It's an interesting 
race to watch. 

Both AT Probe and Periscope ru serve 
admirably as debuggers . Each doe quite 
a bit more than it advertising represents. 
and each al o has major enhancement in 
the works. But does AT Probe make up 
the $1500 difference in price (almost 
$2000 if you include AT Source Probe) 
with added programmer productivity? 

The answer isn't as clear-cut as I'd 
wish. If you don't need the s~ial capa
bilities AT Probe has that Periscope Ill 
doesn't have , then, no, AT Probe isn 't 
worth the difference in price. If, how
ever, you do need them. and you need 
them badly, then the price doesn't matter 
as much. • 

Ross M. Greenberg, owner and chief ex
ecutive officer ofSoftware Conceprs De
sign in New York, is a compuJer conml
tam and software designer. 
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TARGA™16Videographics. 

Now I~p you more. 

1beNEWIJ1y>roved 
TARGA 16 is only

$1995! 
ltS 100% redesigned, 100% compati

ble, 100% reliable, but costs 33% 
less than the originalTAAGA 16. Oh, 

and it's 100°/oTRUEVISION, of course. 

When we set out to redesign the 
industry-standard for high color reso
lution videographics, we wanted to 
Incorporate the latest technological 
advances. The result is a TARGA 16 
with improved video quality, built-in 
overseen, simultaneous RGB and com
posite video output, and more. So con
tact your nearest Authorized Truevision 
Reseller, or call 800/858-TRUE and 
see how less can become more. 

7351 Shadeland Station, Suite 100 Indianapolis, IN 46256 800/858-TRUE 
INTERNATIONAL: Canada 4161479· 1102 France 33-13-952-6253 Italy 39-2-301-0051 

Swilzel1and 41-1 -825-0949 UK 44· 1·991·0121 west Gennany 49-89-612-0010 Other 617/229-6900 
Prices quoled 8fll US Domestic suggested retail prices. 
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gone by the name PC's Limited. 

We've been Dell Computer Corporation since 
day one.The systems we make have always 

And that's how things 
are going to stay for 
some time lo come. 

Because, in just 
three years, we've 

become one of the 

seven largest personal 
iies in the us. 
to keep on designing, devel
gfast, high performance 

THE NEW 

PC's LIMITED CATALOG 


1ere in Austin, Tuxas. And 

ng them directly to users 
the only good way to keep 
cut out the middleman. No 
neans no dealer mark up. 
dbe simpler than picking 

cing an order and having 
ios~ and MS-OS/2 per

folivered right to you? 
111 for our free catalog. 
hat our low, systems prices 

gother manufacturers 
! year, on-site service con
vell Bull, along with access 
ipport people over toll 

D E LL COMP UTE R C ORPORATION 

r too that everything we 
door with something you'll 

be able to count on for a long time to come. 
Our good name. 

800·426·5150 
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InfoWorld Magazine• called our 
386 y tem t11e taste t de ktop 
computerthey haue ever tested 
Ba ed on 80386 technology that 
utilizes 0wait tale Static RAM, 
the Sy. tem JOO i highly effective in 
l'r!Search and development appli
cation , CAD/CAM, databa man
agement and de ktop publi hing. 
In addition, il is an ideal efllry 
leuel, low co t altemaliue to a 
minicomputer in mu/lJ'.11.serenviron
ments u ing386UNIX 1XENIX
operating tems. The PC' 
limitedS tem 300 i MS-DOS 
and MS 0 '2 compatible. 

PC's LIMITED 

SYSTEM 300 


STANDARD FEATURES 

Intel 80386 running at 16 MHz. 

I MB of 0wait tale Static RAM, 


pandable to 6MB Static RAM, 
plu 10 MB Dynamic RAM. 

1.2 MB 5.25" or 1.44 MB 3.511 

diskette drive. 
Dual diskette and hard disk drive 

controller. 
Enhanced 101-key keyboard. 
I parallel and 2serial port . 
200 wall power supply. 
Real-time clock. 
8expansion slots 

(132-bit, 5 16-bit, 28-bil). 
12 month,on-site Honeywell Bull 

ervice contract. (Available for 
complete system .) 

YSTEM 300 With monitor/ ada tor 
Hard Disk Drives Monochrome EGA 

40MB 28m 4,299 $4.799 
70 MB-28 ms $;1 ,699 $5199 
150 MB 18ms-ESDI $5,999 $6499 

VGA 
VGA Mono Color Plus 

$4,599 S4 999 
$4 999 $.5,399 
$6,299 $6,699 
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We've been Dell Computer Corporation since 

day one.The systems we make have always 

gone by the name PC's Limited. 

And that's how things 

are going to stay for 

some time lo come. 

Because, in just 

three years, we've 

become one of the 

seven largest personal 

mies in the us. 
henew PC' limited System 200 STANDARD FEATURES I to keep on designing, develis one ofthe highest performing Intel 80286 running at 12.5 MHz, 
80286-based personal computers witchable to 6.25 ng fast, high performance

640 KB of RAM, expandable toyoucon buy. ltshigh peed 12.5 
MHzoperation is ideal for bu iness 
application ,a well as oflware 
development, local area networks, 
CAD/CAM. and desktop publishing. 
TheSystem 200 is MS-Dos• and 
MS OS/2 compatible. PC's LIMITED 

SYSTEM 200 

With monitor/ ada torYSTEM 200 
Hard Disk Drives Monochrom EGA 

20MB 1799 $2,299 
40 MB-40 m $1999 
40MB-28ms $2299 
70 MB-28 ms $2699 
150 MB-18 ms- ESDI $3,999 

16MB. 
1.2 MB 5.25" or 1.44 MB 3.5" 

diskette drive. 
Dual diskette and hard disk driv 

controller. 
Enhanced IOI-key keyboard. 
I parallel and 2serial ports. 
200 watt power supply. 
Real-time clock. 
6expan ion lots (416-bil, 2 8-bit). 
12 month,on· ite Honeywell Bull 

ervice contract. (Availablefor 
complete systems.) 

VGA Mono 
2.099 

$2 299 
$2599 
$2,999 
$4,299 

here in Austin,Tuxas. And 

ling them directly to users 

e the only good way to keep 

>cut out the middleman. No 

means no dealer mark up. 

tld be simpler than picking 

acing an order and having 

DOS~ and MS-OS/2 per

delivered right to you? 

::all for our free catalog. 

that our low,systems prices 

ng other manufacturers 

1eyear, on-site service con

rwell Bull, along with access 

;upport people over toll 

~r too that everything we 

~door with something you'll 

be able to count on for along time to come. 

Our good name. 

Bullt in lhe . .A. 

800·426·5 150 
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HERE ARE OUR NEW PRICES AND 

SYSTEM CONFIGURATIONS. 


Wh ther you're interested 
in buying one or ahundred 
y terns,all you do i pick 

up the phone and dial 
800-426-5150. Tulk ov r 
your need with one of our 
ales representatives. They'll 

help you elect the right 
y tern. 

And ,every PC Limit d 
computer can be cu tom 
built to your exact 
pecification. 

Give u your corporate 
purcha eorder number or 
major credit card number 
and your stem will be 
deliv r d to you. 
Direct from our manufac
turing facility here in 
Au tin. Without an middl 
m n gelling involved.And 
rem mber no deal r 
means no dealer markup. 
We know of no manufac
turer off ring such top 

quality compatible hard
ware, complete with on- ite 

rvice and toll-fre techni
cal upport at uch low, 
direct price . 

If you're in the market 
for an exceptionaJ per onal 
computer call u today at 
800-426-5150. 

PC' Limited produc are 
now available on GSA con
tract #G OOK87AG 6127. 
Call u for G A pricing. 

800·426· 
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Qur Turbo PC is an extremely 
affordable,entry-level ~ Lem for 
bu iness and home use. ~rd 
proces ing,spread heel and 
accounting are on/ 1afew oflite 
application tile 11lrbo PC can run 
quickly and efficient/ . It al ocan 
be ea ily connected into local area 
network and can be configured 

gone by the name PC's Limited. 

STANDARD FEATURF.S 
Intel 8088-2 running al 8or 

4.77 MHz. 
640 KB of RAM. 
360 KB diskette drive. 
Diskette drive controller. 
84-key ke board. 
130 wall power supply. 
8expansion slots. 
12 month, on-site Hon ywell Bull 

door with something you'll 

be able to count on for a long time lo come. 
Our good name. 

800·426·5150 
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to your exact specifications. 

TURBO PC 

I 360 KB diskelle 

20 MB hard disk 

40 MB hard disk 

PC's LIMITED 

TURBO PC 


With monitor/ ada tor 
Monochrome system EGA color system 

We've been Dell Computer Corporation since 

day one.The systems we make have always 

ervice contract. (Available ror 
complete systems.) 

And that's how things 

are going to stay for 

some time to come. 

Because, in just 
three years, we've 

become one of the 

seven largest personal 
nies in the US. 

to keep on designing, devel

1g fast, high performance 

here in Austin,Tuxas. And 

ing them directly to users 
:the only good way to keep 

cut out the middleman. No 

means no dealer mark up. 

Id be simpler than picking 

icing an order and having 
)OS* and MS*OS/2 per

delivered right lo you? 

all for our free catalog. 

that our low,systems prices 

1g other manufacturers 
eyear, on-site service con

well Bull, along with access 
upport people over toll 

r too that everything we 

799 
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NEW PC's LIMITED PRINTER SYSTEMS 
Dell Computer Corporation now offers afull line ofPC-compatible dot matrixand la erprinters. 


Ourdot matrixpn'nter tems ron.!Je from uery low co t, near-letter-quality to the high t re oluJion dot 

matrixprinters available. Our line ofla rpni1ter tem include ome ofthe quicke t, 1110 l reliable pnnters 


ever buHt.All ourprinter. come to you at very competitive prices, and we offeraJO-day mone bock 

guarantee and aone -ear warranty. 


DOT MATRIX PRINTERS 
Printer System 300 

9-wire s rial impact dot matrix 
Draft quality at 144 CPS 

ear letterqua! ity at 36 CPS 
Pour standard fonts 
Paper Parking
4KB burrer 
Standard carriage 

$279.95 

Printer System 600 
9-wir serial impact dot matrix 
Draft quality at 240 CPS 
Near letter qualily at 60 CPS 
tandard parallel int rface 

Expandable buffer (up to 28.6 KB) 
Wide carriage

$599.95 

Printer System 800 
High t resolution t xt and graphics

from adot matrix (24-wire serial 
impact)

Draft quality al 200 CPS 
Correspondence quality at 132 CPS 
Letter qual ity al 66 CPS 
tandard R 232 serial and parallel 

interfaces 
Wide carriage 

799.95 

WER PRINTERS 
Laser System 60 

300 dot -per-inch resolution 
6pages per minute, text and graphics 
3.000 page monthly duty cycle
1.5MB standard memory,expandable

to2.0 MB 
RS-232 serial, parallel, and R -422 

interfaces 

2,195 


Laser System 80 
300 dot -per-inch resolution 
8pages per minute text and graphics 
10,000 pag monthly duty cycl
1.5 MB tandard memory, expandable 

to2.0MB 
RS-232 serial and parallel interfaces 

3,195 

Laser System 150 
300 dot -per-inch resolution 
15 pages per minute, t land 

graphics 
20,000 page monthly duty cycle 
1.5 MB tandard m mory, expandable 

to2.0 MB 
RS-232 erial and parall Iinterfaces 
Dual 250- heel input tra 

$5,995 
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gone by the name PC'

We've been Dell Computer Corporation since 

day one.The systems we make have always 

s Limited. 

be able to count on for a long time to come. 

Our good name. 

80 0·426·5150 

GET THE TarAL SYSTEM SoLUTION FROM DELL 
System enhancement products are akey component to providing aLola/solution. 


And,du to our uniquemanufaclllring capabilili ,we can build a ystem to yourexact 7J€Cification , 

integrating enhancement products from awide election ofperipheral . 


MONITORS 

14"VGAmonochrom, 

Paper white phosphor


$249. 5 

14" VGA Color Plus 


s 9 .95 

GRAPHICS BOARD 

VGA Orap~ics Adaptor 


Z9 .95 

MODEMS 


1200 Baud internal 

1 .95 


2400 Baud internal 

$2 9.95 


TAPE DRIVES 
40 MB ta driv 

$39 .95 

60 MB tape drive 


9.95 
HARD DISK DRIVES 

20 MB-hard di<ik drive 
. 5 

40 MB-hard disk drive 

$5 .95 


40 MS.28 ms hard disk driv 

.95 

70 MB-28 ms hard disk drive 
$1,2 

150 MB-18 ms F.SDI hard disk drive 
$2, 99 

DISKmE DRIVES 
3.5" De k tte drive-1.44MB 


$199.95 

5.2511 Diskette drive- 1.2 MB 


19 .95 

S.25" Oiskett driv -360 KS 


$149.95 


SERIAL MOUSE 
$59.95 

SOFTWARE 
Microsoft•Word 4.0 

$ . 5 
Microsoft• Excel 

39 . 5 
dBase 111 Plus 

$39 .95 

Ventura Publisher'" 

$549.95 


MEMORY OPTION 

LIM EM panded memory board 

with 512 KB, expandable to 2MB 


49.95 

I MB High speed tali RAM 


(for >yslem 300 )

499.95 


512 MB RA 1upgradekit 

(for 1yst m200 )


$19 .95 

MATH CO-PROCESSORS 


Intel 8087-2 

S24 . 5 


Intel 80287-6 

$249.95 


Intel 80287-8 

$ .9 


OPERATING SYSTEM SOFTWARE 

MS-DO •3.3withdiskcach 

and oth renhanced utiliti 


119.95 

M •.QS/ 2 (Available in March )


.324.95 


And that's how things 

are going to stay for 

some time lo come. 

Because, in just 

three years, we've 

become one of the 

seven largest personal 
nies in the US. 

to keep on designing, devel

1g fast, high performance 

here in Austin, Tuxas. And 

ing them directly to users 

:the only good way to keep 

cut out the middleman. No 

means no dealer mark up. 

Id be simpler than picking 

icing an order and having 
)OS~ and MS-OS/2 per

delivered right to you? 

all for our free catalog. 

that our low,systems prices 

1gother manufacturers 

eyear, on-site service con

well Bull, along with access 

upport people over toll 

r too that everything we 

door with something you' ll 
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DELL SETS THE STANDARD 

IN SERVICE AND SUPPORT. 


DII has developed the most 
innovative and comprehensive 
service and upport program in 
th industry. We have toll rree 
technical suJmQrt lines, at 
800-624-9896 that allow you 
unlimited access to our highly 
trained technicians.Wh nprob
lems do occur, generally 9out 
of 10 or them are olved over 
th phone. 

lr a r pair is nee ary, a 
Hon ywell Bull customer service 
engin rwill be dispatched to 
your place or busines.5 (usually 
bylhenextbusin day).Your 
.Q tional Hon ell Bull rvice 
contract provides you with one 
year on· ite ervice for parts and 

labor ifyour tern (CPU, monitor, 
keyboard and disk drive) is 
located within 100 miles or 
Honeyw ll Bull's 198service 
locations throughout th country. 

We are so confident in our 
quality products that we provide a 

tal l~f i n uarant ,which 
says that any system bought from 
u may be returned within 30 days 
from th date it was shipped for 
afull r fund ofyour purchase price. 
Returned items should beshipped 
back to u in the ame condition 
in which th yw r nt. 

We al oorrer aOn Year 
Limited Warran ,which warran 
each system w manufacture to 
be rree of d f ct in materials and 

workmanship for one fully ar. 
During th one year period we\ ill 
repair or replace, at our opt ion 
and at no additional cost,any 
d fectiv product properly 
returned to our factory. 

Call or write for the complete 
terms of ourTotal at ' faction 
Guarantee,our One-Year Warranty 
and th Honeywell Bull rvice 
Contract. Dell Computer 
Corporation, 9505 Arboretum 
Blvd.,Au tin,Texas 7 759-7299. 
800-426-5150. 
bdtm.1r owner XENIX. DOS. . and 
tlacsoft/ Microsoll Corpcnlion:U IX/AT&T 

dliut Ill Pl I hton-bl~ Corporation '. 
Vt111u11 Publbhcl 'c!11uri1Solt11m Inc. 
All mprlc ind pteif1UU011111u ubject 
IOC withoul node: PltllStmquire fO! 
rurnnl d!'lllli Dell annot bu spcwlhlr lot 
er!Olt 111 l)pography or pilot ripll)\ 

DELL COMPUTER CORPORATION 

5 5 0 
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We've been Dell Computer Corporation since 

day one.The systems we make have always 

gone by the name PC's Limited. 

And that's how things 

are going to stay for 

some time lo come. 

Because, in just 

three years, we've 

become one of the 

seven largest personal 

computer companies in the us. 
So were going lo keep on designing, devel

oping and building fast, high performance 

computers right here in Austin, Tuxas. And 

we'll keep on selling them directly to users 

like you. Because the only good way to keep 

prices down is to cut out the middleman. No 

computer dealer means no dealer mark up. 

And what could be simpler than picking 

up the phone, placing an order and having 

PC's Limited MS-DOS~ and MS-OS/2 per

sonal computers delivered right to you? 

You can also call for our free catalog. 

Keep in mind that our low, systems prices 

include something other manufacturers 

can't match. Aone year, on-site service con

tract from Honeywell Bull, along with access 

to our technical support people over toll 

free phone lines. 

And remember too that everything we 

make goes out the door with something you'll 

be able to count on for along time to come. 

Our good name. 

800·426·5150 
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tractor and tear bar. A fanfold bypass. An autoload 
lever. A multistrike film ribbon. IBM Proprin ter 
and Graphics Printer,1 Qurne Sprint 11 ~ Toshiba 
and other popular printer emulations. And 
a 64K buffer. 

.. - . ~- ~ - ~ 
1 ...........

-...lll,·tj'I :9';<=• 
~~~·~...-.~.ii,• 

PREY. NEXT PRti'I. NEXT E.IEC'T 

- -
Sll.KT 

l--:::::::z:::r:::-----~--=-- ---~~ ..... - - . 

But rest assured, none of these features were 
added at the expense of speed. Because the 
P351SX zips merrily a long at an amazing 360 cps 
for draft and 120 cps for letter quality. 

All of which means the P351SX printer will 
quickly polish off any printing job. From letters and 
envelopes to graphics and full -sized spreadsheets. 

And that's an appetizing thought for any 
busy office. 

For the name of your nearest Toshiba printer and 
computer dealer, call 1-800-457-7777. 

1JBM and Proprin ter are registered 1rad marks o lnternational Busi ness 
Mach ines Cori>eration. ZQumc 11rint l l is a registered trademark of Qume orp. 

We realize if you're looking for a fast, letter
qualityprinter, there's a few out there to choose 
from. We should know, we've developed some of 
the very best. 

But if you're looking for a printer that's not only 
fast, but can easily devour any job you throw at it, 
you'd best look at the new Toshiba P351SX 24-pin 
dot matrix printer. 

Thke envelopes, for example. The P351 SX 
comes with an optional automatic envelope feeder. 
That way your envelope is printed with the same 
speed and ease as your document. 

We even replaced the hassle of dip switches 
with our new front panel. So you can make all your 

choices at the touch of a button. 
But we wanted to make your print

ing jobs even easier still, so 
we added a few more conven

1 ient features. 
L 
"' Like the unique ability 

-=---- e~illi~lliL_·;iii to print six-part for ms 
with each part as legible 
as the first. Plus a built-in 

In Touch with Tomorrow 

TOSHIBA 

TushJba A-nca. Inc , lnforma1ion S>~'"'' Divi<inn 
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SOFTWARE REVIEWS 
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Two Fast C Compilers for PCs 

Namir Clement Shammas 

First, Microsoft improved its C lection, the Topics window disMicrosoft introduces an improved 
compiler, MS-C version 5.0 , plays the names of the functions 
by adding powerful optimizing in the chosen category. Youversion of its C compiler and QuickC,
capabilitjes and support for the select functions in this window 
ANSI C standard . Then , it 
threw in an integrated pack.age 
for C language development 
called QuickC. In a nutshell , QuickC is 
to traditional C compilers what Borland's 
Turbo Pascal is to Pascal implementa
tions: a convenient, integrated environ
ment for rapid software development. 
Now C programmers can buy one pack
age that provides a friendly environment 
for front-end prototyping and profession
al workhorse language tools. 

Microsoft sells the MS-C compiler 
bundled with QuickC 1.0 for $450. It 
also sells QuickC separately for $99. 
Both compilers run on an IBM PC or 
compatible with 448K bytes of RAM . 
QuickC requires a system with two flop 
py djsk drives or a 5 '..4 -inch floppy disk 
drive and a hard rusk drive. MS-C 5.0 re
quires a hard disk drive . 

You install both MS-C and QuickC 
using the SETUP. EXE utility . It automates 
the installation process and lets you cus
tomize the configuration of both com
pilers. It does this by prompting you to 
insert various disks from the pack.age into 
drive A and copying only the files re
quired for your particular installation. 
Moreover , SETUP. EXE uses the librarian 
utility, LIB . EXE, to combine one or more 
of these files into libraries built to fit the 
various configurations you request. This 
operation reduces the amount of disk 
space required and speeds the linking 
process. 

The configuration options include the 
destination drive , the names of the 
QuickC subdirectory and auxiliary sub
rurectories , the memory model, the type 
of floating-point math support, and the 
graphics library support. 

QuickC 1.0 

QuickC parallels the QuickBASIC envi

ronment and includes an editor, filing 

system, compiler, linker , and debugger. 


a front-end development tool 

You can invoke the QuickC environment 
by typing qc, and you can specify options 
related to the type of video card (e.g., 
CGA, EGA, and MA) in the system and 
the presence of a color monitor. The en
vironment displays the main pull-down 
menu bar, the edjtor window, the error 
window, and the program-status line. 
Vertical and horizontal scroll bars are 
visible at the right and bottom edges of 
the editor window. QuickC lets you enter 
commands by pressing keys or by using 
an optional mouse . 

You invoke the pull-down menus in the 
main menu bars by using the Alt key with 
other key combinations or by clicking on 
a choice with a mouse. You can select 
items in a pull-down menu in several 
ways. First, you can use the cursor-con
trol keys to highlight a choice and then 
press Return. Second, you can press the 
key that corresponds to highlighted char
acters in the menu. Finally, you can point 
to and click on an item with the mouse. 
These various selection methods allow 
you to pick the sty le you•re most comfort
able with. 

QuickC has two types of on-line help, 
and both are available by pressing the FI 
key. The first is a series of eight help 
screens that present infonnation on erut
ing commands, characters in a regular 
(string-based) expression pattern search, 
C operator precedence, standard ASCII 
table, extended ASCII table, escape se
quences , printf formatting , and C data 
types (with value ranges) . 

The second type of help documents the 
C keywords and various library func
tions. In thjs case, a window djsplays the 
different topics , and you make a selection 
by using the cursor-control keys or by 
typing the first letter in an option and then 
pressing Return. Once you've made a se· 

the same way you select topics. 
QuickC redisplays the editor 
window , with a brief descrip

tion of the chosen function above it. 
The QuickC editor is similar to Word

Star in nondocument mode, except in 
how you select and manipulate a block of 
text. The commands are easy to learn and 
lend themselves more naturally to the use 
of a mouse. The edjtor uses a clipboard to 
save deleted text that you can paste back 
into the source code. The edjtor also has 
an interesting feature that lets you put it in 
read-<mly mode, protecting source code 
files from accidental changes during 
browsing. 

While the QuickC edjtor supports the 
Find and Replace features present in any 
text editor, it also supports a Regular Ex· 
pression option. This enables you to seek 
more complex and flexible text patterns. 
The Regular Expression feature is a sub
set of the Unix grep (global regular ex
pression processing). 

The QuickC editor does not handle 
multiple files . Professional programmers 
will still use their sophisticated multifile 
text editors to write the source code and 
resort to the edjtor in QuickC for fast 
corrections. 

The QuickC environment incorporates 
a filer that is responsible for various tasks 
related to source code file management. 
Among these tasks is a reminder for you 
to save the currently edited file when you 
exit or load another. The filer permits 
you to load an entire file and merge an in
clude file with the currently edited file. 
The ftler also offers you two mechanisms 
to select a source code file . The first in
volves picking a file at large from a direc
tory display; you can specify the subdir· 
ectory path and wild cards used to display 
the filenames. The second method is to 
select a . MAK file from a program list. A 
program list groups a related set of source 

continued 
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TWO FAST C COMPILERS 


QulckC 1.0 MS-C 5.0 (Including QulckC 1.0) 

Type 
Ccomp1ler 

Company 
Microsoft Corp. 
16011 Nonh,.east 36th Way 
P.O. Box97017 

edmond. WA 98073 
(206) 882-8080 

Fonnat 
One double-Stded, gougle-dens1ty 
5i-4·inch floppy disk 

Language 
Machine language 

Hardwan1 Needed 
IBM PC or compatible with 448K bytes 
of RAM and tv.Q floppy disk dnves. or one 
5114-inch floppy disk drive and a hard 
disk drive 

Software Needed 
MS·/PC-DOS 2.1 o( higher 

Documentation 
417 -page Programmer's Manual· On
line help; Quick Reference card 

Price 
$99 

Inquiry 902. 

files for a software project and is simiJar 
to a make facility . 

Compiling with QuickC invokes a spe
cial dfalog box that pennits you to select 
various compilation options, such as 
warning levels, output objects (e.g . , ob
ject fil es, stand-alooe executable files , or 
an in-memory executable image), Micro
soft language extensions , peed optimiza
tions , stack checking , pointer checking, 
and debugging . Other option let you 
control the extent of compilation: a single 
file , altered files, or all project files. The 
QuickC environment allows only the me
clium memory mcxlel. which impose re
trictions on the amount of data a pro

gram can handle. Its run-time library 
incorporate code that supports the auto
matic use of the 8087 and 80287 chip . 
QuickC contains its own debugger in its 
environment and cannot use the Code
View debugger. 

The QuickC package also includes a 
command-line vers ion of the QuickC 
compiler , QCL . EXE. This program lets 
you compile and link in one step, or com
pile your source ccxle into object files that 
you link later . The QCL compiler employs 
many witches that parallel the menu op
tions of the QuickC environment. Its ad 
vantage over the QuickC environment is 
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Type 
Ccomp1ler 

Company 
Microsoft Corp. 
16011 Northeast 36th Way 
P 0 . Box 97017 
Redmond. WA 98073 
(206) 882-8080 

Fonnat 
Eight double-Sided double-density 
5 '!•·inch floppy disks 

Language 
Machine language 

Hardware Needed 
IBM PC or compatible with 448K bytes 
of RAM and a hard disk dnve 

Software Needed 
MS·/PC·OOS 2 1 or higher 

Documentation 
Three manuals and a spiral-bound 
Quick Reference Guide 

Price 
$450 

Inquiry 903. 

its abil ity to generate code for different 
memory mcxlels: It supports the small, 
medium, compact, and large mcxlels. (If 
you use the code within the QuickC envi
ronment , you can u e only the medium 
memory model.) Since QCL's options re
semble those of the full-fledged MS-C 
compiler, I will concentrate on the latter 
in thi review. 

Microsoft C S.O 
Unlike QuickC, the MS-C 5.0 compiler 
is strictly command line- oriented. How
ever, its operation closely resembles QCL 
in that it quickly compile source code 
and automatically links the object code 
files. MS-C 5.0 comes with several en
hancements and changes from its prede
cessor, version 4.0. Two of the most sig
nificant changes are its improved code 
optimization and upport of the ANSI C 
tandard . Although it wa not available 

for this review, Microsoft's newly re
leased MS-C version 5. 10 adds OS/2 
support. 

ANSI-standard support includes func 
tion prototyping and the implementation 
of the const and volatile types. MS-C 
5.0 also lets you use enumerated types, 
treating them as integer values. The com
piler no longer suppor ts the long float 

type (its replacement is the type double). 
MS-C 5.0 now support the long double 
type to provide en.hanced data precision. 
You can use the signed keyword to ex
plicitly indicate signed data. 

The MS-C compiler is rich with nu
merous directives that let you fine-tune 
the resulting output code. These switche 
fall into a number of categories, such as 
memory-model selection, type of proces
sor instructions , type of floating-poinc 
. upport , types of code optimization, and 
object-code generation for a debugger, to 
name a few. 

The MS-C compiler supports five 
memory models: small. medium, com
pact , large, and huge. The floati ng-point 
witches enable you to generate code for 

the 80x87 coprocessor and use emulation 
routine , generate in-line code, or call for 
an alternate floating-point math package. 
You can also in truct the compiler to gen
erate instructions for the 8088/8086, the 
80186/80188, or the 80286 processors, 
but MS-C 5.0 does not generate native 
code for the 80386. 

MS-C 5.0 can optimize programs for 
execution peed, code ize, and loop exe
cution. Other directive let you perfonn a 
wide variety of tasks such as control 
checking for null and out-of-range far 
pointers , enforcing ANSI tandards. 
specifying output filenames for . OBJ, 
.EXE, . I.ST, .ASM, and .MAP files, and 
generating code for Windows applica
tions . You can also specify the generation 
of an object file for use with ei ther Code
View or SYMDEB debuggers . 

MS-C comes with many functio n li 
braries that let you perfonn a wide variety 
of tasks . The low-level libraries provide 
rout ines for buffer manipulation, mem
ory allocation, process con trol, time 
management, and routines to access the 
BIOS and MS-DOS interface. T he com
mon C function libraries provide upport 
for character cla sification , data conver
sion, searching, sorting, and st ring 
manipulation. 

The fi le manipulation and I/O librarie 
provide directory control, file handling, 
stream I/O, low-level 1/0, console I/O . 
and port 1/0 . The math function libraries 
encompas · logarithmic, trigonometri . 
hyperbolic . power. and other transcen
dental functions. Finally, the graphics li
brary contain routines to elect the 
proper display mode, set coordinates, set 
the palette , set display att ributes, output 
images and text, and transfer images. The 
graphic library upports EGA , CGA, 
MA , 2- and 16-color high -resolu tion 
VGA, and 256-color medium-resolution 
VGA modes. 

Included in the package are the linker 
(LINK. EXE) file utilities and the Code

continued 



Some of the world's biggest
problems are being solved with 
atouch of Smalltalk. 

The F~nch Mii.iist!Y Abroad and involved 
ofRJre1gn Allam is • • 
resfXJnsiblefork£eping In foreign affairs. 
track of every French citi.ze11 livi11g abllXld and every fereig11er !ivi11g in Fra11ce. Each day, 
they /Jrocess thou~a11ds ofrequests/or doamum~ or i11fom1atum, each one of which lakes 
at least fi/tee11 mmutes. Arthur A11der.>~r. th£ world's larges/ acco1mting !inn. has dew/oped 
a natural la11111age processmg app/rcatro11 with Sma!Jtalk! V that enables clerks wilho11/ 
rom/mler /raining lo extract the necessary data m11Ch faster. Thanks to Smalltalk and 
system detx!/oper.; Bart Schulte a11d Pascal Wattiarix, what 01u:e took fiftee11 mi11ules 1ww 
takes 30 seconds. Vive la Smalltalk! 

I t 

On the ground 
floor of high-tech 

environmental control. Climate. energy, 
fire and security a1'f! all rriticnl aspects ofenvironme11tal 


amllvl in large office /Juildings. 11rechalletl/]efor}olmso11 Co11/ll)/s, 

a leader in this industry. is to provide a control system that is both 


technologically advanced a11d simple woperate. Using Smalltalk! V. 

Research Scientists Gene J<orie-nek and '/om Wmmr.h have created a 1001·/1

sjJace envi1vnmenl Iha/ allows rapid Pmlotyping and modeling offuture 
systems. A IJohnson Con/mis this system is used lo explore r11/ation.sl11ps between 
Cf!gnilf ue models of /Juilding ofJerotor.> mrd rorres/xmding iamic n:prese11/alio11s 
of buildmg compc111mls. Each system can then be tested by simply d icking 
a m()use a11d viewing flu; resulls i 11 Sl)p/i istiC(l/ed color graphics 011 (I re. 

The world is made of objects. So 
naturally, the world is turning_to Object· 
Oriented Programming (OOPS). And 
the fastest, easiest OOPS language and 
environment is SmaJltalk/ V 

With OOPS you program by defining 
objects, their inter· 
relationships and 
their behavior. 
Objects can repre
sent both reaJ
world entities 
- people, 
places, things 
-as well as 
useful abstrac
tions such as 
stacks, sets 
and rectangtes. 
Smalltalk/ V 
provides every· 
thing you need 
to solve problems T. • 

short amount of time. Perlect for pro
grammers who are looking for a fast, 
efficient prototyping environment. And 
anyone who wants to quickly and easily 
learn OOPS. 
Introducing Smalltalk/ V286. 

Ow- newest 
version of Small
talk offers faster 
and more power
ful OOPS capa· 
bilities. We've 
gone from 16 to 
32-bit architecture. 
From 640K to 16 
MB capacity for 
25 times the 
memory.And 
designed it to run 

on the next generation OS/ 2 operating 
system as well as DOS. 
Get Smalltalk for a small price. 

Smalltalk/ V sells for just $99.95. 
Smalltalk/ V286 is $199.95. The follow
ing optional applications packs are 
available for $49.95 each: Communi
cations; EGA/VGA Color; Goodies 
#1, Goodies # 2, Carleton Thols and 
Goodies #3, Carleton Projects. 

And everything comes with a 60-day, 
money-back guarantee. 

So visit your nearest dealer. Or call 
toll-free, 800-922-8255 and order direct 
with Mastetwd or Visa.Or write to 
Digitalk, Inc. , 9841 Airport Blvd., Los 
Angeles, CA 90045. 

And let us help you put Smalltalk 
into action. 

1eachmg Students to exciting applications. &o111m1ics Professor Amoldbig and small, in think economically. Kat.z of !he U11i~1sity of Pittsburgh. detJf!lopedcluding a com· Eco1101mcs PC DrSCi!very Wvrld, an mle/11genl 
prehensive tutorial tuton'ng system for begi1111i11g microeconomics students. Using a mouse lo access windows 
to get you started. a11d ma11iflulale dat.a, a student .can call up a set of markets and co111111odities for a11 

mragmary commumly By d1a11gmg thescenario, the s/11de11/ can 110/ 011(y study a variety 
Who needs of market behovicrs. but also lest the rxilidily of his 01· ht>r orun re01W111ng. A process 

With Smalltalk, even non·/Jmgramme-i:s can cmate 

Smalltalk? 
Because Smalltalk models the way 

people really think, it is perlect for 
scientists, engineers and professionals 
who have to solve tough problems in a 
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llwt p1vvides n lot of food for /hough/. 

Smalltalk/V 

digitalk. inc. 

molll.llk/V """"""DOS aod 512K RAM on lllM f'C.IAT/P crcompatrbh,s and •CG A, MCGA,EGA. VGA,'lbll\l l» T3 l00.Hemi~.<>< AT&T 6300 1JT11 phlcoon<roll<tA M"""5olt n< """P"~bl< m.,.,.. h m:m.m.ndcd. 
5mo.Ilull</ V286 ._i....,a 286 0< Jl!ti, DOS 0<0S/21nd l MB ol,,,.,mory and one ol th< i"plllcconm>ll<n lilted •l>o>'e. l> ctlX'I')' ~ 



TWO FAST C COMPILERS 

Table 1: MS-C 4.0, 5.0, aiul QuickC 1.0, compared using the BYTE 
benchmark programs. The compilers were direc1ed 10 generate code that 
would resemble QuickC 's code as closely as possible. You can see that 
optimized MS-C 5. 0 code is faster than either MS-C 4. 0 or QuickC code and 
rhat QuickC is faster than MS-C 4. 0. 

Test Sieve Sort Float Float Dhrystone 
coprocessor emulation 

Complle/llnk 
OuickC 1.0 00:10 00·13 00:12 00:17 
MS·CS.01 00:12 00·13 00·12 00:18 
MS·C 5.0' 00:11 00.12 00.12 00·15 
MS·C 4.0' 00:16 00:18 00:19 00:24 
MS-C4.0' 00:15 00:18 00:19 00:23 

Execution 

Ou1ckC 1.0 00:08 00:24 00:13 6:37 2382 ' 

MS·C 5.0' 00:07 00:23 00:10 3:35 2777 ' 

MS-C5.0' 00:16 00:30 NIA NIA 2173' 

MS·C4.0' 00:13 00:27 00:10 3:52 2272 ' 

MS·C 4.0' 00:18 00:31 N/A NIA 2000· 


• Higher numbers indicate better performance. 

' Benchmark compiled once using the JFPi directive. 

' Optimized code. 

'Unoptimized code. 


Note: The OuickC environment supports only the medium memory model. I set OuickC 

o disable stack checking and to generate 80286-specific code Since MS·C 5.0 loop 
optimization produced invalid times. I disabled his feature lor the Float benchmark. Also 
for the Float benchmark. I used the Pi option to allow the program to run with or without 
a coprocessor present. Comp1le/hnk and execution times are 1n rrnnutes:seconds: 
Dhrystone execution is in Dhrystones per second. The Dhrystone version is 1. 1, using no 
registers and perlorming 50.000 iterations. 

View debugger. LINK is a command line
oriented linker that complements the fea
tures of the compiler with many direc
tives to tailor the final properties of the 
executable file. Among these directives 
are ones to create pecial-fonnat .EXE 
file for use with the CodeView debug
ger, pack adjacent code into one 64K
byte segment , and create libraries for use 
with QuickC . 

You u ea librarian utility (LIB . EXE) to 
manage object code libraries by adding, 
deleting, replacing, copying. and extract
ing sublibraries from larger ones. You 
u e the MAKE . EXE utility to maintain or 
automate software projects. It work by 
checking the dates of a program 's source 
files. If some of the dates have changed, 
MAKE invokes the compi ler or linker to 
bring all the program's components up to 
date. 

The CodeView debugger is perhaps 
the most important programming tool ac
companying the MS-C compiler. Thi 
sophi ticated and versa tile debugger 
comes with its own envirorunent. It lets 
you view the C source code along with 
the compiled machine code, ingle-step 
through the code, djsplay registers, and 
et breakpoints. 
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See How They Run 
I compiled and ran four benchmark pro
grams: BYTE's Float , Sieve, and Sort 
benchmarks and the Dhrystone. rused an 
8-MHz IBM AT equipped with Intel's In
board AT/386 that had an 80386 CPU 
and an 80387 coprocessor running at 16 
MHz , 640K bytes of base memory, 2 
megabytes of extended memory (used for 
a RAM disk) , a 20-megabyte hard disk 
drive, and a 30-megabyte HardCard. The 
system ran under PC-DOS 3.1. 

I installed the C compilers on the 
HardCard . I then used the QuickC com
piler to compile the benchmark programs 
into tand-alone executable files , which I 
ran from DOS. I et the compile options 
for speed optimization ; this setting gener
ates 80286-specific code and disable 
tack-checking. I ran the Float bench

mark twice, once to utilize lhe malh co
processor and once with the coprocessor 
disabled to evaluate the speed of the emu
lation libraries. I suppre · ed the 80387 
chip by setting the 087 environment 
using the command SET N087=true. 

I also compiled these programs u ing 
MS-C 4.0 and 5.0. To get a reliable idea 
of how QuickC's results compared 10 

MS-C's. I set the compiler switches to 

match QuickC's optimizations as much 
as possible. To do this. l used the medium 
memory model. disabled stack-check
ing, and requested 80286-specific code. I 
invoked the /FPi directive when I com
piled the floating-point test program, al
lowing it to run with or without the co
processor chip. 

With the exception of the Float tes1, I 
compiled the programs twice : once with 
maximum code optjmization , and once 
wi1h optimization disabled. MS-C 5.0's 
loop optimization capability eliminated 
the for loop within thi program entirely. 
yielding an elapsed time of 0. Therefore, 
I used a combination of complier direc
tives that matched all but loop optimiza
tions when compiling the Float program . 

The benchmark results, shown in table 
I, favor lhe MS-C compiler over QuickC . 
The executable file emitted by MS-C 5.0 
have faster run times than those produced 
by QuickC or MS-C 4.0. The peed opti 
mization made a significant impact on the 
Sieve benchmark, nearly doubling the 
speed of lhe program. You can see im
provements of rougWy 20 to 50 percent in 
execution peed between the optimized 
executable of MS-C 5.0 versus MS-C 
4.0. The compilation and linking peed 
for both MS-C 5.0 and QuickC are better 
than those for MS-C 4.0 and are indica
tive of their good overall speed . (Keep in 
mind that l used a 386 sys1em running 
IBM PC AT hard disks.) 

Two Good Choices 
QuickC offers the novice C programmer 
a comfortable environment in which to 
learn C. The WordStar-like editor, flexi
ble filer system, rich on-line help, in
memory compilation feature, and fast, 
convenient compilation are factors thal 
appeal to the srudent of C language or to 
the software designer who wants to proto
1ype code rapidly. The optimized code i 
faster than MS-C 4.0's and come close 
to the speeds of optimized MS-C 5.0 
code. However, the QuickC environment 
supports only the medium memory 
model , which limits its usefulness in de
veloping large programs and even it use 
a. a front-end development tool . 

The Microsoft C 5.0 compiler is a 
workhor e language tool. It incorporates 
many optimization features, supports the 
new A SI tandard , and automates the 
linking process. The extensive compiler 
and linker directives, lhe librarian, and 
1he Code View debugger provide you with 
a robu I development package. • 

Namir Clement Shammas, ofG/e11 Allen, 
Virginia. is a freelance writer and a col
umnisl for several microcompuring 
magazines. 
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NEW POWER FOR FORTRAN 

New Power for 

FORTRAN 


Carl Byington 

Two new compilers 

take advantage of the 80386 

and its coprocessors 

FORTRAN has been around for over 30 
years, but when it comes to number 
crunching FORTRAN is still the best 
tool. Now, it is even bener. Two new 
compilers use the 32-bit registers of the 
Intel 80386 to allow more efficient code 
when accessing arrays' larger than 64K 
bytes a.nd when using 32-bit integers . 
Both SYS FORTRAN 386 version 2.7 
($895) from Science Applications Inter
national Corp. (SAIC) and NDP FOR
TRAN 386 version l.3a ($595) from 
MicroWay generate code for the 80386 
32-bit native mode and support the 
80287, 80387, and Weitek 1167 floating
poi.nt coprocessors. 

These compilers require more than 
minimum hardware configurations. NDP 
FORTRAN 386 requires an 80386-based 
computer with a 1.2-megabyte floppy 
disk drive, a hard disk drive with at least 
2 megabytes free, at least 640K bytes on 
the motherboard, and 2 megabytes of ex
tended memory . It also requires that you 
have MS-DOS 3.2 (or higher) and Phar 
Lap's 386 jASM, 386 ILINK, and 
RUN386. The Phar Lap programs are 
available in the 386IASM/LINK package 
for $495. SVS FORTRAN 386 requires 
an 80386-based computer with a 1.2
megabyte floppy disk drive and a hard 
disk drive with 2 megabytes free. SVS 
FORTRAN needs 64-0K bytes, but does 
not require extended memory to run. You 
will need MS-DOS ver ion 2.0 or higher 
and Phar Lap 386ILINK. Both compilers 
produce executable code that requires a 
floating-point coprocessor, bul only the 
SVS compiler requires a floating-point 
coproces or for the compiler itself. 

Power at a Price 
Both compilers depend on a DOS-exten
sion package that interfaces their 32-bit 
code to the IBM PC' 16-bit operating 
system. The SVS FORTRAN system u es 
a modified version of the X-AM package 
from Intelligent Graphics Corp. NDP 
FORTRAN uses Phar Lap's RUN386 
version 1.1 v or higher. In a normal 16-bit 
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compiler, there are three components 
that may contain bugs (the compiler, the 
run-time libraries and the operating sys
tem). With these 32-bit compilers, you 
also have to worry about the DOS-exten
sion package. 

Both compilers generate object mod
ules that you must link with the run-time 
libraries to create an almost executable 
module. To run that module, you must 
first invoke the DOS-extension package. 
Neither the compilers nor their generated 
object programs will run if the 80386 
processor is in the virtual 86 mode. The 
run-time librarie do not include any 
routines for screen 1/0, cursor control, 
color control, graphics, or database 
management. 

Both compilers, their generated object 
programs, and the Phar Lap tools all 
work correctly with Personal REXX 
from Man field Software Group. Per
sonal REXX is a powerful command pro
cessor to which I am addicted. 

SVS FORTRAN 2. 7 
When you purcha e the SVS ystem , you 
receive the compiler and the run-time li
brarie . AJ o included is a copy of the re
quired DOS-extension package, but you 
must purchase the required linker sepa
rately from Phar Lap. The software is on 
two 1.2-megabyte floppy disks: one for 
u e on 80287/80387 system and the 
other for use on Weitek 1167 systems. 
SAIC supplies a u er ' guide, a FOR
TRAN reference manual, and a debugger 
reference manual. None of the manuals 
include an index. The license for the 
compiler provides an unlimited license to 
di tribute the DOS-extension package 
with your linked modules to your clients . 

The SVS compiler runs on Motorola 
68000 and National Semiconductor 
32000 UniJ\ environments, in addition to 
MS-DOS on an 80386-based system. The 
manual covers aJJ systems genericalJy , 
with an appendix giving the specific de
tails for each sy tem. 

The SVS FORTRAN compiler re
quires a floating-point coprocessor. You 
must choo e a numeric proce sor (e.g., 
80287, 80387. or Weitek 1167) when you 
instalJ the compiler. If you want to com
pile a program on a machine with one nu
meric processor and execute that pro

gram on a machine with a different 
numeric processor, you must modify the 
compile-and-link batch files. You need to 
copy the target coprocessor support li
brary to the proper subdirectory on your 
hard disk and change the numeric copro
cessor switch in the compiler command 
line before you can begin cross develop
ment The documentation for this process 
i ketchy . 

The compi ler recognizes over 20 
switches to control the input and output 
files, debug statu , FORTRA -66 com
patibility, nwneric processor selection , 
and parameter pa sing model. You can 
also pecify most of these as metacom
mands of the form $xxx in the source file. 

A Complex Path to Execution 
The SVS FORTRAN compiler is really 
three separate programs (FORTRAN, 
TCODE, and JUNKER) that you must 
run with different parameter . These 
three programs read your FORTRAN 
program and produce a linkable object 
module. There i no option to generate an 
assembly language source or listing file . 

SAIC supplies a small batch file to 
compile and link a single FORTRA 
program . Compiling FOO . FOR will pro
d~ roO . ~J. roo . ~. and roO .EU. 
The .OBJ file is the linkable object 
module. The linker produces the re
locatable executable file called the .REX 
file. The . EXE file is a copy of 
XAMENV, the X-AM equivalent of Phar 
Lap' s RUN386. When you run FOO from 
the DOS command line , you are really 
running a copy of XAMENV with a dif
ferent name. That program determines 
the name (FOO) from DOS and loads 
FOO . REX as a protected native-mode 
80386 program. 

You can modify 1wo pieces of informa
tion in the FOO . EU file. The STACKSZ 
utility can modify the stack ize value in 
the FOO . EXE file . If you are running 
under DOS 2.x. the program name (FOO) 
is not available for execution. The 
SVSNAME utility can modify the pro
gram nan1e value inside the FOO . EXE file 
so that it can locate FOO . REX even under 
DOS2.x. 

Every FORTRAN object program 
creates another copy of XAMENV on 
your disk. All these copies differ only in 
name, in the few bytes that store the FOR
TRAN object program name (you cannot 
even reference that field unles you run it 
under DOS 2 .x) , and in the tack size for 
the program. The problem is that each 
FORTRAN program on your disk uses 
I I 6K bytes of disk space to tore just 20 
bytes of information. The aJtemative is to 
create a batch file that runs your pro
grams and makes a temporary copy of 
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Dear Reader: 
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Table 1: Results ofFORTRAN benchmarks show that SVS FORTRAN 
produces considerably smaller execwable code than that produced by NDP 
FORTRAN. 

Time (In seconds) Size (In bytes) 
Complle Link Execute .OBJ .EXE 

Floatlng-polnt arithmetic {calculations) (10,000 Iterations) 
NOP 11 8 .32 923 54332 
svs 18 7 .25 687 20084 

Eratosthenes Sieve (15,000 Iterations) 
NOP 11 9 .11 888 84312 
svs 18 7 .11 730 20160 

Write 1024 128-byte records of character data 
NOP 10 8 4.97 1034 54508 
svs· 18 8 5.49 939 30248 
SVS' 18 8 8.94 939 30248 

Read 1024 128·bY1e records of character data 
NOP 10 9 8A2 812 54328 
svs 18 8 8.68 784 30368 

Write 1024 126-byte records of formatted numeric data 
NOP 10 8 9.06 850 54236 
svs· 19 8 7.07 830 28.252 
SVS' 19 8 12.89 830 28252 

Read 1024 126-byte records of formatted numeric data 
NOP 11 8 9.03 821 54244 
svs 20 8 9.01 773 31628 

Write 1024 36·bY1e records of unformatted numeric data 
NDP 11 9 1.81 846 54928 
svs• 19 8 1.69 825 24824 
svs• 19 0 2.60 825 24824 

Read 1024 36-byte records of unformatted numeric data 
NOP 11 9 1.65 813 54932 
svs 20 7 1 43 764 24800 

Time (In seconds) Size (In bytes) 
Compile Link Whet.atones .OBJ .EXE 

Single-precision Whetstones 
NOP 23 8 1923 5209 56972 
svs 21 7 2000 3285 28488 

Double-precision Whetstones 
NOP 24 8 
svs 22 8 

1666 
1666 

5698 
3629 

57252 
28740 

Time {In seconds) 
Complle Link Execute MFLOPS 

Size {In bytes) 
.OBJ .EXE 

Single-precision LINPACK 
NOP 55 12 83.87 .242 14935 388776 
svs 25 9 76.73 .265 9138 40972 

Double-precision UNPACK 
NOP 
svs 

57 
26 

16 
9 

102.38 
97.93 

.195 

.204 
15344 
9543 

711720 
44200 

'Create new file. 
'Overwrite old file. 

Note: Timings for the Whetstone benchmarks are given 1n thousands of Whetstones per 
second. Timings for the LINPACK benchmarks are given in both seconds and MFLOPS 
(m1lhons of floaung-point operations per second). The obJec1·file sizes are given for the 
EXP form for the NOP system. and the .REX form for the SVS system. 

XAME V, et its tack ize to the cur
rent program' required ize, runs it, and 
then deletes it. 

Tools for Debugging 
The SVS debugger is a symbolic debug
ger that use a line-oriented display . fn
tead of the multiple-window, user 
cree n-saving debuggers found with 

many MS-DOS packages, SVS FOR 
TRAN uses a glass-teletype display with 
simple crolling lines of information . The 
debugger can display variables by name 
or by specific value as long as the variable 
is not in a register . You et breakpoints 
and tracepoints by the subroutine name 
and the tatement number (not line num
ber) within that subroutine. This debug
ger does not know about watchpoints, so 
you will have to ingle-step the program 
and display the variable of interest at each 
step. 

The debugger can al o display array 
elements, but there is no command to 
display every element (or a collection of 
element ) of an array. You can display lhe 
value of x(l). x(i), or x(x(I)), but you 
cannot display i +j or x(i + I ) since the 
debugger has no arithmetic operations. 

Gotchas 
The SVS sy tern does not associate unit 
5 and 6 with tandard I/0. Although the 
A SI tandard doe not require thi , 
there are a lot of programs that assume 
these unit numbers are special. The SYS 
sy tern uses unit 0 for tandard UO and unit 
I for standard error . New FORTRAN 
programs shouJd use READ(*, ... ) and 
WRITE(*, ... ) rather than any specific 
unit number. 

SYS FORTRAN 386 can create a new 
file about twice as fast as it can overwrite 
an existing file. For this rea on. I per
formed file-manipulat ion benchmarks 
twice for the SVS compiler (see table 1). 
The NDP ystem does not display thi 
anomaly . 

The SVS ystem doe not tolerate de
vice driver that u e extended memory. If 
you try to run an SYS FORTRAN pro· 
grdill while SMARTDRY is active, the 
system will reboot itself with no error 
message. Your program will also hang if 
it trie to write an unformatted fiJe that is 
larger than the available disk pace. I f 
that happen , you j ust press Control-C to 
terminate the program without rebooting 
the machi ne . Finally, the DOS-extension 
package takes over interrupt vectors 78 to 
7F and does not restore them when the 
FORTRAN program terminates. 

SVS Code Generation 
The SYS compiler generates code that 
contains some intere ·ting feature . The 

cominued 
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SVS FORTRAN 386 2. 7 NOP FORTRAN 386 1.3a 

Type 
80386 native-mode FORTRAN compiler 

Company 
Science Applications 
lnternatronai Corp. 
5150 El Camino Real 
SulleC-31 
Los Altos. CA 94022 
(415) 960-3322 

Format 
Two 1 2-megabyte SV• ·inch floppy disks 
(one for 80287/80387 systems and one 
fo rWe1tek 1167 systems). one 3V2-111ch 
floppy disk for PS/2 Model 80 

Language 
Pascal 

Hardware Needed 
80386-based system with one 1.2· 
megabyte 5v.-1nch floppy diskdrive: 
640K bytes of RAM; hard disk drive with 
at least 2 megabytes free . 80287. 80387. 
or We1tek 1167 float1ng-po1111 
coprocessor 

Software Needed 
Pnar Lap 386IASMILINK: $495 

Documentation 
45-page user's guide: 200-page 
FORTRAN reference manual: 55-page 
debugger reference manual 

Price 

Type 
80386 nat1ve·mode FORTRAN compiler 

Company 
M1cr0Way 
P.O. Box 79 
Kmgston. MA 02364 
(617) 746-7341 

Format 
One 1.2-megabyte 5V4·inch floppy disk 

Language 
FORTRAN 

Hardware Needed 
80386-based system with one 1.2· 
megabyte SV• ·incn floppy disk drive: 
640K bytes of RAM , hard disk drive with 
at least 2 megabytes free: 2 megabytes of 
extended memory: 80287, 80387, or 
Weitek 1167 floating-point coprocessor 

Software Needed 
Phar Lap RUN386 and 386IASMILI NK: 
$495 (needed only if running under DOS) 

Documentation 
90-page user's manual: 100-page 
reference manual 

Price 
$595 

Inquiry 905. 

$895 

Inquiry 904. 

compiler a.lign the code for a loop on a 
4-byte boundary. When the jump trans
fers control from the bouom of the loop 
back 10 the top , the 80386 processor 
needs to access memory to fill the pre
fetch queue with the first instruction. 
Thjs alignment ensures that all the bytes 
fetched with that first instruction are part 
of the current loop. 

The compiler typical.ly optimizes for 
execulion speed , generating the three-in
truction sequence 

mov eax,temp20 
l ea ecx , [eax+eax*8] 
lea eax,[ecx+eax*2] 

rather than the much shorter single 
instruction 

imul eax,temp20 ,11 

because the three-instruct.ion sequence 
actually executes about 12 percent fa ter. 

You should not consider the SVS com
piler as a perfect optimizing compiler, 
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however. A peephole opummr would 
clean up these instruction pa.irs that the 
SVS compiler generated in some of my 
test cases. 

mov 
mov 

templO,eax 
eax,templO ; remove 

mov 
mov 

templO , eax 
ecx,templO 

mov ecx,eax 
; replace with 

mov 
mov 

edi,temp lO 
edi,1 

; remove 

For a DO loop of the form "DO 10 I 
1, N", SVS generates the following loop
control instructions at the bottom of the 
loop: 

inc templO 
mov esi,temp10 
cmp es1, temp14 
jle top 

If you use the index variable inside the 

loop onJy as an array subscript. SVS 
could improve this code by changing to 
the loop style that NO P FORTRAN u es. 

NDP FORTRAN l.3a 
When you purchase the NOP system, you 
receive the compiler and the run-time li 
braries. You must still purchase the re
quired assembler, linker , and DOS-ex
tension package eparately from either 
Phar Lap or Micro Way . You can sell your 
linked module to your clients, but the 
modules will be of no value to them 
unJess you also buy an unlimited license 
to distribute the DOS-extension package, 
your client buys a copy of the DOS-exten
sion package for each machine that will 
run your application , or your client run 
Unix. 

This compiler is available only for the 
80386 under either Microport's Unix or 
MS-DOS with Phar Lap's 386 IDOS 
Extender (see table 2) . The package in
cludes the NOP FORTRAN compiler. a 
compiler driver (f77), a make utility 
(mm), and the run-time libraries . The 
run-time libraries do not include any pro
cedures for creen 1/0-for example , 
cursor control, color control , windows, 
or graphics. 

NOP FORTRAN comes on a single 
I.2-megabyte floppy disk. To install 
NOP FORTRAN, you simply copy the 
entire cements of the floppy disk to any 
subdirectory listed in your PATH com
mand. You must also add SET NDP =path 
to your AUTOEXEC .BAT file to tell the 
compiler its location. If the Phar Lap 
tools are not in the NOP directory. you 
need to add SET TOOLS=path to your 
AUTOEXEC .BAT file . 

MicroWay supplies a user's manual 
and a reference manual . Both manuals in
clude an index.. 

The NDP FORTRAN compiler does 
not require any numeric processor. The 
object programs that it generates require 
a numeric processor (e .g . • 80287 . 
80387, or Weitek I 167) based on the 
switches that you specify when the pro
gram compiles. 

There are three ways to run this com
pi ler. You can run the compiler driver 
(f77) with a variety of switches. The 
driver wiJJ then run the compiler , assem
ble r, and linke r with the appropriate 
switches. You can run the minimake pro
gram (mm), and it will build your pro
gram according to the values that it has 
saved in a small database, or you can 
dire~tly run the compiler, assembler, and 
linker yourself (from a batch file) with 
the correct switches . This last approach 
is the only way to get the assembler to 
produce the assembly language listing 
file that you will need to use the debug

conrinued 
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Every presenter wants to make a com
pelling, persuasive case. And color, 

you 'll agree, makes all 
the difference. 
It's more eye
catching. More 
readily under

-- stood. More 
memorable. In short, color makes any 
desktop presentation more effective. 
And research proves it. 

All you need is a Hewlett-Packard 
ColorPro Plotter like we used here, or 
the HP Paint.Jet Color Graphics Printer. 
Thgether with a PC-IBM compatible 
or Apple Macintosh-you can use all 
the popular graphics software like 
Lotus Freelance Plus, Cricket Presents, 
HP's Graphics Gallery (used below). 
Microsoft Chart and Harvard Graphics. 

At under $1,300, the HP ColorPro 
Plotter may be just where you want to 
start. It will turn your ideas into colorful, 
easy-to-grasp visuals. Or, ifyou need to 
combine near-letter quality text with 
color graphics, you can rely on the 
HP PaintJet Color Graphics Printer for 
under $1.400. Whichever you choose, 
you'll create desktop presentations 
with startling color and greater impact. 

For a colorful sample overhead and 
the name of your nearest dealer, call 
1800 752-0900, Ext. 903A. 
F'toolonco Plus ' ond Unus-' IHD US tegtsteJed uadomerks of L.o'u' 
Development Coipor:auon M1 CJ080(l • Lii f\ U S reglStered undemork 
of Ml<:nlOOft Corporouon 

© H wlim·Packard l98e 

F/,;i HEWLETT 
~ea PACKARD 
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Table 2: A comparison offeatures. 

Baalc hlcllltl•• 

Logical "1 , "2, "4 ·1 , '2, '4 
Integer · 1, ·2, ·4 • 1, ·2, '4 
Real ·4. ·a · 4 , ·a 
Complex '8 ·a. ·1e 

Fiie 110 

Unit 5 or 6 for standard 1/0 No Yes 

lnterfacH 

Callother languages 
DOS 1/0 

Pascal, C 
No 

Pascal , C 
No 

Compallblllty 

VDISK No Yes 
SMARTDRV No Yes 
REXX Yes Yes 

ger. The compiler recognizes over 50 
switches to control the optimization level, 
1/0 file directories, FOIITRAN-66 com
patibility, and numeric-processor selec
tion. Although the FOIITRAN language 
is not case-sensitive , these compiler 
switches are. 

Limited Debugging Capabilities 
The NDP FOIITRAN system does not in
clude a debugger, but the Phar Lap tools 
include two debuggers. The MlNIBUG 
debugger is very similar to the DOS De
bug. The 386DEBUG is something of a 
symbolic debugger, which probably 
works nicely for assembly language pro
grammers, but has serious limitations for 
FORTRAN programmers. The only 
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symbols that this debugger knows are 
global (external) symbols, and NOP 
FORTRAN generates global symbols 
only for named common blocks and sub
routines. This means that you can dump 
the contents of a named common block, 
or set a breakpoint at the entry to a sub
routine, without the listing files. If you 
want to do anything else, you still need 
the listing files and the ability to read 
80386code. 

Like MINIBUG, 3860EBUG cannot 
display any file on the screen, so you still 
need hard copy listings. 3860EBUG can 
use a second ASCII terminal connected to 
COM I or COM2 for debugging. In this 
mode, the debug commands do not over
write your FORTRAN program output 

on the main monitor, but you need a sec
ond monitor and keyboard on your desk . 

Into Extended Memory 
Both the compiler and the object pro
grams that the compiler generates recog
nize 1he existence of the VDISK and 
SMARTORV device drivers . You could 
place your source code and the run-time 
libraries on a large VDISK, letting you 
compile , link , and execute programs 
without touching the hard disk. If you 
gave thal same memory to SMARTORV, 
you would achieve almost the same per
formance level, but the hard disk would 
always have a current copy of your code . 

Gotchas 
The NOP system has problems detecting 
the end of available disk space. If your 
program tries to write a file (formatted or 
unfonnaned) that is larger than the avail
able disk space, ii wilJ nol receive any 
error indication. The write tatement will 
complete, and conirol will pass to the 
next statement , even though the data was 
not actually written. 

Data size has a dramatic effect on pro
gram size in the NOP environment. Con
sider a program that declares a 4-mega
byte array. The object program that the 
NOP compiler generates is much smaller 
than 4 megabytes, but the executable pro
gram that the Phar Lap linker generates is 
larger than 4 megabytes. The executable 
file contains an image of the array, even if 
the array is not initialized. If you locate 
the array in a common block , this prob· 
lem does not occur. 

The -n2 compiler switch for 80387 
code works correctly, but the compiler 
driver still asks for the 80287 library dur
ing the link phase. 

NDP Code Generation 

The main weakness of the NDP com

piler's code generator is in the array-ad

dressing computation in DO loops . The 

compiler generated a total of 68 instruc
tions for a simple array multiply routine. 
Of these, the compiler could remove 15 
(22 percent) without changing any of the 
other instructions. 

Another weak spot is the code gener
ated for real-to-integer conversions. This 
compiler generates the following code for 
the statement i=x: 

fnstcw wo r d ptr t emp16 
mov ax,temp16 
or ax,)072 
rno v templ4,ax 
fldcw word ptr temp14 
f'ld dword ptr x 
fistp dword pt r 1 
fldew word pt r temp16 

continued 

Product version SVS FORTRAN 386 NOP FORTRAN 386 
version 2. 7 version 1.3a 

Hardware support 80386, 68000,32000, 
80287, 80387, 

80386, 
80287, 80387, 

Weitek 1167 Weitek 1167 

Operating system Un ix (68000 and 32000): 
MS-DOS (80386) 

Microport 
Unix V.3: MS·DOS 

MS·DOS extension X·AM from IGC Phar Lap RUN386 

Copy-protected 
Memory required 
Disk space required 
Assembler required 
Linker required 

No 
2 megabytes 
2 megabytes

None 
Phar Lap 386ILINK 

No 
2 megabytes 
2 megabytes 

Phar Lap 386IASM 1 . 1v 
Phar Lap 386 ILIN K1. lv 

Development 

Debugger Sym bolic DOS-type Debug supplied 
with Phar Lap software 

Generates symbolic No · Yes 
assembly code 

Dahl Typea 



A Real System V 
for your 386 or 286-based PC! 

Microport System V/386 is 
derived from AT&T Unix ~ Sys
tem V Release 3 certified source 
code. Release 3 represents a 
;najor upgrade in operating sys
tem capability and is destined for 
market dominance. (Microport 
System V/AT-286 is developed 
from UNIX System V.2) 

Microport System V provides 
true multi -user and multi -tasking 
capabiUties. I t runs in protected 
mode and supports the entire 
address space available; up to six
teen megabytes on the AT and up 
to four gigabytes on the 80386. It 
supports all standard hard disks, 
multiple printers, and modems, 17 
u ers on an AT and many more 
users on an 80386. 

Additional Features: 
0 Demand-paged virtual memory 

management 
O 	Virtual consoles allow muJtiple 

windows for UNIX applica
tions and DOS windows under 
DOS Merge 

D Electronic mail, conununica 
tions with uucp and cu 

D Dynamic buffer allocation 
o PC-DOS partitioning allows 

DOS and System V files to 
reside on the same hard disk 
(DOS Merge uses common file 
system) 

D Shared Libraries 
D 80286 compatibi.Lity 
D Link kit to allow user 

installable device drivers 
D Menu-driven system 

administration 
0 On-Line help facility 

Microport SysVision"" is a 
part of both System. V/AT and 
System V/386. SysVision lets you 
perform all system housekeeping 
tasks without knowing the spe
cific UNIX commands. It is menu 
driven and has context sensi
tive help. 

Call (800) 722·8649 today and 
order System V, the first 400 
callers mentioning this ad will 
receive a special discount coupon. 

RUNTIME PACKAGE The System V Runtime Package contains over 180 
utility programs. It is one of the most comprehensive available and includes the 
screen editor "vi'. ' System V is sold with a two user binary license. For an 
upgrade fee users can extend this to an unlimited nwnber of users. 
80286: $199 	 80386: $199 

UNLIMITED USER UPGRADE LICENSE KIT Upgrades System V 
Runtime for an unlimited number of users. 
80286: $249 80386: $249 

SOFTWARE DEVELOPME T SYSTEM Includes the AT&T C compiler 
that makes full and efficient use of your processor's instruction set. The 
80386 package also includes the Green Hills C-386 compiler, selected by Intel 
as the fastest for the 80386. ( Fortran-386 $695, Pascal-386 $695) Sdb, the 
source level debugger, allows display of actual lines of C code being executed. 
Many useful tools such as SCCS (source code control system), Make and Ctrace 
are also provided. 
80286: $249 	 80386: $499 

TEXT PREPARATION SYSTEM This package consists of the complete 
System V Documentor's Workbench"' (DWB 2.0 on 386). It includes both the 
new troff (device independent troff) and the old troff (otroff). Drivers for the 
H P LaserJet Printer and APPLE's Laser Writer are optionally available. 
80286: $199 	 80386: $199 

COMPLETE SYSTEM V 12 User) Includes Runtime Package, Software 
Development Package and Text Processing Package. 
80286: $549 80386: $799 

DOS MERGE Supports the concurrent use of both System V and DOS. With 
DOS Merge you can develop software combining DOS and System V programs 
and commands. You can even run DOS and System V using the same files. And 
DOS Merge 386 uses the full capabilities of the 80386's memory management so 
you can run multiple DOS and System V programs at the same time on dumb 
tenninals. DOS Merge 386 comes in 2-user and unlimited user versions. 
80286: $149 80386(2-user): $395 80386(Un1td): $495 

JSB MULTIVIEW Every UNIX operating system needs this to put all that 
power finnly in its place, under your control. JSB Multiview is a combined multi· 
tasking, concurrent windowing environment for the console and terminals, 
providing the complete user interface in a controlled, protected manageable way. 
80286: $395 	 80386: $495 

NETWORK SERVICE EXTENSIONS (System V/386 only ) is an option to 
provide development tools for networking and communications capabilities. 

RFS (Remote File Sharing) lets you share directories, devices, and named pipes 
transparently among computers that are linked by a network. 

STREAMS is a general, flexible faciUty and a set of communication and 
networking services within the UNIX system. It provides a uniform mechanism 
for program development, ranging from networking applications to individual 
device drivers. 
80286: N/A 	 80386: $199 

Microport also carries an extensive library of third party software products. 

MICROPORT 

Microport Systems, Irie. · 10 Victor Square · Scotts Valley - CA 95066-0003 • (408) 438-8649 · Telex: 249554 MICR UR · FAX: (408) 438-251 1 
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This compiler need only two control 
words to run the 80387 for most opera
tion . One control word specifie round 
nearest (used for normal operations) and 
the other pecifies chop (for real-to-inte
ger conversions). In the above example 
the first four instructions store the nonnal 
control word and convert it to the conver
sion control word. The compiler couJd 
remove those instructions if it generated 
two constants for the appropriate control 
words and loaded them as necessary. 

A peephole optimizer should be added 
to clean up these instruction pairs that 

were generated in some of my test cases: 

mov ecx, l ; remove 
imul ecx, ecx, 10 ; replace with 

; mov ecx, 10 

mov temp24,ed.x 
cmp temp24,0 	 ; replace with 

; or 
; ed.x, ed.x 

J l e label 

l ea ecx, [ed.x] 	 ; replace with 
; mov ecx,edx 
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fst [ebx] ; repl ace with 
; fstp [ebx] 

fstp s t( O) ; remove 

For a DO loop of the form "DO 10 I 
1, N", this compiler generates the follow
ing loop-control instructions at the bot
tom of the loop: 

dee templO 
Jne t op 

Note that this code is much faster than the 
code that the SYS compiler generates. 

Trade-offs of Speed 
and Convenience 
I tested both compilers on a Compaq 
386/20 with an 80387, 6 megabytes of 
Compaq 32-bit memory, and a 60-mega 
byte hard disk drive. 

The SYS system creates executable 
files about 25K bytes smaller than those 
that the NOP system produces . This 
mainly reflects the size of the base set of 
run-t.ime routines that link into any FOR
TRAN program . The NDP compiler 
generates object code sequences that are 
about 25 percent larger (in terms of object 
code bytes) than those that the SYS com
piler generates, but the code executes 
only about 5 percent slower. 

The SVS compiler talces almost 50 per
cent longer than the NDP compiler on 
small test cases like the Sieve and File 110 
benchmarks, but it becomes almost twice 
as fast as the NDP compiler on large or 
complicated programs such as the 
LINPACK. 

The SVS system comes complete with 
almost everything you need to write, de
bug, and sell your FORTRAN applica
tion object module. The only other equip
ment you need is the Phar Lap linker. The 
NDP system does not include a debugger, 
although it does include one with the re
quired package from Phar Lap. 

While the SYS compiler has much bet 
ter debugging facilities than NDP, with 
SVS you'll have multiple copies of XA
MENV. EXE taking up hard disk space. 

If you need a compiler that is compat
ible with extended-memory utilities , 
such as VDISK and SMARTDRV, NDP 
FORTRAN is the only choice. 

In short, while both compilers are 
powerful, neither is perfect. Indeed, the 
major disadvantages of both compilers 
are that they are neither as mature nor as 
stable as the 16-bit compilers from Ryan
Mcfarland or Microsoft . • 

Carl Byington is the fowufer of5J0 Soft
ware Group, Rancho Palos Verdes, CaH
fomia. The company specializes in lan
guage. run-time support systems and 
database applica1io11s. 
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UNLEASH 
,_~~~THE POWER 

OF YOUR 
..~~--80386 COMPUTER 

~~WITH VM/386... 

The 80386 control program that brings you true DOS multitasking. 
!- .-;----~- - - -- - ---- ---~ ----~- ~ -
L- ~ .':~IGC-~andfProgra~mer's Paradise offer you the best value on the Software you need . 
IA. -- ~- -~ ~ - - ' • •· -- - r - • - 

VM/386 uses the virtual 8086 mode, built 
into the 80386 processor, to create individual vir
tual machines . You can load a different applica
tion in each virtual machine. A 386 PC with 
VM/386 is like having a desktop full of PC's all 
working for you at the ame time, giving you the 
power and flexibility to get all your jobs done at 
once. TRUE MULTITASKING with VM/386 

from J 
With VM/386, your 386 PC becomes more 

than just a fast AT. VM/386 dramatically increases 
your productivity by allowing you to run several 
programs simultaneously and not have to wait 
for one application to finish before you start-up 
or work with another. And unlike other control wo
grams, VM/386 is easy-to-install, easy-to-learn and 
easy-to-use. 

VM/386 runs all industry tandard MS
DOS and PC-DOS software. It supports LIM 
expanded memory specifications and runs EGA 
applications in the background perfectly. VM/386 
supports the monitors, hard disks, printers, 
mice and modems you are currently using or 
plan to use. 

Interact with VM/386 in exactly the same 
way as you interact with your PC, using the fa
miliar DOS commands. No need to learn a new 
interface or be retrained. 

Circle 218 on h ailer Service Card 

Each virtual machine (VM) can be 
customized to make full use of the power of your 
386 PC. Each VM has its own DOS, AUTOEXEC 
file and CONFIG file. You can specify the size 
and type of RAM in each VM and ca n set the 
proce ing power and priority of each VM. And 
VMs are protected from one another. 

VM/386 takes full advantage of the power 
of the 80386 be ause it was designed specifically 
for 386 PCs. VM/386 provide superior p rform
ance compared to other 386 control programs by 
utili zing buffered 1/0 to reduce di k access and 
allowing VMs to sha re a RAM disk. 

PC Magazine called VM/386, "An exciting 
new program ..." Try it yourself and get the p r
formance you bought yo ur 386 PC for. 

Call PROGRAMMER'S PARADISE today to order VM/386 
Li t Price: $245 Our Special Price: $179 

Get all the power your 386 has to offer and 
true multitasking with VM/386 from IGC. 

1-800-445-7899 

In NY: 914-332-4548 

n~= 'r Q.)1.0JJJ.Mln

AOivi ion of Hud on Technologies, Inc. 

-1~ River Street. Tarrytown. Y 10591 
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MATl\CAD 
SOLVE IT 
T K SOLVE R nus 
P IU: .llA NAG t:Mt:NT 
~TN IEVE 

XTRIEVE 
REPORT OPTION 

UTRIEVElN 
XTRIEVElll 
REPORT OPTION IN 

CllTRF.E 
C-TREE 

R-TREE 

l. IH() RS 
J9) ?19 
n 1.0. 

J'95 379 

?<! ISS 
t <.> I 9 
"15 109 
591 455 
.5~5 .159 
345 l4ii~ 
159 1!9 
J95 31& 
?95 !39 
b5u 51~l: UEEIR -TREF.liUNlJl.E 

ll ·TREE ,\'£W J95 CALL 
DUClll 
DUC 111111 W1SOURCE 
oac Il l f'LUS 
D£LVISTA OR DILQUER\' 

SINGLE USE Kw.~OIJ R f. 
MULT IUSER 
M I.TIU ERW OUNCE 

!Sf'ON MIX £SQUC 
tNrnWMIX <GL 
INFORM IX SQL. 
PH ACT MA. AGER 
XQI. 

FO RTRAi< cor.triu:Hs 
LAHE\' FORTRAN 
LAHEY FORTRAN Fi7L-F.Mil6 
1.AllEI' l'EK~ONALFOllTkA, 77 
MICROSOFT FORTRAN 
RM1FORTRAN 

:l5'0 169 
500 359 
7So0 595 
195 CAI.I. 
<95 Al.L 
<95 J;A l.I. 
990 CALL 
595 S35 
9!JS !'196 
795 71~ 
2<9 ZZ9 
795 599 

<17 429 
695 6tG 

Y5 !9 
<50 :IJ!S 
595 H9 

PO RT KAN LIURARI E. UTILITIES 
IJIAGRAM 'EK OR DOCUMENTER 129 115 
EXTENIJ 1!.U l?t 

Welcome to Paradise . The microcompute r oftware source that cate rs lo your programming needs. FDRTRMIAllDENDA 165 139 
FORTRAN ADDENDUM 95 SS

Di cove r the Many Advantages of Paradise .. . GRAFMATIC OR PLOTMAT!C tlS 119 
MA , l)S NUMEHICAL ANALYST :195 %49 
MAT HPAC ,195 H 5• Lowest price guard!lteed • Huge inventory, immediate shipment • pecial order PANEL 295 19:9 

• Latest versions • Knowledgeable sales staff • 30-day money-back guarantee SP INORIFTLIBRARY S/'£t:IAI. 119 119 
PIPC 35'1 %69 

TEKMAkG!(;ll'IHCSLIH 195 l&A 

GRAPHIC. 

ADVANTAGE GRAPHICS ICI 
 %29 

109 
ESSENTIAL GRAl'HKS 
DRAWHRllJCE 

1!9 
GRAPHIC 319 

LIST 0 I< ' l.IST 0 RS LI. TOU R GSS GRAPHIC DEV. TOOLKIT 376 
t09!SllSO PTWAR E MICROSOFTC 4$0 ?l'Jl SllJE"TALK 120 "9 HALO 
399 

ADVAliTAGE 396 C OR PASCAL 895 8:!g TURBO C 100 65 METAWINPOW
386.TO·THE-MAX .VE ii' 15 65 QUICKC SPfi /Al 99 6.1 l'TliL 50 fif, HALO 15 MICROSOH LANG I 

I H 
219 

FOXBASE ·TJ86 >95 CA LL C L'll: Rl~ R ET~RS CL IPPER b95 :l,9
DESQVIEW IJU 109 DATABA SE CO MPILE RS MF.TAWIND(7.I' PLUS 

TURBO Wl~OOll'1C 19 
HIGH C-386 Nl!W 895 835 C· TERP 298 2:Z!il rnliCE lit IW tl5 TUR AO llALO ffOK TU RllO Cl 19 
MICROPORT DOS/MERGE 395 34V C-TERP FOR TURBO C N!."U" 139 I U f'UX~ASI:: • J95 269 
MICROPORT INSTA.~TC <95 379 QUICKSILVER 59'1 369 LI NT 

SYSHM Vl386(COMPLHEI T99 IT9 INSTANTCl ltiM il'JS CA I.I . H,TURBO 695 CA LL PC-LINT ~PECIAL tl9 95 
RUNTIME SYSTEM 199 16!1 RUrr.:JC la<J 79 PRE·C 295 1 ~9 

MSWINOOW5r.l&i SPECIAL 19S US RU1'11C PROFESSIONAL 250 t» DDA SE ·TOOI.S 
SOP C OR fORTRAN-~116 NEW 595 ~6 APPLICATIONS PLUS •99 n9 .'1 00 LA·? 
PC·MOS386 CALL CAL L C LIBRA RI E UT ILITIES OBASE III PLUS o?S IZ9 LCKilTECH MOD ULA 2 
PHARLAP 3Jl(MA$Mfl.t. K <95 ·11 9 BASICC 175 139 DBASE TOOLS FOR C OR PASCAL 9Q ~ COMPILER KIT 99 79 
PHARLAP 386 DEBUG 1% IU BLACKSTAK FUNCTIUNS IZS 99 ONPL REPORTEM 90 19 Dt:VELOPMF.NTSYSTEM 2<9 1119 
PROFESSIONAL PASCAL 895 835 CA YNCH MANAGER 175 IJ; ll ONE TWU TH REV. !Ill S9 TOOLK IT 169 1'9 
CO XENIX C-FOOD MORGASHORD 150 95 FOX TOOL HO.~ 295 165 REPERTOIRE gg 13 
SYSTEM V336 tCO Mf'LETE! U t5 CTOOLSrLU 5.0 12!1 99 .ENI FER l9S ?79 SOLID B •TOOLBOX . E'W 99 69 
OPEl<ATINCSYSTEM ... C UTIL ITY LIBRAl<Y 1115 12' GtNlfER SO TIO. 115 a :iTON l' DROOK MOll ULA·2 195 169 
YP/IX E5SENTIALCOMMUNICATIO 185 !ZS Hl ·SCKEE." XL J.l'!J I IS W1UTll.-ITIE J< 5 m 

2 USER ·~5 OMMUNICATIONSPLU5 2>0 I 9 QUICK E~'TRY \>!I 9 
UNLIM ITED 9<)5 GREENLEAI' C SA MPLER 9S 69 R&R ISO 129 Oft:KATINGS Y8T U 1 " 

v l!Ull $/'EC/Al 245 CREENLEAf COM I LIBKAl<Y 135 Ill HEPOllTPWS lS<l 1?9 MICROPORTc 
.~ ·AM 595 GREEl"LEAFt'UNCTIONS 185 125 SEEK IT 100 89 moos MERGE 1<9 1?9 

MULTl·C 149 135 SILVERCOMM LIBRAllY ISO 139 
ADA PfORCE 195 216 SQUISH 79 69 
AL'!YSA0A (WIMAINTENA CE\ 333..') 3 11 9 POL\'TRON C BEAUT IFIER 49 16 THE DOCUME.~TOR 295 zo 
AL'!YSADA "TOOi.SETS l'ULYTRON C LIUKAllY I 99 15 TOM RE1TIG'S LIBHAl<'I !Oil 11 
Al.SYS 386 ADA 3655 3.Jlt PRO C 399 J71 I PRUGRAMMER 295 239995 '" 
)AN US ADA 'JET SET" 99 CALL RESIDENT C WtSO RCE 198 169 

' ED· f'ACK 395 37S Tl ll ESLICER SPECIA L 2% %6g llEB GGERS 
' D" PACK 19'1 759 W1SOURC IOOU >5 AOVA CEDTRACE -116 115 11 9 

TUKBOCTOOLS 1:19 ..., bHEAKOUT 115 &• 
APL WKS LIBRARY ~9 19 C·SPRITE 115 m 
AP L• PLUS PC 695 •99 PERISCOPE I SPf:Clt.L J<S 259 
APL• PLUS PC TOOLS 295 ?o& COBOi. PERISCOPE II S/'£Cl.<L 175 135 
POCKET APL 95 19 <;0801. SPll 395 319 PERISCOPE 11-X SPHL"/A/, 1;5 

E·Z !'AGE 2iS U9 PERISCOPE Ill~ .\!H Z SPEC/Al 9\15 78• " 
AIJLI SP MICKO FOCUS PERISCOPE 11110 MHZ SPIXIAL 1095 

MULISP-871NTERPRETER 300 199 COBOW2 900 729 PFIX BO PLUS SPECIAi. 395 1!19 
"" MULISP-S7 1NTERPICOMl• IL EH <00 269 COKOl.rl TOOl.SWf 000 1l9 SOFTl'ROBE 11r rx 1511 U9 

l'C SC HE HI 95 115 l'C ·CICS 1500 11 !9 T·OEBUG PWS V..1 0 S/'/Xh\L l S J9 


LEVEL II CO BOL J.49 ti9 Wt50URCE .VfJ11' ~ 19 

AJIPROt.OC PERSONAL COBOL 1<9 l l9 

ARITY PRO LOG INTERPRE"TER 295 tU OTllERS CALL L.L DISKIOO KEl' BOAR !J TILITI P.S 


COM!'ILF.R ANU I 'TEk PRETt'. H 650 ~t MI CWO "Oi'l'COHOL 700 ...., AIJVANCEU NOllTO UTIL ITIE S 150 !19 
STANDARD PRO LOG 9S 7t MICROSOFT SORT 195 119 BACK-IT 13'J 119 

COGENT PROU>G CUMPILER 200 11! OPT -TECH SORT 149 !OS CO IMAND PW NEWV 2 ll !10 69 
TURBO PROLOG 100 69 REAi.CiC 9<)5 7 9 IJISK OPTIMIZEk 70 65 

TURBO PROLOG TOOLBOX 100 69 KfAL IACOOUL 9<J5 T•o A.NS I C01 Ol.E 75 69 

FASTBACK 115 l"l9 


ASSE MB LERS!L I NKERS 
 FAST fORWARO 70 S9 
AOVANTACE015ASSEM8LER 295 17' FETCH 55 15OBJECT-ORIENTEDASMLIB 1<9 12& MACE UTILITIES 99 S9 

OMS RESIDENT-ASM W OURCE 150 139 
 NOl<TON CO MMANU ER 75 SS 

DRA~EMBl.ER •TOOLS 200 171 
 PROGRAMMING NOl<TON UTILITIES 100 59 

MS MACRQ ASSEMBLER 150 99 
 PC TOOLS DELUXE NEii' SQ 69 

OPTASM 196 169 
 !'DISK l< S lo&ACTOR <!>$ ·1!9PASMBO 195 11$ O·llOS II 10 SiADVAN"TACE c, + 495 <19PLINKMWL.US ol9~ zn TASKVIEW 1!0 15 
VISIULE COMPUTER l!-021!6 100 t C-TALK 150 186 HEATURE l!O 75 S\'STE M"AT 549 169 

FEATURED PRODUCTS 

BASIC 
Dl\ILIB 
Fll'IALLYI ·~ FLAS H-UP SPECIAL i9 
INSIDE TRACK 65 
MACH2 15 
MS QUICK BAS IC <Ill 
Q9ASE 89 
OUICKPAK 69 
QUICK-TOOLS 130 
QUIC KWINDOWSWISOURC E 99 
SC REEN SCULPTOR 125 
STAY -RES 69 
TRUE BASIC 100 
TURBO BASIC 100 

TURBO BASIC TOOLBOXES 100 

CCOMP ILE RS 

PPORCE • 395 %15 Vl'EATURE OE.LUXE t:W 109 RUNTIME PACKAGE 199 169 
\ IALLTALK!V 100 M 

SMALLTAL ' Wi N£W 200 161 XTREE PRO .VEW 12\l TS SQFTWAR& DEV l'ACKAGf '"g ?0'!11 
COMM UNICATlO, APPUC. P.ACK 50 46 TEXT l'REPARATION PACKAGE 199 169 
EGA/VGA COLOR EXT PACK 50 ~6 IW!TOR ' U LIMITED LICF.NSF. KIT 2'9 2011 

liRIEf 195 CALL s 0 :GOOOIES • l.2 or3Al'PLI l'ACKS 50 15 11'/DBRIEF 275 CAL.I.. XENIX SYSTEM I' tCOMPl.F.TF. I 1295 '!llH 
C UF. W OUNCE 2:;o 199 DE\'ELOl'ME TS\'STEM 595 181 
EUIX 195 165 OPERATING SYSTEM w.; m 

. WIREALMEN ll•S 99 EMACS Z9S 265 TEXT PROCESSING PACKAGE 195 m 
RWCOBOL 9$0 ;&g El'SILO, l~S 10 XENIX POR I • '5'l.oo.ao CALL CALL 
RMICOBOL-35 1250 9'9 FIRSTIME tCI Z"J~ llt WE:NOIN : 
RWSCREENS 395 315 KEDIT 125 H Ol'ERATINU S\'STEM TOOLUm 
SC REE to 400 379 I.SE l :!5 911 PC\IMS 9999 j9 " 
SC REt'. NPl.AY 175 1Z9 MK SV• TS 69 PCNX 9'9 i9 

MULTI-EDIT NE W 99 9 ll'ENDIN·DOS !19 19 
COMM "N I ATI ONS PCtEOT zso 229 Wf.NOIN -OOS Al'Pl.ICATION KIT 119 79 
ASCOM IV 1~5 115 l' I EDITOR l!J5 IH 
CARBO 'COPl' l'LUS 195 1sg l'MATE 195 I U PASGAL!:O Ml'ILE KS 
CU>SE·UI' SPF1!•C 245 !85 MARSHAL PASCAL 189 155 

AZTEC C COMMUC!AL SYSTEM 49'1 CA !.L SUPPORT ?<S il9 V!:O tTl'LUS ·~5 IH MICROSOFT PASCAL 300 189 
C86PLUS •97 :JjS I: STOMER !95 165 XTC 9'l T9 PASCAL-2 2.59 CALL 
HIGHC 5"9!> ~' (U ·SESS IUN (2 USER> NEW' 2&!) U! PROFESSIONAi. PASCAL S9S :'.15 
LATT ICE 500 269 SUPPORT EW 115 16.!# TU RDO l'ASCAL !00 i• 

WISO RCE 000 199 APPLICATION Ni-~' t25 11 11 167 109 TURUU PA "CAL DEV. LID . 395 !89 
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LIST OURS LIST OU R l.I ST OIJl<S LIST OURS 

ri.:~r~';1ioCtHLo'W'.!:~l~ER 
H AIITER N€W 9'J 9 

OMn&TE NEW 289 26, 
AZATA R DOS TOOLKIT Nf.W 99 85 
OOS-BI OS 4 MOUSE TOO LS 1> H 
FLASH-UP 89 79 

FLA. II -UP rooLBOX •9 
IN 6S ·~IDETRACK ~ 
MA H 2: 75 59 

IOO •9~~~1~~~1iio0tJ~11f'fu1J~LS 7S 69 
SC REEN SC ULP1'0 R 125 95 
S\'Sl'E M BUILIJ ER ISQ 129 

IMl'EX 100 8~ 
REPORT UUILDER 13" 11 $ 

T-llEHUG PLUS V. • 0 'l'FX /lo l • S 39 
w OU RCE ,YEW 9() 19 

TURDO ADl'ANTAGE so • I 
TURBO ADVANTAGE COMPLEX 9" 7!1 
TURBO ADVA AGf. lJI Sl'LA\' 70 65 
T RlllJ. ASM 
TU HBO ASY• CH PLUS 
TU RBO GEOMETRY LIBRARY 
TUR llO HA LO 
TU RD O IACIC 
TU MU O PASCAL TOOL HUHS 

DATABASE 
F.UITOR 
GA mWORK S 
GRAPlllX 
NUMERICAL METllOOS 
TlITOR 

TU RB O rown TOOLS Pl.US 
TUHB O POW ER UTILIT IES 
TURO O PROf E SIOl'AL 4.0 
TUHBO Wl ,' ' l!OWl l'A SCA L 
UNIVERSAL GRAPHICS LIBRARY l!i4l 11 9 

S(:HF: f:N ' ll'IJOWS 
' ·SCAl'E 27':# 2~ 

CURSES W OU RCE COIJE 250 169 
GREENl. EAF DATA WINDOWS 225 115 

W!SOURCE J95 Z59 
)YAC C FOH MAK ER 495 ·1"'9 
Jl'ACC JAM ;;o 6i9 
MICROSOFTWI IJC'M'S 9'l !IA 
MS WISDC'M'S DEVELOPMENT KIT soo 
rAN EL :?'JS ,.,'" 
l'ANE L PLU~ S PECIA L O~ 31l9 
PASE UQC COUICK CJ 12'.I 99 
PASE IJTC ITUHBO CJ l :t1J 99 
QlllC KS Rt: EJ 195 17~ 
SC REE. STARWr.iOU RCE 198 16• 
SOH C(llJE N f.' W,Sl'liC:/AI. 1?9 109 
VIEWMAN AG ER 275 199 
VITMll:-I C SPliC/Al 22S 119 

VC SCREF.N .., 79 

Flash-Up 

Flash· p enhances even· program_ .. without writing a single line of code. Just 
use the RAM resident window editor lo ""draw" menus and help "~ndows into an 
pro ram. Think of FI~sh - Up as a full ke ybo~rd macro utility. a help note annmator 
and a menu maker roll ed intn one tu help ~·ou do things that could never be done 
before. Like makinl! smart menus thilt s ·nd key· 
board macros. Automatically alla chin~ them lo IBE0 
your program with "elect ronic glue·· and even SOFlWARE 
ndding mouse support to all yuur programs. • · - BOTTLI NG 
List : $89 peci11I Price: 75 COMPANY 

~Iicrosoft Wi1idou s/38(i 
Windows/386 gives you the look and feel of OS/2. by rnM and Miaosoft - 1he 
standard for tomorrow. Turns your personal computer into a multitasking, virtual 
machine. where any number of DOS and 1icrosoft Windows applications can run 
at the same lime. Each DOS app lication runs m its own 64UK - even memory 
re idenl programs. Copying and passing of selected data 
between DOS and Windows application is supported. • 

18Features h'Teatly enhanced support for DOS applications, llJfic:losolt 
they can run in a window or use the full screen. 
List: $195 . peciul Price: 125 

Quick('f 
Quick gives you the feature that you need to learn C quickly. It's the best for 
easy ·ornpila1ion and prototyping. compiling prugrams al 10. 000 lines per minute. 
Features<• huih·in editor with sel ·cwble insert or ovenype mod , automatic 
MAKE tile creation. conlcxl- ~cns il ive help for easy learning and an integrated 
debugger that lets you set breakpoints. animate throu11h 
your pro.itram and add watch variables. QuickC is com· ~'& 
pletely source rnde and objec t compatible with Microsoft ~I 
c 5.0. 
List : !l!l S pe cia l 1-'rice: "65 

1-800-445-7899 
In NY: 914-332-4548 

Customer Service: 
914-332-0869 

International Orders: 
914-332-4548 

Telex: 510-601· 7602 
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500 <;ALL 

"OU ll CE CODE .\I AINTE . 
ADVANTAGE MAKE 
AlJVASTAG E VCM 

I' ~ 
l '.?5 
J79 

9'l 
~29 

XENIX/UNIX SOFTWARE 
MICROPORT & co rl!OoUCTS 
AflVANTAGE C t- t 
8TRIEVEJ' 
D1,!AECTORYSl1Ell,(2il6 or386> 
E ILON 
FOXJIASE• 
FOXBo\liE+/3116
rNFOR,\l lX PRODUCTS 
JYN: .FOR \AKER 
JYACCJAM 
KOR: SHEU. 
Ml ROSOPT!.NIG UACEl 
PMIELPLUS 
RMICOBOL 
RMIFO!l'TRAN 
WI IXl\'IS FOR DATA 

LMH l~S 139 
1.UG AR UMAKE N£H' G9 CA L.I. 
MKS RCS EW.SPEC/AL 189 169 
f'VCS·CORl'ORATE 
PVCS·NH WCJHK 
PVCS-PF.RSONAL 
l'OLY LIBRARIAN 
l'O LYMAK E 
SEID L VEHSIO:< MANAGE H 

NETWORK \'ERSIOI' 
SEllJL MAKE UTILITY 
SMK GE:< 

SOURCE TOOLS 
Tl.ID 

TRANS LATOns 
UA"-C OR UA5-l'AS 
UASfUL' 
DB2C 
llBX THANSLATOR 
llTC PLUS 

AUU ITIONA LLA .' ' G AGt:S 
H t'Ol!TH 395 35f 
LATIIC E NI'(, II UEV. ~\ . H OO lU 9 

R l1G 11 COM PIL.EJI' 750 &:?t 
RPC II SE U ?00 
RPG II SORT MERt,;E 15<) 1'9 
RPG II SC REEN DESIGN AIU JSO 309 

MA TF. NFORTH i :l.S II & 

"' 

Special Savin,qs 

395 l29 
CALI. CALI. 

149 1?9 
9'l ! 

IU 
NE W 300 CA I. I. 
8£W IQ()Q C..:A LL 
.Vt:W 100 90 
NEW SQ • 5 
NEW 595 us 

100 9 

••9 

CAI.I. CAl.L 
495 3~!J 
299 t;Al.l .• 
l5<l 29! 
32~ 299 

CALL. CALL 
695 615 
!595 01 

C LL 1..1, 
105 U9 
i9JJ 6-1, 
95 729 

CALL CA LL 
895 

IJSO ms' 
145 116 

CALL CA LL 
195 676 

1250 9~9 
160 ~' 795 ALL 

l'C FIJITTll 
l'ERS01'/AI.. R EX.~ 
PL~ 

ISO 
125 
7511 

10, 

" 6i!ii 
VI' EX PE ITT 100 l!9 

AllOITIONA L l'KOOUL"TS 
CROSS REF"ERE'N E GENERATOR 50 3• 
DAN SRI KUN' !lEMO PROGRAM 15 .. 
lJAN BRICKLIN"S UEMO l'k<JG. 11 l9f> 1 ~5 
OAN URICKLIN'S IJEMO TIJTORIAL so Ii 
Ft.a.I' CHARTIN G II :nu 2015 
MK S AWK 75 u 
MK S-SQI' ' NE ii' .t95 169 
POLYBIJOST 8-0 69 
POl.YDESK ltl 99 75 
SAPIENS 1'8 300 269 
SC!t''t'SC REEN HEl.1' IYo Ii i 
SOU RC E PIUNT 95 75 
TEXT MANAGEMENT UTll.ITIES 12@ 9 
TREE DIAGRAMMP.R n " 
lll, Al~t: 
AS\'NCH MANAGER IOPASCALI 175 l l A 
C TOO L~ PLUSIS 0 1:19 ~9 
EXEC 95 79 
PA SC AL TOOLS/TIX/LS 7 11:; 11$ 
TU HUO AS\'!'ICH PLUS 129 99 
TURHOC TOOLS 120 !19 
TUHflO l'OWEM T<J<J LS PLUS 129 !19 
VIEW MANAGER CCIPASCALl 2i5 199 

DO Ill. AND 
EU REKA 167 109 
PARADOX I I •95 :1.19 
PAR"D i" 725 ~u 
QUATTRO JVE W 195 IZ$ 
SJl)tKICK 15 5S 
TU RB O BASIC COMPILER 100 69 

DATABASE TOOLBOX 100 
EUITIJR TOOLBOX 100 8' " H l.ECOM TIJOLBOX 100 69 

TURBO C COMPILER 100 65 
TURBO PASCAi. 100 69 
TU RDO PASCAL fJF.V. LIB. 395 :!.'19 

TU RBO TUTOR 70 10 
NUMERICAL MF.TllOIJS TIJOl .•UllX 100 69 
OATAUASETOOLHOX 100 69 
EDITORTOOLBOX 100 
GAMEWORK TOOLllOX 100 &9 
GRAl' l!I XTOOLBOX IOOl 0 

TUH!IO PROLOG COMl'ILER IQ() i9 
TUNBO VROl.OG TOOLBOX 100 H 

" 

t~t:J'T I AL 
BREAKO!JT DEHUGGER 125 89 
C UTILITY LIBRARY 185 ltG 
COMM UNICATIONS l'W S 251) 195 
ESSF.STIALCOMM UNtCATION. 185 1!6 

frOlll Paradh;e 

Ti111eS/icer 
Enhance your C provams with Ti m .. 
lhe ability to create multitasking and real-Lime programs at the application level 
rather th<m interfacing with th operating sys t m_ ew version 5. 0 includes 
multiple, user defined critica l classes, math coprocessor 
support. terminate and stay resident functionality, im- f ll:E'Dl1AT'® 
proved event counter and timer and abili1y 10 te rminate .,. ..,..,... 
other tasks from the current one. 
List: $:.!95 pecio l Price: S269 

f'fix86p/11s 
Pfix 86plus, an easy-to-use, m nu driven, muhi ·windowed symbolic debugger. 

Includes: in-line assembler for temp<Jrary patches. temporary and permanent 

breakpoint settings, full speed or trace modes. user-assignable v;iriables. dual · 

monitor support , up Lo !OU step trace-back, debug log 10 disk or prinrer. 

synchronized ·ource file disassembly to disk. ·onfigur· j?J~ 

able menus. multiple code and data windows. and key· 

stroke macros. 

List: $395 Special Price: $199 


Vif<11ni11 C 
F.1 st, fl xible, vers;1tile, reliable. Just svme <Jf lht! reasons why erious program· 
mers use Vitamin C in their most im11ortanl projects. The)' know that using 
Vitamin C me:ins lightning fas t display s, responsive user interfaces. profession· 
ally crafted C code and a ~ommitmem to tech support. Features include: multiple 
bullet-proof overlapping windows. easy single-field of fu ll -screen data entry. 
unlimited data validation, context sensi tive help manager, ~ 
menus like Lotus and Mac. programmable keyboard han· ,. 
dler and much more. No royalties and library source ~ro'.ltiU'ie 
included fr e . Optiona l VCScreen package generates~~ .Y 1 

source code. PROGRAMMING 
Lis t: 225 'pecinl Price: $J.19 

CSSENTIAL GHAPlllCS 2SO 
'RESIDEllT_ C' I 9'l 

WISOU RCE 198 
SC RE Ell STAR 9'l 

WIS OURCE 19M 

GKt:E,~LEM" 
GREENLEAF C SAMPLER 9S 
GREENLEAF COMM LIBRARY !Sf> 
GREENLEAF UATA WINl!OWS 22:1 

w OURCE 395 
GREENLEAF FUNCTION S II<.\ 

MI CKOSOl'T 
MS BASIC COMPl\.ER tXENIX J 695 
MS BASIC l.'ITHPR£TER •XENIX J JSQ 
MSC CIJMPILER • 54l 
MS COHOI. COMPILER 100 

POR XE IX 995 
~IS EXCEL NEii' •9S 
MS FORTRAN 4SO 
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W IS W!l'/OOWS 200 
WIEASY CALI 175 

MSM UMATll 300 
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WIPLUS. LOGICADD 189 
W/PLUS, PUBLISHER MOUSE 179 
WIPLUS, PAINT, CADD 199 
W/PLU , CAOO, PUB!.. MOU. 1! m 
WIPLUS, PAINT, PUBJ.. MOUSE 19'.l 
W/PLUS. PAINT. CADD. PUBJ.. 253 

LOG ITECH SERIES ZWJPLUS 99 
MICROSOFT SER OR BUS MOUSE ISO 

WIEASYCAD 175 
WIMS WINDOWS 200 

VC MOUSE BUS W/PNT & POPUP 119 
PC MOUSE SE R WIPNT & POPUPS 159 
SU IMAM OU E 119 

MS l'A CALCIJMPILEH JOO 
FOR XENIX 695 

MS QUICK BASI !l9 
MS QUICK C Pf.CIAL 9'l 
~IS SORT 19~ 
MS WINDOW 99 
M WINDOWS OEVE:LOPMENT KI T 500 
MS WISOOll'Sl'.186 S PEC/Al 195 
MS WORD .\'EW o1 SO 
MS W(JM.I\ ~ N li W I S 
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What an ALR 386 20MHz 

looks like at Compaq's price. 


You could buy two ALR 386/220 
systems for what Compaq is 

asking for just one DeskPro 
386/20". The ALR 386/220 model 
R66 cost $3990. That's all! That's all 
for the PC performance that is 
now the standard for profes ional 
applications, industry-wide. But 
don't take our word for it. 

Meet the press. 

PC Magazine lists 
the ALR 386/220 
among "The Best of 
1987" - " .. .ALR has 

come out of 
nowhere over 
the last two 
years to earn a 

place in the sun among important 

PC-compatible makers." 

- PC Magazine - January 12, 1988. 


Info World gave 
ALR 386/220 a 
very high overall 
grade of 8.8 
"...one of the 
fastest desk-top 
machines we've 
tested ... Low price; 

simple design; very fast sequential 

access for hard disk. .. " 

-Info World - October 5, 1987. 


re. Week says: 11 rlJWEEK 
"High Standards il 

...The performance is excellent; 

construction quality is very good; 

and ALR backs the machine with a 

1 year limited warranty and good 

telephone support..." 

-PC Week - November 10, 1987. 


At ALR we believe that even the 

most advanced technology is use

less if no one can afford it. So, 

nearly two years ago, when we 


released the first 80386 based PC, 
we made a commitment to high 
performance that the rest of us 
could afford. And we did it with 
out sacrificing service or technical 
support. 

But that's not all; with any order 
of a 386/220 model R66 placed 
with your authorized ALR dealer 
through June 30, 1988, you will 
receive an additional l year 
extended factory warranty at no 
charge. To find the ALR dealer 
nearest you call us at: 

1-800-366-2574 

Advanced Logic R.est>arch, lnc. 

10 lm 'Slcr. I rvi nc, CA 9271 B 
7 14·58J~770 
FAX: 714-581-9240 
Telex: 5Jo...l14525, 
Aru wtt N e · Atk.,a.ncf'CI Log"" 

• A> rompor..d to Compoq'• Desk Pro 386/ 20 model 60 with on oddillonal I ycor cxtcnd•-d service ogreement. O..kPro is o regis tered trademark of Compoq Computer Corpora tion. 
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APPLICATION REVIEW 


D 
Interleaf Publisher 


for the Macintosh II 

Paul Kahn 

As lnterleaf moves its publish mi!iar to Macintosh users of AlCombined features from both the ing software downstream from dus PageMaker and Micro oft 
the engineering workstation Word .personal-computer and workstation 
world of Sun and Apollo into 
the desktop-publishing world of 
the Macintosh II. it becomes 
clear that both worlds have a lot 
to learn from each other. lnterle.af Pub
lisher is a heavy-duty publishing system 
that includes good and bad features from 
its original workstation implementatfon 
and the popular Macintosh user interface . 

lnterleaf Publisher 3 .00 is a complete 
translation of lnterleafs Technical Pub 
lishing System 3.0. No part of the basic 
system has been left out, but the equation 
editor, an added cost option on the other 
implementations, is noi available for the 
Mac IL lnterleaf has adapted its product 
from previous multitasking, multiuser , 
virtual-memory-using versions to the sin
gle-tasking, single -use r, no-virtual 
memory Macintosh operating system. 
Currently , Inter leaf doe not work under 
MultiFinder. It costs $2495 and requires 
a Mac ll with 5 megabytes of memory 
and at least 14 megabyte of hard disk 
storage. 

To fit it into the Macintosh user inter
face, lnterleaf has made some modifica
tions to its user interface but has retained 
some non-Macintosh ways of doing 
things. Veteran Interleaf users will still 
find the desktop/pop-up menu/window 
system they have used before, but for the 
Macintosh version they will also find a 
pull-down menu bar , windows with a 
dose box , scroll ing bars , and resizing 
boxes , aJl controlled from a one-button 
mouse (previous implementations used 
two- or three-button mice). Veteran Mac
intosh users will find a desktop that re
embles the Finder de ktop in some ways, 

but that requires them to access menus 
and manipulate icons in ways that are 
unique to the lnterleaf product. 

The overall result i · mixed . On the up 
side, lnterleaf Publisher sets new stan 
dard for many thing : editing tools for 
tructured documents; production con

trol for large publications; integration of 

worlds yield mixed results 

text , vector graphics , and image editing 
within one application; and portability of 
document results across multiple imple
mentations on different machines. On the 
down side, when you look at Interleaf 
Publisher next to the current crop of Mac
intosh desktop-publishing applications, 
you can see that it has user-interface con 
ventions that differ radically from other 
Macintosh applications; it is expen ive 
both in price and configuration require
ments; it is not well suited for publica 
tions with more than one story per page; 
and it does not provide a high level of ty
pographic controls (e.g., no kerning). 

Considerable Features 
lnterleaf Publisher's major features set it 
apart from other document preparation 
y tern on any machine: 

Document, component, and frame 
property sheets. An lnterleaf document 
consi ts of things that have properties. 
The notion that you could describe the 
formatting of text in terms of property 
sheets first appeared on the Xerox Star. 
The concept has been notably absent 
from the world of Macintosh text process
ing until qui te recently, when it appeared 
as "style sheets" in Microsoft Word 3.0. 

In lnterleaf, a document's page formal 
is described in a document property 
sheet. The text is structured in compo
nents (e.g., a paragraph , a title , and a 
subhead), and each component has a 
name and a et of component property 
sheets that describe it. Frames that con
tain any mixture of text and graphics have 
aframe property sbeet. 

Hyphena tion con trol and spelling 
checker . Interleaf uses the same 
Houghton Mifflin hyphenation dictio
nary (an 80,000-word dictionary that has 
up to 4000 user-defined words) that is fa

Auto-number streams and 
auro-reference marks. Interleaf 
lets you automatically generate 
wkens, cal led auto-number 

streams, to produce numbers for such 
purposes as outline headings, paragraph 
numbers, and table or figure captions. 
From this, you can produce auto-refer
ence marks that the program automati
cally updates a needed . 

Index and table of contents. At any 
time, you can mark words or passages to 
be collected in an index, or headjngs to be 
included in a table of contents; both are 
created after editing rather than inter
actively. 

Multiple columns . lnterleaf handles 
multiple columns on a document rather 
than a page level . Sophisticated vertical 
balancing control allow the document 
property heet to distribute white space 
between letters , words , and components 
to balance out column on a page. 

Book directory. lnterleaf provides a 
special directory , called a book , for 
organizing documents within a single 
publication. Page numbers. auto-number 
streams, auto-references , and even word 
searching and page scrolling for all docu 
ment placed in a book directory are 
linked together. 

Graphics frames and micro-docu 
ments. You can create one or more 
frames in any component. A frame, 
which can contain graphics or text, can 
be as small as a single period or as large 
as the current page. Frames are anchored 
to some point in the component and move 
from page to page as needed . Interleaf 
provides a diagramming editor for creat
ing graphics in these frames . 

Text typed into a frame from the key 
board is orga nized in " micro -docu 
ments." You can cut, copy. paste or edit 
the micro-documents just like any other 
text. You can re ize the rectangle in 
which they appear or break it up into 

continued 
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INTERLEAF PUBLISHER FOR THE MAC 11 

lnterleaf Publisher 3.00 

Type 
Document preparation and 
managemenVdesktop·publish1ng 
software 

Company 
lnterleaf Inc. 
Ten Canal Park 
Cambridge. MA 02141 
(617) 577·9800 

Format 
16 SOOK·byle 3'12·inch 
floppy disks 

Hardware Needed 
Mac II with 5 megabytes of RAM and 14 
megabytes of avai lable hard disk space 

Software Needed 
System 4.2: Finder 6.0 or higher (does 
not work under MultiFlnder) 

Documentation 
120-page Getting Started: 326-page 
Tutorials: 424-page Reference Manual: 
6 megabytes of on-line help. tutorials. and 
example documents 

Price 
$2495 (academic discount available) 

Inquiry 900. 

multiple columns like a regular page. 
Diagramming editor. The full-featured 

vector graphics editor provides tools for 
creating lines , circles. ovaJs , rectangles, 
polygons, and splines. You can fill any 
closed object with a pattern; group, lock , 
or arrange objects in layers; and move, 
ize, or rotate objects by moving the 

mouse in relation to the size of the frame 
or by numeric increments. 

Data-driven charts. The system pro
vides a range of common chart formats 
(including a bar, pie, or line chart and a 
scatter plot) that you can paste into any 
frame. Data entered into a property sheet 
generates the chart. These charts are well 
suited for business graphics but do not 
support the number of data points neede-0 
for scientific work_ 

Image editing. You can copy and paste 
raster files created by scanners or paint 
programs into graphics frames , which the 
lnterleaf image editor can manipulate. 

Portability. All versions of Interleaf s 
publishing oftware can save a document 
as a simple ASCil text file. lnterleaf uses 
a markup scheme for describing both text 
and graphics that looks like a cross be
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tween a Pascal program and SGML 
(Standard Generalized Markup Lan
guage , a proposed ISO standard for com
pletely describing a document) . Such 
files are upwardly compatible (i.e. , later 
versions of lnterleaf can read files saved 
by simpler or older version on any ma
chine). This means that any group using a 
mixture of Suns, Apollos, VAXes, IBM 
RT PCs. and Mac Ils can run Interleaf 
software and share documents. 

These features have proven to suit ap
plication where people produce large 
publications (20 to 200 pages. though the 
software does not limit the size of the 
document) that require some mix of text 
and graphics and benefit from writers and 
editors sharing documents on a network. 
The primary application that fits this de
sc ription is technical publishing: docu
mentation and technicaJ reports that are 
long, complex, and include a mix of text 
and graphics on the page. 

Grafting lnterleaf onto the Mac II 
Although any innovative Macintosh ap
plication will bring some new c-0nven
tions that you must learn, Interleaf brings 
to the Mac II implementation ome 
workstation-based features that run con
trary to what you would nonnally expect 
to find . 

The lnterleaf deskwp. Interleaf pub
lishing software first appeared on Apollo 
and Sun workstation in 1983, before 
either had a sufficiently powerful win
dow environment to support lnterleaf s 
software. So Interleaf developed its own 
graphic interface (operated by a three
button mouse) as part of the publishing 
program itself. The idea of providing a 
graphic desktop interface to shield the 
user from the command shell made a 
great deal of sense in a Unix environ
ment. However, what was a great idea in 
1983 now seems to be a bad habit that the 
company can 't do without. 

To start Interleaf Publisher, you must 
choose a workspace , called a " desktop." 
where lnterleaf keeps aJI working docu
ments. Interleaf can maintain as many of 
the e de ktops as disk space will allow _ 
You can use desktops to separate projects 
or users, but there is no password protec
tion (because the Mac is a single-user ys
tem), and you can actually get to anyone 
else's desktop by simply opening a series 
of folders from the Macintosh Finder. 

links . To provide a functional bridge 
between your (l nterleaf) de ktop and the 
documents on the Macintosh desktop, 
lnterleaf lets you create links between 
icons on your desktop and icons else
where in the Macintosh file system . The 
icon representing a link simply contains 
the path down which lnterleaf expects to 
locate the origi naJ document or direc

tory. The orig inal document reflects 
changes made to this link copy and vice 
versa. This provides an incere ting way to 
di tribute the parts of a publication aero s 
various writers' desktops, while an editor 
maintains linked copie organized in a 
si ngle book directory . 

Special icons. lnterleaf also maintains 
its own set of icon . Just as the Finder 
manages icon shape. view . and location 
without making you see all the resources 
it needs to maintain th is graphic informa
tion, lnterleaf imilarly how you it in
terpretation of what is actually on a disk . 

When viewed from the Finder, Inter
leaf fo lders are filled with documents 
having names ending in three-character 
dot extensions (e.g., . doc . . boo, and 
. fdr), along wilh backup and auto-save 
versions wit.h added numerical extensions 
( .doc, 1, or . doc, 9). Attribure files are 
control files that store icon location and 
window-size informat ion . These files 
have the same name as the document or 
folder but begin with a special prefix 
(e.g., .@report. doc). Obviously. if you 
move or rename these files from the Mac
intosh Finder, Inrerleaf will not find the 
files and will not work properly. 

Jumbled User Interface 
Tho e who know Interleaf Publisher and 
the Macinto h have been gritting their 
teeth about the mix of user
inrerface conventions that this program 
contains . The designers of Interleaf Pub
lisher have added ome Macintosh fea
tures (a clo e box, elevator scroll bar . 
and a resizing box, for example) as op
tionaJ controls to their "native" window
ing system. They have adde-0 a minimal 
Macintosh pull -down menu bar at the top 
of the screen to provide access to desk ac
cessories from the Apple menu , and they 
have adapted their software 10 work with 
a one-button mouse. But they also expect 
you to adapt to all the other non-Macin
tosh things that the program does. 

lnterleaf Publisher relie on pop-up. 
rather than pull-down , menus. The lnter
leaf pop-up menu is context- and state
ensiti ve so that different menus appear 

depending on what you select and on the 
cursor posi tion . The menus can have 
slide-off extensions (secondary menu 
choices that appear to the right of a menu 
item), a feature appearing in some new 
Macintosh applications. Once you get the 
hang of using pop-up menus and slide-off 
extensions, you can see all your choices 
more easily and avoid many dialog boxe 
(fo r making secondary choice ) that 
would otherwise be necessary . 

Interleaf is very awkward to u e with a 
one-button mouse. The Sun workstation, 
where lnterleaf was born, has a 1hree

comi11ued 



Sysgen brings you the 

best buys in backup. 


$795 
60Mb QJC-FileTM 

• Compatibiliry wirh all PCs and PS/2s •w 
( ew QI -File Plus available for 
P 12 Models50.60a11d Oat$995) 

• Streaming tape technology with 
superior 90 IP speed 

• 	Dual read/write heads for sim11lta
11eom backup and verification 

• 	QIC-File and QI -File Plus tapes are 
fully i11tercha11geable between PCs 
and PS/ls 

$595 
60Mb Smart Image™ 
• Compatibility with all PCs and PS/2s 

(New . mart Image Pl11s for P 12 
Models 50. 60 and 80 at $795) 

• Streaming tape technology wirh 
superior 90 IPS speeds 

• 	D11al read/write heads for simulta
11eom back11p and verification 

• 	 mart Image and Smart Image Plus 
tape aref ully interchangeable 
between P and PS/ls 

Sysgen r ... gives you a lot the 40Mb Bridge-Tape TM Ask your dealerfor a Sysgen 
more backup for a lot less . subsy tern that's PC and PS/2 backup system or call the 

Choose a Sysgen l/.i'' tape compatible, for total backup Sysgen hotlinefor more 
cartridge system or a Sysgen and data transfer flexibility. information. 
ca sette tape ystem for all Sysgen backup systems 
your PC and PS/2 backup offer you the highest 1-800-821-2151 
need. performance at the lowest 

Or choose other leading prices in the marketplace . 
backup products from the With the proven reliability 
complete Sy gen family, of 100 0 0 installed backup 
including the 120Mb Net sy tern . And a #1 rating by 
File ,.., for backing up entire indu try exp rts. SYSGEN
Novell®networks and 	 CO R PO RA TEO 
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bunon mouse. The left button selects, lhe 
middle button pops up the menu, and lhe 
right button extends the selection. On the 
Macintosh version , you click the mouse 
to select, command-click to pop the 
menu , and shift-click to extend the selec
tion . You use pop-up menus for every
thing , so the hand not on the mouse more 
or less devotes itself to the command key, 
which makes the program more awkward 
to use on the Mac fl than on any other 
workstation. 

While lnterleaf did not choose the one
button mouse, it did choose to retain 
other features of its user imerface that 
could have been left behind . The com
pany could have chosen to do something 
about a few of these differences. 

On the Macintosh desktop, you can 
select an object by pointing and clicking, 
then you can manipulate it by dragging it 
with the mouse or by pulling a command 
down from a menu bar. On the Interleaf 
desktop, you sti ll must select an icon by 
clicking on it , but before you can manipu
late it, you must choose an action (e.g ., 
move, cut, copy. or open) from a pop-up 
menu . 

The ability to interchange data among 
Macintosh applications is based on their 
shared use of the Macintosh Clipboard . 

lnterleaf has its own clipboard , of incom
patible format, that serves the function of 
both the Macintosh Clipboard and Trash
can, without the simple elegance of 
either. When you cut or copy an icon (a 
whole document) in lnterleaf, it stays on 
the clipboard until you select and paste it 
somewhere else, or until you delete it. 
The clipboard can also contain a maxi
mum of one text selection and one graph
ics selection from each document. Past
ing actually moves the text or graphics 
out of the clipboard into a document. 
This means that to copy an item several 
times, you must copy, paste, and recopy 
it. Any number of pieces of text , graph
ics, or documents can be on this clip
board. To paste anything but the most re
cent item, you must open the clipboard. 
select the desired item, and then do the 
paste operation. 

Interleaf handles the replacement of 
highlighted text differently from other 
Macintosh application : You must explicit
ly cut or delete highlighted text , whereas if 
you type from the keyboard , you will add 
new text to the old text instead of replace it. 

Fonts and Formats 
With regard to fonts and formats, histori
cal precedents are , agafo, very influen 

tial. lnterleaf continues to use ilS own 
hand-tuned screen fonts, which take up 
over 6 megabytes of hard disk storage. 
The product supplies 9 of the 11 Adobe 
PostScript fonts used on Apple 's Laser
Writer Plus-all but Adobe Symbol and 
Zapf Dingbats (it provides its own math 
and Greek symbols fonts, which contain 
similar characters). It also upplies its 
own screen bit maps for 13 major sizes, 
from 6 to 72 points . Those are the only 
sizes available for use-it cannot generate 
intermediate point sizes or use any other 
Postscript fonts downloaded into the 
LaserWriter. 

Interleafs implementation of the nine 
Adobe fonts does not include support for 
the Macintosh keyboard layout or for the 
entire character set, however. All the 
European accented vowels and dead-key 
support for accents are gone (a feature 
that has been available since the original 
l28K-byte Macintosh). 

All this special font handling maintain 
Interleaf speed and compatibility with 
versions on other machines. In general. 
the screen fonts are clearer than their 
scaled appro)(imations as displayed by 
many other Macintosh applications- ex
cept when used to display 6-, 8- , and 

cominued 
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NEW: 

The Trident VGA 


The only single-chip VG/\.guaranteed compatible with IBM 
to the register lev 1in all video modes. 

The TVGA and theirs: 
Fntlltel Tri I V&l llMVCA hnNllA PVGA1 Clllp & Tee' CS82'8 Cl1111S Loelc l·D6510/520 r-. U.b ET3000 

C~l1b1l11)" 
VGA R lstorr Reg islet Register BIOS Partial Register 

£GA lloglsttt BIOS BIOS BIOS Partll!I Register 

CGA BIOS Reg1slei BIOS Aeo1stei 

MDA '"" BIOS Registet BIOS Reg•sler
stet 

HetC1Jles Rql 19' one Register BIOS Reg•sler 


Bus r~terlace 
16-bit v.. D Yes ? 


9·blt Y• Yes Yes Yes Yes Yes 


Su!IOOl1 ICIO Chal1~1 orotocol Y• 0 Panlally No No No 


RAM Font Slll! (16x16 Char llO•) 16X A A NIA A 


Speed Enh.meement ' .~..... 100% 1 


GraplHCS Mode 

1024 x 769/16 Y• 0 No Yes 

eoo x600/256 .... 0 No No Yes 

640 x 480/256 Yn No Yes No Yes 


Chip Set Count 1 2 

Mm Chrp Cooni> 6 25 11 14 18 


Max Clock Rate 50 28 MH1 44 5 MHz 38MHl 33.SMHZ 65MHZ 


BtOS tf(;ll.MJeO Yn Yes Yes No No Yes 
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\ 

TRIDENT 

MICROSYSTEMS, INCORPORATED 

Phone, FAX. or write us for the data sheet and pricing. 
Phone: 408-727-3494, FAX: 408-727·3498, 4701 Patrick Henry Drive. uit 2201. Santa Clara. A 95054 
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XPress. you 'II find mixed result ·: In 
some ca e , Interleaf doe bring ome 
new capabilities to the Macintosh world , 
but it also fa!Js hort of doing many of the 
things these smaller. less expensive pro
grams do well. 

lnterleaf does provide a unified ap 
plication for crea ting , ediling , and 
paginatfog a rich mhture of text and 
graphics. The lnterleaf text editor i full 
functioned and fast , a good for writing 
as it is for complex formatting. This i in 
contrast to the modular approach taken 
by PageMaker or XPress. where the ys
tem assume that other programs will edit 
and revise text and graphic . 

But in page layout, lnterleaf i more 
like a word processor than a de ktop-pub
lishing program . It basically under tand 
one story per document. It doe not pro
vide good tool for mixing everal storie 
acros multiple page . nor doe it provide 
for complex page layout and the fluid 
combination of text and graphics , things 
that both PageMaker and XPres do eas 
ily . The drawing editor doesn't provide a 
ruler , a ba ic tool in any Macintosh 
graphics application . It is not a imple to 
use a MacDraw, nor as sophisticated as 
Adobe Illu trator. 

While lnterleaf produces good-looking 
documents , it does not provide the kind 
of typographic control - found in other 
desktop-publishing application . There i 
no kerning or other control for tighten
ing or loo ening intercharacier pacing . 
For flexible and full typographic sup
port, PageMaker and XPre s win hands 
down . 

By the previous standard of thr Macin
tosh world, the configurat ion require 
ments and co t of Interleaf Publi her for 
the Mac II are both expen ive . The pro· 
gram needs 5 times the memory and 10 
limes the hard disk pace of any of the 
competition ; it cost several times as 
much , and it really needs a full -page 
monitor ince it cannot scale a page to fit 
a mall creen. However. it i by far the 
least expen ive version of the full Inter
leaf product ever offered , and that' nol 
bad . lnterleaf has hown a remarkable 
ability to improve its product. I hope that 
future Macintosh versions will include 
full upport for Macintosh font and clo 
er adherence to the Macinto h interface. 
Meanwhile, for creating long , single
story documents, Interleaf Publisher for 
the Ma n i tough to beat. • 

Paul Kahn is the project coordinator for 
the Institute for Research in lnfonnarion 
and Scholarship at Brown University. 
Providence, Rhode Island. He has used 
the Sun and IBM RT PC implementations 
ofthe lnterleafTeclmical Publishing Sys
tem/or over 2 years. 
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9-point fonts, which are innately hard to 
read. Unfortunatel y, in contrast to some 
other desi...1op·publishing packages, the 
program has no zoom optjon to help ease 
the precise placement of small text char
acters (but it does allow zooming in 
graphics frame ). 

Interleaf Publisher can read five file 
format : bit-mapped image saved in 
MacPaint or TIFF (Tag Image File For
mat) files. vector graphics saved as PICT 
files , graphics saved in EPSF (encapsu 
lated Po tScript fonnal) files. text saved 
in Microsoft's RTF (rich text format) 

files. and simple ASCII text files . 
Interleaf retain ome or all of the for

matting i.nformafon created by the source 
applications, though certain kinds of 
graphics or text do not translate well. You 
can import, but you cannot view or edit 
EPSF format , which Adobe Illustrator 
use to export drawings to other desktop
publ ishing applications. 

Mixed Results 
When you compare Interleaf Publisher to 
current Macintosh de ktop-publi hing 
leaders like Aldu PageMaker and Quark 

~ 

1he Closer 

You Look... 

The More 

You Find! 

LIke lh Russian Doll, o careful 

Inspection of MIRROR II will 
reveal layer upon layer of 

carefully etofted feotures designed to 
prQl/tde you with the best solution lo 
lodoy's ond tomorrow'• doto communi
cation problems. 

MIRROR II (the CrosstolJce SuperKlone) pro
vides o superior reflection of the best in Crosstalk 
XVI•, or o lrocilon of !he cost. MIRROR II comes com
plete with o superset of the Crosstalk XVI• Script longuoge. This Scripting copobllity and 
MIRROR ll's background communfcotions mode gives you the power to fully outomole 
your PC communications, ond the freedom to use your PC for other tasks wnlle sending 
or receMng dote. 
• Bockground communlcotions mode (coll or answer) 
• File tronafer protocols Including Xmodem (Botch, CRC or Checksum), Crosstalk•, Heyes•, 

Ymodem ond Kermit 

• Terminal emulotions for DEC VT- KlO I 52, IBM 3101!chorocter or block mode). Televideo 
910 I 920 I 925 (chorocter or block mode), Adds Viewpoint, ADM·3A, Doto General 
0210, ANSI ond Honeywell VIP7200 

• Learn mode for tne automatic creolion of outo
logon Scriprs MIRRORII 

• Full screen Wordstor·li e text ediTor 
• Site License (the costeHective woy to stondordize) 
• 60-0oy, No Questions Asked Money-Bock 

Guorontee 

To ord r, calf Toll-Free: 
1-800-634-8670 

336 Office Plazo Drivelln ftoridc ccll 904·878-85641. ''°I MmiaiCcrd I COO $5.00 for 
Sl>lpplng ond Handling IS8 00 lor COO O<Oerl} Florido resident> Tollonossee, Florido 32301 

Telephone: (904) 878-8564 
MllllOl 1""6~--"'~~Cap l •llM• • ._. 
pi.o.. odd 5% toles lex. 

Telex: 6714280 KLON 
--al---Mocl·o-C.... 1-•o-"" __. .. __ 1 ~...ic.-xvi ... ..- Mll&OI! u dooioood "" - °" ~ ""6 ~ ...... 

poot>1o.-....- 1~""reMPW~
--.. o,...eor---'"<./ .........0..-  ""'ll MS-0051 ocoos 20 ,,.,,,,_ ..... ~ ... """' 

al Ho,oo ,,__,..,""""""Ir< 



95% ofthe Top US. Companies
Solve Their Complex
Numeric Problems with APL 
... Shouldn't You? 

In businesses wher 
complex numeric pro 
are a daily challenge, 
professionals fro1n all 
walks ofIi/e rely on the 
APL* PLUS®System. 

The APL*PLUS 
System 

Th OU ands or professionals in a 
wide range or fields - invest· 
rnent research, insurance, cor
porate finance. engineeri ng. 
and science - find the 
APL* PLUS System the per· 
feet software for omplex prob
lem solving . That's because its 
natural mathematical orien ta
tion an<l conciseness of co<le 
provide the ideal environment 
for model building. array han· 
dling, system prototyping, and 
matrix manipulation. And for 
your connectivity needs, the 
APL* PLUS System runs on a 

wide range of machine 
opera ting environments. 

Why not give yourseH the 
analytical edge . ror only 
S695~ Ca ll 800-592-0050 and 
we'll show you how to put 
the APL* PLUS System to 
work in your specific 
applica tion. 

STSC 
STSC. Inc. 
211 5 East Jeffers n Street 
Rockville. Maryland 20852 
800-592-0050 
301-984 -5123 in Maryland or 
Ca nada 
Telex 898085 

APLUS*WARE®PRODUa 

The APL• PLUS Sys1e m isavolloble for 1he mainlrJmc. IDM PC and c<> mpari blcs. 
Moci ntn<h. ond muchines running UNIX and VAX / VM S. The Al' L* PLUS .. Y"cm mo 
be purchased rhrnui.:h dc:1lers :.ind <.li s 1ribu<or~ worldwide. 

APL• l'LUSand I' US•WAREnrc rc~i stered 1radc morks ol ~ C. Int". UNIX . 
Macin1osh. ond IBM ore rc~isrcrcd 1radcmorks of AT&T Bell U.boro1orics. Apple 
Cn m1,u1 c r. !I nd ln1cma1ional llusjncss M llc:hincs Corpora tio n . respct:" ti c ly. 

Top co mpani es uccordm.i.: tQ the A1.lril 17, 1987 issue o f 0111 i11 Ctss \Vea~ 

• U. ~- i-U>:J:t e.."l te d n:rn il fo r DO \ICrsion . Intc rn111 ionril prices sl iJ: h11y hii;: ht1r. 
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A Pl is indispensable in de1·el
opir1g mathemarical models for 
pricing financial securities such 
as optio11s,fur11res, a11d bonds. A
Complex mathematical a/go· 
rithms are programmed quick~I' 
and L'oncis£'iJ'· And, empirical 
research is facilitated by A PH 
unmatched rnpahiliries in 
ma11ip11/ati11g am/ rwo~r:i11g 
m'l'OJ'S of dara. 

Murk Schroder 
Oprion Research Specialist 
Prudentinl Bnche 

c:~----

Each quarter '"e co11 olidate 
a11d ana(l'~f! historical data, 
cu1·n'nt data, and forecast 
from Ol'er 80() entirie!i within 
GE and then q11ick~1· compile it 
into a comprehensfre series of 
reports. With A Pl we get it 
done in a third of tire time ir 
would take 11s using other 
mNhods. 

Eric Baelen 
Manager, Business Sy rems · 

Development 
General Elecirlc Company 

When you need to con ide1· 
three claHes of.vervice, 1111mcr
ou.~ fare type.~, and multiple 
co1111ections, fare priC'ing a11al
ysis witlumt A Pl is a Herculean 
task. A Pl's ability w ma11ipu
lau· tuble of data witIr u single 
c·ommand enables 1u to explore 
a wi<h.'r range ofscenario as 
fa.~t as we can think of them. 

Mike Fisher 
Manager, Sys1em 

Development 
Pan A merican World Airways 



PERISCOPE"·'POWER 

•••Keeps you going full steam ahead when other 
debuggers let you down! With four models to pick 
from, you1/I find a Periscope that has Just the 
power you need. 

tan with the model that fit your current needs. If you 
need more ho.rsepower, upgrade for the difference in 
price plu SIO' 

When you move to another Peri cope model , don't 
worr. about having a lot to learn . __ Even when you move 
to the mo t powerful model , Periscope Ill , an extra dozen 
commands are all that ' involved. 

A Peri ·cope I u er who recently began u ing 
Peri cope Ill write • "/like tbe 
fact 1/Ja1 uritbi11 tbe first balf 
/J our of use I wa · debugging my 
prowam instead of learning to 
11se 1bc debugger. ·' 

• Periscope's software Is solid, comprehensive, and 
flexible. It help you dc:bug ju t about any kind of program you can 

write .. . thoroughly and efficiencly. 
Perr cope' the an wer for debugging de\·icc-drivcrs, memory-r idem. non-DO , 

and incerrupt·driven program . Periscope work with any language, and provide 
. ource and/or rmbol upport for programs written in high-level langua •e and 
a sembler. 

• Periscope's hardware adds the power to solve the 
really tough debugging problems. The break-out witch let 

y u break into the y-tc:m any time. You ca n trnck down a bug 
instancly, or just check wha t' going on, wi thout having to 
rebom or power down and back up. Th:11 '. really useful when 
your y tern hang ! The ' itch i included with Peri cope I, 
Peri cope II , and Peri cope Ill. 

Peri cope I has a board with 56K of write-protected RAM . 
The Peri cope ·oftware re! ides 
in !hi memory, afe from run· p.,1acope 1eo.n1 
a\\ r progr:im . DO mem ry, 
where debugger oft ware 
would normally reside, is 

thu freed up for your program. 
Peri. cope Ill ha. a board wi1h 64K of 

w rite-protec1ed RAM , which performs 1he 
ame function a· the Periscope I pro1ectcd 

memory. A D ... 
The Periscope Ill board adds another powerful dimen ion to your 

debugging. It hardware breakpoint and real -time trace buffer let you track down 
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bugs that a oftware· 
oriented debugger would 
take too long to find, or 
can't find :tt :ill! 

F'fftr.copelll

Wh•t P, rl•cope Users 
Like B t: 

" I like 1he clC2n, solid de ign and 1he cr:i~h 
rec01-ery." Periscope I u er 

"I like the: 3bilny to brc3k om of (l) locked 
up sy tern! " Periscope II u&er 

"I 3ffi 1·er)' impressed wi1h Peri cope ll·X 
it ha become m)' 'hC2vy duty' debugger 

of chrnce, ei peciall)' 1f I need to work on 2 

memory re 1dcnt utili1y or a device driver" 

Periscope 11-X user 

f'('.riscope Ill i' 1he perfect Jn~wer 10 
1hc debugging nce<h uf anyone in\'Ol\'eu In 
rc-Jl ·time progr:imm1ng for the PC The 
rc:1l time trJcc fe:iturc ilJ S:t\'Cd me ffl31W 
hours o f hc;1riachc already... · 

Periscope Ill user 

• Per iscope I include ;1 h:df-lcng1h 
board wnh 56K of write-prmcc1cd RAM , 
brcak-ou1 swuch. sof1w:m: and manu:1I for 
s;-1· 

• Peri co pe II include' hr~':lk · out . witch, 
sof1warc and manual for S1-· 

• Periscope ll·X 111l'ludc. sofnvJrc and 
manual (no hard"' re) for Sl~ 'i 

• Perl cope Ill lndudes a full·length 
bOJrd wi1h 6-iK of \\'nlc·pru1ccted RA.\I , 
h:mh,~irc: brc:akpoi1111> :md rc;1l-1imc tr:Kc 
huffer. brcak·oUI "1·11ch: oft..,,~irc and 
m:mu:1I Periscope 111 for machines nm· 
nmg up to ll .\1Hz 1 S99S: for machmci 
running up 10 10 MHz. Sl 095 . 

EQUIRE U:. . : IBM PC, XT, AT, or close 
comp:111blc (Pen cope Ill require~ h3rdw:irc 
a5 well :15 sofl\l'.lrc rnmpJubihty). DO~ 2 0 or 
later. 64K J\"JilJhlc mcmor\' , one d1 k dnvc. 
:111 O·column moni1or · 

C:lll U5 With your quc lions wc-11 be hlppy 
to M:nd you free mfonT1a1ion or help you 
dende on 1hc model <hJI best 111 your 
need~. 

Order Your Periscope, 
Toll-Free, Today/ 
800-722-7006 

Circle 106 on & ader Service Card 



REVIEW UPDATE 


Datavue's Snap Gets a Hard Disk 
When Alex Lane reviewed the Datavue 
Snap l + I (February BYTE), he came to 
the conclusion that the machine was 
ba ed on good idea that were poorly exe
cuted. After spending some time working 
with the new hard disk version of the 
Snap I + I, rm amazed at what a hard 
disk drive can do for the perceived value 
of a computer . 

In addition to the 20-megabyte hard 
disk drive, there 's a 9 .54-MHz V20 pro
cessor, a very readable fluorescent back
lit LCD screen, a keyboard with superb 
tactile response, and a 720K-byle 3 'l:z
inch floppy disk drive. All told, it's a 
package that has considerably more po
tential than its duaJ-floppy disk drive rel 
ative , Spark . 

Unfor tunately , adding a hard disk 
drive does not eliminate all the problems 
with the basic Snap I + I design. The sys
tem has an internal nickel-cadmium bat
tery that promises to a.llow operation free 
from the restraint of an AC power cord . I 
like the freedom of computing without 
being plugged in, so I eagerly charged the 
battery, unplugged the cord, and flipped 
on the power. Nothing happened . 

I looked in the manual, and, sure 
enough , the battery will not power the 
unit with the hard disk drive installed. I 
disabled the hard disk drive through the 
power-on setup program, but the ma 
chine still refused to work from the bat
tery . If you get the hard disk drive, the 
battery becomes just so much dead 
weight. Of course, you can ditch the extra 
weight by "snapping" the machine into 
two parts and using the front half as a 
RAM disk-ba ed laptop , but then you 
give up the hard disk drive, too . 

If you 're looking for a very portable 
computer with a hard disk drive, the Snap 
I + I ($3695) tacks up pretty well 
against the competition . It's about the 
same size as the NEC MultiSpeed HD 
and the Zenith Z-183: 13 1/:i by 12:i4 by 
3 1/:z inches . Running at 9.54 MHz, it's 
faster than the Z-183 in both processing 
and disk access benchmark , and it' 

slower than the MultiSpeed in process 
ing. For example, BYTE's BASIC File 
Write benchmark took 15 seconds on the 
Snap I + I versus 43 seconds on the Z
183. The Sieve benchmark took 138 sec
onds on the Z-183, 90 second on the 
Snap 1 +I , and 68 second on the 
Multi Speed. 

I still think that the Snap I + I falls 
short of the potential of its design. In 
spite of that, adding a hard disk drive 
brings the machine into the middle of a 
pack of computers offering fully func
tional computing on the go. 

-Curt Franklin 

GCC Beefs Up Its 
Mac Laser Printer Line 
In hi s review of General Computer 
Corp. 's Personal Laserprinter (PLP) for 
the Macintosh (January BYTE), DonaJd 
Evan Crabb commended lhe printer for 
its affordable price but faulted it on sever
al points : its slow speed, its lack of Ap
pleTaJk support , and its Jack of Post 
Script support. The company has since 
taken steps to address aJl these gripes. 

A new version (2 .0) of the software , 
GCC says, offers up to 50 percent faster 
performance and better compatibility 

And Miscellany • . . 

... Claiming that it's the first com

pany to do so, Zenith has started ship

ping its version of Microsoft OS/2 for 

the Zenith Z-386 (March BYTE). The 

company has also bumped the stan

dard 1 megabyte of 32-bit RAM in the 

system to 2 megabytes to provide 

plenty of memory for OS/2. The sys

tem with the extra RAM will sell for 

the same price as the original ma

chine. Zenith's MS OS/2 sells for 

$299. 

. . . Compaq is second out of the gate 

with OS/2. Compaq's MS OS/2 Stan

dard Version 1.0 for the Deskpro 286 

and 386 lines sells for $325. 

. .. Our February review of WORM 


with Macintosh applications . Also new i 
PLP Share , a $499 network adapter 
slated to ship this month . The adapter 
connects to AppleTalk and the PLP, let 
ting multiple users access the printer. 
GCC also dropped the price of the Per
sonal Laserprinter from $2599 to $1999. 
which means that you can get the printer
network combo for less than $2500-a 
very competitive price. 

If you really want PostScript support 
for the printer, you can get that , too . The 
company now ells an upgrade board , 
priced at $1999, that authorized dealers 
can install in the PLP. This board gives 
the PLP all the features of the company's 
new printer, the Business Personal Laser 
printer Plus. Besides Postscript , the 
Bu ine s PersonaJ Laserprinter Plus has a 
12.5-MHz 68000 proce sor, 2 megabytes 
of RAM (expandable to 3 megabytes), an 
AppleTaJk interface, and seriaJ and par
allel ports for connecting IBM PC com
patibles . The printer's font library in
cludes the 35 resident fonts in Apple' 
standard l.aserWriter Plus. At thi writ
ing , the Business Personal Laserprinter 
Plus wa scheduled to ship in March for 
$3999. 

-Cathryn Baskin 

drives by Wayne Rash Jr. included 
Optotech's 5984 drive and Maximum 
Storage's APX-3200. Maximum Stor
age tells us that it-not Information 
Storage lnc.-designs and manufac
tures the APX-3200 drives. Also, Op
totech informs us that in February it 
released a single-board controller for 
the 5984 drive that avoids the prob
lems caused by the bulkiness of the 
drive's former dual-board controller. 
The company says that the new con
t.roller improves performance by 50 
percent, and new software accom
panying the controller can now make 
use of Expanded Memory Specifica
tion memory. 
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1Gllllzl!GA8tatem $1895 
Bask: Sy9tem J1ealurek 
• 80286 16-blt CPU/ • S 12K MOlbedlmrd EllpMdlble to lMB 
• Clock Calmdll' wllh Banery Backup/ • 19' Wm Puwa- Supply 

220/ I JOV (Ul, CSA)/ • Pully Compd>le AMI BIOS (Wrlttm In US\) 
• 200 Page Docummralco and UllCl"s Gulde/• Llmllcd One Ycz Warramy 
• Optklnal Add OM 360KB Floppy Drives/ Enhllnccd Keyboard/ 720KB 

Floppy DrMs 31 " 

omo 1.1Y MAJJJ ~Wld.M(lnty'Ordcr.~m1,..,~Tu.. 

OIMl lfY rtlONt. COO C"~ a.ttk. \'t\o\ f-' \ .Amc:rx.bpn:a(-4").vt ~~· 0"1.. 

~ MdTC'.l'll"a AD fSka ~~iu~ Mtll cpnlitlO rr-,br ljn)ll~ ~wr rnrn~ die' rWll IO ._Jtut(' ~ 

irf'T!lrllol~mwnt~~··lill'\ t~hlMAIUllknllUll~~-·~~and 

ml.J'°' ~Wnl~~~·~ Tbt'llmilnl~D I ynr(ll'l~' .11t.i 6munchtonbbar 
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286 5yltem Opt1ons 
20MB 6Sms HalfHeigbr $280 
30MB 39mi FUii Heigbl 
<MMB 28ml Pull Height $575 ''°° 
72MB 23ms FuU Hdgbl f920 

IMB 2&m Full Rdght f870 
130MB 1811l'i FuU Height $1800 
NEC Mulll~ync CALL 

A. 1..· ~~~'Titiho]W'C'lrC'OfWliooi& 

NT.r tkTr'Wn. ~ QY2_ xna. uaa. Oll.c" m.. 
ltmilloS omplq inlSrtClftluntztv; .llt(' n"adamtbOI' ~c-m.I 

80287-8 $235 
80287-IO $310 
Opllcal MQU5C f99 
Mechanical M<>lLY $69 
14"l'hlucr«n fa"t:n~on 
Mono Monitor CALL 

Lana frwnriio.'VI'\. ~~ PC 
~ollhc'it~;.,~~ 

http:Amc:rx.bpn:a(-4").vt


- - -

8MllzEGAs,.tem $1399 

...... 0 , 0 

·~ ·---;;;- 1 10.1_,___ _ ___..___ 13.3__.__11.s ,ts __, 

Mon · fn 'Jl)-6 ,\0(11'.. C..-1 

Mon·frl 111-JO-'>-IO (&AC.-1 

S.Urdl!' l<MO  jW ("'"' <:c..) 

~ IJO  6.00 (l!.i CO»l l 

lmc:rmllonal tab delk now open 
Corpomc Buyer call fOr Corpomc Desk 

nlvcrsity P.O.'s arc wcl<:~ 
Oc:alers and Qumtlty Discounts llrc: :IWlbble 

TecbSuport 
{41S) 68~S80(415) 490-2201 

Circle 54 on ~ader ~rvict Card 

~~~ 

• ·- • I 

II 

- • - • I 

- • - • • '-'--~-..-..._.., 
American Technologies, Inc. 
3401 W. Warren Ave., Fremont, CA 94539 
FAX (41S) 490-2687 (24 hrs.) 
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...the Same Things 

You Read! 


''1; /., . 

/"] l//1111, . 


'• ..... 

Features: 
High recognition accuracy 
Fast, easy training 
Up 10 five fonts per page 
Handles ligatures and kerned type 
Foreign language character sets 
Spelling and context checking 
On-line correction 
Affordable at $995.00 

Flagsraff Engineering leads the PC industry in desk
top conversion systems for 9-track tape and 8-inch 
diskette data files. We have already supplied lhousands 
of cus1omer worldwide with our OCR systems. Call 
for the best prices on Panasonic, Hewlett-Packard, and 
Canon scanners. Dealer and olume discounts arc 
available. 

Flagstaff Engineering can modify the sof1warc code 
10 meet your custom applications. For details. call us 
at (602)779-334 1. 

•synroctk Pattern Optical Trrznslator 

"JOIN" FLAGENG for vendor support on BIXI 

FLAGSTAFF I 120 Kaibab Lane• Flagstaff. AZ 86001 
ENGINEERING (602)779-3341 • Telex 705609 • FAX (602)779-5998 

~I• JIU 0 11 RltMMr S.rviu Cllnl (DEAL£RS: 305) 



COMPUTING AT CHAOS MANOR 


Memories, Memories 

Jerry Pournelle 

This column is late. mostly be- New ways to speed up, PC Sweep is a shareware pro 
cause there ' so much good gram available from Sandi and 
luff here that I don't know clean up, beef up, and back up Shane Strump (P.O . Box 

where 10 begin. Every time I sit 
down to work, something new 
come that I just have 10 play 
with . This ha· happened be
fore, but 1 don ' t think things have ever 
been this bad; only of cour e I don't 
really mean "bad ," since I'd be in a 
much worse pickle if I had nothing to 
write about. 

The upshot, though, is that some items 
are going to get fairly short shrift even 
though they deserve berter. 

Fastback Plus 
I became a Fastback fan one day at an 
Atlanta COMDEX when I aw one of it 
developers back up a hard disk, put a sta
ple through one of the floppies , remove 
the taple , and restore the files . That was 
impressive. 

I've been using Fastback ever since, 
and while I've heard rumo rs of problems 
with very long fi les, J 've got some very 
long files indeed and have never had the 
mallest difficulty . Fastback is fast and 

reliable; and because it ' s so fast , it gets 
used, something I can't say for a lot of 
other badnip programs. 

Well, Fifth Generation went and im 
proved it with Fastback Plus . I'd com
plained about the documents. They not 
only fixed them , they put in help files that 
make the documents nearly superfluous. 
They added data compression 10 save disk 
pace . They added a utility that estimates 

how many floppies the job will take-it 
always overestimates for me- and how 
long it will take (generally an underesti 
mate, but I'm slow and careful about not 
putting in a new disk until I have labeled 
the one I took out) . 

I'm about 10 change over from the Kay
pro 386 to a new Zenjth Z-386, so this 
afternoon I copied 38 megabytes of data 
from the Kaypro; it took 28 minutes . It 
required 27 high-density floppies to ac
complish the job; and beyond reading the 
section on installation (Fastback Plus 

all kinds of memory 

i n 't copy-protected , but Fifth Genera
tion likes to handle things with their in
staJI batch file), I never opened the man
ual until the job wa done. I then took those 
files and put them into the Z-386 in consid
erably less time than it took 10 copy them. 

Fastback Plus is a genuine improve
ment (i n ease of use and user options) 
over the old Fastback. It will also read 
backup disks made with older versions, 
using an option that is called Old Restore 
Program . 

If you have a hard disk drive. you need 
this program. Highly recommended. 

The Golden Bow 
If I ever run out of things to write about, I 
can rate my Christmas presents. (After 
all. one of my colleagues used to rate the 
parties at COMDEX .) I WQn't do that 
here, but I should mention that Golden 
Bow sent me a very nice gift : two coffee 
mugs of a shape I like a lot (straight sides, 
large handle , and fairly thin china) , both 
marked in gold with the Golden Bow logo 
plus my name on one and Roberta 's on 
the other. 

Packed in the box was a pound of 
Jamaica Blue Mountain coffee beans, and 
each mug had liqueur-filled chocolates in 
it. Since I'm not about 10 send those mugs 
back-and I've already consumed the co 
mestibles-I figure I better warn you I've 
been bribed . 

When you use Fastback Plus 10 back up 
your files, the program shows you which 
directory it's working on and flashes the 
filenames as it copies them; it goes al
most too fast 10 read them , but if you're 
like me you 'II see all kinds of stuff you 
didn't really want 10 keep. So, one invari
able result of a backup i that I invoke PC 
Sweep and roam about erasing file I no 
longer want. 

13719 , College Station. TX 
77841) for $30 . Commercial 
versions are also available , but 
the original PC Sweep i at lea t 

as good as any of those. You can also get 
a copy , registration paid, from Workman 
and Associate . 

Once you've erased a bunch of files, 
you' Il have empty spaces callered all 
over your hard disk . That fragmentation 
can slow things down, from a little to 
quite a lot (I've noticed up 10 a 25 percent 
increase in the time it takes to copy a 
large file). The remedy for that is Golden 
Bow 's Vopt , which repacks the disk by 
moving the files into compact and contin
uous blocks. There's a new version that 
hows, in animation, just what it's doing; 

very pretty, very fast , and quite effective . 
I've been using Vopt for nearly a year 

now, and I've never had the slightest 
problem with it. In fact, it was Vopt that 
told me I'd omehow managed to get one 
of those horrible unmovable Prolock 
copy-protected programs onto my hard 
disk; I think one of the kjds put in a game 
when I w.isn't here. I got rid of it, of 
course . But if it weren't for Vopt , I 
wouldn't have known it wa there . 

Most books will tell you that disk 
read/write operations are often the limit· 
ing factor in y terns operations through
put, which is a fancy way of saying that 
most disk systems are too slow. This is 
especially true if you have only floppies . 

Repacking the disk with Vopt will 
help, but the best remedy for low di k 
operations is a caching system: a way 10 

put and keep the frequent ly used disk 
·tuffinto memory . Golden Bow's Vcache 
does that quite nicely. The neat part is 
that it can make use of either the Lorus/ 
Intel / Microsoft Expanded Memory 
Specification (LI M/EMS) or the ex 
tended memory that works on the IBM 
PC AT and compatibles. It has been my 
experience that extended memory isn't 

contlnut'd 
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very useful except as a meads to heat your 
house; but u 'ed with Vcache, it can speed 
up some operations (ones that have to go 
10 the disk a IOI) omething ~detful. 

There are limits to what cache systems 
can do, and if you have a hllftl disk and 
use DESQview, they can be tnote trouble 
than they're worth; but if yt>u use flop
pies, you need it bad. If yd 've got an 
IBM PC or XT that has ali exp,anded
memory board (like an AST RAMpage), 
or an AT with extended memory, and 
don't use DESQview, caching i a simple 
and effective way to make tHln~s go 
faster. NOie too that some copy-protec
tion chemes require you to 'use flbppy 
disks; caching can help there, Ibo. 

Golden Bow 's final product Vfeature 
Deluxe, competes with SpeedSlt>r wlHch 
I've written about in previous cdluttl"s . 
Vfeature Deluxe lets you partlllo'n yo\Jr 
hard disk so that instead of chopp1!i5 It up 
into several "logical drives" of32 melJa
bytes or less, you get one hlltnongolls 
drive of 80, 100, or 300 megabytes-or 
whatever you have. You can aJso 'use 
Vfeature Deluxe to partition the harti tlisk 
into smal ler chunks and write-prdtect atty 
one. You can also password-pro"tec't se
lected volumes. 

We got SpeedStor early on, and on the 

"it ain't broke" theory, I haven't tried 
Vfeature Deluxe. I make no doubt that ii 
works . 

In fact, though, I've little desire to have 
an enormous hard disk partition. Partly 
thal's superstition , I guess, but there 's 
!his a well : if you have a partition larger 
than 32 megabytes, you musr boot up the 
system either from the hard disk or from 
a specially ginned-up working bot>t 
floppy; if you u e the original DOS disk 
to boot up , you can lose some of the data 
on the hard disk. 

I've more than once had some kind of 
problem that required me to boot up with 
the original DOS disk ; and since that usu
ally happens when we' re desperately try
ing to meet deadlines- and I have a lousy 
memory as well-I'm a bit afraid to add 
that kind of complication. You probably 
don't have that kind of problem. 

I've just been told that Prian1 is send
ing me one of their 330-megabyte internal 
hard disks. When it comes, I'll use Vfea
ture Deluxe to manage it . More on that 
another time. Meanwhile, Golden Bow 
makes good stuff. 

Memories 
l'd guess from my mail that more people 
are confused about extended and ex

panded memory than anything else in the 
microcomputer world . I know I am: 
every time I write on the subject, I ge\ a 
flood of mail telling me I got it wrong 
again. 

Thi time for ure. 
I got interested in this when the Z-386 

arrived . It came with a 70-megabyte hard 
disk drive , a Z-449 card to drive the Ze
nith Flat Technology Monitor (FtM), 
and 640K bytes of memory on the 
motherboard . The Z-386 is, hands dowl'I, 
the fastest machine I have; my bench
marks put it as just faster than the 15
MHz Compaq Deskpro 386. 

Pure peed i n't everything; in fact 
it's not even the main thing. Neither is 
disk size. What I want is speed in cl\ang
ing from one program to another. Here s 
an example. Just now the phone rang 11..rtd 
it was Microsoft inviting me to a confer
ence about OS/2 . I needed to get at my 
calendar and my notebook, then send a 
message to my assistant , all witnm.I\ 
dumping this article , which I' m writing 
with Q&A Write. In theory , I can do that 
with SideKick, Desklink, and a few 
other tem1inate-and- lay-resident (TS\l 
or memory-resident) programs, but ih 
fact the TSRs eat up so much memory 
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RECENT DISCOVERY 

Au1oma1ed Programmer by KGK - Math 
no1arion arKI 1cchnic<il nglish inpu! 
produce~ FORTRA code . Link 10 
libn1rics. output in' IMAGi-:· format. 
structured rcpons. pic1ures . PC $949 

C Language-Compilers 
AZTEC C86 - Commercial re .!99 
C86 PL ." - hy Cl S W;1 
Diua ligh1 Optirnurn - ' 99 
High C Optimi1ing 0111pi lc r PC Call 
lnsrnn1-Cfl 1 P Call 
l,;111icc C - fm111 L<uticc MS 259 
1icrosoft 5.0 - Codcvicw Spcci:.sl * 

M icrosoi'! Qui ·k C Spo.:cial ~ 

Turbo C by Borland PC 67 

C-Screens. Windows. Graphics 
C-Worlhy lnlerfacc Library PC 
ursc .~ by Aspen Scicntifi PC 

dBASE Graphics for C PC 
ESSE Tl L GRAPHIC · fa~1 P I 5 
Fon1WI DOW/ PLUS PC S229 
GraphiC - new color vcrsinr1 p $279 
Greenleaf Daw Wind<>w~ p 155 

w/sourcc PC 259 
Terminal Mapping . stem p 279 
TurboWI DOW/(· forTurtmC p . . 75 

icw Manager by Blaise PC 199 
Vitnmin C - ~ recn 1/0 PC 159 

VC Screen p 79 
Windo' ~ for C - fos1 PC Call 
Window~ for Data - valid111ion PC all 

DBASE Language 
Clipper cornpilo.:r 5'J99 
dBA E 111 P\u, J99 
dBA E Ill LA Pack 649 
DBXL Interpreter by Word Tech 99 
Fo OA E+ Dev . - V2 .0 259 
Quidsilvcr Diamond J69 
' otf': All pr-kn ~bjrrt to cti.ana:r Mitt.Gui oolkT. \trnt\on lh.b. ad ••'Wln:w 
prim .,... <p«lab. A>k obou1COD 1od PO., f'onn11>: J" l1p1op oo• 
''"lobk. plUl ZOOOlll<n. UP:\ <0rl..-. <hippln&idd W.1rm. 

Call for acatalog, literature, and solid value 

800-421-8006 

Tiii~ PllOGlliUUllm's SllOI' ., 

I~~· - -,....: .,..,, < J, . •·' 1 < ..,\" • • ' •• t. ~ :J 1 "'t '\ 

5-B Pond Park Road , Hingham. MA 02043 
Ma."-'i: 800-442-8070 or617-740·2510 2188 
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Your Source for Debuggers 

l ·.ml~Jtktl "'rn...ll." . C. A"i m \\'hal"L:"\'Cr \ou wnlc . 
1.:hiJno1.·c, iJn.: ll d11.lC 'n ·1 run r 1 ~ h1 1h11.· 11 ~,t tune 

h 1r L..·lc.Jr " 1n Jl1\\"' on )llUr "~ 'M..lc . i...un,1J1;r th..:'\' 
rn1lc""1on.i..11 h'kl l' Ri...'l' LWi:r lrom C\\.'O lnu~n 
mu11.·hrnc ' . lh.·Oul! Jt h1~h k\'cl . JnJ \..c1..•p 11111:r· 
.H.' l l \' l l~ 111 rh..· dchu~l;lfl ~ pr''<'\'.'" - Mcnlh'n 
"' B \' .uor · lur t h i: ,ri.:..·1JI pru.:l."' JI n~hl 
<.:ull one of our TMh Rop• for help rhoo•in~ 
TOO \'. 

DB ASE Support 
dAnaly,t 
dBA · Tools fnr C 
dBRIEF wi th 13RIEF 
dBC Ill hy Lattice 
Documcntor - dFlm 'U l)Cr~c1 
Cicni fer b Bytel-codc gcncr,uor 
QuickCodc Ill Plus 
R&R Rcpnn \ ritcr 
Seek-It - Query-by-c <unple 

ilvcr Comm L1brar, 
Tom Rcttig ' s Library 

I Programmer-us r imcrfaccs 

Editors for Programming 
BRIEF Progr:immcr·, Edi1or PC C:rll 
de - EM CS-,1ylc PC $ 65 
EMACS hy Uni Pres' Snuree: . l\95 , 265 
Epsilon - like E 1ACS PC' S 149 
ME Macro F.diror - ourcc P S 79 
MKS I 	 M 65 
PCt F.DT - rn;.11:ros P S 121) 
S PF/ PC - Vcr,ion 2.0 PC 179 
Vedit PLU MS S I 29 

*Mention "Special BY488"and get both a ood price and FR EE Software! 

Even More Power & Flexibility 
BRIEF2.0 

BRIEF easily conforms to your edi ting preference and style. 
ensuring you arc truly comfonablc and productive . 

Straight from the box. BRIEF is as much editor as most people 
will ever need - thank s 10 features like 1he real Undo. flexible 
windowing, and unlimited file size. 

Bui BRIEF's hidden power is in its exclusive macro language . 
Customize BRI EF to include rhe commands and features YOU 
desire . It's fast and easy . 

Users and industry press alike unanimously praise BRIEF. 
"Recommended ." - Jerry Pournelle . Byte 12186. 

Now BRIEF 2.0 adds: 

Basic • Setup Program fo r easy in 1alla1ion and configuration. (Requ ires no macro knowledge ). 
Features • Increased speed fo r sophis1ica1cdopera1ions like Undo and Regular Expression Search . 

• AII new documentation WITH 1u1orial on 1he Macro Language , 
Windows • Command line editing (move cursor. add & delete characters. specify parameters). 

_ Mult i-level Undo • Expanded Regular faprcssions. with matching over line boundaries. 

- Edit many files 
at once. 

- File size limited only 
by disk space. 

- Automatic language 
sensit.ive indentation. 

• More block types. with marking by characrer. lineorcolumn , 
• Reconfigurable indcming for C files (supporls mosl indenting styles). 

• Enhanced large display suppon . inc lud ing wider displays . 
• Optional bordcrless windows. 

Try BRIEF (Sl 95) for 30days-ifno1 salisfled gel 11 full refund. 

• EGA and Hercules Plus 43-linc 
If you il l ready own BRIEF. call for upda1e info. 

suppon 
Compile & find errors within BRIEF . 

And much, much more ! 

Rcquin:s an IBM PC. AT orcomparible 
wirh 192K. 

CALL 800-821-2492 
inMA6 17-337-696 

Circle 261 
on Reader Service Card 

PC'S 2 19 
' 0. 

(';J ll 
s 169 

229 
279 
189 
119 
79 

1.19 
79 

249 

Order before 4/30/88 and menllon " 8 Y 488 '" 
for these Speclul Prke. : 

C Sprite by l.:111H,,, 
OBug Ill ·for dHASE 
Pcrisrope I-ind. board 
Pcri.'ICope ll ·incl . swilrh 
l'ori.~~llf·IO 
MHZ •·crsion 

Soll Probe llfrX -Hom 
TURBO.mith-Turbo PllS 

Other Products 
A MLIB · 170 + routines 
Back-II by Ga1.c llc 
Baler 
Dan 13ricklin·, Demo II 
Di.'k Tech r:ic iarHman upkeep 
Fa,t Bad PJu, 
Flw,h -up 
lnteractivc Ea,y Flow V5 .0 
Link & Locatc. - Inte l 1oob 

ace Utilitic' 
MK RCS 

KS Trilogy 
PC oob Deluxe-by Custom 
Pl ink 6 PLU - overlay' 
PVC - by Pol tron 
R-DO t 
mC by I 151 - H.A . L. 
Shm Partner HX 
Source Prin1 - J _l) 
TLll3 
Tree Diagrammer 
Vi~iblc Computer: 8088 
WKS Library by Tenon 

Lisi Nonna! SPELIAL 

175 11 9 
I ~~ 179 
:u~ sm 

s 175 SU9 

~ IO'J5 795 
750 S(,<}5 
9~ 7•J 

Solution
(Systems 

541 Main Stn:ct, Su11c ~ 1OB 
So Wcymou1h. MA 02190 

99 
159 
255 
119 

S7.i9 
599 

s 59 

PC $1_5 

MS 119 

PC $.!59 

PC 169 

PC 89 

PC 149 

PC 'ii 69 

PC 125 


MS J09 

MS 85 

MS 155 


1S 99 
PC 69 

MS 275 
pc ial • 

MS Sl35 
MS 75 
PC 328 
PC 75 
PC 8<J 
PC 65 
PC 65 
P 79 

http:Spcci:.sl
http:m())i�r\,"t.lu
http:T1111.l1
http:A.ell�rc~..1n


CHAOS MANOR 

there's not enough room for Q&A Write. 
In fact it's worse than that since I'm 

al o addicted to Micro oft Book helf, the 
CD-ROM I read with the Amdek Laser
drive; that also has a memory-resident 
component. So do the Mace Utilities, 
which let you recover data in the event of 
a crash. There's the mouse driver, and 
the networking software, and ... 

The resuJt i that my system is alway 
full up, and the onJy way I can operate is 
with DESQview which lets me switch 
among aJJ those programs. 

You don't have to have extra memory 
to u e DESQview; in theory it will swap 
your programs out to your hard disk , or 
even to floppies; but in practice that will 
drive you nuts . You reaJ ly need extra 
memory to use it properly . 

Extended or Expanded? 

OK; we all want extra memory. ow the 

question is, what kind? 


If you have an older ystem built 
around an 8086 or 8088 chip, you don't 
have any choice: if you want more than 
640K bytes of memory in your system, 
you have to install expanded memory. 
This stuff is known variously as the 
UM/EMS mentioned earlier and AST 
enhanced EMS (EEMS); several versions 

are available. Older LIM/EMS isn't a lot 
better than extended memory (which I'll 
discuss later); but the AST EEMS boards 
could do lots of thi ngs no other boards 
could do . 

The result was LIM/EMS 4.0, a new 
memory specification still officially des 
ignated Lotus/Intel/Microsoft , but which 
is really nothing more lhan AST Re
search's EEMS with some doodads . The 
upshot is that if you have AST EEMS 
memory-expansion boards, all you need 
is a software driver to make them 
LIM/EMS 4.0-compatible; but if you 
have any other company 's older memory
expansion boards, you need hardware 
updates. 

Expanded memory work with both 
the LBM PC and AT (and compatibles). 
With the old LIM /EMS, you can swap 
programs into the higher memory. They 
won't run there, but you can swap them 
into it . With AST EEMS and LIM/EMS 
4.0, you can run programs in high mem
ory (i.e., above the I-megabyte address 
area) with DESQview or Microsoft Win
dows, meaning that not only can you 
jump around among programs, but you 
can actually run several at once . I haven't 
found that particularly useful. except for 
communications, but people with enor

mous spreadsheets to recalculate like the 
feature. It s vital for communications 
programs, of course. 

In summary , expanded memory i a 
sort of conjurer's trick; it uses hardware 
to fool the computer (which doesn't know 
the memory is there) into looking at a 
particular area of expanded memory 
when it thinks it's looking at a chunk of 
its own main memory . If that's confus
ing, don't worry about it; the upshot is 
that it works. 

That's expanded memory . Extended 
memory is quite different. 

Since extended memory work only 
with AT-type machines, it took me con 
siderable time to get it through my head 
that extended memory is not more useful 
than expanded memory; indeed , it' not 
really very useful at aJ!. 

As a practical matter, the only useful 
things you can do with extended memory 
are caching and making RAM disks . 
Now, true, that ' better than nothing. 
since you can use a RAM disk as a swap
ping area for DESQview to stash your 
programs while you run others. 

You can't run program swapped into 
an ex.tended-memory RAM disk: but the 
swapping operation is a great deal faster 

con1itwed 

51.o<e 111 6800P9am,.m..tNIBDoiMfo NCUt1>5> Gllol11Wllm 
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6300 W/640K 1 Drive . . . .. .....1129..20 

6300 w/640K 2 Drtwas . .. .. . . ... 914.42 
 WHY PAY 
6300 wI640K 1 FlOppy, 20 Meg . I13UO 

6300 w/640K 1 Floppy, 30 Meg . 1187.70 

6300 wI640K 1 Floppy, 40 Meg . 1399,90 

631216386 WGS ................ .ClU 
 RETAIL?
All ATIT1 Include ilrl'Olnl. lloftllllr 111M1 OOS ld41Uonal. 

TOSHIBA No/Jody $etl41100 Plus .•.. . ....... smt.10 
3100 w/20 Meg . .. .. .. 29911.50 
1000 , .. . . .. .... . ...... 869A1 
1200 . . .. . .. . . ... ... .. 2237.55 For less ~ 
3200 . . . . ........ M'ECIAL IUY 

5100 . ..... .. .. .. .NIW llODEL 

COMPUTERS 

ASt 
MOL 80 . . •.. $1449.40 MDL 170 .. .. .$2819.36 
MDL 90 . . . ... .1759.15 MDL 300 . .... 3380..W 
MDL 120 .. . .. 2089.05 MDL 340 .•. • .4099.65 
MDI 140 .... 2f79bli MDL 390 .....5540.40 

WYSE 
MOL t10I ... $10l2.50 MDL 2214. .. .$1868.30 
MDL 2112 ..... 15611.211 MDL 3216 .. . ..2558.05 

IBM PS2 
MOL 3(), MDL 60. 40 Meg •. HEW 

2 drives ... . .$1272.211 MOL 60. 70 Meg .LDW£R 
MDL 30. 2() Mog. mm MDL so, 40 Meg .. IBM 
MOL SO . .. .....2691.69 MOL 8Q 70 Mog .PRICES 

&DmPIAIJ '" 
Deskpro, 2 drives . . ... . . .. . .. . . . . . . .$1165.12 
Des pro, 20 Meg . .. . ........... . . . . . 1495.60 
Des pro. 40 Meo ....... . ....... . .... 1578.80 
Des pro 265, Model 1. . . . . .. .. .. . ... .?1JU5 
Des pro 285. 40 Meg . .. ...... . ......2529.10 
Deskpro 28B. 70 Meg .. . .. . . . .. . . . .. 29.C0.211 
Deskpro 386, 40 Me[ . . ..... ... ...... 4662.05 
Des pro 386. Modl!I HJ!i. 20 MHz .. . ... .557'130 
Desl<pro 386. M<ldel 1JU. 20 MH: . ... . .711511.M 

~~~~-~n~~~I. ~~. ~ . ~.~l. '.'.',',·.'. ~~ls 
Porlable 11 Model 2 ......... .. ... ... 1896.10

f'nl1aiJl1 1. Mcidtl 4 .. . . . . . •... . . . ..Z797.00 
Portable 11\i Model 20 . ... ......... . ..35n.85
Pa!Uble • Modtl 40 . • . . . .. . . .. . . 415W 

~ 
VXll IXT Turbo) 645K."i"fiiiipy. ODS.
SIPIC. Morn lor Aclapler &Keyboard .. . .. $699.64 
VXS8 w/ 1 lloppy. 20 Meg ... . ......... 956Ja

627 64Wl.rllT11~~~p 'i.i ·1o 'i.4Hi:·o·w.a;1 ·staie. '
~~~b We~'. F~ .Con. 1 

.. 
5 .~. l~~ 

Vf286 w/ 40 Meg .......... ... ...... ln4.10 
TOSHIBA 

moo Pl~s.. .. S1519.IU T!OOO • ... . ...$8ti9.41 

moo. zu "'" :muo nzoo .. .... .'2237.55 
TJ200 .• .SPECIAi. BUY 15 100 .... HEW MODEL 

NEC 

NEC Mull1speed .. .......... . ... . ... $1341.64 

NEC MulfispeM EL .. . .. .. . ...... .... 1499.71i 

NEC Mul~SJ)ee<l HO • ' ...•••• • ••• • .• ' 2365.n 


~TN 

z.1a1.............. " . .... . .. ALL ZENITH 

Z·U!J......... . . .. .. . . . . .. .... MODELS 

Z·l83. 20 Meg . ... .. . .. . ... .. .. IN STOCK 

Z·386...• . ..... . ... , .......CAU FOR PRICE 

Olher Compulers Available Uµon Request 
DRIVE CARDS 

PlllNTEllS 

ecmzEN 
1200 .... . . .. $159.SS MSP40 .. . . ... $308.45 
124 . .. .... ....485.10 MSP45 ... ... . .449.211 
1800 •• • . •.. .. 178.85 MSP50 ... ... . .375.64 
224 ... . ......6Sll.30 ~5?i .... ...479.611 
MSP10 • . . . ••.• 271i.20 m 111 JS ..~.17 

l9lm~1~:< 
150P/300 .... ... ...... .. ... . s:m.111479.17 

EPSON 
EX800.. ..•. .CALL LX800. •••• , • . ALL 
Ell1000 .. . . COW"' LD!'!OO. . .... USON 
~ .• .FOA BEST LOSSO . • •..• MODELS 

... • PRICE l.01050. ..... .. IN 
Call for Acceuorlos lll-2500.. . . . STOCK 

IBM 
Pro Pnnier II • .$447.95 Ouletwnler 111 ..S134U2 

NEC 
Color PG •.• .. S5J9.74 Color P7 •• , •• $899.12 

P6 80 COi .....439.22 P7 136 col ..... 609.35 

P5XL .. . ...... 899.75 P9XL .. . ..... 1035.711 

1'2200 . ...... .3605 6650 .... . ... 1040.79 

3550 . . ...... . .719.12 001 FOR ACCESSORIES 


()!(,DUA 

Okimate 20 . .. $122.74 Ml 182P . . .. .$243.SO 

ML 182S ......219.76 Ml 192 Plus ... 329.50 

ML 193 Plus .. .456.48 ML 292 Plu •.. m .44 


~l ~~ ~~us.'.'. ·.M\i\ ~~~INE'.'. '.'il:l]8 
PANASONIC 


1 I . .. . .$11UO 10911 ...... $218.85 

1092J . . ... .. .. :134. 28 1592 .. . .. .... 433.44 

1595 ..... . ... 459.45 3131 ..........274.32 

3151 . .. .......409.52 1524 .. . •..•..• 579.10 


TOSHIBA 
P321SL .. .. ..$4905 P351-2 SIP . . .S899.95 
P341SL ..•.. . .634.17 P351·2 Color .. 1199.95 
P351 .. . ...... ~.00 P351SX ...... 1944.05 


LASER PAINTERS 

I1023" .. .$3838CALCOMP3.. ... .$6 5.1 I 
1042 ...... 7539:ft 18:4 .".. 10~5,a2
I ~MMASkEltH I12x12 . . .. . JO 12x18 . .... $632.50 

FLOPPIES, DRJVES •TAPES 

112 h~~hl lloppy drrve . .. .. , .. .... .. , .$99.00 
MINISCRIBE 20 Meg 112 he1ghl wI cont .329.14 
MIMSCRIBE 30 Meo 1/2 l!eiQhl w/ RLL .•345.95 
SEAGATE 20 Mee 112 helaM htnl drive .289.60 
SEAGATE 30 Meg 112 height wI fll.L .....309.72 
SEAGATE 40 Meg 112 height ... . .•.....432.50 
GENOA 60 Meg mt. rape .......... . ... ~.80 
GENOA 611 Miii u1 . lap1 ..• . ......... loti.fO 
GENOA 12sm " 1n1. 1a!Mi .. ... .. . . ... .995.85 
!OMEGA BE bll 10+ 10,.,,,.• ....... . 1395.25 
IDMEGA BE UI 20 +•" .. ........ 1629.99 
!OMEGA 20 Meo 112 heioht int. ......... 995.55 
IOMEGA 20 +20 Extemaf S!t. •.. . . .... . 1795.73 
IRWIN 10 M•11 tape tJackup . ••• ••.•• , •2.59.14 
IRWIN 20 M/ 411 M lnllmll Tl Pl. . •399.10 / 539.21l 
MOUNTAIN 4440 int . ....•. . ....... . .• .368.80 
MOUNTAIN 4440 ext. • , ....... , ....... 547.7ti 

SANTA CLARA Dlskless Workslation .. .. S64o.AO 

SOFTWAFIE & STARTER KITS 
WESTERN DIGITAL 3 Node LAN kil 

w1wes1ern DIOl1aJ S-Oftware .. •... •• ..$720.J.4 
Entry·level 266 Stlrter Kii . 4 Users . . . ... 599.50 
Entry·level 266 Slartar Kit. 8 Users .. • . . . . SAVE 
NOVELL 286 Sollware w/Kevcar~ . . ... .15ti9.09 
NOVELL SFT Ne1w:ue Level r........ .2148.66 
NOVELL SFT Nelw:lre level II V2.1 ..... Z757.80 
Nondedica1ed Netwal! Scflware 286 

w/ Kl!)'<ard ........ ,... . .. .. ... .. . 15MJl9 

INTERFACE CARDS 


ARCNET PC110 LANSo~rd ..... . ...... $199.Z7 

ARCNET PC210 LANBoard .... . .. .. . ... 269.50 

ETHERNET Interlace Connec1or ... .. .. • .3'9.80 

ETHERNET Plus Board (for 286) .. ••. ... 709.74 

G-Nfl lnlerface Card wI cable . . ........ 299.62 

WESTERN DIGITAL Elhernel Cards ... . ... 269.10 


ACCESSORIES 

ARCNET Passive Hub .. ... ...... .. .. . . $85.00 

ARCN ET Ac!Ml Hub ... . ... , . . ........&34.98 

Ethemel Terminalors . ....... . .... . ..... 37.50 

All Sales Plople 111 N...11 lnlned and authorlztil. 

Call CDW tor Ill~ H11wDRln9 Hardwn &Sollwn 


I ' l·I:! hi•); i t:ij i 3;li 13 1 iJ 1.l ·f M 
CDW'~ color rA1rd w/p ...... . ..... ... S !HI.DO 
PACKARD BELL moo1l9raphics card w/p .. 99.00 
GENOA S11«t111m lcolor mnn1l9raphlc wlp)188.75 
H£ACUUS cotD< urd Wllp •••.••• ...•.. 146.16 
HERCULES mo"1l9rapllics plus w/p ... . .. 179.84 
HERCULES lnc3tor Bo.aid . . . • ... ... ... . 299.00
TAXAH MONO RAPHIC W/p . • . . . . . , • a.Oil 


llONOCHROllE MONITORS 


AT&T Monochrome Moni1or . ...... .. ...$1f.&_i\

AMDEK 311lA/ 41~ . .. .... .. ... 129.99/ 4 
AMOF.K 1280 ... ... ...... . . ..... .. . .. 679.71 

CO MPAO monocnrome moni101 •..•• . ••• 188.4li 
IBM PS2 8503 .................... IN SlllCK 
NEC MulUsvnc._GS L ' ... , .... . .. . NEW MODEL 
PGS MAX 12E 111110., co101 • .• • •.. ••• .• 139.40 
PACKARD BELL Green or Amber . ... .... .89.95 
TAXAN 123 Green / 124 Amblf .•. 119.50/ 124.05 

COLOR GRAPHIC MONITORS 

AT&T ColOr Monitor .. .. ...... .. ... ...S543.6fs 

AMOEK colOr 60ClT I n2 . .... . . .349.24/ 444. 9 

IBM PS2 &512 Color ............. . .... 428.411 

IBM PS2 S513 Enhanced Color . .. .. . .. .498.211 

SAMSUNG RG8 Comp .. • . ........... 238.&a 

PGS HX·12 Plus . ........... .. ... .417.15 


VGA & EGA PRODUCTS 

~ 5251-11 Plus. ,.... . ..... . . ... .. . .. S619.04 
EVE REX 120081 2.wB . ... .... . lflg_!ICI/ 199.60 
HAYES 1200/ 12008 ........... 289.60/ 21!.2.0 
HAYES 2400 I 24008 .... .. . ....424.88 / 37t.65 
IAMA 3278 / 79 Courier .. ...... . .. . .... 695.17 
TOSHIBA 1200 Baud •••••••..••.......Z74.73 
US ROBOTICS 12008 HAYES comoal • . .• 108.45 
US Al!BllTfCS IZOO Extarttal .. .. . . .12a.10 
US ROBOTICS 24006 .... • ... • ... • . ... 199.711 
VEN·TEL 1200 lnl. Hall Card . . .. . ...... 194,50 
VEN.TEL 1200 Plus " ' I '~ .... .. .. . . .. .2:28.88
VEH·ffi 2"400 In!. nil ~1111 . . .. . . ..... 2!19.10 
VEN·TEL 2400 htemal. .. . . ........ . .. 389.44 

ST'?fO' )r''lal4:11;s: 8 MI ii 
8087·2/ 80 t ... ... ... .. ..~ 1 ,n
80287·6 I ·81:13,·2(J • • . • • •174.30 I 1I339.25 

1n~IO .~ 3=1~ ~·ii 1'U4J k\Jif~ PL.°'::ir.1 
• • .• bid 

KE NSINGJON Mas1erolece • •M ••• • ••• ••• ' 99.99
KEHSINOTUN Mnllrp1tc1 ~•US . . . . . .. flUO 

KEYTADNICS 5151 IBM 01 AT&T .. ... ... 149.95 

KEYTRON ICS 101 . . .... .•.... ...... .• 104.85 

OUADRAM Micro faiers .. . ..... . .. . .. .140.40 


'tJt'~bwur~ igf~~,.~1.s ·"·. """ .. u
M '' • i2 ~j t13;c11 4 y p1 .t.J W 
PEAMA POWER 6 Outlet Surge Supp. . .. S29.411 

TRIPPUTE 
BC-450 ..... . .$419.73 LC-1200 ... . .. $136.85 
BC.1200 .......748.55 LC-1800 .... .. .189. 75 
4 Outlet ...... . .44. 25 

DATASHIELO 
500 Wan .. . ..$560.05 1200 Wan .. . .S994.75 
800 Wan •• . .• .638.50 6 Outlel Sur , •. 27.85 

HEWLETT mKARO 

HP7440A . . . •$968.30 
HP7475A .. .. 1417.U 
HP7550 .....2926.56 
HP7570 . . ... 3931.20 
HP SCAN JET ••.SAVE 

H U N 

INSTRUMENTS 


HI DMP-42 

HI OMP-52 


HI DMP·52MP 

HI DMP·56A 

HI DMP-61 

HI DMP-62 


l'ta<O Pert.a < l 5· , <Jlo S19910/2'U 90 HIGH VOW ME
OllaJ.e Ml• 5'\13"' .. 399 Oll/424 00 
Lour; I 2·3 5'4!3.,., 305 OllJJ27 00 BIDS INVITED 
Par1aox v'"'°" 2 O . . . l99 oo 7JO Anthony T'nulVMIUrl Soll'wCift VerSIOll I 1 . . . . . . . .499 00 
MICROSOl1 l't!Wtl Vt~n < .243 SO Northbrook , IL 60062 

FAX·A-BID (312) 291-1737 

http:wlp)188.75
http:15ti9.09
http:s:m.111479.17
http:S1519.IU
http:29911.50


FULL 


Let CPT give you the total view - today. 
Upgrade your PC XT, or AT-compatible 

computer with CPTs full -page cLsplays, at a price 
far lower than you might expect. For more 
information on how CPT can expand your 

display-horizons, call 1-800-447-4700. 

~=== 

~--. 

More Than Offjce Automation . .. Office Productivity 
PC. XT .. ,..:{ A'T Jif'P lf"admu.rb ol lnlnnalDYI Buuno:t 1\1.Khma. IM 
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than it would be to a hard di k. In addi
tion, DESQview has a trick whereby it 
can get 64K bytes of itself into extended 
memory . Running DESQview with ex
tended memory is a heck of a lot better 
than running without it ; but ex1ended 
memory is slill less useful than EEMS (or 
UM/EMS 4.0). 

To further confuse the issue, programs 
like Above Disc try to use software meth
ods co fool your machine into thinking 
that extended memory i · really expanded 
memory. None of these programs can do 
more than tum a block of extended mem

ory into the early version of LIM/EMS; 
making the machine think extended 
memory is EEMS is impossible. To ger 
EEMS capabiliry, you have 10 u ·e some 
hardware. 

These programs don't alway work; in
deed, those that do work don 't work all 
the time . A. an example, I used Above 
Disc for a while before I converted to 
DESQview. 

One program that is supposed to know 
how to use the early ver ion of UM/EMS 
(as welJ as EEMS) is Living Videotext's 
Ready !; about half the time, though, 

Ready' would load itself into the ex
rended memory 1ha1 Above Disc was rry
ing to turn into UM/EMS-and about 
half the time it wouldn't. I never could 
see any reason for this; maybe I didn ·1 
hold my mouth right. Eventually I gave 
up on Above Disc . 

The LIM/EMS 4.0 standard explicitly 
states that it cannot be emulated in soft· 
ware . That doesn't mean some hacker out 
there won't be able to do it. It does mean 
the big boys won't support it. If you want 
to expand your sy tern' s memory. you 
need LIM/EMS 4.0 boards. AST boards 

-------------------------------. work fine. 

Enter the 386 
All the above applies only to PC, XT , and 
AT machines. It' all different if you have 
a 386. The 386 machines have memory 
management and know how to address a 
lot more than the simple 640K bytes that 
the PC. XT, and AT can find . 

In practice this means that if you have a 
386 machine. there doesn't have to be any 
practical difference between extended 
memory and expanded memory ; the 386 
i · perfectly capable of operating with 
either, or both. DESQview on the 386, 
for instance, can not only swap programs 
into extended memory, but ca n also run 
them from there. (You' IJ need a 386 
memory management program ·uch as 
Quanerdeck's Expanded Memory Man
ager 386 [QEMM). but that 's a detail. ) 

Unfortunately. thi i n·1 quite the 
whole story . The 386 is a 32-bit machine 
that can also do 16-bit operations; and it 
has both a 16-bit bus and a 32-bit bus. So 
far a I know , everyone who makes 386 
computers makes the 16-bit bus conform 
to the IBM PC AT bus tandard (except. 
of course, machine that use the new IBM 
Micro Channel bus; but let's confine our
selve only to AT compatibles for the 
moment) . 

On the other hand no two manufac
turers seem to u e the same 32-bit bus 
structure . We have one bus by Compaq. 
another by Cheetah , a third by Zenith, yet 
another by Intel, still another by AST. 
and there are probably more. 

The result i that if you want to add 32
bit memory 10 your 386. you will prob
ably have to buy it from the company that 
made your computer. There are excep
tion ; some machine can use two Chee
tah 16-bit memory boards chained to 
make them 32-bir. Certainly the new 
Cheetah 386 motherboard can do that . In 
general. though. to get 32-bit memory 
you should go to the manufacturer of your 
386. 

The good news is that you don't really 
have 10 use 32-bir memory. The 386 chip 
i smart enough to know what kind of 
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memory it's dealing with, and when ii 
needs 32 bits of data from a 16-bit mem
ory board, it automatically doe two 
reads. Of course, that takes longer , so it's 
much better to have 32-bit memory, espe
cially if you happen to be doing computa
tion-intensive work like CAD. 

You can also mix both 32-bit and 16
bit memory; I have 2 megabytes of Kay
pro 32-bit memory in my Kaypro 386 and 
another 2 megabytes of Cheetah 16-bit 
me;nory addressed above that. I don't 
often fill the machine with enough pro
grams that it needs that extra memory, 
but once or twice I have; and while the 
speed difference was noticeable. there 
weren '1 any glitches. 

What J was doing at the time was using 
Crosstalk (under DESQview) to commu
nicate on BIX · keeping SideKick in its 
own DESQview window; reading a Q&A 
database in another window; and doing 
some writing with Q&A Write in yet one 
more window. Then I got a sudden urge 
to look in on a game I'd been playing. IfI 
hadn 't had those exlra 2 megabytes , I 
wouldn't have been able to do that. 

Genera!ly. though, the Kaypro 386 
with 2 megabytes of 32-bil extended 
memory is more than good enough to let 
me communicate, write, keep my calen

dar, get at my memory-resident unit-con
version programs, and do my writing. 
What I've been using to manage this is 
the combination of DESQview and 
QEMM. Doubtless other combinations 
would work, but I don't guarantee them. 

For instance, I've had Microsoft Win
dows/386 for a couple of weeks now and 
I understand it's pretty good; but DESQ
view cenainly ain't broke, better is the 
enemy of good enough, and I don't have 
any real reason to expect Windows/386 is 
all that much better than DESQview any
way. I' II get to Windows/3 86 when I get a 
chance, but I'm in no great hurry. 

Logitech Does It Again 
I like mice. As is the case with most 
touch-typi ts , I don't like them for writ
ing, but when it comes to editing they're 
very handy. I've also got accuslomed to 
using the mouse to control Microsoft 
QuickBASIC 4.0 and in a number of 
other contexts , including DESQview , 
which adapts very nicely to a mouse. 

I've alway preferred the Logitech 
three-button LogiMouse. I suppose that's 
because my first exposure to computer 
rodentia was on Niklaus Wirth's Lilith (1 
miss that machine a lot). In the Lilith 
scheme, the middle button of the mouse 

calls a menu, the left button does some 
kind of action, and the right button gener
ally cancels the action or changes modes. 
This seems intuitive to me. 

Of course, you can get the effect of 
three buttons on the Microsoft two-button 
mouse (i.e . , by pushing both buttons at 
once), and a lot of people prefer the 
shape, heft, and feel of the Microsoft 
Mouse to Logitech's. There are even 
some people who like lhe Macintosh 
scheme of using a one-button mouse with 
double click , shift clicks, plat-key dou
ble clicks, and so forth. I suppose it's all 
a matter of preference. In any event, I've 
always been fond of the LogiMouse. 

Lately, though, I've had becter reasons 
than mere preference. 

First, there's Logitech' Point editor. 
which is a terrific utility. For people who 
just need an editor to manage their y 
tern-to change AUTOEXEC.BAT and 
CONFIG.SYS, make batch files, and 
suchlike-it' a near-perfect replacement 
for EDLI , because it' s full -screen. very 
intuitive, and also has an extensive help 
menu_ 

The only nonintuitive feature of Point 
is that Replace i found under the Edit 
menu. rather than Search. Most U.S . edi

cominued 
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tor programs make Search and Replace 
part of the ame operation, but since Re
place changes text , while Search doesn't, 
you can also argue for the Point organiza
tion . Besides , if you remember that 
anomaly, you'll probably never need to 
use the Point manual . 

Point doesn ' t have all the features of 
YEdit or Brief, but it has most of them; 
and ince I never remember how to use all 
the features of those other (excellent) edi· 
tors , it hardly matters. People who do a 
lot of programming might want to look 
further , but Logitech' s Point i darned 
near perfect for the rest of us, and I know 
ome very experienced programmers 

who prefer it to any of the others . Point is 
a great bargain, since it come as a bonus 
in the Logitech Mouse with Plus Soft· 
ware·package. · 

I'm also fond of Logitech ' s Publisher 
Mouse package ; it ' s still the easiest intro
duction to desktop publishing I've seen. 

ow Logitech has taken the next step: 
they make a half- lot board that upports 
both EGA and their mouse . It's called, 
unsurprisingly , the EGA&Mouse board, 
and it also has a light-pen connector. The 
package comes with the Plu Software 
(including Point) ; EGA support soft
ware , including a program that deter· 

mines the date of your system 's BIOS 
ROM (any ROM manufactured before 
October 27 , 1982, can ' t support EGA, 
and you ' II need new ROMs to use theirs 
or any other EGA board) ; and the Paint
Show program. 

PaintShow is an EGA color paint pro
gram with several fonts , including math 
and engineering symbols . I haven ' t had a 
chance to compare it with, ay, EGA
Paint 2005 from RIX SoftWorks; but cer
tainly PaintShow is capable of some 
really nice graphics. I'm very fond of the 
RIX paint programs, but, realistically , 
PaintShow is good enough for any color 
graphics I'm ever likely to do . The code 
isn ' t provided, but there are ways to glue 
PaintShow pictures into Modula-2 pro
grams. Printer support is provided. 

To top it all off, Logitech offers the 
Autosync Monitor, which can switch be
tween TTL and analog inputs. ln EGA 
mode it has sharp resolution and a nice 
crisp picture. There are full controls
horizontal and vertical po ition, and 
hold , brightness , and contrast - and 
they're set at the right side of the moni
tor, where it's easy to get at them while 
looking at the screen . Alas , many moni
tors have those controls at the back where 
you can't reach them, or on top where 

they neatly put your arm in the way of 
your vi ion when you tr y to make 
adjustments . 

It 's a bit hard to "rate" monitors ; at 
least it i for me , since I don't know much 
about them . All I can say is that this Logi
!ech monitor is as good as any I 've seen in 
it ize. It 's a bit small for me , given my 
eye problems; r till prefer my 19-inch 
Electrohome and Intecolor monitor . 
The fact is , though, I could live with the 
Logitech monitor, and I suspect most 
people won't ever need anything much 
better . The only odd thing abou! the 
monitor is that it looks rectangular. 

Now, all EGA monitors are rectangu
lar; at least all of them in this house are. 
I confess that I hadn ' t noticed that before; 
but when I uncrated the Logitech moni
tor, it was so visibly wider than it was tall 
that I measured it: 8 'h inches tall by 
11 inches wide . Then I mea ured the 
others . The NEC MultiSync and the 
Zenith EGA are both 8'A by 10 ~ inches , 
while the Zenith FTM monitor is 8 by 
10~ inches. My Electrohome 19-inch 
monitor is actually 11 'h inches high by 
15 inches wide . 

Of the mailer monitors , the Zenith 
FTM has by far the crispest images , and 

co111in11ed 

The Word Is Out: 
Send Protected Data 

Over Any Modetn. 

The Word Is Out. 
N ow you can secure your PC data files and keep 

modem transmissions completely private. With the 
Data Sentinel hardware key from RainbowThchnologies. 
And without passwords or modem-matching. 

Simply plug the Data Sentinel into your PC's 
parallel port. Then follow the easy step-by-step menu 
to encrypt and compress your data files . Which can be 
opened only with a duplicate of your own personalized 
Data Sentinel key. 

Up to now, it hasn't been easy to send secured files. 
You see, 'old' modems don't encrypt or compress data. 
And while 'new' ones can, they can't send the secured 
data to an 'old' one. 

But to the Data Sentinel, that's a piece of the past. 
Because as long as your old-old, old-new, new-old 
or new-new modems at each end are compatible, 
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Data Sentinel-secured data can be transmitted. You can 
even send secured data to electronic bulletin boards and 
mail services like CompuServe and GEnie for a 'pickup' 
the next morning. And ifyou're not transmitting, 
you can use your Data Sentinel to protect your own 
personal files. 

All of which ties up a lot of very loose ends. Very 
quickly. 

The word is out in data security. And the word i 
Data Sentine l. 

Data Sentinel-How It Works. 
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386 SOFTWARE 

DHlhlt"' O""'"'do 
Mic,..,1rt:- Co..,J.c. 
Ml Wl..-.W3ll , Mrcrosol L 
Vll!lH, IGC 
ICO XENIJl.C_I_ 

s 109 
679 
129 
185 

1195 

Or..e.ritft1, Cruruw..-o Ap,Nc 
l.11..,.d1J Gr-.,fllkt 
Gr.,MC, SOftw.,. EndeilM:ln 
OSI Cn.p.Wc• Dn. Taoltit, Sortwsr-e 

EruHtllYOl'S 
HALO, Mlldt~ Cybtmellc$ 
HOOPI, ltlwlo>l Softw~ 
llkUWJNDOW. M1"'11'""""'5 
lllouWINDOW PlUI 

109 
189 
319 

375 
209 
319 
158 
m 

Software Development Tools 
ASSEMSLERS COBOL 

ADV&NTA.GI D1 ....1..-l•r. lifeboat 
Ml<rototL MAIM 
DPTASM, SL~ Symt.etT1' 
Pn•U.~l. 

279 Milcre '•cw P~u 
99 Ml COIOL. MID"O•oft. 

169 RHI t COIOL 
'1S RlilJCOIDL, .Auat.ec 

S CALL 
••9 
785 
759 

P.rhcept U 
01Hl!A Pu·lsc:o,. p,..~htcu 

M\INiitH Trec•ll, Morpn C~tJng 
lr1..111t1t, Essen.tW 
roo., PLUS '114.0. Turoo """"'Sol,,..,. 

• l lOURcl 
Pfb.llphl1. Ph0ent:1 

EDITORS 

5 139 
CALL 

119 
89 
39 
79 

209 

Tw•o WINOOWIC 
Twff HALO "'°'"'' CJ, Motba Cybemetcs 

OBJECT - ORIENTED 
ACTOR , WMe \\jiw er...o 
ADVANTAGE C • + , Lt lll>ol<. 
Pf•rC• ++' Phoenl• 
1...nuruv, o., 
l•allUlllVZH 

79 
79 

419 
479 
215 
85 

169 

BASIC PASCAL lltllF, Sok!WWI Syst AJ"M S CALL OPERATING SYSTEMS 
, • .......,. ~ twart Bot.u.-i9 Ca 
Ml O.fclUllC 
O.icllP.... Cre"'*1t Soh...-...·illl'I! 
T IA&IC, 1'an1Ero COl1l-hal<·-,..,... IHlc THllMu.H. Bonl!nd 

aznc ~....rc1a1, MM & 
e.!My. G.mpol 
L.-ik• c 

m.lu•ce 
Mlcro..nc 
auk•C. Mrt:rWQfr. 
hrM C, Borl.llt'ld 

s 79 
SS 
59 

445 
69 
69 

CA LL 
$ 229 

2'09 
499 
2ll5 

B5 
65 

PASCAL LIBRARIES llURBOl 
TwM Pnul Oew, LJ•.. Boriand 
...t.rHJU 01ti1 Acti. TOOLS, 01.11'W'1..CurtAi 
TiwM Pai1e .. I 6. I THll, Oull'W'l-Cunis 
TltrM HALO, Medi• C'l'Ofl!mttlCJ 
tilrh M.ACIC , Sopf\icCJCWtd Soft.wan 
fll•.. &IYNCH PLU I, 01<>.. r.,... '9tnt THI• Pl\111, Bloise 

M0DULA·2 

$ 189 
CALL 

59 
545 

s 28S 
119 
es 
69 
99 
99 
99 

•1'1AllF 
IJllM, ~ Ttc""'°'Jv 
EMACl. Llnoor'o..
1,....... l..Ug.,,, 
UDIT, Mofts1"'4 
Lii , L.ettJce 
MULTI·EOIT. A""""'°" c,......,.<>to
PCfHlt, BDl!it.on Buuutu CDmPUt.mg 
Pnii11te, PhOlo~'" 
IPFIPC , Comms>O ToclvDogy 
VfOIT PLUS, CM.puV
XTC , VNlidin 

FILE MANAGERS 

lvln•. Sot u:r~fc. 
X.lrilYt 

CALL 
165 
2Sli 
149 
99 
99 
69 

229 
115 
185 
129 
79 

105 
1a9 

~'oro::;.:,~.: v 
Wu4IHIOS 
OU..r- Mk:,.,.l't. ICO. WH& PH•.cu 

SCREENS WINDOWS 
g,._._.,,_. o... WIN... 
M9 WIHn•. M..:roJlfllt 
Ml WI.-.. On. lit.. Micro!Hllt.. 
MNl!t. Pt.. . l1lllrboeL 
PANn roe ., ITT 
ViU.ili C. C.reov... Prognmnwi9 
WJM..-a t•r D-.., Vermcrnt C"otNe 
ScrnftltM .JN111rce, EHe-nwt 
S•ftC•ll•, So ttWBrn DalLl.-ig Cc 

$ 469 
995 

79 
CALI. 

$ 155 
Sli 

319 
395 

99 
1~~ 

CALL 
169 
109 

C LIBRARIES 
C TOOL$ PLUS 5.0. 81 ...e 
C Utlfit, Uionrr, E._,"81 
flt....U.J C•-nicat ·H11 
Gre•11111 c ...,.,,. 
Gr"llnl•.t C••• Ultr•ry 
c,.uluf F•tdt•f 
Pf•rC•, Ptomnt.1.. 
T1..I ICirt, lJferoat. 
...... C TOOU, 8'-11 

~ 99 
25 

125 
69 
25 
25 

215 
279 

99 

LOGITl:CH M••••·:i 
c.,_,R•P KIC 
Oitn1•paH1. lpt.nl 
~~ 

SOLID . .. r..1t111., Advaf'IL_f'd Slfli 
IQ•ylrH~ MHul•·2 

• IUllhl.ln .. 

386 DEVELOPMENT TOOLS 
111-MH. Ou1r..t.H 

~ 

~L.tii 

S 

79 
199 
1~ 
89 

169 
299 

65 

R.,1n. Ope.lea 
CllHE, P.""°"k s,.i.m 
.e~e . .-.=~ 

r-t.ni• 
41C Ill. Lm>« 
lll•C llUU WJH.-n;:• 
~IC Ill PLUS 
..._VISTA OR 111 .OUfRY, Ratrnil 
XOl.. Softi:rah. 

GRAPHICS 

109 
139 
315 
239 
169 
359 
585 

CALL 
5S9 

s 229 

OTHER PllDOUCT5 

PUollll>loo. Pt.oe.... 
..,.C, Phoenn 
PC H•t.. G1mp11I 
IH:S THlllt 
Oa lrielk.11:11'1 D••• P~l'Mll. 
Soft~~n 

SellT'IO• Print.. AIOeti......, Lac;. 
Tf'H DI ..,....,, ru.deber-1111 L~ 
P91yt.rM PVC!i COIPG•aJE.. 
51i1Dl. V.tt•u llHtfllr 

s vs 
159 
159 
t15 

59 
7~ 
69 

329 
CALL 

Science & Engineering Software 

bpr. 2.1 $2.179 LAICAUX 1000 C1lc•llCM" 
AtyH Mlfilll , , Z,:J 1,989 ~"4••• GrlJtllh PC.Uatld, The Mlln ~ •3 19 
brat. M1tl•JH 1, Z,4 1.989 LliurCAO. OSL l.Jnk 89 C.111tNI SVIUM THINr 
Alwn Mt41hdtt 1,a .809 PRO·lD/PC , Enotilmg feciYloliogie. 355 ly1t•• I b THIH1 
Aliw•t..ut. Plu -. , Macminan 849 POINT FIVl, Poc1fc CrHLr....cAo, MSA ~ 79 

_ ..ATM, Soft V'livl!to..u ISli T :lac:1. Wtf'4 PNC., fCI Soft.W.rtl AH 499 n. p,..,...11ul WftHI. Oatin Inc 199CIRCUIT OESIGN SCHEMATIC CAPTURE 
S.hrtlT!. S~<tot't'CI SC1tnt.1hc Sor-.......,.. 79 U•lu , C.,,t tt T1d'tn~ Soll 25 

HiWfAt, Wint.t.'I: Corp ~ 849 ..IYe...O. SDDC 79 
759 	 STATISTICSMlt•O..CAP It. 5JHtct.rum SOf tw.ore TKlh,._,,, Pl.vs, Uni ~ (ech SVtl 395 
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text on that monitor look · larger than on 
the others, although I think that must be 
an illusion; but the Logitech monitor ccr· 
tainly more chan holds its own against the 
others in its class. 

Naturally. the monitor works very well 
with the EGA&Mouse board; and ic had 
no trouble with the oucput from Orchid , 
Zenith , or Kaypro EGA boards, or with 
the Paradise CGA board. 

If you 're looking to upgrade your sys
tem. you really ought to look into chc 
EGA&Mouse package. I doubt you can 
get a first-class mouse, monitor, EGA 
board, ucility editor, and paint program 
for anything like che price. Thi i 
recommended. 

Modula-2 vs. QuickBASIC 4.0 
The ocher day I told some friends I was 
doing a new programming project. Given 
my upport for Modula·2 , they all a • 
sumcd I'd use that, and a couple of chem 
were shocked when I admitted that I was 
using Microsoft Quick.BASIC 4.0. 

There are several rea ons. The main 
one i thac I'm working on Roberta' · 
reading program, and the original wa 
written in Microsoft BASIC; it would 
cake me ac least a week I don 't have to sit 
down and translate the whole program 
into Modula-2. 

ow, true : over the long haul I'd still 
in theory save time, since Modula-2 pro
gram are just so much ea ier to add to 
and maintain than ever was any BASIC 
program; but the practical bottom line i 
that I'm doing Roberta' s job in conjunc
tion with a dozen other projects. and 
translating from BASIC to Modula-2 
would require me to si t down and work 
teadily rather than adding line by bit 

and snatches the way I do now. 
II did get me to thinking, though. 
The real problem with Modula-2 is not 

under canding the language and learning 
yntax. Modula-2 really is a great deal 

ca ier to learn chan BASIC once you sec 
you r mind to it. No: the problem with 
Modula-2 is that ic doesn'c have all the 
neac little buih-in tring-handling func
tions that BASIC ha evolved over the 
years. 

As an example. the other night I a kcd 
Dave Moore, the author of Workman ' 
FfL Modula-2. how I would position the 
cursor on the screen so thac I could print 
some word al a particular location. Dave 
took the FTL Modula-2 manua.I and be
gan looking thing. up. I knew that he 
wouldn't find it in either the index or !he 
table of contents, bccau e I'd already 
looked . 

Afcer a while I said, ''You can do thac , 
of course?" 

"Of cour e," Dave aid . "I know how 
to do it , I'm just trying to cc how anyone 

would find out if they didn 't already 
know it ' a roucine in the Screen IO mod
ule, or that the command i GoToXY. •· 

I don't think he ever did find an 
answer . 

A couple of days later I was calking to 
Picrluigi Zappacosca, president of Logi
tech. Logitcch make mice, of course. 
but they're also known for their Modula
2 compiler. which has the bes! debugging 
cools of any language I know. If you're 
designing a language implementation and 
wane 10 ce a good debugger in accion, gee 
Logitech Modula-2 ; you'll learn some· 
thing. 

"The problem with Modula-2." I aid . 
"is 1ha1 ic' missing all the odd little 
tring routine thac BASIC is so rich in . 

Things like LEFT$ and RIGHT$, and 
LTRIM$ and RTRIM . MID$. one of these 
i particularly difficulc to wrice in Mod
ula·2 (or in Turbo Pascal for that matter); 
but at least in Modula-2 ii hasn't been 
done. and ic's noc always so simple to fig
ure ouc a good way co accomplish them." 

That goc me co thinking. Whal Mod
ula-2 needs is a book oriented coward 
BASIC programmers. There are a lot of 
BASIC programmers out there, and many 
have learned chc evils of GOTO, unde
clared variable . and ide effect . lany 
are ready to wicch , providing that 
switching won't be too difficult . I suspect 
f'd have translated Roberta ' program 
from BASIC to Modula-2 a long cime ago 
if Modula-2 had the Iring-handling tool 
BASIC programmers take for gr,rnted . I 
sure wi h omcone would write up a li
brary of such tool . 

Maybe one day I'll do it. 
Until then. though. I continue to use 

QuickBASIC 4.0 for mosc of the quick
and·dirty run-once program like texc fil 
ter ; and I continue 10 wi h I'd done them 
in Modula-2 after I wricc them. Sigh. 

It' Gorgeous 
CD-ROM technology L here , and it 
work . Microsofc Bookshelf running on 
my Amdek Laserdrivc has already proved 
invaluable; a I predicced, I now tend to 
use some of the reference book I've had 
all the e year . It's very convenient just to 
pop thing up on the creen. 

The reason che CD-ROM hasn '1 really 
cakcn off is the usual chicken-and-egg 
problem : there aren '1 enough reader be
cause there i n 't enough oftwarc, and 
people aren't developing the oft ware be
cau e there arcn '1 enough CD-ROM 
drive out chere to make che markec big 
enough to ju -cify che inve tmenc. Time 
will change all that; I confes it's going 
lower than I choughc it would . 

ASA 's Jct Propul sion Laboratory 
(JPL) may help speed the process. I 

comi1111ed 



We liked UNiock MasterKey, ' ' 
•COPY PROTECTION 


RUN YOUR PROGRAM ON ANY HARD DISK 

UNLocK MasterKey Removes 
Copy Protection from 
140 PC Programs 

B+ and D+ ... and more than an 
additional 100 programs. It is in
tended for the u er who wants 
the best and most comprehen
si ve co py-busting program 
available. 

MasterKey has the ability to 
break more than 140 specific 
menu listed programs. ln addi 
tion you can take protection off 
programs not listed in the 
menus by using generic routines 
for the PROlok, SUPERlok and 
EVERlock protected programs . 

With UNiock Ma terKey an 
analyser will tell you if the disk 
is protected by either PROlok or 
SUPERlok, so t hat you can s im 
ply apply th e proper UN1ock lib
erating routine. Even many pro
grams us ing hardware protec
tion schemes can be unlocked. 

While other copi rs will make 
copies of some programs, only 
UNloek remoues copy protection . 
Backups don 't require tedious 
uninstalls, and reorganizing 
your hard disk doe 't r ul t in 
your software calling you a thiefl 
To order call 1 -800-42~ -0772. 

from TranSec Systems, because 

it doesn't copy software, 


it removes copy protection 

and that's what we want. 


We also liked the speed at which 

it removed the copy protection and 


the informative documentation 

that accompanied the package. 

UNiock MasterKey is simply the 


most elegant of those we tested and 


is well worth its $159.95 price. 
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UNiock MasterKey ' ' 
EDITOR'S CHOICE 

OVEMBER 24. 1987 

JA ARY 12.198 • PC MAGAZINE 

BEST OF 1987 AWARD 
UNiock Ma terKey 

For 1987 PC MO{/tulne.. aul.bono and cd.11.o..,. chose lhc m.,.I 
significant contribution.111 and mot!lll (u.vore:d products of the 
year. They called UNloe.k Ma.1t<>rKey wilocklng tool.o llr.1: 
u.ltim..altt ~uolUer f or ~moving copy proltttion . 

Guaranteed to wor11 only with listed progn1ms: 

The new UNiock MasterKey 
"copying" disk by TranSec and 
best selling UNlock Albums A+ 
and D+ allow you to quickly and 
easi ly make unprotected DOS 
backup copies or more than 140 
popular original PC progra ms. 

Your original disk is un
changed and the unprotected 
backup copies perform exactly 
the same as the original , a do 
copies of these copies. 

UNiock copies run on any 
hard disk, including Bernoulli 
Boxes. No origina l key disk is 
required in Drive A. You ca n a lso 
run on a RAM disk and conven 
iently copy DOS 5 1/4" programs 
to 3 112·· diskettes. 

•Take protection off 
programs not listed by 
using generic routines. 

• 
ew UNiock Ma terKey i 

TranSec' most comprehens ive 
copy protect.ion removal pro
gram. It unlocks all the pro
grams in Tran ec's Albums A+, 

UN1ocK MasterKey;.:ssoosh~.io !l~!s~~oo 
., unlock.a the progr.m1 In Albums "A" Plus and "D" Plus and lhOM below: 

Aldefgraf (2.2) • Autoead Etn &Wtn (2.51) • Bancstar •Baslc·2C Runtime Package (2.00.04 
& 12112186) • Balance of Power '85 • cadkey (2.11.01 , 3.01 ) • Cedvance (1.10, 1.20. 1.30) 
• Computer Aided Planning (CAP) 12115186 • C&dvance DXF Translator • CAP (3.00) • 
Chewnaster 2000 ("86) • Cour1rllc11ng System (2"2) • CP2A 15.8) •DAM Busters \86) •Dela 
Highway Diagnostics (1.3) • Database Manager n (2.0. 2.02) • Diagram MaSlef' (5. I ) • 
Dlagraph (3.3, 3.4.1, 3.5) • Discovery Litigation Support (2.3, 2.3e, 3.0) • Disk Optimizer 
(1.4, 1.5) • Erunacad (1'108) • Escriblen (2. 2.0A) • Flnanclal Analysis for Farmers (6.0) • 
Flnanclal Proflles (1.5, 2.2, 2.3) ·Fund Mastef'·TC (3.5) • GSS Arab World ( 1.36A) ·Harmony 
(2.35 , 3.00) • IBM Drawing Assistant (1.0) • IBM Graphing Assistant (1 .0, 2.0) • IBM 
Plannl119 Assistant (1.0) • ICSt lnter&cilve 10 Program (1.11) • lnte11rch (1.02) • lnsmark 
l4.03E) • lntercep1or IV (1.0A,1.0B) • Intercom 102 (2.JOS,4.14) • Kampfglllppe ('85) • 
Maintenance Analysis Syltem (4.00) • Magnatype (1.4) • Mapmaster (6.0) •Mean 18 Golf 
['86 ) • Mlnltab (5.1.1) • Mul!lllngual Scholar (2.9) •Muttlllnguat Scribe (2.9) · Paradox (1.0) 
·PBS (1.0) •PC Emulalor ( 1.03) • Pelrocalc (85) •PCATE (3.3n-4) •PC FOCUS (1.5, 2.0, 4.5) 
·PC Information System (9.21) ·PCLINK (1.0) •Pfs:Access ('84. C) • Pfs:Flle (Tandy B, C) 
•Pfs:Graph (Tandy, BJ• Pfs:Plan (Tandy, B, C, 2.00) •Pfs:Report (Tandy. 1.00, 1.00.00, B. 
C) • Pfs:Write (Tandy. 1.00. 1.01 . C. 2.00) • Picture Perlect (3.3. 3.5) • PLC-2 Ladder 
Loglltlca (2111187) ·Pluto ('84) ·Print Mastel' (1.1 P) ·Print Shop (Ear1y '85. Late '85. '86) • 
Pro-Cite (12) • OUlckM ('84) •Real CJCS (1.10) • Real Estate Appraisal System C87J • 
Redboard • Realdenlla l Appraisal Pr<>Ce$$0r (RSC) · Screenlo for Cobol (2.0) • Sideklcll 
(1.568) •Sketch Processor (S5K) • SmARTWORK (1.0 r.8·10. 1.1 . 1.2 r.3 .• 7) • Soltbol 11 
Runtime System (2.11 ) (11 ) • SOltbrldge Financial Planner (2.1) ·Spectra Business 
Systems (3.01 1 •Spotlight (1.0) •SPSS StaUstlcs for the IBM PC (1.1 ) •Star Trek: The 
Kobayashi Alternative· Superpage • Ststat (2) •Tango PCB Layout Syst&m (3.03. 3.04) 
·TangoRoute (1. 10) • Techsonh1 Dlgltlzer (2.6M)•Taylor Allen BredleyProgrammer (6.19) 
•T-BondTradlng System ('84) • Teocon1 AuthoringSustem (3.00Bela) •Toater (1.5) •Type 
1 (Broderbund)('87) ·Universal Ult Pers. Prop. System (6.4N) • VersaUle Report System 
(2.31 ) ·Video Store Manager ('86)·What's Best ( 1.1) • W~tlnghouaeNuma Logic: (2.1. 3.0) 
• GENERIC PROlok Unlocker • GENERIC PROLolk Claulc • GENERIC SUPERLok 

UNiock it •••H•ble tor IBM PC, XT, AT Ind compoU"bln with tl leHl 2561( and oos 2.1. 

UNLOCK - $49.95* 
Album "A" Plus 
Lotus 1-2-3 11.A. 1.t.·. 2.0, 2.01 1 
IBM Writing Assistant (1.0. 2.01 
IBM Filing Assistant 11 o. 2OJ 
IBM Reporting Assistant 11 o.201 
Graphwriter (4.3. 4.3.1J 
Rella Cobol 11.2. 201 
MultiUnk Advanced (302.303J 
dBASE Ill & dBASE Ill PLUS (1 01 
Framework I and II p OJ 
Chartmaster (6.1. 6 21 
Signmaster 15 03. 505. 5 11 
Fastback (5.31 
Harvard Total Project Mgrp 101 
ThinkTank (2.o, 2.11 
Dollars & Sense (2.0J 

'Add $4.00 shl~anding . 

CHOICE OF THE CRITICS/ 

t~,:!ffi~ =k~•ii:~Ji:r1~1~.riJ 
works, and works simply. I was able to quickly
produce unprotecied copies - · These copies
periormed !lawlessly, u did copies ot these 
copies: Christopher O'Malley 
BVTE "UNIOCk ... It's men!Hlriveo and 

works fine on the J!(ogram Its sup
posed 10 work on: Lotus 1·2-3, dBASE 111, Frame
work, Symphony, Paradox and several others." ORDER TODAY TOLL FREE: 

Jerry Poumelle 
I "Because C9.PY protection C8n Interfere 1-ao0-423-on2 

with the abil!ty to back up a hard disk, IN FLORIDA 3()5.276-1500busllle$S orleil1ed users may_ prefflf pro
grams like Tran5ec's UNiock series 

Winn L. Rosch CIC 
Al~~nametlftCIAcler.".orkS¥11Ns*~d~·~~ 
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UNLOC~ $79.95* 
Album "D" Plus 

dBASE Ill & dBASE Ill Plus 11.01 
Framework I & 11 11.01 
Clipper flhru win1e1 '851 
Fastback (5.3) 
Chartmaster (6. 1. 6.2) 
Slgnmaster 1s 11 
Dollars & Sense 12 01 
Microsoft Word 11.15. 2.0. 201 1 
Lotus 1-2-3 11.A. 1A·.2.o. 2011 
Symphony (1 1. 121 
Lotus 1·2·3 Report Writer 11 01 
OoubleDOS 11111 
Harvard Total Pro]ecl Mgr 11 101 
MngYour Money !All 
ThlnkTank 12.0. 2.11 

For&lgn orders $10.00 

More than 40,000 

Copies Sold! 


~ 
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haven't been much of a fan of ASA 
since Apollo day - how can it take longer 
10 design an 0-ring than it did to design 
and build fleets of bombers in World War 
n?-but JPL ha always been the excep
tion , the showpiece shop NASA points to 
when they want to look uperb. 

I never mi a chance to get to a JPL 
spacecraft encounter, and I've always 
wanted a way to get at the planetary data 
they ' ve gathered . Now I have one: they're 
puning it on CD-ROM . So far there are 
two CD-ROM di k in the Planetary Data 

ystem Space Science Sampler cries . 
Both play fine on the Amdek La erdrive; 
and they're gorgeou . 

One contains images of Voyager 2's 
encounter with Uranus: on an EGA sys
tem, they ' re terrific; on a full PGA sys
tem (Orchid's TurboPGA board and 
Electrohome · 19-inch multi ync color 
monitor) , they ' re nothing short of glori
ous. They ain' t too habby with plain old 
CGA, either . 

The other di k i a collection of data 
file from all over the olar system: 
images of Los Angeles from pace; a 
weather movie of Jupiter ; Callisto and lo ; 
Mars maps; Saturn 's rings; Titan and 
Tethy ; and just a lot more . 

The whole thing i incredible . If you 
weren ' t planning on buying a CD-ROM 
reader for Microsoft Book. helf or the 
Micro Medex medical library , get one 
just to look at these . Check with Tom 
Renfrow at JPL on availability; JPL's ad
dres i in the Items Discussed box on 
page 208. 

Short Shrift 
Thi is embarra ·sing : I have all these ton 
of things to write about, and I can ' t even 
get tarted . 

Example: the Atari Mega ST, with 
hard di k drive and Antic's Spectrum and 
CAD three-dimensional oftware . This 
package is nothing hort of amazing, and 
half the ad agencies in Hollywood are 

using Aiari Mega ST a vi ual worksta 
tion to block out their ad campaigns . 

The problem is, the package is so good 
it de erve a whole column . There ' ab
solutely no way I can cover all that in the 
space J have left. 

Then there' De kLink from Traveling 
Software. They 've taken LapLink to it 
logical conclu ion and have come up with 
a I-to- I computer-linkage system that 
u e · normal -4-wire telephone cord to 
con nect the machines, works like a 
dream with totally intuitive menus. and 
even has a "talk" feature that lets , for in 
tance, a ecretary end an unobtrusive 

on-screen note to the boss , or vice versa. 
I can u e this to link machines that are 

them elve linked into the CompuPro 
ARCNET PC network , thus completing 
the integration of Chaos Manor. I've yet 
to ee a Traveling Software product I 
didn' t like. and thi s is certainly no excep· 
tion ; more next month . 

There's the new edition of the Mace 
Utilitie , which do an amazingjob of re 
urrecting data from dead hard disks . If 
one day your hard disk reports Invalid 
Driv e Specifi c a t i o n or General 
Failure Reading Dr i ve C:, my advice 
is, don' t touch it. Leave the machine run 
ning , pick up the phone, and call Mace . If 
you don ' t have their utiJitie , buy them ; 
your chance are much better if you have 
them installed before things era h. 

Since crashes are inevitable, you have 
to be braver than I am to be without the 
Mace Utilitie . 

Mace aJso makes program that fix 
problems with dBAS E files; once again, 
if you find you've lo t valuable dBASE 
data , don 't do a11ything until you ' ve 
called Mace. 

Incidentally, if you're cared to try re
covering data yourself, Workman and As
ociates have made quite a reputation by 

getting data off suppo edly dead hard 
disk . My son Alex ha become a Mace 
fan. He al o ha other tricks he won ' t tell 

me about . They ·ure can find data every

one thought was lo t. 


TurboTax 

This column will be out just when every

one has to face their taxe . 


My bookkeeping ystem runs under 
Concurrent 286 on the Golem, my big 
C rnpuPro machine . I wrote the oftwarc 
a long time ago to conform to what I 
learned from Accounting 101 textbook : 
it eems to be flexible enough to take care 
of my busi11ess tax accounting . 

Filling out the personal tax form i 
omething el e agai n. 

In years past I've relied on MaclnTax . 
partly because that program will print 
everything, form and all. ChipSoft · 
TurboTax. on the other hand , required 
you to u e a normal IRS Form 1040 in 
your printer, and I have 11ever had much 
luck at getting any printer in the world 
lined up well enough to put its output into 
lit1 le boxe and quared ; certainly , I 
don ' t think l can do it with a 1040. 

This year, TurboTax will print the 
1040, provided you have an Epson- or 
IBM Graphic -compatible dot-matrix 
printer. I don ' t have one of those, but 
they aren 't hard to come by for a few 
hours, and that's greatly preferable to 
trying to get things properly aligned . 

I haven ' t used TurboTax before, but 
I've heard good thing about it. The man
ual looks complete and , given the ubject 
matter , relatively easy to use-although. 
face it , even with a computer things are 
going to be complicated thi year. It '. 
also available as I write this , which 
MaclnTax is not. 

I can't trongly recommend a program 
I haven't actually u ed , but Turbo Tax 
look like the one I will u e . 

Winding Down 
I'm completely out of pace , and I till 
haven' t touched all the good tu ff. 

conri1111ed 

Custom Imprinted Keys, Keytop Shells,

Snap-on KeyCapsM Labels
, and KeytopM 

Available in arainbow of colors for IBM and most other keyboards. Produced to your exact specifications by our 
competent engineering staff and precision Imprinted for wear-resistance and compatibility to your present 

keys. Hooteon keyboard enhancements also Include keytop kits,keyboard protectors, Individual key 
lockouts, vinyl templates, keytop expanders, plusmuch. much , (602} 634 7515 
. more. Call or write for our free 1988 Catalog today. 

. .. FROMTHELEADER IN 1~on 
~ KEYTOP INNOVATIONS 
~ - CORPORATION 

P. 0 . BOX 201, DEPT. BYTE 
CORNVILLE, AZ 86325 

" 

206 BYTE • APRIL t988 Circle 125 on Readu Service Card (DEALERS: J26) 



~~1Y£CE1 C"' FOR MICROCONTROllERS

A ~J.HROUGH IN SPEED AND QUALITY 


Introducing ;\.vocet C" Fast opti
mizing cross-corn,pilers that can cut 
microcontroller d,eveloprpent time in 
half-without sacrificing code quality. 

.From co~cept to code 
m.a fract\0\1 of the time. 

Programming in C lets you concen
trate on end res\,\lts, not annoying 
details-so you get more done, faster. 
And rapid compilation takes the frustra
tion out. But for microcontrollers, you 
need more than speed. You need tight, 
high-quality code. 

That's why we spent two years 
field-testing and perfecting Avocet C for 
both peed and quality. We built in 
three separate phases of optimization
for object code tight enough for real 
applications. And we integrated Avocet 
C with an assembler package that's 
mature in its own righr-not an after
thought. So you can still work magic at 
the bits-and-bytes level. 

Avocet C saves you time in all 
phases of development. Our nm-time 
library is extensive-no need to write 
the routines yourself. You'll arrive at 
bug-free code faster, thanks to LI I-like 
type checking. And your program's use
ful life is extended, because you can 

Testing is easier, too. Avocet C i~ 
ANSI-s~ndard-so you can test generic 
parts of your program with host
resident systems like Microsoft Quick
C" and Codeview'." And when you're 
ready for hardware-specific testing 1 

Avocec's AVSIM Simulator/ Debugger 
tests microcontroller code right on 
your PC. 

An excellent value. 
Just $895 buys Avocet C for your 

favorite chip : Intel 8051 or 8096, 
Hitachi 64180 or Zilog ZSO-with more 
to follow. And Avocet C includes the lat
est version of AVMAC-Avocet' super
fast, professional assembly-language 
development package. (Ifyo1lre already a 
regi51£red AVMAC owner, youcan upgrade 
/iJ Avocel Cfor only $595.) 

The best technology
responsive, personal service. 
~vocet offers a powerful, compre

\lens1ve approach to microcontroller 
development. 

Avocet developmem cools put the 
most advanced technology at your 
finge~tips. The Avocet staff stands ready 
to give you complete supporr 
including technical assistance-on a 
moment's notice. And we'll ship your 
prder in 48 hours or less. 

Call 800-448-8500.Discover how 
Avocet can speed up your next project. 

Avocet Systems, Inc., 120 Union Street 

P,O. Uox 490AP, Rockport, Maine 04856 


•11, Maine, or outside U. .. call (207) 236-9055 
TLX: 467210 Avocet Cl, FAX: (207) 236-6713 
© 1988 ..\\'OCtt S)~t'm.s, Inc All nghts n"j("f'Td Q1uck·C .iind Cockncw .irt' 

1ndcnu1tu ul M~1 ~~ 11nd 1~nr.c ~c~ .11n: 1eglt.«'r«i 1ndenuN 

of .\>OCtl S)Sttms. In<recompile for other target chips. 

AVtJCET 
SYSTEMS, INt:.C• 

THE SOURCE FOR QUALITY PERSONAL EVELOPMENT TOOLS. 
Circle 28 on Rell((tr Senict 
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Items Discussed 

Amdek Laserdrive . ... .. . .. . . ..... . . $995 

AmdekCorp. 

1901 Zank.er Rd . 

San Joe, CA 95112 

(408) 436-8570 
Inquiry 934. 

DeskLink ..... ... ....... . ...... . .. $169.95 

Traveling Softwa.re 

19310 North Creek Parkway 

Bothell, WA 98011 

(206) 483-8088 
lnqu1ry 935. 

DESQvlew 2.0 ...................$129.95 

Quarterdeck Office Systems 

150 Pico Blvd . 

Sa.nta Monica, CA 90405 

(213) 392-9851 
Inquiry 936. 

Empire .... .. ... . .... ... .. .. ..... . .. $49. 95 

Jnterstel 

P.O. Box 57825 

Webster, TX 77598 

(713) 486-4163 
Inquiry 937. 

Fastback Plus .. .. ... .. .. ..... . ... . ... $189 

Fifth Generation Systems Inc. 

1322 Bell Ave. 

Suite IA 

Tustin, CA 92680 

(800) 225-2775 
Inquiry 938. 

Mace UtiUtles 4.10 ... ... . .... . . . ..... $99 

Paul Mace Software 

400 Williamson Way 

Ashland, OR 97520 

(503) 488-0224 
lnqu1ry 939. 

Microsoft Bookshelf . . . . . .. .. . .. ....$295 
Microsoft Corp. 
16011 Northeast 36th Way 
P.O. Box 9701 7 

Redmond, WA 98073 

(203) 882-8080 
(800) 426-9400 
Inqu1ry 940. 

PaintShow . ....... .. ....... ..... . ..... . $79 

Plus Software .. .. .. .. .. ... . . . . ........ $29 

EGA&Mouse .. ... ... .. .... .. .. ..... . $399 

Autosync Monitor.. .. ..... ... .. ..... $699 

Logitech Inc. 

6505 Kaiser Dr. 

Fremont, CA 94555 

(415) 795-8500 
Inquiry 941. 

PCSweep ... .. .. .. .. .. ..... ......... .... . $5 

Workman and Associates 

1925 East Mountain 

Pasadena, CA 91104 

(818) 791-7979 
Inquiry 942. 

Planetary Data System Space 

Science Sampler 

NASAJPL 

4800 Oak Grove Dr. 

Pasadena , CA 91109 

(818) 354-6347 
lnquiry 943. 

RAMpage/2 ...... .. . . .. . .. .. .. .. ... .. $345 

RAMpage/286 .. . . ... .. . . ...... . ... . . $545 

AST Research Inc. 

2121 Alton Ave. 

Irv ine, CA 92714 

(714) 756-4942 
Inquiry 944. 

Reach for the Stars . .... .. . . . .. . . . . . . $4() 


Strategic Studie Group 

1747 Orleans Ct. 

Walnut Creek CA 94598 

(415) 932-3019 
Inquiry 945. 

TurboTax .. .. . .. .. ... . . .. . .. . . . . .. . .. . $75 

ChipSoft 

5045 Shoreham Place, #100 

San Diego, CA 92122 

(619) 453-8722 
Inquiry 946. 

Vopt . ... .. . ... ..... . ... ...... . .. . ... $49.95 

Vcache ... .... .. .. .. . ... ..... ... . .. . $49.95 

Vfeature Deluxe . ............. . . . . . . . $120 

Golden Bow Systems 

2870 Fifth Ave. 

Suite 201 

San Diego, CA 92103 

(619) 298-9349 
Inquiry 947. 

Zenith Z-386 

Model 4Q •. ... ... . .. ... .. ... .. ... . $6499 

Model 80 .. .. . ... .. .. . .. . .. .. .. . .. $7499 


Zenith Data Systems 

1000 Milwaukee Ave. 

Glenview, lL 60025 

(312) 391 -7000 
Inquiry 948. 

There 's the Complete PC An wering 
Machine , which is o good it might be 
worth buying a Blue Chip XT clone just 
to dedicate for use as a telephone device. 
There 's Borland 's Quattro, which in my 
judgment i the pread heet for the re t of 
us: not copy-protected, plenty of fea 
tures, and the simplest installation and tu 
torial I've ever een for a spreadsheet. 
There's Concurrent DOS 386. Here' 
AutoDimensioning fo r Generic Soft
ware's CADD 3.0 (PC) . TK !Solver . 
MathCAD. The list goe on, and what am 
I supposed to do? 

The book of the month is David 's Sling 
by Marc Steigler (Baen Books, 1988), a 
novel of how information-age technology 
might be used to defeat bureaucracy; a 
really good read. While you' re in the 
bookstore , you might pick up Imperial 
Stars, Volume Two: Republic and Em
pire, edited by J . E. Pournelle, also from 
Baen Books. 

The computer books of the month are 
Timothy Budd 's A little Smalltalk (Addi 
on-Wesley, 1986) and Chris DeYoney's 

newest ed ition of Using PC DOS (Que 
Corp ., 1986). One's a great intro, the 
other's the best DOS handbook I have . 

The games of the month are Reach for 
the Stars (Macintosh only) and Empire 
(Atari ST; PC version upcoming) . Both 
are revision of cla sics. Reach for the 
Stars is a computerized version of the old 
board game Stellar Conque t, with new 
featu res added . It' totaJJy trategic level ; 
combat i automatic and is ba ed on the 
Lanches ter equations in whic h th e 
squares of the forces involved are the key 
numbers . You control economics as well 
as military production, and the darned 
game is fa cinati ng , a well a a good ex 
ample of using the Mac interface to con
trol omething really complex . 

Empire is a microcomputer version of 

a classic originaJly written for a VAX . It 

has some bugs, which the designer prom

i e to take care of in a revi ion; but bugs 

and all , the darned thing tum out to be 

fa scinating enough that the other night I 

sat down at 9:30 and didn ' t look up until 

4:30 the next morning . 

Maybe next month things will slow 
down, but I doubt it. • 

Jerry Poumel/e holds a doctorate in psy
chol.ogy and is a science fiction writer 
who also eam s a comfortable living writ
ing about computers present and furure. 
Je" y welcomes readers' comments and 
opinions. Send a selfaddressed, stamped 
envelope to Jerry Poumel/e, c/o BYTE, 
011e Phoenix Mill Lane , Peterborough , 

the letter as well as on the envelope. Due 
to the high volume ofletters, Jerry cannot 
guarantee a personal reply. 

NH 03458. Please put your address 0 11 
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\Ve realize putting an 80386 microprocessor in keyboard. A multi tude of built-in ports. Plus 
a PC isn't a new concept. But to put an 80386 micro  MS-DOS'!( <md Loh1s Metro."' 
processor, running at 16 MHz, in a portable 

you call l-800
· 

"" you call soon. 

Ami if your good ideas need extra room 
PC that weighs in at only 15 pounds. to become great ones. the T 5100 can be 
certainly is. quite accommodating. With its 2MB of 

And you' ll find ju t that in the new RAM that's expandable to a hefty 4MB. 
ToshibaT5100. Of course. if you'd Ii ke to see just how 

Thanks to theT5100 's 29 msec fast theT5100 really is, we suggest 
40MB hard disk and l.44MB 3 1/z "PS/2!' -457-7777 for your nearest 
compatible diskette drive, you can run 'foshiba dealer. And we also suggest 
comple..'{ graphics and CAD/CAM 
programs faster than you can re  At the rate they're going, they' ll be 
design yom latest brainstorm. hauled off in no time. 

We even gave it a built-in 	 Tl11; T~J 1 ,I() 1~ imckt·d by rht: Exc~ptional Can: pn:~'Tdm 
\ 11cost t:l1ftrllim.' !1T equin:c! Sec your d1·;:ikr rord, · t ail~EGA system with a gas plasma 
~ I S - DOS is a n:·g1 stt're<l tr.ir>emar',; of .\1 1crosoft Corµ.

display and an EGA monitor Lor11s and \.1c tm ;1n· !radt•mark~ m l.otus Lh:r\ ·l1Jpmen!
TheT5100 has a built-in EGA system Lor;J. ! ' ·: ::, 1:- ;1 n.:g 1 ~ t1..·n·rJ t r ;~di.:rnark of lntc..· rnatamal 

port. An 82-key full-flmction and a -lOMB hard disk. l\us1n t·~ \l ~t...:hine~ 1,,,. : 1~r;}ll 1 r:n itm. 

In Touch with Tomonow 

TOSHIBA 




Now you can grab, store, and process

16 images in Real Time on the PC AT. 


The DT2861 Arithmetic Frame 
Grabber can proce s 4 times as many 
images as any other frame grabber 
built for the PC AT. 

With a built-in processor, the DT2861•
also Jets you process 4 images in parallel, 
or switch display instantaneously from 
as many as 16 images. The DT2861 grabs 
images off virtually anyvideo source, 

The many faces ofFi'ed Molinari, President. 

including CAT scanners, scanning that's 4 times better than anything else 
electron microscopes, line-scan made for PCs, give us a call today. 

cameras, as well as 
ordinary video cameras (617) 481-3700. 

and VCRs. It even ships 
"' OT·Connect" is an open interfacewith IRlStutorh software-
specification which permits the direct'l.for free! cormection of stand-alone data acquisi

For more information 
I -. 

. 

tion and frame grabber boards to pro
about the Frame Grabber cessor boards for greatly accelerated 

signal (DSP) and image processing. 
lmase 

Processing 
Boiltd 

Computer ResoMloo Gray Levels 
RS·170, NTSC, 
RS.330 . CCIR, 
PAL Compatible 

VCR 
Compahble Slow Scan 

Number 
of Video 
Inputs 

Real·Time 
Frame Grab 

On Soard 
8-b1tAW 

Memo<y·Mapped 
Frame·Store 

Memory 
Zoom, Pan, 

Scroll 
Software 
Support Pr ice 

OT266l 
Frame 

Gtabbet 
IBM PCAT 512x512 256 Yes Yes 0- 12MHZ e· Yes Yes 

t8 butters 
512X512~8 each 

(4 Mbyl~ 
Yes DT·IRIS 

IRIStutor ~995 

' With 012659 l'l StZO mull iplex6 board ($395). 

DA1:4 TRANSLATION 

W..ld Hudquatters, Data Translatioo, Inc., 100 U>cke Drive, Marlboro, MA 01752-1192, (617) 461 ·3700 Tlx 951646 

United Kins<k>m Headquattiors: D•la Translation Ltd .. The Mulberry Business Park, Wol<ingJ>sm. Berksh ire RGI 1 2Q). U.K. (0734) 793636 Tix 94011914 

West G.>rmany Headquarters' Data TransJauon GmbH. Stuttprtet Strasse 66, 7120 Biettghetm·B1ssingcn, ~st Germany 07142·54025 

lntem•llonal Sale• Offices: Austral i• (2) 662-4255: Belgium (2) 735-2135: Canada (41 6) 625·1907: Chile <2> 25-3689, China (408) 72Hl222, lBl 721-4017, Dftnmatl< (2) 274511: Flnlana (90) 

372-144: France (I) 69077802: Greece 951-4944, 527-039; Hoog Kang (3) 771·6565, India f22l 23-1040: ISIHI (3) 32-4296: Italy l2l 824 70.l: Japan (3) 502-5550, (3) 375·1551. (3) 355-llll: 

KorN 182) 756-9954 , Netherlands (70) 99-6360: New Zealand (9) 504-759; NOIW!I)' (02) 55 90 SO: Portugal 545313: Sonppore 7197621, South Africa (12) 46-9221; Spain CU 4SS-Bll2; 

Sweden (8) 761-7820: Sw1aotland (!) 723·1410: Taiwan (2) 709-1394: United Kingdom (0734) 793638: West Getmany 07142-54025. 


IBM PC AT is o registered lrademarl< of IBM . Dala Trdnslotion "o reyjst~ lradcmari< of 0.la Translallon, Inc. 
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Fools' surprise early, courtesy 
of Jasmine Technologie , man
ufacturer of hard disk drives for 
lhe Macintosh. I've had a Jas
mine Direct Drive 160 for about 3 weeks 
now, and it has performed splendidly ; 
that's not the problem. Jasmine sells its 
drives loaded with roughly 10 megabytes 
of shareware and public domain oftware. 
On the surface, it' a nice idea; sure beat 
collecting the stuff on your own . 

However. not al l of this assortment has 
been tes1ed by Jasmine. A number of the 
programs can bring your Mac to a grind
ing, ugly halt, and ome can even do seri
ous damage to you r system files. Many 
programs are experimental versions, and 
a few date back as far as 1984. Some are 
grossly incompatible with current system 
software, and some never worked well 
even when they were new . 

It took me abou1 3 day to plow through 
the disk . lt 's not all bad-you get the lat 
est version of ResEdit, a couple of inter
esting utilities, some fonts and suchlike. 
Only a mall percentage of the programs 
are seriously problematic but weeding 
them out requires painstaking effort. 

Whal' particularly irri tating is that 
Jasmine is in a position to perform a real 
service to customers and starving share
ware authors by providing a selection of 
tested software . But instead of checking 
the programs. Jasmine posted a message 
disclaiming any responsibility for mis 
hap arising from use of these programs . 
If! read my dictionary right, the opposite 
of "re ·ponsible" is "irresponsible ." And 
Ja mine' policy i certainly irrespon
sible . 

This is no public service; it' s a men
ace . Be wuned . A loud boo to Jasmine 
for this one. 

Almost Artificial Intelligence 
Decision Pad (Apian Software, $195) is 
an MS-DOS package that fall into the 
nebulous category of "decision support 

Two Big Winners 

Ezra Shapiro 

h 's April, time for pranks and Decision Pad helps clarify i ues that require selecting 
aJI sorts of tomfoolery . Unfor  from among a quantity of very 
tunately, I received my April tough choices; QuicKeys enhances similar aJternatives. 

a Mac keyboard 

software." I've always hated that label ; 
it's an imprecise term, and I'm never sure 
what the companies that use it want it to 
mean. Many of the programs I've seen 
billed as uch are mostJy hot air. 

But Deci. ion Pad is a top-notch piece 
of software, and it has been growing on 
me in the 5 weeks I've been working with 
it. The program is a useful tool for exam
ining the strengths and weaknesses of al
te rnative solutions to any given problem, 
from choosing the right restaurant for a 
business lunch to selecting the best candi
date for a job opening. Essentially, Deci
sion Pad uses simple quantitatjve tech
nique to provide qualitative anaJyses of 
your data. 

The metaphor is much like that of a 
spreadsheet or a database table . Each row 
shows oi:ie alternative; columns are used 
to break that alternative into its compo
nent parts . Using the lunch example, the 
rows would be individual restaurants, and 
th e columns would be attributes like 
price, speed , quality, and atmosphere . 

Decision Pad let you develop a rank
ing scaJe for each attribute in verbaJ unit 
that seem to be appropriate, like "excel 
lent/good/average/fair/poor" for quality 
or "expensive/reasonable/bargain" for 
price . You then assign number values IO 

these ranking cales. Finally , you give 
weight to the different attributes; let's say 
price is twice as important to you as at
mosphere . Decision Pad then computes 
the results and tells you which restaurant 
would be your best bet. 

Unfortunately, examples like this tend 
to triviaJize the utility of the program. I 
wouldn't recommend using Decision Pad 
to choose a restaurant any more than I'd 
suggest that you need an expert y tern to 
tell you when your car is out of gas. Deci 
sion Pad is much more appropriate for 

Ten years ago, I ran a want ad 
in the New York Times for an as 
sistant and received over 200 
resume ; almost all of them 

were in line with the basic requirements . 
It took me weeks to whittle down the list 
to a manageable group of applicants. De
ci -ion Pad would have been extremely 
helpful. 

Other examples leap to mind: Which 
combi nation of nutrients grows the 
healthiest culture in a petri dish? What 
midsize car , from which rental agency. 
should you try to get for freeway driving 
in Los Angele ? Where should you build 
a new manufacturing facility, from 
among a selection of 200 suburban sites 
in six states? Decision Pad looks better 
and better as the quantity of data grows 
and the differentiating characteristics get 
less and les obvious. 

The program is easy to learn. and it 
comes with examples at different level of 
complexity . The basic interface i ra ther 
a eras between a preadsheet and a util 
ity program like SideKick; you can enter 
commands as Ale-key mnemonics, use a 
mouse or cursor keys to select from a 
menu , or enter the traditional lash fol 
lowed by a letter a la Locu I-2-3 or 
SuperCalc . 

The documentation is clear , if a linle 
overladen with hyperbole. It's missing a 
decent spec heet . but it does give you a 
thorough tutorial. I had no trouble getting 
going. Once you've grasped the basic 
principles of Decision Pad (in an hour or 
less), you should be able to start using it 
immediately. 

The worksheet holds a maximum of 
150 al ternative (rows) and 60 attributes 
(columns) . Decision Pad has no internal 
computational ability except what I've 
desc ribed; that is , you cannot modify nu
merical da1a or make compari ons em
ploying any method other 1han the rank 
ing system. However, the program can 

comimmi 
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import and export files in Lotus .WKS 
format, so if you need heavy-duty num
ber crunching, you can pop your file Into 
(or out of) your favorite spreadsheet or 
analytical database. Report can be gen
erated as standard text documents, or you 
can see them depicted as bar graphs. 

Perhap the nicest feature lets several 
users get at the same data and develop 
their own ratings. Decision Pad will track 
the variations in the standings and report 
on how each member of the group has 
evaluated the data. 

You can play "what if" to your heart's 
content, changing the data or reworking 
the scales . It 's possible, of course, to 
alter the weights so that the results turn 
out exactly the way you want them; using 
thi s program effectively require self
discipline. Even if you cheat, though, my 
hunch is that the process of preparing 
your information for Decision Pad wiU 
focu your attention on meaningful de
tails you might otherwise overlook. At 
the very least, a session with this pro
gram will give you insight into the crite
ria you're applying to a decision. 

At the tart of my te ting, I wa - pre
pared to dislike Decision Pad . I thought it 
was going to be a way to use a computer to 
perform tasks better handled by scrawl
ing notes on a legal pad. In tead , I was 
delightfully urprised . Even if you get 
nothing from Decision Pad but a better 
understanding of your deci ion-making 
strategy it's worth the price. 

Highly recommended. 

The Jury's in on QuicKeys 
La 1 month, I mentioned that I hadn 't had 
enough time to decide whether l liked 
QuicKeys (CE Software, $99.95), a key
board programming utility forthe Macin
to h. The jury ls now in, and the verdict is 
favorable. QuicKeys is right up there with 
sliced bread, th e Great Pyramid of 
Cheops, and other wonder . 

It's what is known as a keyboard en
hancer; you use it to assign command , 
mouse operations, and text -lrings to keys 
of your choosing. Anyone coming in 
from another operating system (MS-DOS 
or CP/M, say) already understands the 
concept; I'm amazed that it has taken thi 
long for a good product like tl1i to appear 
on the Mac . evertheless, here it is. and 
it's as invaluable as products like Smart
Key. ProKey, and SuperKey are in the 
IBM PC universe . 

Running the program i - no big deal. 
You ca n define keyboard ubstitutes 
either by using a stand-alone application 
or by calling up a device-configuralion 
screen from the Mac's Control Panel. 
QuicKeys can also be brought to life by 
hitting a hot key that avoids the Control 
Panel tep. Once you're looking at the 
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Decision Pad ... . .... . ... .. .... . .. $195 
Apian Software 
P.O. Box 1224 
Menlo Park, CA 94026 
(415) 851 -8496 
Inquiry 949. 

QuicKeys ... .. .. . ............ . . $99.95 
CE Software 
801 73rd St. 
Des Moines, IA 50312 
(515) 224-1995 
Inquiry 950. 

QuicKeys panel, you select the type of 
operation (e .g., choosing a menu item. 
inserting text, defining a command alias, 
and clicking and dragging the mouse) , 
then press the key or key combination 
that will ever after invoke your definition. 
Every type of Mac action ha a QuicKeys 
equivalent. 

Sets of QuicKeys can be saved to or 
loaded from disk at any time. This i a 
very smart program; it has both a univer
sal set of keys available wherever you are 
and the intelligence to let you create sets 
specific to the application you're running 
at the moment. To my delight, I discov
ered that the application-oriented stuff is 
not sacrificed under MultiFinder. Since 
QuicKeys intercepts your keystrokes be
fore passing them along to the operating 
system, your new keyboard shortcuts su
persede the command-key equivalents on 
the Mac menus o you can effectively re
define anything to suit your taste . 

This override process cau ed the only 
problem I had while getting adjusted co 
QuicKeys . The universal key et that 
comes with the program defines Com
mand-Q a an automati c , absolute 
"quit." While using MicroPhone. a tele
communications program that uses Com
mand-Q as an alia for Control -Q. I 
found my elf aborti ng the program every 
time I tried to stop screen scrolling. Thi 
was easily fixed by redefining the quit 
maneuver to Option-Command-Q. 

Bear in mind that QuicKeys is not a 
macro recording program like Tempo; 
the product is a bit of a pain if you need to 
build complex macros. You're allowed to 
assign only one action to any particular 
key, so you can't simply log a series of 
operations and attach it to a ingle key
stroke. To work around this , QuicKeys 
does let you chain reassigned keystroke 
into sequences, so you can build macros 

step by step. Think of each key as a vari
able and its related operation as a value , 
and you've got the basic idea. 

There are certainly enough key combi
nations to go around. QuicKeys recog
nizes the Shift, command. and option 
keys as unique modifier , so every key 
represents eight different character . On 
keyboards for the Mac SE and n, which 
have a separate Control key, the tota I 
jump to 16 . 

On an extended keyboard , you'd theo
retically have 1488 combinations to work 
with . To get some of the more obscure 
possibilities on my new DataDesk key
board, I figure I'd need both hands and 
my nose to hold down the correct key at 
the same time. 

The number of keys on these extended 
keyboard does legislate a healthy amount 
of organization. As I get deeper into the 
product, I find myself regularly rethink
ing which keys do what. I certainly don't 
have the mental fortitude to master func
tion keys mapped to a depth of 16 levels . 
My personal maximum is about three per 
key . 

Also, it would be a big help to have 
similar actions located in the same region 
of the keyboard no matter what progran1 
I'm using. 

I'm also a little concerned 1ha1 as 1be
come addicted to QuicKeys, I'm losing 
couch with the Mac as a lowesc-common
denominator machine . To explain; I've 
known many MS-DOS users who have be
come so dependent on a selection of util
itie and keyboard enhancements that they 
become paralyzed when they're forced to 
work on other people 's computers . Will 
my customization of the Mac interface 
with QuicKeys ruin me for other Macs? 

But philosophical mutterings aside, 
QuicKey i first-clas software. It' s 
never crashed on me, no matter how hard 
I've pounded on it. The documentation is 
excellent. QuicKeys i an absolute re
quirement if you have an extended key
board ( particularly since no Mac pro
gram understand or use the function 
keys yet); if you' re stuck with a standard 
keyboard, it's merely wonderful. 

There's an implicit irony in all this. 
Back in 1984, I heard an awful lot of 
neering from rabid Macaholic who 

couldn't understand why anyone would 
want to use a keyboard instead of a 
mouse. Function keys and Control-key 
sequences? Phooey! 

My , how time have changed! • 

Ezra Shapiro is a consulting editor for 
BYTE. Contact him cl o BYTE , One 
Phoeni.x Mill Lane. Peterborough, NH 
03458. Because of the volume ofmail he 
receives, Ezra , regretfully. cannot re
spond to each inquiry. 
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MICRO-CAP Il:M 
The CAE tool with fully interactive 

analog simulation for your PC. 
Spectrum Software's MICRO-CAP II® is 
fal t, powerful, and feature rich. This fuUy 
interactive, advanced electronic circuit 
analysis program help engineers speed 
through analog problems right at their 
own PCs. 

MICRO-CAP II, which i.5 based on our origi· 
nal MICRO·CAJ> software, is a field-proven, 
second-generation program. But it's dra· 
matically improved. 

:;:bemalic £,tif/ar 

MICRO-CAJ> lJ has faster analysis routines. 
Better resolution and color. Larger Ubrar· 
ies. All add up to a powerful, co t·effective 
CAE tool for your PC. 

The program has a sophisticated inte· 
grated schematic editor with a pan capa· 
bility. Just sketch and analyze. You can step 
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Introduction 

Memory Management 


L ife with computers has evolved in funny ways. First, we 
learned to manage stacks of punch cards, then piles of 

floppy disks, then our virtual desktops. Next, they'll be ask
ing us to learn to manage memory. 

Maybe not. Some things are still best left to the machines 
them elves, and managing memory may be one of them. But 
understanding the dynamics of memory management helps 
us choose the right technology for a given task. 

The trend in microcomputer technology has always been 
toward more powerful hardware. Today, it is not uncommon 
to find personal computers with a megabyte or more of mem
ory and the capability to expand to 8 or 16 megabytes. Many 
microcomputers now come with sophisticated 32-bit proces
ors that either provide hardware support for memory man

agement on-chip (e.g., the CPU in a Compaq Deskpro 386) 
or have a socket for adding a memory management unit (the 
Mac II, with a socket for Motorola's 68851 MMU). 

As usual, hardware technology outpaces software technol
ogy, and today's currently available operating systems use 
only a fraction of the potential of these machines. For MS
DOS, interim available solutions to the memory manage
ment problem include bank switching and multitasking 
shells that sit on top of DOS . Apple introduced Multi Finder 
in October 1987 to provide limited concurrent processing 
and background printing capability . However, these options 
are clearly short-term solutions. 

Meanwhile, software engineers are devising new operat
ing-system designs that can take advantage of the large ad
dress spaces provided by these sophisticated CPUs. These 
operating systems wi.11 be complex. They will be capable of 
running multiple applications that are protected from each 
other, yet allow these same applications to communicate in 
formation among one another. The same complexity that 
gives these multitasking systems such power also requires 
much training and experience to tap their full capabilities. 
After the initial time. investment, however, they will be safer 
and more interesting environments under which to program. 

This month, we chose to look at techniques that these op
erating systems use to manage the computer's main memory. 

In addition to a general introduction to the subject , we pre 
sent three examples of how these techniques are applied in 
three operating systems: OS/2, Unix, and the Macintosh op
erating system. 

In his "Overview of Memory Management," Randall L. 
Hyde discusses memory management techniques for per
sonal computers-past , present, and future. He covers the 
wide array of memory management techniques, from those 
implemented only in software to those that require hardware 
support for their proper operation. He discusses the relative 
merits of segmented and paged virtual memory . 

Vic Heller gives us an inside look at how OS/2 uses the 
80286 to implement segmented virtual memory. In his arti
cle • OS/2 Virrual Memory Management," we see how 
OS/2 's software data structures work with the 80286's hard
ware data structures to provide not only virtual memory but 
also dynamic linking and sharing of code segments. 

Unix is an alternative to OS/2. Unix has been running on 
680x0s for many years due to that processor' flat address 
space, but as Carl Hensler and Ken Samo explain in their 
article "Marrying Unix and the 80386," porting Unix to the 
80386 is quite easy. In addition, the 80386 offers modes that 
make it easy to run existing DOS applications. 

Finally, Alan Anderson, in "Macintosh Memory Manage
ment," gives us a look at the Mac· s memory management 
system, which was present in the first 128K-byte RAM Macs 
and is still with us today in the Mac n. He explains how this 
memory management software works, along with its advan
tages for the end user and its pitfalls for the unwary program
mer . He concludes with a look at Multi Finder and how it was 
carefully crafted to provide compatibility with existing Mac 
software and concurrency among several applications. 

These articles show that microcomputer environments are 
evolving toward solutions that will allow us to harness the 
true potential locked within the new generation of 32-bit 
microcomputers, without jeopardizing our huge investment 
in existing software. 

-Eva While , Technical Editor 
Tom Thompson, Senior Technical Editor at Large 
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MEMORY MANAGEMENT 


Overview of Memory 

Management 


Powerful hardware and plentiful memory make techniques for managing 
microcomputer memory more interesting-and necessary 

U TIL RECENTLY, it has been too ex
pensive to provide hardware support fo r 
memory management on microcom
puters, or even enough memory to make 
it worthwhile to manage. But with the ad
vent of microprocessors with on-chip 
memory management and cheap mem
ory. many of the memory management 
techniques for mainframes are mjgrating 
to the world of microcomputers. 

More ophisticated memory manage
ment mean faster and more reliable 
multitasking. With the emergence of 
multitasking sys tems on rnicrocom
puters, it's time to dust off those college 
textbooks and look at some of the classic 
is ues in memory management. I'll dis
cuss the memory management techniques 
that have become prevalent on microcom
puters and look at some others migrating 
to this realm - techniques such as paging, 
egmentation, or a combination of both. 

Other article in this issue will look at 
specific examples of these techniques. 

A memory manager is a process, typi
cally within an operating system, that 
provide memory-related serv ices to 
other processe . Its job is to al locate and 
deallocate memory, swap code and data 
between main memory and secondary 
memory. protect one process from an
other, and coordinate access to shared 
data between processes. 

Although many of the memory manag
er' s task are easily done in software, 
performance considerations often dictate 
the use of special memory management 
hardware. Some functions (like protec
tion) require assistance from a hardware 
memory managemem unit (MMU). 

Randall L. Hyde 

Because of 1he high costs of hardware 
support and memory, memory manage
ment on personal computers has typically 
been done in software. When memory 
prices fell, bank-swi tching techniques 
were developed to extend the addressing 
range of machine while allowing people 
to use existing hardware and software. 
But bank switching is only an interim 
measure . Tomorrow's applications will 
run on new , sophisticated hardware that 
will let operating system designers make 
memory management practically trnns
parent to the application developer and 
user alike. 

Software Memory Management 
Software-based memory managers pro
vide at least two functions: memory allo
catio n and deallocation. To allocate 
memory , the requesting process specifies 
a block size. The memory manager re
turns the addre soft.he block allocated to 
the process. When deallocating memory. 
the process provides the block address 
(a nd sometimes the length of the block as 
well), and the memory manager returns 
the memory to the free memory pool . 

After several allocation and dealloca
tion requests, free memory can divide 
into many small pieces spread throughout 
the address space . This memory frag
mentation reduces the largest block of 
memory available to a requesting pro
cess. If there isn't a block big enough 10 
handle the request , the memory manager 
may attempt to rearrange the blocks ln 
memory so that the free blocks are joined 
together in a single. large free block of 
memory. This technique, called garbage 

collection, is a convenient way to maxi
mize memory u e. However, there are 
three problems with garbage collection : 
perfcrmance, contents , and pointer . 

The performance issue stems from the 
fact that to build a large free block of 
memory. large blocks of (currently used) 
memory might be moved (which takes a 
considerable amount of time). The per
formance problem, however burden
some, pales in comparison to the content 
and pointer problems. The content prob
lem arises if the memory manager move 
a block of memory containing machine 
instructions that are referenced by other 
code (via calls and jumps). Tho e in 
structions using this code will fail unless 
the garbage collector fixes the references . 

Whenever the memory manager allo
cate a block of memory to a process , it 
gives the process a pointer to the allo
cated block. Then the process uses that 
pointer to acce the block of memory . 
But if the memory manager moves 1ha1 
block of memory via a garbage collection 
operation, 1hat pointer will no longer 
point to its original data . 

A simple way to solve the pointer prob
lem is to make the memory manager 
aware of pointers that point into movable 
data blocks. Whenever the memory man
ager needs 10 move the block, it simply 
adjusts all poi nters that point to the block 
so that they poin1 into the block al its new 
location. The only problem with this ap
proach is that the user process might 
make several copies of the pointer, all of 
which the memory manager mus1 know 
and adjust when it move the block. The 

comi1111ed 
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OVERVIEW 

overhead for uch a situation can quickly 
overwhelm the system . 

A memory manager can use handles to 
overcome the problem of keeping track of 
multiple pointers. A handle i a double 
indirect pointer-that is, a pointer to a 
pointer to the data. To access a data 
block, a process loads a temporary point
er variable with the value to wh.ich the 
handle points . The process then uses this 
temporary pointer to access the desired 

data. ow when the memory manager 
wants to move a block of data around, it 
changes only the master pointer to the 
data . The handle that points 10 the pointer 
is till val id , as are any copies of the han
dle ( ce figure I) . (For a discu s'ion of the 
Macintosh' handle-based memory man
ager, see " Macintosh Memory Manage
ment" by Alan Anderson on page 249.) 

However, handles are not without their 
own problems . They aren't particularly 

.efficient. After all , it takes much more 
time to access a block of data using a han
dJe than it does using a straight pointer. 
Furt hermore. address arithmetic i n 't as 
convenient when using handle as it is 
when using traight pointer . You can't 
( afely) copy the pointer into a register 
and continually increment that pointer to 
access successive item in an array. A 
system call may result in a garbage col
lection operation that may cau e the mas-

Before : 

Handles 

0 

5 

8 

12 

18 

23 

Master 
pointers 

Handles 

Alter: 

0 

4 

6 

7 

12 

16 

Master 
pointers 

D Allocated block D Freeblock 

Figure 1: HaI1dles can ease the memory manager's job ofmoving blocks 10 free space fo r a/loca1io11 requests. The sys/em can 
change 1he value ofthe master pointers withoLll having to change the 11a/ue ofthe handle embedded in the user programs. 
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ter pointer (but not your register) to point 
to a different location. Conti nuing to use 
the now invalid register value to access the 
array may produce unexpected resulL . 

Another disadvantage of handle-based 
memory manager i thei r complexity. 
The re ' a lot more work involved in using 
handles than making calls to ALLOC and 
FREE. On systems like the Atari Amiga , 
and IBM PC (under DOS), the memory 
manager routines may not provide so
phi ticated garbage collection routines 
and other amenities, but these systems 
are easy to u e. In fact most of the mem
ory management routines provided on 
these systems correspond to tho e rou 
tines provided by high-level languages 
like C or Pascal. 

Finally , it is very difficult to safely im
plement handles in a true multitasking 
environment. One proce s might derefer
ence a handle, but before accessing the 
specified memory location. a timer inter
rupt could come along and transfer con
trol to another process. That proces 
might ask for some additional RAM that 
could force a garbage collection opera 
tion . The garbage collection operation 
could move the data pointed to by the de
referenced handle. rendering the derefer 
enced handle invalid. When control is 
returned to the original process, it will 
reference the incorrect memory location . 

The benefits ga ined by a handJe-based 
"I tern' complexity are ea ily lost as 
more and more memory i added to the 
system. Wherea garbage collection can 
be quite useful on a system wi1h I mega
byte or Jes , as you approach 4, 8 or 16 
megabytes of system memory itS useful 
nes decline . With 8 megabytes of sys
tem RAM . most proces es will be able to 
allocate aJI the memory they need. An in
credible amount of activi1y , or a large 
number of concurrent proce ses, would 
be necessary before memory fragmenta 
1ion would cause a problem . 

Bank Switching: A Stopgap Measure 
Bank swi tching i an al l-but-obsolete 
memory management technique used 
mainly to expand the capabilities of a ma
chine with a limited address space. It is 
present in ystem like the Apple Ile and 
the fBM PC (via LIM/EMS system ). 
Bank sw itchi ng ex tend the memory 
pace of a processor by a ·igning several 

blocks of memory to the ame memory 
address in the processor's address space. 
Whenever an access 10 the address range 
contai ning the e blocks of memory is 
performed , only one of the blocks re-
ponds . The choice of which block re
pond to the access reque t i controlled 

by a bank selection register. By changing 
this register' content , a program can ac 
ce s different banks of RAM . thereby 

providing access to more memory than 
the processor can di rectly addres . 

Bank switching suffers from two major 
drawbacks . Fi rst, controlling the bank se
lection register(s) is an exercise left to the 
application programmer. This compli
ca1es the program 's design and intro 
duces several problem related to pro
gram maintenance . Second , accessing 
the bank register require a certain 
amount of time- time taken away from 
the program. This results in a perfor
mance penalty for programs u ing bank 
switching techniques . The penalty can 
range from mild , for programs that rarely 
·witch bank of memory. to extreme. for 
those that may have ro switch' banks be
tween each data access. 

Of course, bank switching is preferable 
to it aJtematives: ei ther living with the 
add ress space limitations of the processor 
(impractical for today's high-powered ap
plications) or swapping the data to and 
from the disk drive (as cumbersome a 
bank switching and far slower). 

Virtual Memory 

The best solu tion in a mul tiprogram

ming/multitasking environment is a vir 

tual memory manager. With a virtual 

memory manager. the process can as

sume that the entire logical address space 

is available ; the proce s need nm make 

explicit memory manager call . 


Paging and segmemarion are the two 
main virtual memory technique in u e. 
Paging uses a fixed-size allocation 
scheme; segmentation uses variable-size 
blocks. In paging systems, the entire ad
dress space is partitioned into equal-size 
blocks, which are given to a process upon 
request. Internal fragmentation re ults 
when the process does not use the entire 
block. With segmentation systems, be
cause the programmer can specify the 
size. of the block , there is little waste due 
to internaJ fragme ntation ; but external 
fragmenta tion occurs when blocks of 
available memory, cattered throughout 
memory, accumulate because they are 
too smaJI to fill an allocation request. 

Whenever the process accesses a mem
ory location not currently in memory , the 
hardware igna ls tha1 a fau lt ha oc
curred , and the memory manager maps 
in a free page (or segment) for use by the 
proce s and return control. If there 
aren't any free pages or egments of 
memory available , the memory manager 
attempts to free up some memory by writ 
ing u ed blocks of data to disk and allo
cating that memory to the process. It then 
swaps these blocks back in if the proces 
that owns them needs to access them . 

Generally, the programmer need not 
be concerned with the details of memory 
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Quasi-physical address 

Page 
registers 

management; there are, however. certain 
daia trucmre con ideration · that will af
fect perfonnance in paging ystems. For 
example, language uch as Pascal and C 
tore elements of an array in row major 

order. Other languages , uch a FOR
TRA and certain dialects of BASIC , 
store array elements in column major 
order. By knowing the orientation, the 
programmer can reduce page faults tre
mendously by using array indexes that 
follow the storage order. 

A ·imple paged memory management 
y tern is easy to implement in hardware. 

A set of page registers intercepts certain 
addres bits from the CPU and translate 
the e bits to a different value via a lookup 
table. Thi let the y tern remap memory 
a de ' ired. Figure 2 illustrates this re
mapping function . In thi example, the 

Page register 

CPU 7 

A15 5~ ..A14 3 
A13 r 

1
A12 ... 

6A11 

A10 
 4 

A9 2 
AB 0A7 
A6 I IAS 13 , r16'A4 LOffset within page A3 

A2 

Al 

AO ~ 

Figure 2: Example ofa paging sys1em 1hm uses 3 bits of1he CPU's 16 address lines 
as an index imo the eight BK-byte memory pages. 

CPU upports 16 addre lines . The 
lower 13 addres line are pas ed un
changed , to the memory modules. The 
upper 3 bits are used as an index to select 
the appropriate page register. The 13 ad
dress line , pa ed directly to the mem
ory module, determine the page ize- in 
thi case, SK byte ·. 

Operating systems can use paging 
schemes to extend the addre sing range of 
a CPU in addition to remapping the ad
dress pace. A CPU with a 16-bit addre s 
bus can be expanded to a 24-bit addre s 
bus with 256 16-bit page registers. The 
upper 8 bits of the logical address are fed 
into the page register array . Each page 
regi ter is 16 bit long, and the 16-bit out
put i combined with the 8-bit off et (the 
lower 8 bits of the logical address) to 
yield a 24-bit physical address . This 

B pages of memo ry 

Page II 

I 
3 I 

~ I 

cheme uses a page size of 256 byte . The 
page size i delennined by the number of 
bits passed directly from the CPU to the 
memory module . 

Paging system , however, uffer from 
a few drawbacks. Manipulating page reg 
i ters can be tjme consuming. The exam
ples presented thus far use a 16-bit logical 
address. To use a 24-bit addre s bus with 
a 256-byte page ize, the page register 
will consume 128K bytes . Since the oper
ating y tern mu t save and reload the 
page regi tcr values every time it tran 
fers CPU control to a different process , a 
considerable amount of time wiU be re 
quired ju t to save and load the page reg 
isters . Furthermore, tho e 128K bytes 
have to be fa t, and that means expensive. 

For larger sy tems, most paging 
schemes use page table pointers. which 
point to page register value in main 
memory . The e pointer usually take the 
fonn of a mall a sociative cache mem
ory that keeps the most recently used 
page regi ter values. Main memory ac 
cess to lhe page table adds 5 percent to I 0 
percent overhead. depending on the size 
of the page regis1er's on-board cache . For 
example, the National Semiconducwr 
32082 MM U maintains a 32-entry asso
ciative cache on-board and refers to main 
memory when a memory ac e cannot 
be translated with on-chip data . The 
32532 CPU with MMU provide a 64-en 
try cache. The Motorola 68851 operates 
similarly. providing 64 entries in the as
ociative cache. 

To reduce the amount of fa t torage 
required for page table . the operating 
sy tern can use larger page izes . For a 
64K-byte page size, for example, it would 
need only 256 page register to remap up 
to 16 megabyte of memory . Unfortu
nately, memory must be allocated in in1e
gral page izes . A proce s requesting 32 

Figure 3: A hybrid seg111ema1ionlpagi11g system tends to redu e both imernal and ex1ernal fragme111atio11 . 
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additional bytes would be allocated a 
64K-byte page. Increasing the page size 
decreases the number of page registers 
required; however, ir al o increa es the 
amount' of waste due to internal frag
mentation . 

The National Semiconductor 32082 
MMU chip a.llocates memory in 512-byte 
pages. The National 32532 CPU chip, 
which includes an on-chip MMU , uses 
4K-byte page . The Motorola 68851 chip 
lets the system designer select from vari
ou page sizes (e .g .. 512, 1024, 2048, on 
up to 32K-byte). although you can em
ploy only one page size at any given time. 
This lers you decide about compromises 
between internal fragmentation problems 
and large page table sizes. 

Segmentation 
Segmentation eliminates the need for an 
expensive bank of page registers . Intel's 
80x86 and Zilog's Z8000 families use 
segmentation techniques. Segmentation 
is unique in the sense that its effects are 
visible in both the logical and physical ad
dre s spaces. Segmented addresse con
ist of a segment component and an offset 

component , usually specified by seg
ment: address. ·•Segment" represents 
the name of some block of torage, and 
"addres " pecifies an offset into that 
block. (For a discussion of a segmented 
memory manager, see "OS/2 Virtual 
Memory Management" by Vic Heller on 
page 227.) 

The advantage of segmentation over 
paging lies in the way programs are orga
nized. Most programs deal with only two 
distinct items: code and data. Data can be 
fUrther divided into categories (e.g., stat
ic data, dynamic data, stack data, shared 
data, and constants). Segmentation 
works on the principle that a program 
will need to access only a limited number 
of items at one time. Even in the extreme 
example above, onJy ix different item 
(the code segment and the five data seg
menrs) need be accessed at once. 

In a egmentation system, you need a 
segment register for each concurrently 
referenced data segment. For the six 
items listed above, onJy six segment reg
isters are required to provide complete 
access. Compare this to the 65,536 page 
registers required in a system with a 24
bit logical address and a 256-byte page 
size. Segmentation, therefore, is not only 
more sophisticated than paging mecha
nisms (by adding two component logical 
addresses). but more economical as well. 

Segmentation is actually a powerful 
concept that has been given a bad name 
by Intel's earlier processors (pre-80386). 
Due to Intel 's implementations, most 
people associate segmentation with a 
64K-byte addressing limit. This is a limi

talion of certain Intel processors because 
they allow only a 16-bit offset as part of 
the segmented address . The 80386 cor
rects this probl em by allowing a 32-bit 
offset associated with each segment 
value . (For an example of an operating 
sy tern that u e the memory manage
ment facilities of the 80386. see "Marry
ing Unix and the 80386" by Carl Hensler 
and Ken Sarno on page 237 .) 

Sharing Memory 
Besides supplying all the memory a pro
cess requests, memory management co
ordinates access to shared data between 
rwo or more processes . Thi could be 
something as simple as two users sharing 
the same copy of a compiler or editor in 
memory, or as comple;ii; a ' shared data 
structures for communication between 
multiple processes (e.g . . cutting and 
pa ting between two applications) . Data 
sharing presents many challenges to the 
memory manager designer, as well as to 
the application designers exploiting these 
features. 

In a paging y tern, if two processes 
need to share a page of memory, a page 
register for each process points to the 
page they need to share. The major prob
lem with data shari ng in paged-memory 
y terns concerns the use of pointer . A 

pointer stored in a shared data structure 
may not point to the same it.em in the ad
dress spaces of both processes sharing 
that pointer. The only solution is to en
ure that the data which a shared pointer 

references is also shared and lies at the 
same logical address in both processes . 

Segmented systems don't have a prob
lem with pointers. Since a segmented ad
dress consists of two components, a seg
ment and an offset within that segment, a 
pointer containing these two elements 
provides all the information needed to ac
cess data anywhere in memory . 

Paging schemes have two major draw
backs: the large size of the page table re
quired for each process (which must be 
stored in main memory, further degrad
ing performance) and the problem with 
shared data structures. Segmentation sys
tems suffer from e;ii;ternal fragmentation. 
Using a hybrid segmentation /paging 
scheme can solve these three problems. 

This system appears as a segmented 
system to the software. Once the segmen
tation hardware generates a "quasi-physi
cal" address, it then passes this address 
through a set of page registers to produce 
the true physical addre s (see figure 3). 
To the software, this system looks like a 
pure segmeniation system, so all the ad
vantages of segmentation apply . The pag
ing hardware eliminates segmentation's 
big problem: external fragmentation. The 
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paging hardware remaps unused seg
ments to a contiguou memory pool for 
use by other processes. Even though pag
ing is used, there aren't any problems 
with data sharing since pointer addresses 
refer to the segmented addresses rather 
than physical addresses. 

Placement and Replacement 
Regardless of how a process requests 
memory, the virtual memory manager's 
job is to provide the memory . The mem
ory manager usually keeps track of free 
memory with a bit map or a linked list. 
With the fixed-size allocation blocks of a 
paged system, placement and replace
meni algorithms are very easy. Any 
block in memory can be remapped to any 
address. However, for segmentation and 
software-only schemes, the requested 
block of memory can be placed only in an 
area of memory currently unoccupied. If 
two or more such areas are free, then the 
memory manager must choose (using 
some algorithm) which free block to allo
cate for the request. 

A placement algorithm selects a free 
block in memory for a given request. 
Some well-known placement algorithms 
are first-fit. best-fit, and next-fit. First
fit allocates the first available block large 
enough to satisfy the request, best-fit al 
locates the block closest in size to the re
quest, and next -fit allocates the next 
available block large enough to satisfy the 
request. 

The diagram in figure 4 shows a list of 
free and allocated memory blocks. The 
last block allocated was 14K bytes from a 
22K-byte block, which left an SK-byte 

<al iJ L"1'11<><>10d blook( 14K) 

11 I 11 I I 
SK 

(bl 

12K 22Ki Fl"t·fil 

1SK SKi .....111 

6K 14K 36K 

11 11m11 1 rnri 11 11 

fragment. If a process needs to allocate a 
l6K-byte block, then the first-fit algo
rithm selects the fir t available block that 
satisfies the request, starting at the begin
ning of the memory pool. The best-fit al
gorithm also starts its search at the begin
ning of the list and selects the block 
closest in ize to 16K bytes. The next-fit , 
however, will start its search at the point 
where the last block was allocated and 
select the next available block of suffi
cient size. 

As it turns out, the fir t-fit algorithm is 
not only the simplest but usually the best 
and fastest as well. The next-fit algorithm 
produces slightly worse results than the 
first-fit. The next-fit algorithm produces 
more external fragmentation than the 
first-fit because it always ·tarts at the last 
block allocated and seeks the first avail
able block (of sufficient size) beyond that 
point. The result is that the largest block 
of free memory. which usually appears at 
the end of the memory space, i quick ly 
broken up into small fragmems. 

The best-fit algorithm produces results 
inferior 10 the next-fit. Because the best
fit always searches for the smallest possi
ble block to satisfy the current request, 
this algorithm also guarantees that the 
amount of memory left over after the al
location occurs is as small as possible . 
Each memory request always wastes the 
smallest amount of memory; main mem
ory is quickly littered by blocks too small 
to satisfy memory allocation requests. 

In a virtual memory system. the mem
ory manager often encounters a situation 
where one process is requesting a block 
too large to fit into memory. Since there 

SK 12K 6K 2K SK 6K 14K 20K 

Free block 0 0 

Flgure 4: (a) A typical memory configuration after several allocation and 
deallocation operations. The last allocated block was a 14K-byte block from a 22K
bytefree block. (b) The difference between the first - , best- , and next-fit placement 
algorithms in satisfying a 16K-byte allocation request. First-fit will allocate 16K 
bytes from the 22K-byte block, leaving a 6K-byte block free. Tire best-fit will 
search the entire list looking for the closest fit; it will leave a 2K-byte block free , 
which is too small for most processes to use. The next-fit will start looking from the 
last allocated block. Often, it will break up the large blocks ofmemory that tend to 
be found at the end ofmemory. 
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is insufficient storage for the request, the 
memory manager must make room for 
the request by writing certain blocks of 
data to disk, thereby freeing tho e blocks 
10 satisfy the current request . Replace
ment algorithms decide which blocks of 
memory can be swapped ouc . 

A poor choice for the replacement al
gorithm may cause thrashing, a situation 
where the system may spe nd more time 
swapping blocks in and ouc of memory 
instead of operating on the data therein . 
To reduce this possibility . the replace
ment algorithm should select a block that 
won't be accessed for a considerable 
amount of time . The optimal-replace
ment algorithm holds that the best block 
to choo e is the one that will be accessed 
the farthe t in the future . Unfortunately, 
in most systems the order in which the 
blocks will be allocated is not known . 

The least recently used (LRU) algo
rithm is a good approxima1ion of optimal 
replacement. II is based on the assump
tion that the likelihood that a process will 
access a block is usually inversely pro
portional to the amount of time that ha 
passed since the last acces . Temporal lo
cality is where blocks (or groups of 
blocks) tend to be accessed in widely 
spaced bursts rather than in evenly 
spaced intervals. Therefore , if a block 
hasn't been accessed in a while , it is a 
good tip-off that it won 't be u ed for quite 
some time. 

Unfortunately. the LRU is too expen
sive to implement (in hardware or sofl
ware) because each memory access re
quires a " time tag" to be wrin.en 10 a 
descriptor for that block. Whenever a 
block must be replaced in memory, the 
system must locate the oldest time tag and 
replace that block. Such operations in
volve considerable hardware and soft
ware overhead, so the LRU replacement 
algorithm is rarely used. 

A slight modification of LRU is the not 
recently u ed (NRU) replacement algo
rithm. This algorithm classifies blocks 
into four categories based on memory 
references (R) and modifications (M). A 
memory reference is any access (read or 
write) to a memory location. A memory 
modification occurs when that location is 
written to . Based on the e two opera
tions, the following table rates them ac
cording to their "replaceability ": 

0: not referenced, not modified (_) 
1: not referenced, modified (_M) 
2: referenced , not modified (R._) 
3: referenced , modified (RM) 

(Class I occurs when a time-out opera
tion resets the referenced bit). 

The NRU algorithm picks a block of 
memory, at rdndom. from the lowest
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numbered class and swaps lhat block to 
disk. The algorithm offers reasonable 
performance with very little hardware 
overhead. It is best if hardware maintain 
the Mand R bits; otherwise, the memory 
manager would have to execute many in
tructions for each user iuslruction that 

acces ed memory. The National Semj
conductor MMU chip , for example, 
provide hardware to support the NRU al
gorithm. The NRU algorithm is rela
tively easy 10 implemenl in hardware (it 
need handle only two additional bits) and 
doesn't place as much of a demand on the 
oftware a the LRU algorithm . 

Other popular replacement algorithms 
include FIFO and first-in/not-used/first
out (FINUFO) . The FIFO algorithm 
keeps all the blocks in the system in a 
queue. Whenever a block must be re
placed , the FIFO algorithm replaces the 
block at the front of the queue and then 
moves that block to the tail of the queue. 
The FINUFO algorithm is ·imilar. ex
cept that every time a block i accessed, it 
i moved to the end of the queue. Re
placement blocks are still taken from the 
front of the list and added to the end once 
they are swapped. The FINUFO algo 
rithm tends to congregate oflen-acces ed 
blocks at the end of the queue so that they 
are rarely swapped out of memory . 

In the simplest virtual memory system 
that use paging, a process begins 
without any of its pages in memory . As 
oon as the CPU attempt to execute the 

first instruction , it will access a memory 
location not present in real (as opposed to 
virtual) memory. This will cause a page 
fault, requiring the memory manager to 
load the page comaining the first page of 
the program. With each memory access 
outside this first page, or when the pro
gram "falls" into the next page, the mem
ory manager loads the appropriate page 
of memory. This is cal led "demand pag
ing" because pages are swapped in and 
out on demand . 

Demand Paging 
U ually, processes do not access many 
different pages in memory . Rather, most 
program exhibit a locality of reference . 
During any point in the execution of the 
program, it will access only a sma.11 num
ber of pages. The set of pages in use by a 
program at any given time is called its 
working set . In a demand-paged model, it 
may take 20 or more page faults before a 
proces 's working set is present in mem
ory . Since the overhead a sociated with a 
page fault is rather high, the performance 
of the entire system is degraded . Many 
high-performance memory managers at 
tempt to keep track of a process's work
ing set. Whenever a process is ·wapped 
into memory, the memory manager at

tempts to load the entire working set. 
This working set model (also called pre
paging) reduces the system overhead 
considerably . 

In a virtual memory system employing 
segmentation. entire segments (rather 
than pages) are usually swapped in and 
out of memory. The principle of locality 
applies to egments as well. At any time, 
a process will access only a couple of seg 
ments. Since a code segment typically 
contains many more instructions than a 
page, and a data segment usually contains 
much more data than a page, thra hing is 
not as much of a problem with segmenta
tion. ln fact, swapping in an entire seg
ment is a form ofprepaging. 

Nevertheless , the working set model 
applies to segmentation systems as well 
as to paging systems. At any given time , 
the process accesses a certain et of seg
ments . These segments form the working 
set for that process at that particular time. 
The virtuaJ memory manager, to ensure 
the highe t perfomtance, hould actempt 
to load the working et of segments for a 
process when it is being swapped into 
memory . Segmentation's benefits work 
against it as well. Although loading a seg
ment i a form of prepaging, segmenta
tion suffers from the fact that segments 
are usually much larger than pages and 
hence take more time to swap to and from 
the disk. 

Trend Toward Virtual Memory 
Most microcomputer ystems rely on 
software solutions to the memory man
agement problem. They coordinate the 
use of allocated and deallocated blocks of 
memory, but most leave protection con· 
straints to the individual programs. 

Within 5 years , most (new) computer 
systems will routinely incorporate mem
ory management hardware . Operating 
system designers will be able to provide 
vinual memory easily. The choice will 
be between egmentation, paging, or a 
hybrid segmentation scheme. 

The trend in hardware is toward power
ful on-chip hardware MM Us. Currently 
the 80386, 32532, Fairchild Clipper, and 
68030 CPUs all provide sophisticated 
hardware memory management. In a few 
years, mo t personal computers (since 
they will be using ch.ips such as these) 
will suppon hardware memory manage· 
ment and virruaJ memory . Today's com
plex oflware memory allocation and 
deallocation ·chemes will give way to 
system in which memory management is 
totally transparent to the programmer. • 

Randall L. Hyde (Genest Tecli11ologies , 
Sama Ana . Califomia) received his MS 
and BS in computer science from the Uni
versity ofCa/ifomia, Riverside. 
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MEMORY MANAGEMENT 


OS/2 Virtual Memory 

Management 


How OS/2's hardware and software data structures work together to provide 
virtual memory, dynamic linking, and sharing of code 

MICROSOFT OS/2 MEMORY manage
ment takes advantage of the 80286 's 
fault-handling capabi lity to support seg
ment-based virtual memory . Programs 
link dynamjcaJly at load time or run time 
or both to library modules for system er
vices; independent oft ware packages 
can use dynamic -link library (DLL) 
modules to share code and data used by 
multiple related applications . I'll give an 
inside look at the design of0S/2's mem
ory manager ver ·ion I . I a an example of 
segmented virtual memory management. 

Providing the virtual memory, as well 
as the dynamic linking and sharing of 
code between tasks, require some care
fully thought out data structures. The 
80286 supplies hardware support for pro
tecting tasks from each orher. bur we al o 
need to keep track of allocated and unal 
located memory and the status of a task 's 
segments (e .g .. present , swapped dis
ca rded. or allocate on demand (AOD)) . 
We need to be able to find a segment that 
is not present. If there isn't enough physi
cal memory for an allocation request , the 
memory compactor must be able to deter
mine whether it can move segments 
around to make room, or if it wi ll have to 
discard or swap some segments out of 
memory. Providing the abili ry to share 
data among task adds anmher dimension 
w the complexity of the system. I 'll look 
at the data tructure OS/2 uses and ex
plain how they work together. 

Figure l shows OS/2' hardware and 
software data structures. Each task has a 
per task data area (PTDA) created by 
05/2. Every executable or DLL file has a 
module table entry (MTE) as part of its 

Vic Heller 

header. The operating system reads the 
MTE into memory when it loads a pro
gram or library module. The PTDA con
tains data global to the task (local de
scriptor table {LDT) information , thread 
count, and so on) and some data specific 
to each thread of ci1ecu1ion within the task 
(c urrent register contents and so forth); 
the MTE contains each segment's size, 
location in the file , and other type infor
mation. The system uses the PTDA to lo
cate a single descriptor that maps a seg
ment so it can be edited when the rate 
changes. The system uses the MTE to 
find the executable or DLL file infomia
tion so it can find and read the segment 
contents into memory . 

The 80286 hardware provides each 
task with an array of segment "descrip
tor" structures (LDT) to restrict each 
task's access to those segments the oper
ating system allows . A valid descriptor 
entry contains a u er segment's physical 
address, size, and access rights (read/ 
write /execute). The operation of placing 
a selector into a segment register causes 
the 80286 hardware to use the selector to 
index the LDT, fetch the corresponding 
LDT descripror, and allow access and 
limit checking during each subsequent 
memory reference. Figure 2 shows an 
LDT entry (descriptor), along with the 
fom1at for a selector and the egment reg
isters with their hidden descriptor cache. 

The LDT descriptor work closely 
with two software data structure : the 
physical arena and the handle table. In 
fact, starting with any one of these struc
tures. the system can find either one of 
the others. 

The physical arena i a list of headers 
that keeps track of all avai lable physical 
memory by linking free and allocated 
blocks of memory . A header holds a seg
ment' handle, owner, and last detected 
access time (time tamp). The handle 
table hold more permanent information 
that the system must have when a segment 
is not present in the physical arena-in
formation such as the segment's selector , 
owner, swap ID, and state. 

The 80286 provides an accessed bit in 
each descriptor that a sistS the operating 
system in choosing which segments can 
be swapped out or discarded. The hard
ware sets this bit whenever it accesses the 
corresponding segment. On the order of 
once per second. OS/2 examines and 
clears these bits , and update the physical 
arena time stamps for each accessed seg
ment. When physical memory becomes 
scarce, OS/2 builds a simple ordered list 
of the segments. with the oldest time 
stamps first. This list is rebuilt when it is 
exhausted (all its ent ries are discarded or 
swapped) or when sigruficant physical 
arena changes take place . 

The compactor uses the handle table 
and owner to modify the descriptor and 
handle states of segments that it moves , 
swaps, or discards. When a segment i 
not present, the handle state tells whether 
the segment is wapped, discarded , 
AOD, or in transition (being swapped or 
moved) , and part of the handle table 's ad
dres field is used to identi fy the owner. 
If the segment is swapped out, the ad
dre field al o contains lhe swap ID. A 
swap ID indexes the swap control table 

cominued 
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(SCT), which tells where the segment is 
located in the swap file. When the state of 
a segment is di ·ca rded or AOD. the sys
tem uses the owner ID to locate the MTE, 
which contains information about where 
to find the segment contents. 

When the system swaps out or discard 
a segment, it moves the segment's owner 
into the handle table, and the handle is 
stored in the LDT descriptor's address 
field. If a descriptor's access is marked 
"not present,·· the hardware does not de
pend on the contents of the address field, 
which lets 05/2 overlay the address field 
with the segment's handle. 

Dynamic Linking and Sharing 
Executable and DLL files have relocation 
records that encode intemaJ and external 
references that OS/2 must resolve when it 
loads the files. Because the system aJlo
cates electors for each segment defined 
by an executable or library module when 
a module is loaded, internal segment or 
fa r pointer references are not resolved at 
link time; they must be resolved at load 
time. Because DLL modules can be indi
vidually replaced all external references 
to library modules must also be resolved 
at load time. 

Segments can share their virtual ad
dresses, their contents, or both. Each 
LDT has separate shared and private se
lector region . Selectors that map to de
scriptors in the private region are called 
private selector · tho e that map to de
scriptors in the shared region are called 
hared selectors. Figure 3 graphically de

picts the difference between the two. 
Private and shared selector are inter

leaved to aJJow for the srnalle t possible 
LDT size (see figure I) . The selector type 
is independent of whether the segment 
contents are shared ; table l shows the 
four possible combinations of shared and 
private se l e~tors and shared and private 
memory. 

Figure 1: The hardware and software 
data strucwres rhat OS/2 uses. This 
example shows the state ofthree 
segments in the task EXEJ . Segment A 
is an e.xample ofan EXEfile code 
segmem rhat is curremly discarded. 
Notice it uses a private selector, and 
the handle wble enrry shows that 
segmem A 's owner is EXEi 's MTE. 
Segmenr B is currently swapped to disk 
and has a shared selector. The owner 
ofsegment Bis EXEJ 's PTDA. Segment 
C is present in memory and has a 
private selector. Since it is presem in 
memory, irs physical arena header 
points 10 its owner, EXEJ 's PTDA . 
Notice the shared and private segment 
descriptors are interleaved in a 3-to-l 
ratio. 
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Private, dynamically allocated data 
segments also use private electors and 
private memory . Shared, dynamically al 
located data segments (both named 
hared and unnamed shared) use hared 
elector and hared memory to Je t an ap

plication dynamically attach to hared 
egment . 

When the system allocates a shared se
lector. the corresponding de criptor i 
re erved in all task · for the purpo e of 
mapping a single egment . Shared elec 
tors are always used for library module 
segments, becau e an application candy
namically anach to any library module . If 
the library module i. in memory , its se
lectors have already been allocated , and 
they mu t be available in the caller's con 
text to map the library· segments . 

OS/2 uses private electors for all of an 
executable module's segments. If shared 
·electors were used, large number of 
shared selector would be re erved . Since 
a task can attach only to an executable 
module while the task i being created , 
OS/2 can guarantee allocation of specific 
private selectors, becau e the LDT starts 
out empty. 

To show why an executable file must 
use private selectors. consider an execut 
able file that contain I00 segment and 
uses hared electors: When th is execut
able file is active , 100 shared selector 
would be reserved in every ta k · s con 
text. including task that do not (and can
not ever) reference the executable file. 
When new segments that require shared 
electors are created (i.e ., another exe

cutable file is added to the ystem) , nu
merically grea1er selectors mu I be allo 
cated. which results in the growth of 
every LDT thal contain a reference to the 
new segments. LITT memory waste would 
increase with each executable file in use. 

Executable and library module code 
segments always share their content . 
You can declare data egment at link 
time a private or hared . Jf a egment is 
hared between 1a. ks , the system dupli 

cate · the LDT descriptor contents among 
all ta k that reference the segment. and 
only one handle and physical memory 
segment exi t for the segment. If a seg
ment's contents are private , the system 
loads a new copy of the segment for each 
referencing task . The segment' contents 
may vary from one ta ·k to another over 
time, but each task's copy i referenced 
using the same selector value and has the 
ame initial contents and size . 

The owner ID of a private segment is 
the handle of the task's PTDA , so that 
when a egment 's state changes , the in
gle appropriate descriptor ca n be ea ily 
found and updated . The example in fig 
ure l hows that the owner field for the 

co111i111wd 
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Segment addreu trenalatlon reglatera 

16-blt 48-bit hidden descriptor cache 
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32-blt pointer 
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Segment selector Segment offset 

Selector 

Index T1 APL 
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Tl = Table indicator 
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two private egments points to the task· 
PTDA ; the owner for the discarded "Cg
ment can be found in the handle table en
try A, while the owner for the present 
egment can be found in the physical 

arena header. 
The owner ID of a shared program or 

library module segment is the handle of 
the module ' MTE segment. The PTDA 
cannot be u ed a the owner because 
multiple LDTs can reference the ·ame 
shared segment . One de crip1or in each 
LDT must be examined 10 see if it maps 
the same egment prior 10 performing de
criptor updates . For the shared egment 

in handle table entry A in fi gure I , the 
owner fie ld points to the EXE i 's MTE. 

When a hared egment changes sta1e. 
the y tern mu t fi nd and update all de
cripto that map that segment . To avoid 

the overhead of mainta ining an additional 
data tructure to enumerate the tasks that 
reference each shared segment , the ys
tem examines the appropriate desc riptor 
in each LDT to see if that segment is 
being referenced . It then updates each de
criptor that matches the earch cri teria . 

Private egments may be allocated be
cause of an executable or libra ry module 
egmem defini tion. or they may be dy

namical ly allocated via a system all. 
Since the hardware doe not upport i
multaneou read/write/execute access via 
a ·ingle LDT elector, OS/2 allow · an 
LDT code al ias elector to be created to 
execute code in private data egment 
(non-" huge" data segment only). You 
an use th is feature to support efficient 

video display raste r operations needed by 
graphic oft warc . 

Two add itio na l ty pe - of dy namic 
·hared memory are also avai lable: named 
and unnamed ha.red ·egment . amed 
hared segments, allocated via a y tern 

cal l, al low conunu nication between ta ks 
1hat don' t al ready hare program or li 
brary refe ren e . Unnamed shared eg
ments (also allocated via a ys1em call ) let 
the caller specify any combination of 
G IVE, GET. and DISCARD anribu1e . 

If a egment has the GIV E attr ibute, 
any ta k that ha acce to the egment 
can give another task acce . [fa egmenl 
ha the GET attr ibute , any ta k can ob
1ain access if it knows the shared selector 
re erved fo r lhe segment. Fi nally. if an 
unnamed hared segment is allocated as 
DISCARDable, the user can change the 
egment back and fonh be1ween wap

pablc and discardable . When di carded . 
any data tored in the egment will be 
lost. The appl ication is responsible for 
bei ng abl e t re-c rea te the da ta ( ifFigure 2: The 80286 hardware structures work together to provide memory 
necessar y) .protection. The action ofloading a segmem selecror imo a segmem register causes 

One u e of discardable segments of thi rhe 80286 to use the selector to index i1110 the WT and USI' the corresponding 
type is to store video display data that isegmem de criptor for /imir and access checking. 
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Your challenge is ro develop the besc expert system applications and deliver them co many user .Or co break new 
ground in Al development. 

To succeed, you have to use the best development tools. Tbey should be power tools that are technologically 
superior co t-effective and proven. Tools that are fulJysupported with a comprehensi,1e program ofservice, education 
and consuJcing. 

Gold Hill 's success depends on your success.That's why we're helping developers like you get to the top in AI- with 
Gold\lbrks the PC-ba'ied expert system development/delivery tool,and Golden Common LISP Developer 3.0 the 
first ftlll implementation ofCommon LISP on the PC under DO . Products like these, plu an uncompromising commit
ment to excellence in service and support, make Gold Hill the number one provider of Al power tools for PCs. 

If ou're a programmer and you haven't taken aserious look ar Gold Hill's power tools, write or call today. 

Gold Hill Computers, Inc. 
Gold Hill. The expert in AI on PCs. 26 Land.sdowne Street 

Cambridge, MA 02139 
Circle 113 on Rladtr ~"'~e Card ..=;;;;;;;;;;;;;;~;;.;;;;;;;;;;;;-..... Toll-free: 1-800-242-LISP 

Gold Hill, Gokl\\llrks 3nd GOkkn Clll!llllOll LISI' Oevdoptr 2J'C lrallcmatks 
ol Gold Hill Compu1as, Inc. opyrigbl 1988. Gold HUI Compne~. Inc. GOLD HILL InM~.: (611)621-3300 



OS/2 VIRTUAL M EMORY 

PTDA1 
(CMD.EXE) 

EXE 1 MTE handle 

LDT handle 

PTOA2 
(CMO.EXE) 

EXE 1 MTE handle -
PTDA3 

(SHELL.EXE) 

EXE1 MTE 
(CMD.EXE) 

EXE2MTE 
EXE2 MTE handle 

LDT handle (SHELL.EXE) LDT handle 

LOT1 

Private 

Base selector E 

Shared 

Base selector S 

DLL1 MTE 

DLL 1 MTE 
(TEST.DLL) 

-

-

LDT2 

Base 

Base 

i.: ..... 

SeleclorE -
SelectorS 

" 
LDTJ 

Base 

·~ 

Selector E 

Selectors 
(reserved) 

." .... Shared CMD.EXE , ... ... shared SHELL.EXE , ... ,. , 
code segment code segment 

Physical Physical 
arena header arena header -

~ 

Segment Segment 
contents contents 

Shared TEST.DLL 
code segment 

Physical 
arena header -

- Segment 
contents 

Figure 3: The difference between 
private and shared selectors. Private 
selector E maps the same shared 
(code) segmem f or all invocations of an 
executable file. Other tasks may use 
selector £ for other purposes. Shared 
selector S maps the same shared (code) 
segment for a fl tasks attached to the 
TEST. DLL dy11ali11k library. Shared 
selector Sis reserved for the TEST. DLL 
segment: other tasks cannot ust' 
selector S for any other purpose. 

Table I: Four combinations of shared and private selectors and shared 
and private memory are possible. 

Selector Memory Origin 

Private Private EXE file private data segment 

Pri vate Shared EXE file code or shared data segment 

Shared Private DLL hie private data segment 

Shared Shared DLL hie code or shared data segment 

tempora rily ove rwritten and restored . If 
the system discards the display data due 
10 low-memory conditions, you can al
ways recreate it. If the video data is still 
ava ilable when needed. you can easily 
and quickly update the display. 

Since many daia structures a re much 
larger than lhe 64K-byte segment size 
supported by the 80286 , OS/2 provides 

fo r " huge .. segment a llocation. Thi s is 
made up of an array of individual seg
ments ; all but the last in the array are 
exactly 64K bytes in length , and consecu
rive segments are addressable by adding a 
constant increment multiple to the selec
tor of the first segment. 

The constant to be added to the base 
se lector is ava il able to an application 
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through a special dynamic-link reference. 
High-level language upport for huge 
pointer manipulation is available 1ha1 
make · u e of this constant; the va.lue of 
the constant can change, so it should 
never be embedded in an application . 
This is the only case where an application 
can perfonn arithmetic on selector values. 

Con ecutive full-size data segment 
with consistent attributes that appear in a 
program or library module will be treated 
as adjacent huge subsegments. You can 
also allocate private and unnamed shared 
memory a huge segments. 

When loaded from nonremovable 
media (e.g .. a hard disk), the system al 
way make program and library module 
code segments discardable. Since these 
segments cannot be modified , you can re
store their contents at any time by reading 
the program or library module file and 
performing any necessary relocation fix
up . Program and library module writ
able segments and most run-time allo
cated egments are made swappable, 
ince their contents may have changed 

from when they were initially loaded. 
Some dynamic a.llocation requests re

su h in allocating segments not present in 
physical memory. When the application 
first accesses the segment, the system al 
locate the memory . This is done when 
huge segments are allocated , lo avoid un
necessary swapping when allocati ng 
enough memory to completely satisfy the 
huge allocation reque I. 

The total of free, discardable, and 
wappable memory must alway be large 

enough to lei at least one task at a time 
reload enough segments to execute. Fixed 
and locked segment can reduce this 
total . The system performs overcommit 
accounting to en ure that a demand load 
request an be satisfied at any time . 
(Overcommit accounting is the allocation 
of more virtual memory than can be 
stored at once in the available physical 
memory .) Fixed allocation and long-term 
lock request will fai l if the resulting total 
of free. di sca rdable , and swappable 
memory would be too mall to reload one 
task's currently referenced segment. 

The ystem swaps segments to a data 
file. which cannot always be grown at the 
time of a swap-out request; the disk space 
may not be available. The system must 
keep the ·wap file large enough ro handle 
swapping out a predictable amount of 
memory. in advance of the need. To ac
complish this. rhe ystem grows the swap 
file whenever it allocates new swappable 
segments. If a growth attempt fails, it re
fuses the new egment allocation reque l. 

Some Tips on Usage 
All ·ystem service.i are referenced via 
dynamic links to library modules . OS/2 

OS/2 kernel code 

supports some 

services directly, while 

other services are part 

of bona fide library 

modules. 

kernel code upports some service di
rectly. while others are part of bona fide 
library module . A programmer refer
ences a system service as if it were a nor
mal far procedure call with the P.ascal 
cal ling convention (the callee cleans 
parameters off the stack). Having a con
istent procedure-call interface make 

system services directly available to a 
sembly language program and everal 
high-level languages, including Pascal. 
FORTRA N. and C, assuming a small 
amount of compiler support tor the latter . 
The linker recogn izes a dynamic-link 
defini1ion in a provided library. and it 
turns the reference into a relocation 
record processed at program load time to 
resolve the final virtual address. 

II is best to minJmize the number of in
dividual code and da1a segments. This i 
becau e segment allocation requests are 
rounded up to the granularity of the phys
ical memory manager (32-byte multi 
ple ). and becau e additional memory i 
consumed for LDT descriptors, handles, 
and physical arena headers. You must 
separate program and library module 
hared and privare data , so one rype of 

data should be eliminated if it can be done 
without compromising the res! of the 
module. Reducing or eliminating library 
module private data i particularly useful 
becau e the effect is multiplied by the 
number of processes attached to the li
brary module. 

It is also helpful to put nontrivial ini
tialization code and data into egment 
separate from the main code and data . 
Explicitly freeing these segment after 
initialization will release valuable mem
ory or swap-file space if wapping is dis
abled or if the module is loaded from re
movable media. Also. rarely used code 
·hould be pul into eparate egments. 
This will reduce overall memory require
ments because only the mo"'t frequently 
used portions of rhe program will be in 
memory.• 

Vic Heller is the lead technical system 
software engineer for OS/2 's virtual 
memory manager ar Microsoft Corp. . 
Redmond. WA . 

LABELING 

SOFTWARE 


For DOTMATRIX and 
Laser Printers 

(Ep$on/IBM/Olridata/LaaerJet) 
• Labels for shelves. bins, inventory 
• 13 text sizes readable up to 50 ft . 
• Bar Codes: 2 of 5, UPC/EAN. 128. 


MIL-STD. AIAG. MSI . Code 39 

•Any size label • Flexible format 
•Color options • Reversals• Fast 
•File input • Menu driven• $279 
•Other bar code programs from $49. 
• Font Cartridges NOT required 
• Fast • Easy • Not Copy Protected! 

30 Dag Honey Back Guarantee! 

Bar Code Readers 
for PC, XT, AT, PS/2 

•Reads 2 ol 5, UPC/EAN. Code 39 

•Attaches as 2nd Keyboard 
•No software changes to add bar 


codes to any program 

•Rugged stainless steel wand 

•Optional Magnetic Stripe Reader 

only $100 additional 


• External auach to all PS/2 models 
• External OR Internal to PC, XT, AT 

• Upgrade from PC 10 PS/2-only $30 

PC, XT. /IJ model-complete .. . .... $365 
ALL PS/ 2 models-<:omplele .. .. .. . $399 
RS-232 a Klmtron-complele .... .. . $399 

30 Dog Money Back Guarantee! 

WORTHINGTON 
DATA SOLUTIONS 

417-A Ingalls Street, 
Santa Cruz, Calllomla 95060 

408/458-9938 
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When you want to talk computers.. 

AT ARI COMPUTERS 

65XE 64K Computer . . .. . .. .. 99.99 
130XE 132K Computer . . . . .. 139.00 
520ST-FM Monochrome System Call 
520ST-FM Color System .. .. . 789.00 
SF124 Monochrome Monitor . 149.00 
SF1224 Color Monitor ..... . . 329.00 

D 

.t' .. - • - r--~ ,,., ... 
\ 1'• • 'I ' \ 

Atari 1040 s
Color System 939 
Includes : 1040ST, 1MB RAM with 3 1/2" 
Drive Buill·ln, 192K ROM with TOS, 
Basic, ST Language and Color Monitor. 

ATARI ST SOFTWARE 
Access 
Leaderboard Golf .... .. ... . . 24.99 
Antic 
Stereo CAD 30 Flash ......... 24 .99 
Avant Garde 
PC Ditto (IBM Emulation) .... . 69.99 
Batteries Included 
Degas Elite . . _ ... . _ . ... . . .. 44.99 
DAC 
Easy Accounting ............ 64.99 
Tlmeworks 
Swiftcalc/Wordwriter ....... . 49.99 
VIP 
Professional Gem .......... 144.00 

AMIGA SOFTWARE 

Absoft 
AC Basic ..... . ........... 139.00 
Aegis Development 
Animatorllmages . ... .......89.99 
Draw Plus .... .. . .. . ... . .. . 149.00 
Son ix . .... ....... .. . .. . .. . 49.99 
Discovery Software 
Marander II . . . . . .... . ... .... 31 .99 
Electronic Arts 
Deluxe Video 1.2 . . . . . . .. . . . . 89.99 
Gold Disk Software 
Pagesetter wfText ed . ... ... . 89.99 
Micro Illusions 
Dynamic Cad ... .. . . . . . . ... 349.00 
Micro Systems Software 
Scribble . ............... . .. 69.99 

AMIGA SOFTWARE 
New Tek Inc. 
Digi-View 2.0 . . .. .. . ...... . 149.00 
Digi -Paint . . ... . ..... .. . . . .. 44.99 
Sub-Logic Corp. 
Flight Simulator II . .. ... . .. . . 39.99 
Word Perfect Corp. 
Word Perfect .... . .... ..... 199.00 

MACINTOSH PRODUCTS 
HARD DRIVES 
CMS 
MacStack 20 . .. .. ..... . .. .599.00 
Everex 
40 MB SCSI ............ . . . 999.00 
Mountain 
20 MB SCSI _. . . .... .. .. ... 849.00 

FLOPPY DRIVES 
Cutting Edge by Ehman 
Book External ... . .. .... . .. 189.00 
Mirror Technologies 
Magnum Book . .. . .. ... . ... 199.00 
MONITORS 
Sigma Designs 
Laser View Display Syst . .. . 1,899.00 

Network Specialities 
Big Top 20" Desk s
Top Publishing 1499 
MEMORY UPGRADES 
Dove Computer 
Mac Snap 524S . . . . . . .. .. .. 199.00 
Mac Memory 
Max Plus Mega . ........ ... 329.00 
Turbo SE 16 MHz . - .... . . . - .369.00 
SCANNERS 
AST 
Turboscan .... . . .. . ... .. . 1,299.00 
Data copy 
720 Flatbed Scanner .. ... . 1,199.00 

MS/DOS SYSTEMS 

AST Prem. 140 Desktop . ... 2,499.00 
Compaq Desk pro and Portables. Call 

MS/DOS SYSTEMS 
IBM PS/2 model 30 and 50 .. . . . Cal I 
IBM PS/2 model 60 and 80 .. . . . Cal I 
Leading Edge ...... .. . .... . 899.00 

NEC 
Multispeed 
Floppy Laptop 

NEC APC-IV Powermate . .. 2,399.00 
PC-TOO 802861.2MB, 512K .. 999.00 
Toshiba T-1000 Laptop .. .... 799.00 

MULTIFUNCTION CARDS 

AST 
Hot Shot 286 Accelerator . .. .349.00 
Hercules 
Color Card ..... . . .. _. . .... 139.00 
Graphics Card Plus ........ . 159.00 
5th Generation 
Logical Connection 256K . ... 299.00 
Quad ram 
Quad386XT 80386 PC-Upgrade 
..... .. ... ... . ........ ... 799.00 

Video 7 
Vega V.G.A. Adapter ........ 319.00 
Zuckerboard 
Color Card w/Parallel Port .... 89.99 

MS/DOS SOFTWARE 

Ashton-Tate 
d-Base 111 + . . . .. . .. .. . .... 389.00 
Borland 
Quattro .. ... .. . ... . . . .. ... 129.00 
5th Generation 
Fastback Plus . .. .. . . .. ... . . 89.99 
IMSI 
Optimouse w/dr. Ha lo ...... .. 89.99 
Logitech 
C7 Mouse w/Software . . .... .. 79.99 
Lotus 
Lotus 1.2.3 .... ... .... .. .. . 309.00 
Micropro 
Professional 4.0 w/GL . .. . . . . 239.00 
Word Perfect Corp. 
Word Perfect 4.2 .. ... . . .. .. 209.00 

I (

L_-----"", 
COMPUTER MAIL ORDER 
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.••..•.. When you want to talk price. 

MONITORS 

Amdek 
Video 310A 12" Amber ..... . 119.00 
Video 410 12" A/G/W .... (ea.) 159.00 
Magnavox 
7BM623 12" TIL Amber ... ... 99.00 

Magnovox CM8502 s 
13" Composite Color 159 
CM8515 14" RGB/Compos ite .269.00 
CM876214" RGB/Composite . . New 

NEC 
GS-1 40014" Monochr. TIL ... 219.00 
JC-1402 Mult isync-11 ...... .. 599.00 

Packard Bell 
PB-1418F 14" Flat TIL A/G/W 

. .. . . .. . . . .. .. .. .. ... (ea.) 119.00 
PB·1420CG 14" Mid-Res CGA 269.00 
PB-1422EG 14" HI-Res EGA . . 369.00 
PB-8526-MJ Uniscan Mon itor. 399.00 
Princeton Graphics 
Max-12 12" TIL Amber ...... 149.00 
Thomson 
450 15" 132 col. TIL Amber . . 119.00 
412014" AGB/Composite ... . 239.00 

DRIVES 

Atari 
AA354 SS/DD ST Disk . . ... . . 129.00 
AA314 DS/DD ST Disk . . . . . . . 199.00 
SHD204 20MB ST Hard Drive . 569.00 
C.LTD (For Amiga) 

C.LTD 20MB .. .. .. . .. . . . . . . 899.00 

C.L TD 33MB . . . . ... . ..... . . 999.00 

C.LTD A500 SCSI Controller . 179.00 

Indus 

GT Disk Drive Atari XUXE . . . 179.00 

Racore 

Jr. Expansion Chassis .. .. . . 299.00 

Seagate Technologies 

ST-225 20M B Drive ... .. .... 249.00 

Supra 

Atari ST 20MB Hard Drive .. . . 559.00 

Amiga 2000 20MB Hard Drive .649.00 

Xebec 

Amiga 20MB Hard Drive . . . . . 799.00 


MODEMS 
Anchor 
6480 C64/128 1200 Baud .... .. 99.99 
Vu-520 ST520/1040 1200 Baud 129.00 
1200E 1200 Baud External .. . 129.00 
Atari 
SX-212 ST Modem ..... .. . .. .94.99 
Avatex 
1200 HC External .. . ... ... . . 99.99 
2400 External ......... . . .. . 209.00 
Best Products 
1200 Baud V2 Card w/software . 89.99 
Everex 
Evercom 2400 Baud External . 239.00 
Hayes 
Smartmodem 300 . .. . .... . . 149.00 
Smart modem 1200 .. . ...... 259.00 
Packard Bell 
1200 External .. . .. . ..... . ... 89.99 
2400 External .... . . . ... . . . . 169.00 

Practi(:al Peripherials 
Complete Telecom sagss
Package 

2400 Baud Stand-Alone .... . 199.00 
Supra 
MPP-1064 AD/AA C64 ..... . . . 69.99 
2400AT 2400 Baud Atari .. . .. 169.00 
U.S. Robotics 
Direct 1200 Baud External . . .. 89.99 
Direct 2400 Baud External .. . 199.00 

DISKETTES 

Maxell 
M 01 ·M SS/DD 51/4'' ....... . ... 8.49 
MD2-DM OS/DD 5 11.1" . . . . .. . . . 9.49 
MF1-DDM SS/DD 3 V2'' ... . ... 12.49 
MF2-DDM DS/DD 3V2'' .. . .. . . 18.49 
MC-6000 DC-600 Tape ... . ... .23.99 
Sony 
MD1D SS/DD 5112'' .. ... ..... . . 6.99 
MD2D DS/DD 5 112" ......... . . 7.99 
MFD-100 SS/DD 3112'' . .... . . . 11 .99 
MFD-200 OS/DD 3112' ' . ... .. . 16.99 

PRINTERS 
Atari 
1020XUXE Plotter ... . .... . . 31 .99 
XDM-121 Letter Quality XL-XE 159.00 
XM-M801 XL-XE Dot Matrix . . 199.00 
XM -M804 ST Dot Matrix ..... 189.00 
Brother 
M-1109100cps Dot Matrix ... 199.00 
M-1409180 cps Dot Matrix ... 309.00 
Citizen 
120D 120 cps Dot Matrix .. ... 149.00 
Premier-35 35 cps Daisywhl. • . 479.00 
C.ltoh 
315-XP Epson/I BM 132 col. ... 549.00 

Epson FX·86E 
80 Column 240 CPS s279 

Epson 
LX-800 150 cps, 80 col. .. .... 179.00 
FX-286E 240 cps, 132 co l. .... .. Calf 
LQ-500 180 cps, 24-wire . ...... Call 
L0-850 330 c;ps , 80 col. .. ...... Call 
L0-1050 330 cps, 24-wire . .. ... Cal l 
EX-800 300 cps, 80 col. . . . . . ... Cal l 
Hewlett-Packard 
HP-2225 Th inkjet . ... . ... ... 369.00 
NEC 
P2200 Pinwriter 24-wire . .. .. 379.00 
P660 Pinwriter 24-wire ...... 459.00 
P760 Pinwriter 132 col. .. . .. . 679.00 
Ok Ida ta 
Ok imate 20 color printer ..... 129.00 
ML·182 120 cps 80 col. .... .. 229.00 
ML·192 + 200 cps , 80 col. .... 359.00 
ML-193+ 200cps, 132col. ... 469.00 
Panasonic 
KX·P1080i 144 cps, 80 col. ... 189.00 
KX·P1091 I 194 cps, 80 col. ... 199.00 
Star Mlcronlcs 
NX-1000 140 cps, 80 col. . . . .. 169.00 
NX-1000C C64/128 Interface . 189.00 
NX-15 120 cps, 132 co l. ...... 319.00 
Toshiba 
P321-SL216cps, 24-wire .... 539.00 
P351 ·SX 300 cps, 24-wlre . ... 999.00 

In the U.S.A. and in Canada 

Call toll-free: 1-800-233-8950 

Outside the U.S.A. call 717-327-9575, Fax 717-327-1217 

Educational, Governmental and Corporate Organizations call toll-free 1-800-221-4283 
CMO. 477 East Third Street, Dept. Al, Williamsport, PA 17701 

ALL MAJOR CREDIT CARDS ACCEPTED 
POLICY: Add 3% (minimum $7.00) shipping and handling. Larger shipments may require addilional charges. Personal and company checks require 3 weeks 
10 clear . For !aster delivery. use your credit card or send cashier"s check or bank money order . Creclil cards are not charged until we ship. Pennsylvania residants 
add 6% sales tax. All prices ara U.S.A. prices and are subject to changa, and all items are subject to availability . Defect ive sof1ware will be replaced with the 
same item only. Hardware will be replaced or repaired al our discratioo within the terms and limi1s of the manutactu re r"s warranty. We cannot guarantee com· 
patibility . All sates are final and returned shipments are subject to a restocking lee. 
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OsborneIMcGraw-Hill's 
POWER USER'S GUIDE SERIES 

Be t Sour eof Unique Fe tore Elpert Techni ue for Sophistic ted Uers 

DOS: 
Power User's 
Guide 
by Kris Jamsa 
Learn to wield DOS in 
powerful ways. Com
pares advanced DOS 

and 0St2 ·~ features . 

S22.95 Paperback, 

ISBN: 0-07-881310·7, 921 pp., 

Available Now 


Power User's 
Guide 
by Edward Jones 
dBASE Ill PLUS 
·limitations disappear 
with sophisticated 
analyses of dBASE Ill PLUS techniques . 
$22.95 Paperback, 

ISBN: 0·07·881317·4, 444 pp., 

Available Now 


C: 
Power User's 
Guide 
by Herbert Schildt 
Make C programs 
sizzle' All the slick 
tricks used in com

mercial software are unveiled to serious 
programmers. 
$22.95 Paperback, 
ISBN: 0·07·881307·7, 382 pp., 
Avallable Now 

Microsoft<t 
Ward: 
Power User's 
Guide 
by John V. Hedtke 
Reach a new level of 

Word Version 4 op

erations , from desktop publishing to spe

cialized legal and medical applications . 

$22.95 Paperback, 
ISBN: 0·07·881357·3, 500 pp. , 
Available 5/88 

Extend 1-2-3 produc
tivity to the limit with 
mastertul techniques 

that are unavailable elsewhere . 
$22.95 Paperback, 
ISBN: 0·07·881298·4, 861 pp., 
Available Now 

Wan/Pertee : 
Power User's 
Guide 
by Ruth Halpern 
These advanced 
tools make Word 
Perfect pros. Jump 
into macros . desktop publishing , scientific 
equations . and more. 
$22.95 Paperback, 
ISBN: 0-07-881364·6, 650 pp. , 
Available 6/88 

Quattro '" : 
Power User's 
Guide 
by Stephen Cobb 
Refine Quattro skills and 
unlock the full speed 
and power of Borland 's 

professional spreadsheet program. 
Bortand·Osborn e McGraw-H1ll Business Series 

$22.95 Paperback, 
ISBN: 0·07·881367·0, 600 pp. , 
Available 6/88 

~,, ._ 

rtnr• 

Available at Fine Book Stores and Computer Stores Everywhere 
Or Call Our TOLL-FREE Number 800 -227-0900 

OsborneMcGraw+lill d8ASE Ill PLUS OS • tndema1k ot Ashton-Tale . MtCIOSO ll IS a 1eQtS!e1eo traoemar 01 MlttOSOll COtp OSl'l IS ii lrademat OI 
2600 Tenth Street lnte.m•llonal Buslne55 MaChlnes . Co1p I ·2·3 Is a 1eglstereo 11adema1k ol Lotus Oevelopm•nl Co1p Ouanro is a uademar• 01 Borlano 

lnmnatlorul , Inc . Wordl'!rlect I! 1 reo1s1ered 1radema ol Wordl'!r!ecl CorJJ Copynghl c; 1988 McGraw-Hill , IncBerkeley. California 94710 
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MEMORY MANAGEMENT 


Marrying 

Unix and the 803 86 


How a Unix kernel design takes advantage 

of the 80386's memory management hardware 


A CRITICAL ISSUE in designing a 
multitasking operating system such as 
Unix is how to protect the programs that 
a re sharing system memory . This is 
called memory management. The Unix 
executive program , called the kernel, 
solves the memory protection problem by 
giving each program it own virtual ad
dress space. The memory management 
hardware and software must map the vir 
LUal address space seen by a program into 
the physical memory that has been allo 
cated to the program. and must prevent 
access to memory that has not been allo
cated to it. 

The Intel 80386 processor provides 
powerful , flexible, and extremely fast 
memory management hardware th at 
makes implementing Unix relatively 
easy . It provides paged virtual memory 
with all the segment translation and pro
tection architecture of the 80286 and can 
execute in a 16-bit mode to majntain 
backward compatibi lity with 80286 ver
s ions of Unix . 

In virtual 8086 mode , the 80386 emu
lates the 8086. making it possible to run 
MS-DOS programs under Unix . In the 
standard 32-bit mode, segments can be 
made so large that only one segment is 
needed , simplifyi ng programming and 
eliminating cycle-wasting segment regis
ter loading. 

How can the 80386 's memory man
agement hardware be best used in a Unix 
kernel? We will discuss a eries of design 
is ·ues and the alternatives. The design we 
describe is not identical to any existing 
implementation of the Unix kernel on the 
80386 , but it is quite simi lar to the ones 

Carl Hensler and Ken Sarno 

with which we are familiar . 
However, before leaping into kernel 

design, let 's briefly review the multi step 
process through which an 80386 trans
lates a program's virtual address into the 
corresponding physical memory address. 

Address Translation 
A virtual address generated by instruc
tion fetching or execution is translated by 
segmentation hardware into a 32-bit , in
termediate linear address, which i in 
turn translated by paging hardware into a 
32-bit physical memory addres s . as 
shown in figure I. 

In the 80386, a virtual address has two 
components: a segment registe r specifi 
cation and an offset in the memory seg
ment described by the segment register. 
A virtual address is translated into a lin
ear addres by adding the offset compo
nent to the segment base value in the 
specified segment register. 

Pages are 4096-byte memory units , 
and page frames are pages of physical 
memory . The processor ' s page directory 
base register (PDBR) points to the page 
directory . entr ies in the page directory 
point to page tables, and entries in the 
page tables point to pages of physical 
memory . The page directory and the 
page tables are each one page in size. and 
each contain 1024 4-byte page table en
tries (PTE) . A PTE contains a page frame 
address and some page attr ibute bits . 

The processor tran !ates a linear ad
dress by breaking it into directory, page. 
and offset fields. The 10-bit directory 
field is used a an index into the page di
rectory to select a PTE that points to a 

page table . The 10-bi t page field is used 
as an index into the page table to select a 
PTE that points to the page that contains 
the li near address. The 12-bit offset field 
is combined wi th the address of the page 
to form the physical address . 

Thu -, each entry in the page directory 
maps a 4-megabyte ( I 024 x 4096 bytes) 
sect ion of the linear address space to a 
page table , and each entry in a page table 
maps a 4096-byte section to a memory 
page. as shown in figure 2. Note that the 
mapping between virtual and physical ad
dresses can be changed incrementally by 
changing a PTE, or it can be changed 
completely by loading the address of a 
new page direc tory into the PDBR . 

Page Faults 
Each PTE has a present bit that indicates 
whether the entry can be used for address 
translation. If the present bit is not set in a 
PTE when it is used for translation. exe
cution of the instruction that cause<l the 
translation is terminated as if it had not 
begun : the address that was being trans
lated is put in a register where it is acces
sible to operating system software; and a 
page fault exception is generated . 

The software that handles the page 
faul! exception can correct the fault by al 
locating a page frame. loading the appro 
priate data into the page frame , putting 
the page frame address into the PTE , set 
ting the present bit, and returning from 
th e except ion to the ins truction that 
caused the fault . This time. the present 
bit is set and the translation succeeds. 
The ability to correct page fa ult. by 

cominued 
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allocating a page that was not present and 
then restart ing the instruction is essential 
for implementing demand paging. 

Memory P rotection 
The 80386 provide memory protection 
during egment and page translation. The 
processor runs at a currem privilege level 
that is compared to the privilege levels of 
segments and pages during address trans
lation . The proce or complete a seg
ment or page addre s translation only if it 
i running at a current privilege level a 
high as that of the segment or page. Unix 

Segment
Vi rtua l address specification 

12 0 

Linear address Dir. Page Offset 

Page Page Page 
directory table frame 

Physical 
address 

Figure I: The 80386 uses segmentation and paging to translate a virrual address 
imo a physical memory location. 
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runs al two privilege levels: a lower level 
when running user programs, and a higher 
level when running the kernel. 

In addition to privi lege restrictions, the 
80386 checks segment offsets aga inst a 
egment limit in the segment register to 

verify that the vi rtual address is within 
the segment's boundarie ·. Segments and 
pages can be marked read-only, so that 
they are protected from writing. Unfortu 
nately, read-only protection fo r page 
work only when the processor is running 
at user level. Read-only protection for 
pages i ignored at kernel level . 

Segmented versus Nonsegmented 
Addressing 
There are two addressing models. seg
mented and non egmented, that can be 
used on the 80286 and 80386. The seg
mented model allows a program to u e 
many segments. Before a program can ac
ce s a variable. it must load a egmcnl 
register, unless it knows that a register al 
ready specific the segment that contains 
the variable. Thi mean that a C lan
guage pointer variable must include both 
a segment selector and an offset. Derefer
encing a egmenled pointer i very low 
on the 80286 and 80386 because the se
lector must be loaded into a segment reg
i ter, and loading a egmenl regi ter 
take 8 times longer than loading a data 
regi. ter. 

The alternative is the nonsegmented 
model, in which a program uses only one 
segment. and virtual addre es arc sim
ply off ets in that egment . All the seg
ment register have the same segment 
ba e and limit and are never reloaded 
while the program is running. This limits 
the program ize to the maximum eg
ment size. but the maximum segment iz.e 
on the 80386 is 4 gigabytes. the full 32
bit li near address range. 

Thus , we can u e the fa ter nonseg
mented addressing model and still have 
an addre pace much larger than the 
amount of memory that could be in tailed 
in any contemporary computer. This i 
the simplest and most efficient way to use 
the 80386, and our design will assume it. 

A pecial ca e of the non egmented 
model on the 80386 i the flat model. 
which uses egmems that have a segment 
ba e value ofO. Since offsets arc added to 
0 to produce linear addresses, virtual and 
linear addresse are identical in the flat 
model. and segmentation becomes invis
ible unless we use segment limits for pro
tection. This simplifie some thing , and 
both 80386 Unix kernel with which we 
are familiar use the flat model . 

Sepa ra te or Combined User and 
Kernel Address Spaces 
A Unix process is the environment in 
which a user program run under control 
of the kernel. A proce runs in either 
user mode or kemel mode . When user 
program instruction are being executed. 
the proces is in user mode and can ac
cess only the memory allocated to the 
user program. It cannot access memory 
allocated to another process or to the 
kernel . 

When kernel program ins1ruc1ions are 
being executed to provide a ervice for 
the u er program, the proce is in kernel 
mode, and it has access to both the user 
program's data and the kernel program' 
data. A proces witche. from user mode 
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to kernel mode when it requests an oper
ating system ervice, and it switches back 
to u. er mode when the service has been 
performed . 

Our first de ign is ue i whether to 
separate the user and kernel mode linear 
address space . . It is pos. ible to run the 
user program and the kernel in entirely 
different linear addre s paces, so that 
the user program could not possibly ac
cess the kernel's memory. This would re 
quire having two different page di rccto
rie for user and kernel modes, and 
making the transition from user to kernel 
mode through a task gate, because that is 
the only way to get a new page directory 
base pointer loaded automaticaJJy. 

The simpler and more efficient solu
tion is to have a single linear address 
space that is shared by both the user pro
ce and the kernel. Most of the linear ad 
dress range is reserved for the user pro
gram. and only a small part is used by the 
kernel. Thus, a process can use the same 
page directory in user mode and kernel 
mode, and it can switch from user to ker
nel mode without reloading the PDBR. 
When you have 4 gigabytes to play with, 
taking a mall fraction of it away from the 
user program is a mall price to pay for 
implicity . 
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Who's on Top? 
The next is ·ue is how to divide up the lin
ear addres pace. The kernel could be at 
the lower end or the higher end of the lin 
ear address space. This issue is decided 
for you if you wish to be able to use the 
80386's virtual 8086 mode, which lets 
you run 8086 program in protected 
mode, and thus run MS-DOS programs 
under Unix. In this mode, the 8086's ! 
megabyte addre s range is translated to 
the low end of the linear address space, 
bypassing the usual protected-mode eg
ment translation . If we want to be able to 
use virtual 8086 mode. we must therefore 
put the u er program at the low end . 

If we do not care about virwal 8086 
mode, we might choo e to put the kernel 
at the low end of the linear address space 
because then we could run the kernel 
without page translation enabled during 
start-up . However, the implementations 
with which we are familiar both place the 
kernel at the high end , and we will as
ume the same arrangement here. 

User and Kernel Segment Layout 
ow we must decide how to lay out the 

user and kernel segments. Since the user 
program is at the lower end of the linear 
address space, we base the user segments 
at linear addres 0 , and we set their limits 
o that they do not extend into the ker

nel 's part of the linear address space. 
comin,,ed 
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This protects the kernel from user pro
grams without u ·ing page protection. 

We can base the kernel segments at 0 
o that they overlap the user egmems, or 

we can base them at the linear address al 
which the kernel starts so that the seg
ments do not overlap. If the segments 
overlap. we run the risk that a bug in the 
kernel code will accidentally access a lo
cation in the user program without caus
ing a protection exception . 

Thus. from a protection standpoint , ii 
i better to keep the egments eparate, 
but ii is . impler and more efficient 10 base 
them all at 0. o that a piece of data in the 
user program is at a kernel virtual ad
dress that is the same a the user virtual 
address. Then, when a u er program 
pas e an addre in a y tern call to the 
kernel, the kernel•can access that address 
without loading the user data egment e
lector into a segment register. 

Kernel Sections 
How is the kernel's part of the linear ad
dress space 10 be mapped IO physical 
memory? The kernel ha three ections 
that use fundamentally different page 
mapping : 

• Statically mapped physical memory. 
• Dynamically allocated kernel memory. 
•The Li area. 

The kernel text and static data are loaded 
from the kernel executable file during 
Unix start-up. They are typically loaded 
as cont.iguously as possible into low phys
ical memory by the boot loader. though 
the hole between 640K bytes and J mega
byte on AT clone pre ent an ob tacle. 
Thu the lower end of physical memory 
contains the kernel code and static data . 

It i conven.ient if all physical memory 
is mapped into the kernel virtua.l address 
space so that the kernel can get to any of it 
without changing page tables. One or 
more page directory entries and page 
tables can map the low end of the kernel"s 
ection of the linear addre s pace to all 

phy ical memory. This map the virtual 
address range of the kernel's code and 
static data into the physical memory ad
dress range in which they are loaded, and 
also give the kernel easy access to aU 
phy ical memory . The virtual addre s of 
a byte of phy ·icaJ memory is its physical 
address plus the base linear address of the 
kernel. 

Usually. most of t.he memory needed 
by the kernel for its own internal use is 
statically aUocated at the time the kernel 
i linked . ln addition, the kernel mu t be 
able 10 dynamically allocate pieces of 
memory for it own u e. Since the page 
frames of phy ical memory that are free 
for allocation at any point are unlikely to 
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be adjacent in memory. the kernel mu t 
be able to map a contiguous section of its 
virtual address space. of the size needed. 
into randomly located pages. This mean. 
that the kernel must have one or more 
page directory entries and page tables it 
can u e for mapping dynamically allo
cated memory. 

The U area, which contajns the kernel 
stack and process information that is 
needed only when a process is running. is 
mapped into the kernel address space at a 
fixed location. When the kernel switches 
from one process to another, it change 
the mapping of the virtual U area to the 
physical memory that contains the U area 
of the new process. We can dedicate a 
page directory entry and a page table to 
the U area, but thi · waste most of the 
page table, because the Li area is prob
ably only one or two pages in size. It is 
more efficient to map the U area through 
the first few pages of the dynamically al
located kernel memory sect ion . Then the 
virtual address of the U area is the base 
address of the dynamically allocated 
memory section. 

So how big a piece of the linear address 
pace should we reserve for the kernel? 

The bigge t potential requirement i for 

FFFFFFFF 

FFOOOOOO 

FOOOOOOO 

Dynamically 
allocated 
memory 

Uarea 

Statically 
mapped 
physical 
memory 

Kernel 
text and data 

Figure 3: The kernel 's virtual address 
space. 
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Figure 4: The user program ·s virtual 
address space. 

mapping physical memory. Even if we 
reserve 256 megabytes for the kernel. 
that i still only 1/ 16 the linear address 
space. 

Figure 3 shows our layout of the kernel 
part of the vir tual address space. All ad
dre se are in hexadecimal. The kernel 
occupies addresses FOOOOOOO through 
FFFFFFFF. The tatically mapped phy 
icaJ memory section takes up most of 
that , from addres es FOOOOOOO through 
FEFFFFFF. The dynamically allocated 
memory area occupies FFOOOOOO 
through FFFFFFFF, and the U area is at 
FFOOOOOO . 

The page table overhead for a typical 
kernel is minimal. For a machine with 4 
megabytes of physical memory, we need 
one page table each for the statically 
mapped physical memory and dynami 
cally allocated memory sections . This is 
less than the page table overhead for a 
ingle process. 

User Program Sections 
A Unix process must have three di tinct 
sections of memory: 

• A text section that contains the program 
instructions and can be shared with other 
processes running the same program. 
• A data section containing static and dy
namically allocated data. 
• A tack ection containing function call 
linkage and automatically allocated local 
variables. 

In addition. a process can also have an ar
bitrary number of hared memory and 
·hared library sections . How hould 
the e be la.id out in the u er virtual ad
dress space? 

A fundamental consideration i that 
both the data and stack sections can grow 
in size. and we want to leave room for 
them to grow. Most applications will use 
only a small fraction of the 32-bit address 
space. and most use a lot more data than 
stack . Yet we want to avoid layout deci
ion that will interfere with the efficient 

execution of future applications whose 
needs we can only guess. 

Unix assumes that the daia section 
grows upward toward higher addres e . 
The 80386 tack must grow downward, 
becau e the PUSH instruction decrement 
the stack pointer. Only the text ection is 
fixed in size. Our layout. shown in figure 
4. ha the text section starting at virtual 
address 0, and the data ection starting at 
the next multiple of 4 megabytes above 
the top of the text . 

The gap between text and data is nece 
ary because the two sections are mapped 

by different page tables. and each page 
table must be mapped by a different page 

conrin11etl 
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directory entry . The stack is near the 
high end of the u er address space, so that 
there i plenty of room for the data sec
tion to grow upward and the stack to grow 
downward. 

Exactly where we put the stack de
pends on where we put hared memory 
and shared library section . We can put 
Lhem between the data and Lhe Slack, or 
we can put them above 1he ·tack. There 
are Lhings to be said for and against bolh 
arrangements, and with such a big ad
dress pace, it is not clear that it makes 
much difference . In figure 4, we show 
shared libraries at EOOOOOOO, shared 
memory at 00000000, and the tack 
starting down from CFFFFFFF. 

Memory Management Data 
Structures 
Thus far our design has focused on ab
stract issues of address space layout. Now 
it is time to turn to the more concrete task 

ofdeciding how to organize the part of the 
kernel program that manages memory . 
We have already discussed the ba ic 
building blocks: proccs es. sections, 
page directories, page tables , and page 
frames . Figure 5 shows how we put them 
1ogelher. 

Processes and Sections 
Shared text, hared memory, and hared 
library sections can all be attached to 
more Lhan one process . Since a section 
can exist independently of any single pro
cess, information about sections must be 
kept eparate from the proce s infom1a
tion in the process table and the U area. 
Thus, we assume Lhat Lhere is a section 
table with an entry for each section that 
currentJy exists. 

An entry contains information about 
the rype and state of the section, the num
ber of processes to which it is attached, 
its size, and a way to find its page table . 

Note that page tables are associated wi1h 
sections, no! processes , because the page 
tables tha1 map a ection to phy ical 
memory arc the same for every process 
that shares that section. and it would be 
si lly to duplicate them . Since there is only 
one page directory per process, it i asso
ciated with the process . 

How do we associate a process with it 
sections? We must keep in mind that a 
shared memory section can appear at dif
ferent virtual addresses in the processes 
to which it is anached , and it can be at 
tached a · either read/write or read-only. 
Thus we need to distinguish between in
formatfon about a section that is the same 
for all processes that hare it , and infor
mation that differs among those pro 
cesses. The former information goc in 
the cction table, and the latter is kept in 
the proces 'sprocess section rable. 

Thi table cou ld be located in the pro
comi11ued 
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A process has at least 

three sections, and 

unless we engage in 

some trickery, each has 

its own page table. 

ces. 'sentry in· the process tabl e or in the 
area , or it cou ld be allocated separately 

and linked to the process table entry or U 
area . Each entry in the process section 
table points to a ection table entry. 

Page Table and Page Frame 
Management 
It must be po sible for a ection to map a 
large virtual address area so that we can 
run those few applications that use a large 
amount of memory. Thus, we must be 
able to auach an arbitrary number of page 
tables to a section. 

However. because a single page table 
can map 4 megabytes of virtual address 
·pace. most ections have only one page 
table, and that is the case we wish to han
dle mo t efficiently . Each ection table 
entry contains the fir t (and u ually only) 
element of a list of pointers to page tables. 
Pages for page tables are dynamically al 
located as needed. 

The page frame at the low end of 
physical memory are dedicated to kernel 
code and static data when the kernel is 
loaded. P.Jge frames above these can be 
allocated a needed . 

Information about the e allocatable 
page frames is kept in a page frame table 
established by the kernel at tart-up after 
it has determined how much memory it 
has. Page ·frames available for allocation 
have their table entries linked on a free 
list so that it is easy to find the next one to 
be al located. 

Pages in Memory and on Disk 
A page of a u e r program· virtual ad
dre s space can be in memory, where it is 
acces ible to the program, or it can be on . 
disk, in either an executable fi le or the 
page wapping area. If a page is not in 
memory when it is referenced by the pro
gram. the page fault handler allocate a 
page frame and reads in the page from 
di k. Both the memory and disk forms of 
a page can coexist. For example, a text 
page alway has an image in the execut
able file . even if it is in memory , because 
text page are read-only . 

Becau e a page can reside both in mem
ory and on disk at the same time. we must 
be able 10 keep track of both of them. The 
straightforward solution to thi. problem 
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is to u e arrays of disk page descriptors 
that parallel the page table . Each PTE 
has a corresponding descriptor that tells 
whether the page is on swap, is in a file, 
or is a demand 0 page. If the page is on 
sw·dp or in a file. the descriptor specific 
wher~ it is on disk . A demand 0 page i 
cleared to Os when it i allocated, and it 
has no image on disk. Demand 0 pages 
are used for uninitialized data. the tack, 
and dynamically allocated memory . 

The trouble with the disk page descrip
tor solut ion is that it increa es the page 
table overhead. A process has at least 
three sections- text, data, and stack
and unles we engage in ome complex 
trickery , each has its own page table. On 
a proces or with 512-byte pages , this 
would be only I .SK bytes of page tables 
per process. But the 80386 has very large 
4096-byte page . requiring 12K bytes of 
page tables per process. If we allocate a 
page of di k page descriptor for each 
page table which is the straightfonvard 
thing to do. we double thi already large 
memory overhead. 

The alternative is to put the disk infor
mation in the PTE when the page is not in 
memory, and put it in the page frame 
table entry when the page is in memory. 
U ·ing the PTE for both memory and disk 
information is a bit more complex than 
the disk page descriptors but uses much 
Jes memory . 

Page Cachfog 
When a page frame contains data that is 
also on disk. its entry in the page frame 
data table shows where it image i on 
di k. When a page frame is put on the 
free li st , it retains its di k identi ty until it 
is reallocated for a different use. If the 
page wi th that identity i needed again 
before the page is rea llocated. it can be 
reused without reading from di k, be
cause it already contain. the needed data. 
Being able to locate a page frame with a 
particular disk identity is called page 
caching . It imp rove ystem performance 
by avoiding unnecessary disk reading . 

Page frames that do not have a disk 
identity. uch as the modified data and 
stack pages of a defunct process , are 
placed at the head of the free list when 
they are freed. and those that do have a 
disk identity are placed at the tail. That 
way. page frame that cannot be reu ed 
are reallocated fir t , and t.ho e that can be 
reused are reallocated in least-recently 
used order. 

How It All Works 
Now that we have pre ented our memory 
management design for Unix on the 
80386, let' s briefly discus how it works. 
When the kernel executes a program. it 
create text. data, and stack sect ions and 

allocates page tables for them. The PT Es 
in the text ection and in the initialized 
part of the data section are set up to point 
to the corresponding pages in the pro
gram executable file. The PTEs in the un
initialized part of the data . ection and in 
the stack ection are marked demand 0. 

When the process first tarts to run . it 
immediately acce e the text page con
taining it entry point. causing a page 
fault. The page fau lt handler corrects the 
fault by bringing in the page of text from 
the executable file . The first instruction 
acce ses the stack , causing another fau lt . 
Stack pages are demand 0, so the page 
fault handler simply allocates a page 
frame and clears it to Os. Another in
struction accesses an initialized static 
variable. cau ing a fault on a page in the 
data section, and the page fault handler 
bring in the data page from the execut
able file. This process continues until all 
the pages acces ed by the program have 
been faulted in. 

A long as there i · enough phys ical 
memory so that the pages needed by all 
the processes can be in memory at the 
same time , the kernel can run without 
paging out. But when the kernel runs out 
of free page frame . it mu. t free ome for 
reallocation . This is someti mes called 
page tealing . 

The prime candidates for tealing are 
pages belonging to proce ·ses that are 
waiting for events that may not occur for a 
while. uch a a key troke at a keyboard . 
If a proce is waiting for a "slow·· event. 
it is swapped out entirely. Otherwise. the 
kernel free: the pages least likely to be 
accessed again soon. 

Text pages , and initial ized data pages 
that have not been modified, can be freed 
without writing. because their image are 
in an execu table file . Stack and modified 
data page must be written out to the swap 
area on the disk before they can be freed. 
The PTE s for the stolen page are 
changed to point to the pages on disk . 

If a page frame is stolen away from a 
process and reallocated. the page mu t be 
read in from disk when it is accessed 
again. But if the process accesses the 
page before it is reallocated, the page 
frame i · found in the page cache. and no 
110 is necessary. 

A Happy Marriage 
nix and the 80386 are a happy mar

riage . The processor is fast, has a large 
address space . and provides on-chip 
memory management that support de
mand paging. Everything you need to im
plement Unix efficientl y is there. • 

Carl Hensler and Ken Samo are so/1ware 
engineers at Interactive Systems Corp. , 
Santa Monica. Cal ifomia. 



And it's easy tO get to a FI E brochure ca ll 
McGraw-Hi ll News because 1- 00-426-0647. 
it' available on a variety of And g t rht' news. 

lntrodu ing the bu ines news service that erve 
you better. McGr:iw-Hill New . It's up-to-the
nunuce bu ine s news. Online and in time for you 
to do something about it . 

It's news about specific companies and indus
tric . Government, stock market, economic, polit
ical news. It gives you the whole story-pl us its 
implications for your business. 

onlinc services, including mpuServc, DIALOG , 

DRI. HIX and Executiv ·One. 
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who bring you Business Week, and 1mli11c services 
such as S & P Marketscopc and DRI. 

Our businc i getting bu inc new co you. 
With servi ce you won't find anywhere els·. 

Find out more:. For 

THE BUSINESS NEWS SERVICE THAT SERVES YOU BETTER. 
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In the beginning, there was 
power. When Wyse engineers set out to create 
a new PC family, their objective was not merely 
to design a new system, but a new design. Criterion 
one was power with total compatibility: higher 
Q_erformance for industry standard software. 
Today's and tomorrow's. 

The results are four uniquely upgradeable 
Modular Systems Architecture™ Wyse PCs that 
make up the most powerful PC family 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 performance on multiple op~rating 
systems. Such as MS-DOS~ OS/2~ and Xenix~ 
For CAD!CAE, heavy duty spreadsheets, or 
multi-user applications, it delivers power to satisfy 
the insatiable. 

And it's rmly 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 SystemWyse'.M 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 System\\Yse 
is backed by the company that makes more termi
nals than anyone but IBM. 

SystemWyse. It's a power structure you can 
build on. Call for 1800 GE'f'tl7USE more information. - - - yy .l · 
WYSE/X 386 driving our VGA color monitor. Actual screen image. 

\\~• is.a n:i:i stcrcd tmdt.•mark of \Yysc Tcch nolOJ.:y. S)'~lcm\Yysc, WY 'Epc 386. and M~lul~ r ~~t~ 1 n::)
1\ rt:h1u:..1ure are umlemarks nf \Yys.c l a·hnology. Wier lrdd .roark.'!/owncr;: M S L>OS. Xcm><IM!Cro50fl: 0 Sf2. 
IBM/ l1ucn1HIUIOUI nusin~~ Mtu:hil lCS. 

WYSE 

We make it better, or we just don't make it. 
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HypertExpert· Systems 

.. .something totally new from Knowledge Garden 

access information in anon-linear fashion by follow
ing a train of thought. Hypertext lets the reader 
control the level of detail and the lype of informalion 
displayed. But !hat's just one side of the coin. 

EXPERT 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 
sysrems is such a breakthrough  it lets communi
cation take place between teacher and pupil ,author 
and reader, expert and novice. It lets each side 
REACTto 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 
on IBM PC, XT, AT or PS/2 with 512k memory. 
KnowledgePro is not copy-protected and there are 
no run-time fees. Aworking demonstration disk is 
avallanle for $30 with full credit towaids purchase 
of KnowledgePro. Call tod copy. 

HYPERTEXT 
Hypertext lets you link related concepts, logic 
or procedures. It adds a whole new dimension to 
written material like training manuals,help systems 
and reference works. Hypertext allows users to 

KNOWLEDGE PROCESSOR 
The age of packaged knowledge is utx>O us. 
PC's now have the power to manipulate. store 
and retrieve knowledge using KnowledgePro, 
. . ! , ! ' I ' I' and , II I I' I ' 

KnowledgePro Is.the f st s tern to provide an 
effective,simple and a eti edium for the com
munication of knowledge n d . 

Big corporations can o onstruct expert 
systems for internal use c ly and without 
expensive Al training. Ind i u Is can author 
knowle!Vl bases 111 commerci I ucational use. 

A LANGUAGE FOR 
EXPERTS 
KoowledgePro is for experts because it 
provides a wide variety of structures to 
wOrk with. It has many advanced features, 
like inference. 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 Ill and LOTUS 123 
data directly into the knowledge base. 

0 

Kn=i:ge
GARDENInc. 

Another Intelligent 
tool In the 
Knowledge Garden 
family of products. 

I 
I 

I 
I 

I 
I 

I 

A TOOL FOR 

BEGINNERS 

KnowledgePro let's you communicate 
knowledge, easilyand without spending 
weeks on the details. KnowledgePro 
handles the details for you. It provides 
easy access to colors, windows and 
mouse control. It 's been called the BASIC 
ot the so·s because anyone can get 
results Quickly- and then grow into more 
sophisticated features at their own pace. 

Published by 

IBM Is a registered uademark 01 lntemallooal Business Machl~es loc. KnowledQePro s a 1r.idemark 01 KoowlC!kje Gardel'l Inc. 

OBASE 111ls a trademark ol Ashtoo Tale. LOTUS 123 Is a reglslcred traoemark ol lOlus Develooment Coli>. 

Photo: T cherl!'l!wlf Q 


TO ORDER 
Call 518-766-3000 (American Express. 
Visa, M/ C accepted) or mail yo 
today. 

• 
Ch ecI( 

Knowledge Garden c. 
473A Malden B go Rd. 
Nassau, NY 23 

The run-time v ion of KnowledgePro 
is free on th electronic networks or 
$15 from wledge Garden complete 
with u ul example applications. 
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MEMORY MANAGEMENT 


l\1acintoshl\1etnory 

l\1anagetnent 


With the Mac's generalized design, you can use the same software 
on a Mac 512KE or on a Mac II 

MOST NEW INVENTIONS in the com
puter industry are evolutions. When a 
computer company decides to develop a 
new machine, the design is usually done 
wilhin !he constraints of the company's 
exis1ing produc1s. making it harder 10 
come up with something innovative. Why 
is this? Because the company isn't likely 
to create a product that can't be used by 
past customers, who have made a tremen
dous investment in the older computers 
with the purchase of software and periph
erals. The most recent elUlmple of this 
phenomenon is OS/2, which includes the 
ability to run MS-DOS applications that 
were created long before OS/2 was con
ceived. 

Once in a while, though. engineers are 
allowed to invent a system without having 
to worry about compatibility . Obviously 
this is a pretty risky thing to do, but ii can 
produce major leaps in the stale of the 
art . This is whal Apple Computer did 
with the Macintosh in the years before its 
introduction in 1984 . The Macin1osh 
didn't have to run existing software. Of 
course there were constraints, but !hey 
involved the computer's physical size and 
cost. 

Unhampered by software compatibil
ity requirements, the Macintosh de 
signers were free to invent and borrow 
whatever they wanted to reach the goal of 
a powerful, easy-to-learn computer. Two 
parts of the design were improved signifi
cantly . The first was the now-familiar 
Mac user interface of mouse , windows, 
and icons. The second improvemenl was 
internal and involved a generalized sys
tem design. An important part of this 

Alan Anderson 

generalized system is the Macintosh 
Memory Manager. 

Memory Manager Background 
Currently, there are seven different Mac
intosh models (the Mac 128K, the Mac 
5!2K, the Mac XL, the Mac 512KE, the 
Mac Plus , the Mac SE, and the Mac II), 
using 68000 and 68020 microprocessors 
and perhaps having one or more slots. 
However, thanks to the generalized sys
tem design, the programmer's view of all 
of them is very much the same . Each ma
chine contains a large part of the user
interface routines (called the Toolbox) 
and operating system in ROM, with addi
tional routines loaded into RAM from a 
system disk . 

The requirements of the Macintosh 
made it clear that it had to have good con
trol of RAM use . The Macintosh was to 
be a very busy system : At any time , the 
screen contains a menu bar, windows, 
controls like push buttons and check 
boxes, and other miscellaneous graphic 
objects. Each object is controlled by a 
part of the Toolbox-lhe Menu Manager 
for menus, the Window Manager for win
dows, and so on. Each of these managers 
has to allocate memory for its objects 
without stepping on the application or its 
storage . The Memory Manager was 
created to act as a clearinghouse for 
memory allocation requests and to keep 
its clients from overwriting each other. 

The Memory Manager also has to han
dle a large amount of traffic, with new 
objects being allocated and old ones 
being deallocated constantly as an appli
cation exe.cutes . Ideally, the Memory 

Manager needed a way of ensuring that 
the free memory opened up between allo
cated objects as other objects were re 
leased didn ' t go to waste. This was espe
cially true for the Mac 128K, where 
objects had to be shoehorned into a 
cramped memory space. To fulfill these 
design goals, the Memory Manager was 
given the ability to allocate memory 
blocks that can be moved around, or re
located, in memory and to deallocate 
memory blocks as necessary . 

The Memory Manager allocates these 
objects from an area in RAM called a 
heap. Most operating environments use a 
stack for various purposes: variables, re
turn addresses, and stack frames, among 
other things. The Macintosh also has a 
stack, a separate structure from the heap, 
which it uses for these conventional 
things. Register A7, the stack pointer. 
contains the address of the top of the 
stack. In a typical Macintosh application , 
the stack contains the program· s declared 
variables, while the heap holds its 
dynamically allocated objects. 

Of course, without any hardware 
memory management support, there is 
no way to physically prevent a progran1 
from writing anywhere in RAM , but the 
Memory Manager at least implements an 
honor-system rule: Don ·, use memory 
unless you get it from the Memory 
Manager. 

If you get memory through the Mem
ory Manager, it at least knows what pan 
of memory you're using , and this ensures 
that fu ture memory requests made to the 
Memory Manager won't affect your 

continued 
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MAC MEMORY MANAGEMENT 

One benefit of the 

Memory Manager is 

that programs take 

advantage of extra 

RAM automatically. 

block of memory. This system works as 
Jong as every program obtains it5 mem
ory through the Memory Manager. 

One benefit of using the Memory Man
ager to allocate memory is that applica
tions can take advantage of machines with 
more RAM without requiring special 
code. The result is that many applications 
originally written for Macintoshes with 
512K bytes of RAM automatically can 
make use of the 8 megabytes of RAM 
;ivailable in a fully loaded Mac II . 

Since the Macintosh Memory Manager 
presents all available RAM as simply a 
series of blocks allocated through a pro
cedur,tl interface, seeing a memory map 
of the system isn ·1 vital for most pro
grammers, although it's useful for debug
ging. So, before I present ;i memory m;ip. 
I'll take a c loser look at how the Memory 
Manager operates. 

Purgeable ·and Relocatable Blocks 
The Memory Manager employs some 
elaborate softwJre techniques to make the 
most of RAM . Memory blocks can be 
made purgeable if desired. The Memory 
Manager can return purgeable memory 
blocks to the free -memory pool when 
space is needed. How is this feature put to 
work in the Macintosh? 

The answer lies in looking al how Mac
intosh applications are put together . A 
Mac intosh application is a very granular 
collection of diverse items: pieces of 
code, text strings. templates for windows 
and controls, pictures, menus, icons, 
color infom1ation , and much more. Most 
Macintosh applications are split into 
many different code segments. each of 
which can be loaded separdtely. All these 
items are called resources. 

Each resource can be loaded from disk 
individually . This characteristic is cru
cial. because it makes resources perfect 
candidates for purgeable memory blocks. 
Since each resource is available on disk , 
it's still accessible if the in-memory copy 
is purged . The Macintosh operating sys
tem also provides a facility for updating a 
resource on disk if it's altered in mem
ory . Of course, there are some complica
tions : Some resources are so vital that 
they should never be purged (more on this 
later). Since the programmer can make 
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any resource purgeable or nonpurgeablc. 
this nom1ally isn't a problem _ In prac
tice, onJy memory blocks that contain re
sources arc made purgeable . 

Another Memory Manager feature that 
makes good use of available RAM is the 
ability to manage relocawble blocks . 
which are created with the system call 
NewHa nd le and are deallocated u ing 
DisposHandle. To get reasonable system 
performance. all memory blocks that the 
Memory Manager allocates must be 
made up of con1iguous bytes. 

In a sy.~tem that constantly loads new 
objects and deallocates old ones. this can 
cause lots of frec-sp;ice "holes.. to develop 
in the heap . To alleviate this problem. 
memory blocks marked as relocatable 
can be moved. allow ing the free blocks to 
be fused together into a single , larger free 
space. The Memory Manager moves re
locatable blocb only at well-defined 
times- specifically . only when a request 
requires a memory block that can ' t be al
located using the current free space. 

This technique also adds some compli 
ca tions. The Memory Manager mus! 
make sure that relocatable blocks aren't 
moved "out from under" an application. 
That is. if the Memory Manager moves a 
block of memory that an application is 
using. it must provide some means for the 
application to access the block at its new 
location . 

When a program requests a relocatable 
block. the Memory Manager allocates it. 
then stores its address (ie ., a pointer to 
the block) into a private data structure 
called a masrer poimer, whose addres. 
never changes. Rather than returning that 
pointer to the caller. the Memory Man
ager returns the address of the master 
pointer . This value. called a handle. is a 
double-indirect pointer to the memory 
block . The handle is used with a double 
dereference to refer to the block wherever 
a pointer and a single dereference would 
normally be used. 

Whal happens when the Memory Man
ager has to relocate the block? After 
moving the block to its new location. the 
Memory Manager stores its new address 
into the master pointer. Remember that 
the application knows about the block by 
its handle, which is the address of the 
master pointer. The address of the master 
pointer never changes, so the handle to 
the block remains val id even if the master 
pointer's value changes. ote that, for 
this scheme to work. the master pointer 
must be nonrelocatable. Nonrelocatable 
memory blocks are created with the sys
tem call NewPtr and deallocated with 
DisposPtr. 

As with purgcable blocks . there arc 
objects that must not be moved . The best 
instance of this is a memory block that 

contains a 1ive code . For example . the 
68000's RTS (return from subroutine) in · 
struction relies on an absolute return ad
dress that's kept on the stack. ow sup
pose a routine inside a relocatable block 
calls another routine with a JSR (jump to 
subroutine) . Next. the block containing 
the calling routine is relocated while the 
other routine is running . The RTS from 
the running routine wil I be disastrous 
si nce the address on the stack no longer 
points to the intended block. 

To prevent this problem . the Memory 
Manager can temporarily prevent relo
catable block from being moved. or Incl.: 
1hem. The system call HLock locks a 
memory block's position in memory. and 
HUnJ ock unlocks it. Code that's not part 
of the currenl chain of return addressc~ 
can be relocated. or even purged. if 
necessary . 

The Perils of Relocation 
Th is scheme of relocatable objects worb 
very well in general. bul there arc a few 
problem s ituations. One scenario to 
watch out for is calling a routine lhat ex
pects a pointer and providing a pointer IO 
a relocatable object. The pointer will be 
valid only as long as a request to the 
Memory Manager does not I rigger mem 
ory relocation . For example. let's assume 
that myReco rd is a handle to a record: 
faraway Pr o c ( my Record' ) ; . 

This call passes a pointer to the record . 
Since the record is a relocatable object. it 
might be moved . If f ara11ayProc con
tains a sta tement Iha! allocates memory. 
either directly or indirectly, it may cause 
the block containing myRecor d to move , 
causing the pointer to become invalid. A 
reasonable way to avoid th is problem 
would be to use an assignment sta tement 
to make a copy of myRecord ' - into a 
global variable. then pass a pointer 10 that 
variable lo f ara•JayProe_ This works be
cause global variables are no! kept in re
locatable blocks. Another solution would 
be lo lock the block lhal myReeor d - 
points to before c<11ling Fara11ayPr oc . 

You may be wondering why I pass a 
handle to a global variable rather than 
simply a pointer (i .e . . myReco rd-), since 
1'll u e a pointer to reference the global 
vari<1b le and thus crea te a handle to 
myRe cord . The answer is that some P.Js
cal compilers may cre<1le implic it de
references (i.e .. convert a handle to a 
pointer) as they optimize the object code _ 
The only defense against problem like 
this is a thorough understanding of the 
Memory Manager and your development 
system . 

Ll:t 's look at a more subtle- but just as 
dangerous-situation . In order to opti 
mize an inner loop and prevent unneces
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Intelligent statistics. 
Consider the alternatives. 
Today there are numerous micro 
computer statistics so ftware 
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 
lead ing microcomputer statistics 
programs. lnfoWorld concludes 
that Systat'" Version 3.0 is "u nr i 
valed in performance" , "tops in 
number crunching power" and 

"unfailingly accurate." 
And lnfoWorld 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 list. 

8 .5 

8.2 

5.9 

4 .8 

or the statistics packages review
ed by lnfoWorld, Systar rated 
highest, as it has in every pub
lished competitive review. 

BMDPC 4.6 

Some practical benefi ts. 

Sucl1 ra tings are important be 
cause th ey relate directly to the 
quality of your work. not just to 
glitzy features For example: 

Are capabilities important to 

you? Systat gives you more 
statistica l capabilities than any 
microcomputer statis tica l pack 
age. including three major 
procedures that PC SAS® and 
SPSS/PC+ ~ programs simply 
don 't offer. 

Is accuracy important? Systat 
gives you more accuracy. In fact. 

a a aaaa 
aaaaaaaa 
aaaaaa a 

aaaaaaaaa 

aa a 

Although more comprehensive. 
Systat requires fess than V2 the 
commands and has '12 t11e bulk of 
competitive programs. Compare 
its 5 disks to 77 for SPSS/PC+ 
and 27 for PC SAS.' 

numerous reviews and techn ical 
conference proceedings cons is 
tently prove Systat to be the 
most accurate stati stical 
package available. 

Is ease of operation important? 
Systat operates on less than 112 
the comman ds of its two largest 
competitors. with less than 112 tl1e 
bulk. According to lnfoWorfd, 

"Systat's commands are terse. 
and a few keystrokes wil l do 
amazing things ." 

Is cos t importan t? Systat costs 
less t11an any otl1er major pack 
age: less th an l/ 2 the price of the 
comparably equipped PC SAS or 
SPSS/PC+ . 

Truly interact ive. 
Unl ike its major competitors . 
Systat has not ported some 20 
year-old code from a ma inframe 
program. Written spec ifical ly for 
microcom puters, Systat Version 
3.0 uses an incred ibly small 
amount of disk space: only 1.4 
megabytes versus their 5 to 10 
megabytes. 

What's more, the package is 
genuinely interactive. freeing 
you from rigid command proto
cols. In doing so. Systat allows 
you to approach statistical pro 
b I ems more intel ligent ly: lett ing 
you wo rk the way you think in 
stead of forcing you to think the 
way it works. 

Next to th is . the alternatives to 
Systat don ' t look very bright. 

SYSTAT 

For more information and a 
complete copy of the lnfoWorld 
review. call 312 864.5670. or write 
Systa t Inc .. 1800 Sherman Avenue. 
Evanston. Illinois 60201. 

Systal opera1es on IBM PCs and 
compatibles . MS -DOS ' and CP/M ' 
01acl1111es. severa l UNIX m1111computers 
and ma1r1fra01es. and the VAX/ M icrovax . 
M e11u/w1ndoweo Macintosh - version 
also awiila ble. Single copy price 
$595 USA and Canada. $695 Fore ign . 
Site licenses and quantity prices 
available . 
I hr;! rolluw11uJ 111 c r1:0 1 ~ c1~rnd crndcmnrks . OM OPC of 

BMOP Inc CP/ M ot Org ic nl Rcsoo 1cr1 . lflC ' IBM PC ul 

IOM. luc , MS·OOS of M, c1osoh. Inc .. PC SAS ol SAS 

l11 s t11 u1e Inc.. SPSSIPC • ol PSS Inc. STATG RAPHICS 

ul SISC Inc U IX of M&T ond VAX ol 01g<1,1I 

Eq,rnpmen t Co rpor:rnon 

Systat. Intelligent statistics. 
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DV·Ol 
GRAYSCALE 

For IBM 
XT I AT I 386 
& Compatibles r-..-
Three Powerful 
Computer Product · in One. 
• All the features ot CCln Grou~l ll 

Fascimile Machine + the abili to 
send direct lrom ASCII tiles & 600 
bps data modem w/CRC checking . 

• Sends mulitiple FAX's to multiple 
destinations 1nstantlyhor when you 
choose + receives w ile you use 
your computer for other programs. 

• Scanner reads line art. photosi. and 
FAX & OCR documents up to _,oo
dpi w/32 dither shades + editing . 

• OCR translates to ASCII fil es 
typewritten , letter -quality, & dot 
matrix prin t + proportional spacing . 

umplete System Price $2495. 
(Including all tntetteces & SOrtwruel 

Call (408) 748-8611 
Uon toms • Mu terU11td & Visa. Acceotcd 

La ru1 lvd . e.nre. taul, A SSQ.50 

MAC MEMORY MA AGEMENTIMAGING CARD 

WonlSiar WordPer1ac:! Mu~IMale 

PFS: WAITE PFS: Flrat Choice PFS: Pro Wrne 
OlfioeWriter IBM Wr~lng Ant. Miaosaft Word 
Vakswritar DCA/RFT ASCII 
X1Wril.8 EBCDIC ·smm· ASCII 
Olopia1Wrhe 

Circlt 31 l on 8-'ader St"1ict Canl 

(DEALERS: 312) 


FRAME GRABBER 

Composite video inlou1 
256 x 240 resolution 
Digi tize /d isplay at frame speed 
256 gray levels in 
16 Meg. color palette out 
PCJXTIAT compatible 
$849.00 Complele wl1h sollware 

ControlVision ~(: · 
P.O. Box 596. Pi tt sbu rg , KS 66762 
(3 16) 231-6647 
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IBM/PC DOCUMENT 
CONVERSIONS 

WORD~ORWORD 
The Industry Standard in 

document conversion. 
• Two MIY c:onverolons 
•Preserves ai !ormanlng 1$149.00 j
• Fasl and rmnu-clrtvon 
• Special 'Smalt" ASCII retains p;1Qe lormartlng 

Suppons conversiO"' b<llwOOn: 

,...ILA_N_V_e-rs-io_n_$_29_9"'"l 

Call (800) 624-6107, Dept. B 
MASTERSOFT1,,.INC. 
4621N.16th S1. 
PHOENIX, AZ 85016 
(602) 277-0900 
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ary double dereferencing, programmers 
sometimes perfom1 one dereference be· 
fore entering the loop. In t.his example, 
I'll assume that matHdl is a handle 10 an 
array of 500 integers , and I want to initial· 
ize each of them to it index value: 

mat?tr: = matHdl "; {deference 
matHdl} 
for index : =1 to 500 do 

mat?t r". theArray (index] . 
index; 

In thi example, the handle i derefer· 
enced and the ma ter pointer i copied 
into matPtr. If the block is relocated 
while the loop is executing , I'm in trou
ble , ince in that case matPtr will no 
longer point to the block . Howeve r. 
block. are never relocated unless the 
Memory Manager is trying to allocate a 
new block. By examining the source 
code, you can see that no new memory is 
being allocated within the loop-it sim
ply storing values. So, this technique is 
safe to use . 

Video/sound buffer 

Stack 

! 
f 

Appl ication heap 

System heap 

System globals 

Figure 1: Memory organi wtion in the 
Macintosh family. The Macimosh II 
memory layout is essentially the same, 
excepl that the video buffer is located in 
the NuBus slot space. The application 
heap is allocated just above the system 
heap and grows upwcird in memory, 
while the stack grows dow11. The 
application heap is destroyed each time 
a new application is loaded, while the 
system heap and system globals remain 
imac1 throughow rhe opera1io11of1he 
computer. This memory model is valid 
for any Macintosh running under the 
Finder. 

What if the loop contains a 1a1emem 
that can cau e memory to be allocated, a 
in the next example? 

ma ?tr : = matHdl" ; 
for index : = 1 to 500 do 

begin 
mat?tr". t heArray [ index ] : = index; 
DrawText ( ' Another' ) ; {Trouble ! 
See below} 

end; 

Thi time, the Macintosh ROM routine 
DrawText i ca lled each time through the 
loop . Although it ' not obviou , Draw
Text can trigger memory allocation . If 
the Memory Manager does allocate a new 
memory object for DrawText, matPtr 
can become invalid. To prevent problems 
li ke this, be. ure not to rely on pointer 10 
relocatable objects after using Toolbox 
calls that can cause memory allocation. 
Inside Macinrosh has a list of the ROM 
routine ofthi type . The safest technique 
is to always use the handle and double 
deference, like this: 

for index : = 1 to 500 do 
begin 

matPtr"" .theArray [index ] 
: =index ; {Safe technique .. . } 

DrawText ( 'Another' ) ; ( .. . since 
hand le is always valid } 

end ; 

Memory Organization 
I've already said that there ' a heap and a 
stack in RAM. o I'll discuss the other 
important area of memory ( ee figure 
I) . Notice t.hat there arc actually two sep
arate heap , called the ystem heap and 
the application heap. The . ystem heap is 
created a the Macintosh starts up and is 
never reinitialized. It hold objects that 
are used exclusively by the system, such 
a device drivers. By contrast. the appli
cation heap is created when an applica
rion tarts up and i destroyed when the 
application quits. 

ote that the application heap tarts 
just above the system heap . This obvi· 
ou ly prevents the system heap from 
growing funher. so it' s a fixed size . The 
application heap, however. has room to 
grow upward in memory , and the stack 
can grow downward . The operating sys
tem uses a couple of ·chemes to keep the 
application heap and the stack from col· 
liding . To avoid colli ions from the bot· 
tom (the heap growing into the stack), the 
Memory Manager prevent<> the heap from 
growing past a predetermined limit , 
called ApplLimi t . 

Restraining the stack is a little trickier , 
si nce it grows as a direct result of 68000 
in truction , without giving the operating 

http:1$149.00
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system a chance to intervene_ Instead , the 
operating ystem frequently check the 
tack pointer to see if it ha gone below 

the highe t heap addres . The routine that 
performs this check is called the " tack 
niffer." 

There are two ways to exhaust memory 
in the Macinto h with thi memory 
model. The first condition occurs when 
the Memory Manager is unable to find 
enough memory to satisfy a request by 
NewHandle or NewPtr. In this case. the 
Memory Managerpasse an error code to 
the calling routine and allow the applica
tion to respond to the problem in a rea 
onable manner. 

The other ou t-of-memory condition 
occur. if the stack sniffer finds that the 
. tack ha overflowed into the application 
heap. Since the damage ha already been 
done in thi situation, the Macinto h re
ports a system error 28 (the infamous 
"bomb box") . 

There are two other areas of RAM 
hown in figure I . The lowest part of 

memory . called the system globals area, 
contains crucia l information for the 
microprocessor, the operating system, 
and the Toolbox. This area includes the 
68000 exception vectors-a table of sys
tem routine addre e - and global vari
ables used by al l parts of the operating 
sy tern and Toolbox. 

The highe t pan of RAM on the Mac 
Plu · and the Mac SE i · a memory
mapped buffer for video and ound. For 
the Mac fl. the video buffer is physically 
located on the video card that's mapped 
to a NuBus slot addres range. and the 
ound buffer L contained in the Apple 

cu tom ASC chip, which i also mapped 
into a different addre s range. (Editor's 
note : For a look al 1he memory map of1/ie 
Mac II, see BYTE's In ide the IBM PCs. 
Fall 1987, page 90.] 

The most important rule for using the 
Macintosh Memory Manager is to try to 
u e relocatable blocks for all heap ob 
ject . and to avoid locking them . Thi. 
allows the Memory Manager to con oli 
date lhe free space in lhe application 
heap. If you must lock relocatables. be 
sure you don't allocate any new blocks 
while a nmher block i locked . If you do. 
thi can fragment the heap temporarily , 
and the Memory Manager might not be 
able to find enough free pace to fulfill 
your next request. 

Even if you' re carefu I about your relo· 
eatable objects. you may still run into 
some problem . A di cu sed earlier, 
code segment have to be locked while 
they're executing so that the return ad
dre ·e lay correct. Depending on how 
your program i egmented, thi can lead 
to a fragmented heap. 

There i a two-part strategy for avoid 

ing thi problem. First, use the operating 
ystem call Unl oadSeg to make unused 

code segments purgeable; second ._ try to 
allocate all new heap objects from the 
program 's main loop. The main loop is 
always loaded and is firmJy entrenched as 
one of the first objects in the heap. Thi · 
will leave most of the heap free of locked 
, egments when new objects are created . 
Following this strategy will help ensure 
that new objects have their pick of a heap 
that' a unob tructed a pos ible. 

For e rious Macinto h debugging, 
you II get to be pretty friendly with an ob
ject code debugger, uch as Appl e's 
MacsBug or lcom Simulations' TMO . 
These programs let you examine mem
ory. di play your program·. code, and 
how you what your heap looks like. 

There are al o several books available on 
the subject to supplement the excellent 
foundation of knowledge provided by 
Apple' Inside Macimosh. 

MultiFinder 

The Macintosh world got a lot more inter

esting last October when Apple released 

MultiFinder , the fir ·t "multita king " 

ver ion of the Macintosh operating sys

tem . This package of routine give the 

Macintosh the ability to open multiple ap

plications at once, with all of them dis

playing their window on the creen at the 

ame time. Switching between applica


tion is accompli hed imply by clicking 

on an application' window. 


Although MultiFinder can manage up 
to a maximum of 30 applications, practi 
cal use of MultiFinder is limited by the 
amount of RAM . A Macinto h with I 
megabyte of memory has barely enough 
memory to manage two typical applica
tions. If you ha c 4 megabytes of RAM 
the maximum RAM available in a Macin
to h Plus or SE-you'll probably have 
enough memory to last you for some 
time. 

One of Multi Finder· most impre sivc 
feature .. is that it amount to no more than 
a midcourse correction in the Macintosh 
memory model , and mo l applications 
work with MultiFinder without modifica
tion. This was no accident. but the result 
of a lot of work by the Multi Finder team 
at Apple . 

MultiFinder works by creating a sepa
rate heap for each application, a well a 
allocating it .own torage space for each 
application's y tern global space, micro
processor registers, and other state infor
mation. When an application is started 
under MultiFinder a predetermined 
amount of RAM is set aside for the appli
cation heap. Thi amount is read from a 
SIZE resource stored within the applica
tion . If there i no SIZE re -ource pre ent. 

comi1111ed 

Eco-C88 
C·compiler with 
Cmore Debugger 
ProfessionaJs pref er the Eco-C88 C 
compiler for ease of use and its power
fu l debugging features. Our "picky 
flag" gives you nine levels of lint-like 
error checking and makes debugging 
easy: 

"I'm very impressed with the com-
~ 

pi/er, editor, and debugger. I've tried 
quite a few different compilers for the 
PC and have given up on all of the 
others in favor ofyours . .. f 've gotten 
to the point where I download C code 
from a DEC VAX/VMS system just to 
be able to compile ii with the picky 
flag set at 9. fl finds lots of things 
VM totally ignores ... " 

JS, Oak Ridge, T 

The Eco-C88 compiler includes: 
• A fulJ-featured Ccompiler with 4 mem· 

ory models (up to l meg of code and 
data) plus most ANSI enhancements. 

• Without a doubt, the best error check· 
ing you can get. We catch bugs the 
others miss, making you much more 
productive. 

• Cmore is a fu ll-featured source code 
debugger, not some stripped-down 
version. 

• Robust standard library with over 230 
useful (no "fluff') functions, many of 
which are System Vand ANSI compat
ible. Full source is available for only 
$25.00 at time of order. 

• CED, a fast, full screen, multiple-
window program edi tor with on-line 
function help. You can compile, edit, 
and link from within CED. 

• cc and mini-make utilities included that 
simplifies the most complex compiles. 

• Users manual with over 15-0 program 
examples (not fragments) to illustrate 
how to use the library functions. 

• Fast compiles producing fast code. 

Our Guarantee: Try the Eco-C88 co mpiler for 
$99.95. Use it for 30 days and iryou arc no! 
completely satisfi ed, si mply return it for J full 
refund . We are confident that once yuu've' 
tned Eco-C88, ytiu 'll nevt!r use anything else. 
Ca ll or write today! 

Orders: 1-80()..952-0472 
Info: 1-317·255-6476 

Ecosoft Inc. 
6413 N. College Avenue Ill 
Indianapolis, IN 46220 
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DYNAMIC RAMS 
1 MBIT IOOns $42.00 
51258 100no $ 7.50 
41464 150ns $ 6.25 
41256 IOOns ~©"!! 
41256 120ns ti!I.:!!! 

y# 41256 1sons £VBJ! 
41264 150n• $ 7.95 

JI" 4164 ISOns ~¥f!!!l 
• F« nir-mMG.. ~ l"tc:c. ....,.,.. ,.._. CMI ' 

Clm• 127 011 RlalUr 5,,.,1e, Card 

• 2400. 1200. 300 Baud Asyrv:, Modem 
• Hayes "AT" Command Set 
•CCITTV.22bls. V.22& Bell212N103Co1T41a1i>le 
• AU1o AnswerlAU1o Dial 
• Co1T41ac1 Size 
• Programmable non·110lilile phone number 

memory, user conliguration &speahr w lurne 

• One year warra my Order Now 
Toll Free 

USA:B00-533-8049 
CA:B00-624-5628 

r.4CMSA1AMEX AQ:el)C'ld 
(e«JS) 524--4189 
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DUMP YOUR MENU 
DUMP your manual and start using 
MENU DRIVEN utility program DOS 
MANAGER for your system's opera
tion . Press a key-Zap! and your 
command is executed immediately. 

• DOS Tutorial 
• Format 
• Copy 
• Mode settings 
• Display file contents 
• Transmit files 

AND many more. All at a Press of a 
key!! 
For IBM PC, XT, AT... 

Only $39.95 + $3.50 shipping. 
send order to: 

SOFTWORLD 
P.O. Box 1874, Lowell . MA 01853 

(617) 452-2189 
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MultiFinder allocates, by default, 384K 
bytes of memory to the application . 

This multiple-application world 
changes the memory map, as you can see 
in figure 2. The most obvious change i 
that there is now an application heap for 
each open application. Also . note that the 
sysrem heap is not necessarily adjacent to 
the application heap , as it is in the old 
memory model, since application heap 
are now created from the top of RAM 

Video/sound buffer 

Stack 

i 

t 


Application heap Applicat ion 1 ~ 

Stack 

+ 
t 

Appl ication heap Appl ication 2~ 

Stack 

i 
t 

Application heap 

f+ Application 3 

Free 
space 

I+- for 
temporary 
allocation 

MulriFinder private 
storage 

System heap 

System globals 

Figure 2: Memory organiz.a1ion for a 
Macimosh running M11ltiFi11der. Notice 
that in this memory model each 
applicarion is a/localed its own s1ack 
and heap. The size ofeach heap is 
de1enni11ed from i11fnrmatin11 stored in 
the application. Application heaps are 
allocated starling from the top of 
memory. The Multi Finder private 
st0rage area con1ains rile srare 
information for each application. 

down . This created a problem with some 
exi ring application that assumed the ap
plication heap wa located immediately 
above the system heap. which was always 
true under the old memory model. This . 
usually isn't the case under MultiFinder. 
and an application that makes this as
sumption breaks under the new memory 
model. 

Another phenomenon of life under 
MuhiFinder is that there is often a pool of 
memory that's not allocated to any appli
cation-it's ju t waiting for pos ible u e 
by applications that may be staned in the 
future . To avoid wasting thi valuable 
RAM real e late. MultiFinder imple
ments the notion of 1emporary memory 
allocation . 

With this cheme, an application can 
request memory from this free memory 
pool. Typica11y, this is done for a modal 
ituation like a file-copy operation, 

where the extra memory for buffers helps 
the job go much faster. MuhiFinder pro
vides a procedural interface to manage 
thi memory . There are call named 
MF'Tem.NewHandle, MF'TempDisposHan
dle . MFT e mpHLock. and MFTe mp
HUn l ock. Each of these calls performs 
the ame function a its Memory Man
ager counterpart , except that the space 
that' managed i in thi free memory 
pool. 

Obviously. the temporary memory 
idea works only through cooperation and 
good behavior among applications . 
There· nothing 10 top a sing le program 
from grabbing the entire temporary pace 
and not letting go. However. mo t Macin
tosh users won't appreciate a ingle appli
cation gobbling up all the remaining 
RAM in their machines. so it's genernlly 
a bad idea to do o. 

What 's Next? 
In the future Apple will continue down 
the path started by MulriFinder. Thi fiu 
effort open the door for more feature 
and stronger services that will complete 
the transition from a single-task system to 
a true muhiiasking environmenl. How
ever, Apple , its developers, and its cus
tomers have a tremendous investment in 
software . For Multi Finder, its engineer 
had to be concerned with an installed 
base of well over a million computers . 

The Macinto h has come full ci rcle : 
Now, it must carefully evolve to it new 
MuhiFinder environment, while still pro
viding compatibi lity for e . tabli hed 
users. • 

Alan Anderson has wri1te11 1111mero11s ar
ticles abom the Maci11tosh, Usa. and 
Apple I II compwer for various publica
tions. He is c11rre11tly a writerle11gi11eer 
living in Cupertino. California . 
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:\IEMORY MA AGEMENT HARJ>WARE 

Intel Corp. Fairchild Semiconductor 

Literature Distribution Corp. 

Mail Stop SC6-7 14 Advanced Processor Div. 

3065 Bowers Ave. 4001 Miranda Ave. 

Santa Clara, CA 95051 Palo Alto, CA 94304 


Motorola Inc. Signetics Corp. 

6501 William Cannon Dr. W Mail Stop 27A 

Austin, TX 78735 P.O. Box 3409 


SunnyvaJe , CA 94088 
National Semiconductor 
P.O. Box 58090 
Santa Clara , CA 95052 

LOTUS/INTEL/MICRO OFT 
EXPA.WED l\rEMORY PECJFICATION 

Lotus Development Corp. Microsoft Corp. 
55 Cambridge Pkwy . 16011 Northeast 36th Way 
Cambridge, MA 02142 P.O. Box 97017 

Redmond , WA 98073 
Intel Corp. 
5200 Northeast Elam 
Young Pkwy. 
Hillsboro, OR 97124 

Thee operating y tern books have ections devoted to 
memory management issues. 

Coffman, Edward G., and Peter J. Denning. 
Operating Systems Theory. Englewood Cliffs, NJ : 
Prentice-Hall , 1973 . 

Tanenbaum, Andrew S. Operating Systems: Desig11 
and lmp/ememation . Englewood Cliffs, NJ: Prentice
HaJI, 1987. 

Bic, Lubomir, and Alan C. Shaw. The logical 
Design ofOperating Systems. 2nd ed. Englewood Cliffs. 
NJ : Prentice-Hau , 1988. 

Two books that describe the Macintosh 's handle-based 
memory manager: 

Knaster, Scott. How to Write Macimoslz Sof/\Vare . 
Hasbrouck, NJ : Hayden, 1986. 

West, Joel W. Programming with Macimosh 
Programmer 's Workshop. New York: Bantam Books, 
1987. 
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HARD DISK STORAGE 

Other R LL controllers require drives approved for R LL encoding. The PERSTOR 200 
Series Advanced RLL Com rollers are compatible with standard M FM drives and RLL 
approved drives, whether oxide or plated med ia. 

Our competitors offer only a 50% increase in ca pacity with their controllers. The 
PERSTOR 200 Series Controllers allow a 90% or 100% increase in ca pacity. 

If speed is critica l to you, the PERSTOR 200 Series ontrollers arc the answer. They 
deliver up to a 11 0% increase in data tran fer rate, and a general decrease in system 
average access time. 

FEATURES: 
• A.OVA CED CA PACITY  or I increase in capaci1y. 

• ADVANCED PERFORMA CT - As much as a 110% increase in speed in yo ur IBM compatible 
microcomputer. 

• ADVANCED COMPATIBILITY - Compatib le with ei1t..r MFM or RLL appro\'00 dr1'-es with ox.idc or 
plated mc<fia, Includi ng Maxtor, Miniscribe. Seagate, owbul'}' Data. CIX. and more.• 

• ADVANCED VERSATILITY  Comp"tibk: wi th most PC. XT. AT. or 386 based system.< in <i ngle design. 

The bo11om line is tha t you n upgrade cum:nt syo; torn..' or design new >)'Stems wi th higher capaci ty, pcrforma~. 
and quality. 
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ADVERTISEMENT 

Tech Talk 
By Steve Gibson 
IBltUMT I, lffl 

Finding the Ideal Keyboard: One ThatWon'tThrow Spitwads With Its Recoil 
You might think thal the best keyboard 
would be the last thing I'd worry abou1 as 
I was assembling my "dream machine." 
bul il was almost my firs t conc:em. 

I-lave you ever slopped lo really think 
about 1he ''fccr· of your keyboard? rve 
long believed that the feel ofa compuler's 
kc yboard might aim I be the sing.le 
most important aspect of the machine. 
Aller all . except for OCCll ional mo~ 
and modem usage, the keyboard is the 
sole enlry poim for all of a machine·s 
data. I care tremendously about lhe fei:I 
of1hc kc board I'm typing with. I want it 
to feel jus1 right under my fingers. I want 
10 know from mechanical feedlxick. 
without looking. wh"n rve pre=<! a key 
successfull y. Ye1 I don·1 wum my biceps 
enlarged Ma consequence. 

It"s been my experience thal mos! 
keyboards are ul1crly horrible. seeming 
10 come only al the far ex tremes of the 
scale. Eimer they jusi lie there like dead 
spon6es! unn:spOnsive and unrcacting, or 
they figh1 lxick toolh and nai l, daring you 
10 press !he next key. To either ex treme I 
say. •• o thanks." 

The original IBM keyboard mus! have 
been tough 10 engineer. I can't imagine 
the mechanical contrivance !hat was 
used 10 induce such a ridiculous snap 
action undcmcath such small keys. A 
keyboard should no! he able to launch 
spitwads across the room with its recoil. 
Bruised fingcnips arc no! my idea of a 
typing n:ward. and it"s no fun having to 
close 1he windows on a hot summer night 
for fear of keeping ihc neighbors awake 
wiih 1he clack-clllck.ing din. 

Al the o ther end of the scale we have 
the ubiquitous sponge-press keyboard. 
This keyboard dare< you 10 dctennine 
whc1her the computer hns sensed your 
dalJI entry - which is no1 easy when you 
sun: couldn't ~sc it younclf. rm always 
worried lhal the key an: just lying then: 
still depressed after I've removed my 
fingers. 

So imagine my joy about a year ago 
when I stumbled upon a keyboard mat 
knocked me nat (and nol from its key 
recoil). Feeling a bit like Goldilocks. I r.in 
my fingers over its keys. Here was a 
masterpiett that was neither too stiff nor 
too mushy - it was just right II had a 
marvelous snap action. 

Since the company selling this goody 
was one of those " here today, gone 
tomorrow" generic Taiwan clone outfits, 
I purchased seven keyboards on the spot! 
l was determined never 10 be caught 
wnhout one of1h= beauties underneath 
me again . 

As I proudly carried my collection 
home. I reasoned that I'd be adding 
machines over the years. and I needed 
them all 10 be outfincd not only with the 
best feeling keyboard I'd ever had the joy 
of touching but also with identical 
keyboards. Therc·s nothing worse than 
moving to another machine afler =lly 
get Ling wed to one keyboard only to find 
that the 8c key has jumped to the o ther 
side of the room. Better to have plenty of 
spare< in the g.1r.lSC. 

Shonly aflerwllrd, the Taiwan-based 
company from which I'd purchased m y 
keyboards stopped carrying the one I 

Sl<t•<t G•bson is rhe devtJloper and 
pubhsher of Flider Free and president of 
Gibson l?esm>rch Corp. ol lrw1e. Coftfor· 
niQ. rhe Vf6 W .S tJXpt65Jed 0fiJ hr$ Own. 

loved, nnd then it stopped carrying 
an}'lhing. 

Well about two months ago I received 
a call out of lhe blue from a crazy· 
sounding guy identifying himself as the 
president of Northgale Computer Sys
tems. An asked if I was aware of his ads 
in the back of InfoWorld. and he was a bit 
peeved when I said, " o. nol really." So 
~ made me tum 10 the back of 
Info World 10 iake a look. 

"Oh ye.ah, that"s the ad with Lhc l3Clile 
snap action diagram; · I s;:iid , An said 1his 

was the most incredible keyb03rd on 
eanh and that he was going 10 send me 
one because he could tell from r..ading 
my column that I was a "touchy feely.. 
kind of guy. 

I warned him about me and key
boards. I told him aboul my inventory of 
Spare keyboards in the garage. and I said 
tha1 1101hi11g ""'uld move me away from 
1h= beauties since there was no way to 
improve upon what I already had. An 
was not swayed. He told me about 
celebrities who were U$ing his keyboard 

and said he had lots of congralulalory 
lcncrs. and it was simply 1hc best 
keyboard anywhere. "Boy. this guy is a 
pain," I thought . I shrugged and 1old him 
to send it out but that I couJdn't promise 
anything. 

When it arrived, my curiosity took 
over. Imagine my surprise and delight 
when I found myself facing my dream 
keyboard. exactly like 1hc four I still had 
in my g:irugc! If you wani the best key
board I've ever had my hands on, check 
out onhga1e's snap action keyboard. 

*10-Day 
Money Back 
Satisfaction 
Guaranteed.! 

*3-Year 
Unlimited 
Warranty! 

The Tuuch and Feel of An Electric 'fyptwrlter 

The sensation of the computer world. Nortb
gate's Click/Tuctile keyboards are setting the 
new standard for the touch of typing. 
Not only Steve Gibson. but computer experts 
everywhere agree. Northgate has come up with 
what's been mi ing In keyboards-positive 
entry. 
Some day all keyboards will use the same 
11.eyswitches and quality components Northgate 
Incorporates in its 84-key and 101-keyboards. 

But for now. Northgate leads the way. Order 
yours today. If you are not 100% satisfied in 
every way. return It within 10 days for full 
refund . 

"CIT" 101 KEYBOARD $99.00 
"CIT" 84 KEYBOARD $79.00 

f'OR IBM PS MODELS ADD $15.00 

FOR QUANTITY ORDERS CALL 612-553-011 l 

TOLL FREE 800 453-1400 ANSWERED 24 HOURS 

COMPATIBLE WITll MO T CU RRtNT MOD EL XT AND AT TYP& 
SYST&MS WITH STMIDARD 5· PI DtN CONNECTOR. SOM I< COM· 
PUT!RS AR£ 1...,0T COMPATIBl.t: WITH STANDA R D JDM 
CON NECTO RS- T ii t E IAY IN Ci.UDE SO ME MODELS OF 
ZENITH. TANDY. AT81T. EPSON EQUITY. PC l. IMITF.I> 286. 

Phone Your Order Toll Free 

IVISA I ffi] 
Al\... II NORTHGATE 

.,..J~L COMPUTER 
~~Y5_~~M_S. . 

290~ NORTHWEST BLVD.• SUITE 250 
PLYMOUTH . MINN!:.SOTA 5.54 .& l 

r.------------.
~ NORTllOATr; COMPUT£~ SYSTEMSI ~ 290'5 NORl"HWE....::.T BLVD~ PLYMOUTH. MN 85441 I 
smP __ (QUANTITY) '"CIT" 101 @ $99.oo I 

-- (QUANTITY) ••CJT" 84 @ S79.00 I 
FOR IBM PS MODELS ADD $15.00 

AME---------------  I 
COMPANY -------------  I 
ADDRESS 
ClTY ______ STATE ZIP __ I 
VISA/MC NO. _____ EXP. DATE ___ I 
SIONATU RE 


1'0TE• ORDER l'ROCBSSINO TAKES 3.. DAYS. WE SHIP UPS. 

II 

FOR OROU D SH IPPING ADD $7.00 !';A. FOR SECOND DAYI ____________
Al'Tl<R l•MOCl'.SSU<O TIME ADD SI 2.00 EA. FOR OVERNIOHT:..J 
APTER PROC£SSJNO TIME ADO $22.00 &I'L...'. 
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PC MAGAZINE REPORTS..:~pc Labs tested dri 

AND NORTHGATE'S 8028 

Now, with Northgate Super 28 

oughpuf 

800,000 Bytes Per Second Dat 

• Turbo Speed Hard Drive Controller 

TRULY A COMPLETE, READY TO USE SYSTEM 
YOU GET ALL THESE QUALITY FEATURES: 

65MB Miniscribe Hard Drive. Formatted and 
ParUUoned 32.5MB in C and D Partitions • Turbo 

Throughput 16-Bit Hard Drive RLL and 1:1 
Interleave Controller • 12MHz Intel Processor 

• 2 16-Bit. 6 8-Bit Expansion Slots • l.2MB 
(Reads & Writes 360K Disks AND l.44MB 

Drive (Reads & Writes 720K) • 200 Watt 
Power Supply • 2 Parallel. 1 Serial Port • 

Fu ll Size (Not Baby Size) Case with Keylock, 
Turbo On/Off. Indicator Lights • 14 Inch 
Tilt/Swivel Flat Screen Amber Graphics 

Monitor with 1000 Line Resolution Capa
bility for CAD • Hercules Compatible 

Graph ics Card • Latest Version MS-DOS 
3.3 with GWBasic including hardbound 

manuals for both (Northgate is a 
Microsoft OEM Licensee). 

AND NOW. TO GNE YOU EVEN 
GREATER PERFORMANCE... 

DRIVE CACHING AND VOPTTM 
OPTIMIZER ARE INCLUDED! 

Installed on your hard drive is Northgale's 
exclusl.ve lnsta·Cac her" Hard Disk Caching 
program. Once a file is read it's in cache. Retriev
ing i t again is 0-walt. o hard drive access ls 
needed. This is an $80.00 value. yours at no 
extra cost. AND..WE ALSO GIVE YOU THE 
BEST DISK OPTIMIZER PROGRAM EVER
VOPP ' BY GOLDE BOW SYSTEMS. 
CLEANSUPFRAGME TEDSECTORSAUTO· 
MATICALLY EVERY TIME YOU START YOUR 
SYSTEM . A $50.00 VALUE. AGAI YOURS 
FREE WITH THE NORTHGATE 286. 

http:exclusl.ve


throughput on all the (21) machines in this review, (Feb. 16, 1988) 

WAS THE FASTEST... 

65MB Hard Drive System you get: 

Power 
Transfer Rate • RLL Encoded Hard Drives • 1:1 Interleaving 
• World's Highest Performance AT Class Computer System! 

~~rc'~l~~%".1 .~~~~ ~o~~\~l~1~; k~(~~~~~~~ i 
A Owilh l : l ln lc rlc:cw·~ll~rlli;etl11ln 
fas ter lhon 28ms drlveo. 

ORDINARY 
PARTS 

= 

-

NORTHGATE 
SYSTEM IS 

400% 
FASTER 

Nonhga1e Delivers System Pcrfonnnncc 
Unma1chtd by Ot_hcrVe:ndors. A."Jk the:rn 
fHltl p rU\ 11 IO }'UU'l"'ScH1 

HERE'S THE 
SECRET OF 
TURBO 
THROUGHPUT 
THE ADVANCED 
DESIGN THAT 
MAKES THIS SYS· 
TEM PERFORM 
400 % FASTER 
THAN OTHER AT 
TYPE COMPUTERS 
AS T HEY ARE 
COMMONLY CON· 
FIGURED AND 
SOLD BY MOST 
VENDORS IN THE 
PC INDUSTRY! 

M ost computen;: look similar. Most vendors odvcnJ..se They know they get vnJuelhrougb ~rfonnoncclhnt".s unique t.hroughput ~enhoncuncot. 

proccs.90Upttd and 2BMS hard drive occcss. There Is dcmonst.rate<leveryUmcthcyturnonlbc~tcm, They 
lttUc to dJstinguish 011c rrom another. Thus everyone know Oil pans arc Worta Class. not the orcUnary ·•off the If Northgate pricing seems higher, don't be 
tends to assume all computers arc alike. .sh~U" Items a l.hers use to keep costs down. deceived by Bare Bones Prices you see in 

others· ads. Northgate's System is complete
NOT so . Northgatc Is t.ruly 11 dlJferent System. And Northgatc pioneered Rl,L Hard Dr1vc and I : l Inter· - IT'S THE 286 SYSTEM YOU WON'T OUT· ~use It ls, tb(!computcrbuycr gets tac greatercom· leaving'. in Its 286Sy'8l c:ms.1bour kn owledgc, nocom 

puter voluc rorbls money. That"s wby Northgatc has pclltor even offers these vi tal performo.nce rcuturcs. GROWi We encourage you-Shop Around. 

800.rcd In poputar1ty. TI1ose wholrnaw choose Northgalc. Call Lhcm. We did. Only Nort.bgntc gives you thl.s Call au the Others and Compare. 


ALL THIS PLUS...The Computer Industry's Most Meaningful Service and Warranty Policy... 
30-Day Con>p<U!blll!!I Warranly: • In thtC\'Cnl offallurrofo 1>arl tluud[,..,blc3 tht~lc rn Nonh· ln.s lrncllons o n mnkln_g Liu· tT.llol tlr nr rcplm;11;:111 ctll i111d wfll 

orthgate gllOJ"'l.lllliC'f"S ltssystrm.s w llt npcrn tll'! uny s.IJ1nd 1n.J . ga1e w l ll sh1p. 1.l 1c. same d['Y 1r nottnc-d tr; 12 oon Cl'.'nlral con&uh 'wA.'llh r u stonwr nn I ht• phoni: to Ll~"lurc n::µa.11 I~ 

commcn:tul•,- uvullablr:: [)OS pn.>J:!mml'l wrll ten rorusc mt IBM Ttme. n 1\ew rcpl.:-iccmcnl pan. Cus1omcr1 11 usl plKlne on.h· 
Cornpat/blc Compu ter?\. rr.on comml1n11on with Nor1hgii1c. ~Ille Cu~1u1r1cr Service for illugnosls of I he fal lurt •fr~~rc~~'~0:r'~~~~p~c~~ !~~1~~%~~~~~af~; ~~rt~~fdcr 

program cannot be made 10 operntc s.a usfac1only. oo·ncr may • S Jopmc ru or the n:ph• l:"l"nlCO I pnri w l11 hr hy f1'Y'e nlllthl  \\'Umm1y. cus101 nerpoysf~lglu w orthgn1co.nd onhgme 
re turn Lhc ~yatcm . complete nnd unah.crcd fora prompt und ('Xprc&!I M"r\•lcc- AT NOlflTIGATg·g EX Pt-;NSE-for m:x1 pny!:' rc tum rrr!gli l ll)• w h,HC'lo'Cf Scr"YICc lhc :,.)'~lcm IS St':IH 
rull refund 1nc:lud lng u ll frel,i;tht costs. day dcllvrry 1lcpcml h1~ on Hu: rarrlrr".is -Khllily 10 prm.•ldc tu No·rlhg:u tc. 

~u h servtce In owner's Rcograph lc arco Jn thCC\'Clll oru pilrt rr:plOC\'"d UOd,~rwPm10l)'. lhe ne'IA' par1 

carr1 <•o Nl::W ON!:: ·Y~;,\H (;lJAHANTt:f: FnOM SlllP DATF.! 


£XP£N5£ AlrlS Rt:pl.accmcof Wa.rranry; • ~,~·11111~r,:~1.~~~dr~~~.r~t~'::. ~~F~~~;~~~ 1io\~.~~~:~~~· :,c: NOTE M:my rom putcr vr:: ndor'l!l cx1rnd only t h~ p11r1.-. 

ort.hgute C.ompt1 tcrS)'!l lc1m1Jo wnrra1U.s thal eHil)'l\tcmssold Norll1gu1cwUl1h1 l Ml wet:lw ~ftcr n :cel\•lng th · rcploctmcnl munufoct ur'!'.:'r·s warrnnty wh1ch 1Tmy be l:l-1!' IHlk tL~ 30-diwK. 

by Northgate wUI be free of dcfo:ct.8 In workmo nshlp and 1><u-1. All producl!J. :so ld by OWTI lltATE arr rully gmmrnlcc<l by 
motcrinls (or one year from dote or shipment • onhACUe'1 Cu~ 1omcr Service tlcp;•rt mem will provide full Nor t hf.l3h: ror one yoe.lr Conn date of shipment. 

One-Year Ouemlght AT NORTHGATE 
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GetYour 
RS232C 
On Speaking
1ernis. 
In ASnap. 

RS232 was developed to simplify rummuni
cations bet\ een computers. peripheral ;md 
mher electronic equipmen1. But what started 
out imple has become more complex , with 
different manufacturers using different cable 
con fl guration . All of which made isolating mid 
fLxing problems more time-consuming. 

Beckman Industrial an vcrs the problem 
with a complete line of breakout boxes that not 
only make locating and changing signals quick 
and eas)', bu t also keeps u1 csystem communi
atting whi le you tesl. 

Monitor 15 Lines 
For Les.sThan $100. 

The line-powered Model 725 lets you mon 
itor u1c most com mon I lines including most 
modem communications. 
Red or green LEDs m'ake 
identifying po itive and 
ncgatire vol t:tges e:c y. 
Oual-gcncler connectors 
make hook-up a snap. 
Andany additional line cm 
be monitored via jumpers 
to a pare set of LED mon 
itors. Plus. it tough ABS. 
nap-tight C'JSC features a removable cover for 

added convenience. There'. cven m optional 
ziprcrcd vin)'l c:ise available. 

ABreakout Box And 
Cable Tester ln One. 

Beckman lndu trial makes your job twice 
as easy wiU1 a feature no one else offers.The 
Mod I s- i a combination breakout box and 
cable tester. Its battery-powered operation 
allows you extra mobili ty and freedom while 
100 LEDs allow you 10 full y monitor 25 lines. 

••-.......! 111 ~·--·~ .... 
~ ~··-J tee -. 

.... e..y aoe· 111oc191 ns -
.. v·111..: ~-~ -•-J i • 

todel 725 $99.00 
Breakout Box 
Monitors t5 pnmary data 
cornm unrcations lines. 
Red arid green LEDs identify 
+I- voltages. 
Includes spare Red/Green LEO seL 
Jumpers 1nduded. 
Optional vinyt case available. 

ystcm 

-111--  . - 
~ ~ ~ E. 

i SE EE ~ 
- '-r'ltoe ....,. --111-. == ==::: : == .. == =.::: == -= 4. == = = ; 

="' l e l:; £ -~ = H :~ .. 

Model 85 $34 5.00 
Breakoul Box & 
Cable Tester 
JOO battery·powered LEDs. 
Full-function RS232C cable 
tester scans all lines. 
Si9nal emulat1on via facepla te 
vollage jumpering. 
Pin 2 to pin 3crossover switching. 
2µsec signal pulse trap. 

Cttion going while you repair a bad 
connector or cable. 

Vi it your local distributor today 
for Beclummlndu ·Lrial' data 

comnrnniailions lest equipment. 
Or write for a free eight-page 

brochure. 
And keep your lines of 

communication open. 

And. of course, it's also a full- function cable 
tester. ~ ith upport for parallel interfaces and 
automatic or manual scanning ofall lines. 
Easy-to·u faceplate vo lt;ige jacks. pulse tnlp
ping. and eparate DIP witches lo perform 
modem loopback settings arconly a few of 
Uic fcatur . 

Presenting AWhole 
New Waylo Patch. 

To k p your RS232C and RS449 
con1mur1ication · on speaking term 
and make signal emulation cas)', 

&'Ckman I ndustri<~ has 
devised a sy tem that lets 
you custom-build patch boxes 
righ t in u1e field. AnoUier first from 
Beckmru1 Industrial to make your job 
rosier. Try the Model 70IQuadvcrter 
to solve printer interface prohlcms, 
or the Model 702Quad II to make 
patching RS232C to RS449 simple 
and quick. 

Helter yet, build your own patch 
with the Model 70 .~ fasy PATCII" Patching 

Beckrnan lndu5tria1·· Insbun1ent", 
Beckman Industrial Corpor:ition \\Ci~111eOne. 
In 1mrnem:11ion Products Divi ion 

ASubsidiary or Emerson Electnc Co rnp:1111' 

388.i Ruffin Road , S.10 Diego. CA 92 t23·1898 
(61()) 95·3200 • FAX (619) _68-0172 • TLX 2 9031 

System.ju t pick any combination of 15 dif
ferent connector modules included in the kit. 
install ii in the 703 case and snap on the cover. 
It's tlrnt simple. 

With such versatility. you atn leavean Eas)' 
PATC!I in U1e line to keep l'ital data communi 

b1 Se1vice 
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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 Micro Way 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 regis
ters and data bus of the 80386 and the 
Weitek 1167 numeric coprocessor chip 
set. They include a family of MicroWay 

mW1167 Numeric 
Coprocessor Board 

MicroWay 80386 Compilers 
NOP Fortran-386 and NOP C-386 are globally 
optimizing 80386 native code compilers that 
support a number of Numeric Data Processors, 
indudingthe80287.80387 and mW1167. They 
generate mainframe quality optimized code and 
are syntactically and operationally compatible to 
the Be!Xeley 4.2 Unix In and PCC compilers. 
MS-DOS specific extensions have been added 
where necessary to make it easy to port pro
grams written with Microsoft C or Fortran and 
RIM furtran. 

The compilers are presently available in two 
foonats: Microport Unix 5.3 or MS-DOS as ex· 
tended by the Phar Lap Tools. MicroWay will port 
them to other 80386 operating systems such as 
OS/2 as the need arises and as 80388 versions 
become avallable. 

The key to addressing more than 640 kbytes 
is the use of 32·bit integers to address arrays. 
NOP For1ran-386 generates 32-bit code which 
executes 3 to 8 times faster than the current 
generatloo of 16-bit compilers. There are three 
elements each of which contributes a factor ol 2 
to this speed increase: very efficient use of 
80386 registers to store 32-bit entities, the useof 
inline 32-bit arithmetic instead of library calls, 
and a doubling in the effective utilization of the 
system data bus. 

AA exampleof the benefit of excellent code isa 
32-bit matrix multiply. In this bench~ an NOP 
furtran-386 program is run against the same 
program compiled wi1ti a 16-bit furtran. Both 
programs were run oo the same 80386 system. 
However. the 32·bit code ran 7.5 times faster 
than the 16-bit code, and 58.5 times faster than 
the 16-bit code executing oo an IBM PC. 
NOP FORTRAN-386"' ...............$595 
NOP C·386"' . . . ..... ..... ...........$595 

80386 compilers that run in protected 
mode and numeric coprocessor cards 
that utilize 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 1 6 fold increase in floating point 

MicroWay® 
80386 Support 

MicroWay Numerics 
The mW1167 "' is a MicroWay designed high 
speed numeric coprocessor that works with the 
80388. It plugs into a 121 pin 'Weitek" socket 
that is actually a superset of the80387. This soc
ket is available on a number of mothe!boards 
and accelerators including the AT&T 6386. 
Tandy 4000, Compaq 386/20, Hewlett Packard 
RS/20 and MicroWay Number Smashe< 386. tt 
combines the 64-bit Weitek 11 62/64 floating 
point mulliplier/addef" with a Weitek/lntel de
signed "glue chip". The mW1167 "' runs at 3.6 
MegaWhetstones (compiled with NOP Fortran
386) which is afactor of 16 taster !han an AT and 
2 to 4 times faster than an 80387. 
mW1167 16 MHz . ....... ... .. .....$1495 
mW1167 20 MHz ..................$1995 

Monoputer "' - The INMOS T800-20 Trans
puter is a 32-bit computer on adlip that features 
a built-in floating point coprocessor. The Taco 
can be used to build ainctrarily large parallel pro
cessing machines. The Monoputer comes with 
either the 20 MHz Taco or the T414 (a Taco 
without the NOP) and includes 2 megabytes of 
processor memory. Transputer language sup
port from MlcroWay includes Occam. C. furtran , 
Pascal and Prolog. 
Monoputer T414-20 with 2 meg• ...$1495 
Monoputer TS00-20 with 2 meg' ...$1995 

Quadputer "' can be purchased with 2. 3 or 4 
transputers each of which has 1 or 4 megabytes 
ol m01TlOfY. Quadputers can be cabled together 
to build arbitrarily fast parallel processing 
systems that are as fast or faster than today's 
mainframes. A single Taco is as fast as an 
80386/mW1167 combination! 
Biputer"'T800/T414with2meg' ....$3495 
Ouadputer 4 T 414-20 with 4 meg ' ... $6000 
' Includes Occam 

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 wortd leader in PC numerics 
and high performance PC upgrades. 
For more information, please call the 
Technical Support Department at 

617-746-7341 
After July 1988 call 508-7 46-7341 

80386 Multi-User Solutions 
ATS"' - This intelligent serial controller series is 
deslgned to handle 4 to 16 users in a Xenix or 
Unix envirooment with as little as 3% degrada
tion in speed. II has been tested and approved by 
Compaq, Intel, NCR, Zenith, and the Department 
of Defense for use in high performance 80286 
and 80386 Xenix or Unix based multi-user 
systems. 
AT4 - 4 users ...... .. . . ..•..... ... ..S795 
ATS - 8 users •..••••....••....•.....$995 
AT16 - 16 users ............ .......$1295 

Pnar Lap'• created the first tools that make it 
possible to develop 80388 applications whidl 
l\Jn under MS-DOS yet take advantage of the full 
power of the 80386. These include an 80386 
monitor/loader that runs the 80386 In protected 
linear address mode, an assembler. linker and 
debugger. These tools are requ ired for the MS
DOS version of the Microway NOP Compilers. 
Phar Lap Tools ............... .. ... .. $495 

PC/AT ACCELERATORS 

287Turbo-10 10 MHz• ...... .. ... ....$450 

287Turbo-12 12 MHz.... ... ... ......$550 

287TurboPlus-12 12 MHz ...........$629 

FASTCACHE·286 9 MHz ............$299 

FASTCACHE-286 12 MHz ... ... .. ... $399 

SUPERCACHE-286 ........... ......$499 


MATH COPROCESSORS 
80387·20 20 MHz ............... . ... $895 
80387-16 16 MHz . ............ ......$495 
80287·1010 MHz ..... . .... . .. .. ....$349 
80287-8 8 MHz . .. . .. .. ...... ... . ... $259 
80287-{; 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, U.K., 01-541-5466 
St. Leonards, NSW, Australia 02-439-8400 
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CIARCIA 'S CIRCUIT CELLAR 


Steve Ciarcia 

The SmartSpooler 

Part 1: The Spooler Hardware 

Steve clears your printer's 

throughput bottleneck and comes up 

with more than a buffer 

The discrepancy in speed between fast CPUs and 
low printers has existed since the early days of 

computing and the magnitude of the speed dif
ference is becoming ever larger. When you up
grade and add performance to a computer system, 
you generally add processing power rather than 

printing power. The net result is that many 20-MHz 80386 
"mill ion-instructions-per-second-class" machines out there are 
waiting for I 00-character-per-sewnd printers. 

Admittedly , many computer users have light printing require
ments, and they don't mind wailing 5 to 10 minutes for an occa
sional printout. Some, I'm sure, welcome this downtime as a 
mandatory coffee break. However, those who rely on their com
puters as a tool for making a living know that time is money. 

Spooling to the Rescue 
This problem is not new, and one solution has always been 
spooling. Spool stands for "simultaneous peripheral operations 
on-line. " Pioneered on mainframes and minicomputers, spool
ing solves the CPU/printer speed gap by temporarily buffering 
printer output on intermediate storage (typically a disk drive) at 
high speed. Then, you move the stored data from storage to the 
printer at the latter 's low speed . In the meantime , the CPU also 
runs foreground applications. 

Traditional spooling has been tried on personal computers 
with limited success. One problem is that spooling requires an 
operating ystem with either multitasking capabilities or special 
oftware patches that effect 

the appearance of s imulta
neous operation. Even with a 
multitasking operating system 
or a patch , however, spooling 
often taxes the computer's 
processing. power and affects 
system perfom1ance. 

Spooling !rlso creates prob
lems in disk priority and data 
conflicts. If not properly co
ordinated through the operat
ing system, a computer' disk 
can get " trashed" if it has to 
handle print data and appl ica
tion data at the same time. 
Given the declining cost of 
processing power and mem

ory, it finally became obviou that a separate computer should 
handle the printing task, which led to the dedicated printer 
buffer. 

I have received many leners over the years asking when I 
would present a printer buffer as a project. Generally , I would 
avoid answering the question or jokingly say " never." Of 
course, it really wasn' t a joking matter. It troubled me greatJy 
that I couldn' t do justice to such an important subject and had to 
live with such an embarrassing answer until I could invest the 
time and effort to present a Circuit Cellar- quality design. Let 
me explain. 

Most printer buffer projects are cumbersome and simplistic. 
The ones I remember seeing offer only rudimentary functions 
and use 40 or 50 chips for a 64K-byte buffer. 

Commercial units, on the other hand, have narrowly defined 
capabilities enhanced by software-implemented system func
tions and tricky hardware designs intended to reduce manufac
turing co ·t and complexity. 

I recall seeing one rather unique printer buffer design that 
used an 8051 single-chip microcomputer connected to dynamic 
RAMs (DRAMs) that operated serially. The 8051 would con
stantly cycle through the DRAM addresse at a rate that pre
cluded any need fo r DRAM refresh. The system stored text seri 
ally in the individual 64K- by 1. -bit DRAMs rather than in a 
parallel bank of them, as you'd usually expect. An SK-byte text 
buffer therefore consisted of a single 64K-bit DRAM chip. 
while a 32K-byte buffer used four, and so on. 

While I am not totally opposed to off-the-wall hardware de
signs, fancy technique has its price. Most computer-based tech
nical designs are a trade-off between hardware and software. 
Anytime a company expects to be manufacturing something in a 
high-volume quantity, it tries to minimize recurring hardware 
costs by doing as much as possible in the one-time nonrecurring 
software development phase . 

In a magazine article, how
ever, there aren' t any recur
ring expense (beyond a few 
prototypes), therefore all co ts 
associated with the one-tjme 
presentation are essentially 
nonrecurring. Since most 
magazine authors don't have 
infinite software resources 
(and deep pockets), published 
print spooler designs have 
usually ended up as a far cry 
from commercial units, both 
in technique and capability . 

I could hardly criticize me
diocre designs if I presented a 
piece of hardware that merely 

conti11ued 
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CIRCUIT CELLAR 


While I've presented SmartSpooler 

primarily as a printer buffer, 

it can function as a complete remote 

data-processing computer. 

met the objective with little regard for the hardware costs and 

complex.icy . At the same time, it would be insane to custom

mask an 8051 and present a three-chip prinrer buffer project that 

demonstrates nothing to readers who want to learn something 

about the architecture of prinrer buffers . 


Fast Computers, Slow Printers 

With the Circuit Cellar SmartSpooler, I have achieved my goal. 

Thi i an efficienr integration of commercial and educational 

objectives. I've complemented its hardware design with inter

rupt-driven software that does not compromise performance to 

maintain cost-effectiveness. Designated as a spooler rather than 

as a simple printer buffer, SmartSpooler vastly improves com

puting throughput with slow peripherals. 


SmartSpooler has 256K bytes of memory , serial and parallel 
1/0 ports, and features that improve versatility and ease of use. 

Flgure I: (a) The 
SmartSpooler combines the 
function ofa 256K-byte 
printer buffer and a 
serial/parallel converter 
switch. (b) Its HD64180 
CPU- with built-in serial 
ports, extensive illlerrupt 
handling , address range 
beyond 64K bytes using direct 
memory access, and easy 
DRAM interface- is idea/for 
rhis application. 

264 BYTE • APRIL 1988 

These include 'switch box" capability for routing serial or par
allel computer input to serial or paral lel printer output, the abili 
ty to print multiple copies, single-sheet feeding mode, and 
buffer capacity indicators. Also, you can daisy-chain multiple 
SmartSpoolers to control a whole network of peripherals. 

More important, SmartSpooler i intelligent. While I've pre
sented it primarily as a primer buffer , a host computer can com
pletely control its operation. You can even download executable 
code to SmartSpooler. It can function as a complete remote 
data-processing computer that analyzes and interprets the data 
flowing through it. 

After a summary of SmartSpooler's features, I'll cover some 
printer buffer basics and then describe SmartSpooler 's hard
ware and software specifics. 

SmartSpooler has the following features: 

• 256K-byte buffer capacity = 100 pages (typically) 
• Switchable serial (RS-232C) or parallel (Centronics) input 
and outputs 
• Serial port data rates: 300, 600, 1200, 2400, 4800, 9600 
19,200 and 38,400 bits per second (b& 
• Serial port handshaking: hardware (RTS. <::TS. and so on) and 
software (XON-XOFF) 
• Multiple copy capability: 0 to 4 copies plus original 
• Pause mode for single-sheet foeding 
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• Real-time clock (power required) 
• Front-panel buffer capacity gauge 
• Host programme<! configuration and operation mode 
• Built-in interactive diagnostic monitor program 
• Low power (5 volts [VJ at 0.5 ampere {A]. ±12 Vat 0.1 A 
typical) 

Generic printer buffers come with a variety of functions . 
SmartSpooler combines the best features of these other printer 
buffers and adds a few of its own . SmartSpooler sits between a 
computer printer port and the printer. Since it provides both 
parallel and serial I/O ports, it adapts between computers and 
printers of each type. 

When the computer prints, SmartSpooler accepts the data at 
high spee-0, buffers it , and outputs it to the low-spee-0 printer. 
From the computer's point of view, printing a document takes 
only seconds . During the printout , SmartSpooler can make 
copies, temporarily suspend printing (pause button), and han
dle embedded formfeeds for si ngle-sheet printing. 

Hardware-Keep It Simple 
The hardware requirements for SmartSpooler are simple: a 
CPU, buffer memory, and host/printer ports (serial and paral 
lel). We also need some parallel 1/0 ports to handle switches 
and LEDs for SmartSpooler's front-panel operation. 

I used the complementary-metal-oxide-semico nductor 
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HD64L80 CPU because it i ideaJly suited to the ta k and sign if
icantly reduces the hardware complexity. First, it includes two 
RS-232C serial ports on-chip, eliminating an external dual 
UART (universal asynchronous receiver/transmitter) chip. 

Second, the need for a large, low-cost buffer demands dy
namic memory chips. The HD64 I 80, with its built-in refresh , 
easily accommodates DRAMs and offers a performance level 
that can meet today 's high-speed communications require 
ments. (Though the task seems simple, many computers choke 
when running tenninaJ emulator programs at 19 ,200 or 38,400 
bps.) 

The SmartSpooler block diagram in figu re 1 shows the three 
basic com ponents: CPU (i .e . , HD64180), memory (i .e., 

DRAM and SmartSpooler EPROM), and 1/0 (i.e., host. 
printer, witches, and LEDs) interface. The SmartSpooler also 
provides an SB L 80 XBUS 1/0 expansion connector for addition
al I/O (more on that later) . See figure 2 for the complete Smart
Spooler schematic (less the section covering the DIP-switch set 
tings and LEDs, which I will cover next month). 

The EPROM socket (IC7) accepts BK-byte (2764) to 64K
byte (27512) EPROMs, though the SmartSpooler code pres
ently requires only 16K bytes (27128). Because of the on-chip 
DRAM refresh controller, connecting 256K bytes of DRAM is 
relatively easy. All the HD64 !80 needs are three 74LS157 row/ 
column address multiplexers (IC8 through ICIO) and a CAS \ 
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generator consisting of a flip-flop and a couple of gates (IC5, 
IC6, and IC 19). The plastic-leaded-chip-carrier version of the 
HD64 l 80 can address 1 megabyte, but I feel that 256K bytes is 
more than adequate for typical printing applications, and it 
keeps power consumption low. 

If you examine the SrnartSpooler's architecture closely. you 
will note some similarities with the SB 180 single-board com
puter (see the September 1985 Circuit Cellar). Considering the 
perfonnance and popularity of the SB 180, any similarities are 
purely intentional. The SmartSpooler 's core architecture lets it 
be more or le oftware-compatible with the BCC 180 multi
tasking controller (presented the last three months) and the 
SB 180. Remember that you can download executable code to 
the SrnartSpooler using its host programmed mode . This code 
could be a compiled BASIC program generated on a BCC l 80 
just as easily a any HD64 I 80 assembly code produced on an 
IBM PC cross as embler or the SB 180. 

SmartSpooler 's 1/0 
SmartSpooler has two serial ports and two parallel printer 
ports. Since the HD64 I 80 has two on-chip serial ports, the only 
extra hardware needed for the RS-232C ports are a pair of 
MC145406 RS-232C level shifters (IC2 and IC3) . The rest of 
the 1/0 hardware consists of the Centronics 1/0 ports and the 
front-panel switch/LED interface. 

A 74LS 138 (IC4) I/O address decoder generates eight chip 
elects. Two outputs are reserved for XBUS addressing: 1/0 ad

dresses EO to FF hexadecimal . Two chip selects are connected 
to the HD64180 direct-memory-access request inputs, and the 
remaining four are associated with the Centronics 1/0 ports. 

The Cemronics output port consists of a 74LS374 (IC22) , 
which latches the output data, plus both halves of a 74LS74 
(TC23) for controlling the handshaking. To send a character to 
the device connected to the port , the control software first 
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Parallel Input port timing 

~ 00-07 

---.STROBE 

2._I___.INTO to CPU 

5 ,._ BUSY 

,.__ ACKNLG 

Figure 3a: Timing diagram for SmartSpooler 's parallel input porr. 

1 . The host sets up the data and asserts STROBE. which 
causes BUSY to Immediately be asserted. 

2. The host deasserts STROBE, which latches the data and 
generates an interrupt request to the HD64180. 

3. The SmartSpooler interrupt handler reads the data and 
asserts ACKNLG (lN CINCS). 

4. The SmartSpooler deasserts ACKNLG ( IN CJNCS+l). 

5. The SmartSpooler deasserts BUSY (tN CBSY) . 

Parallel output port timing 

1. The printer asserts ACKNLG in response to the previous ____., ACKNLG L_J, 
data byie received. The trailing edge generates an 
Interrupt request to the HD64180. 

INT1 toCPU 
2. The HD64180 sets up the next data byte (OUT COUTCS). 

00-07 
3. The HD64180 asserts STROBE (ourcoUTSTB+l). 

-+-- STROBE 31.___...~ 4. The HD64180 deasserts STROBE (OUT COUTSTB). 

Figure 3b: Timing diagram for the parallel output port. 

writes the byte out to port 90h . This latches the byte into the 
74LS374 and also clears INTI \ high. (INTI \ is used during the 
acknowledge sequence that I'Li describe next.) 

Next, the program accesses (either reads or writes) port A I h 
to assert STROBE \ on J6 low . Finally , the software accesses 
port AOh to cause STROBE\ to go high, signaling the target 
device that a byte is ready. 

Once the target printer device has retrieved the byte and wants 
to tell the spooler that it is ready for another byte, the device 
asserts the ACKNLG \ line on J6 low, then sets it high again. 
The rising edge clocks the 74LS74 and forces TNT I \ low, gen
erating an interrupt. Writing the next byte out to the Centronics 
part (usually part of the interrupt service routine) clears the 
interrupt . 

The Centronics input port i similar to the output port, but it 
works in reverse . When the device connected to 15 sends the 
spooler a character, the device simultaneously generates a low
to-high signal on the STROBE \ input . This latches the data into 
a 74LS374 (IC20) and sets INTO \ low, generating an interrupt 
10 the HD64180 processor. It also clocks another flip -flop , 
sending the BUSY line to the input device into a high state. 

As part of the interrupt service routine , the processor first 
reads port 80h to get the character being sent to it by the input 
device. The port access also clears the interrupt and causes the 
ACKNLG \ output to go low as the first part of the acknowledge 
sequence. Next, an access to port 8lh sets ACKNLG \ high 
again, signaling the input device that the character has been read 

and the spooler is ready for another. Finall y, ii accesses 1/0 
port BOh, causi ng the BUSY output to go low. This signals 
those devices that rely on the BUSY signal that SmartSpooler is 
ready for another character. Figure 3 shows the timing details of 
the parallel 1/0 ports . 

Purists may argue that SmartSpooler does not support the full 
Centronics interface, which. technically, includes additional 
signal s like Paper Error , Error, and lnit. However , these signals 
(and other vendor-unique signals) are inconsistent for different 
computers , printers, and software. Just in case, SmartSpooler' · 
output port does provide an option for handling a Printer Error 
input signal. You can jumper it to NM! \ . 

Experimenters 

While printed circuit board kits for the SmartSpooler are avail

able, I encourage you to build your own. If you don't mind doing 

a little work, I will support your efforts as usual. You can down 

load a hexadecimal file of the executable code for Smart

Spooler's system EPROM (27128) from my bulletin board at 

(203) 871 -1988. Alternatively, you can send me a prefonnaned 
TBM PC disk with return postage, and I'll put all the files on it 
for you (add $6 for the SmartSpooler User' Manual). Of 
course , this free software is for noncommercial personal use . 

Next Month 
I'll finish the hardware by explaining the switch and LED con
figuration and describe SmartSpooler's software. • 
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I'd like to personally thank Tom Cantrell for his extensive work 
on this project. Without his software expertise, I'd be hope
lessly mired in an ocean ofbits forever. 

Editor 's Nole: Steve often refers to previous Circuit Cellar article . 
Mo t of the ·e past article are available in book fonn from BYTE 
Book . McGraw-Hill Book Co., P .O . Box 400 , Hightstown , NJ 08250. 

Ciarcia 's Circuit Cellar , Volume I covers articles in BYTE from Sep
tember 1977 th rough November 1978. Volume II covers December 
1978 through June 1980. Volume JI/ covers July 1980 through Decem
ber 1981 . Volume fV covers January 1982 through June 1983. Volume V 
covers July 1983 through December 1984. Volume VI covers January 
1985 through June 1986. 

It's virtuaUy impossible to provide a.II the pertinent details of a project 
or cover all the designs I 'd like to in the pages of BYTE. For that reason. 
I have started a bimonthly supplemental publication called Circuit Cel 
lar Ink. which presents additional information on projects published in 
BYTE , new projects, and supplemental applications-oriented materi 
als . For a one-year subscription (6 issues). send $14 .95 to Circuit Cel
lar Ink . P.O. Box 3378 . Wallingford . CT06494 . Credi1card orders can 
call (203) 875-2199 . 

The following items are available from 

CCI 
P.O . Box428 

TolJand , CT 06084 

(203) 875-2751 

Inquiry 951. 


I . SmartSpoolcr RAM less full printed circuit board kit for paralle l-to
parallcl operation . Comes complete wilh printed circuit board and all 
printed-circuit-board-mounted components, including HD64180, IC 
sockets , SmartSpooler software on EPROM. and User's Manual. Less 
DRAM chips. SSOl-KJT ....... .. .................... .... .. ............ $1 19 
2. SmartSpooler experimenter's kit for parallel-to-parnllel operation . 
Come with printed circuit board. crystal. HD64 !80 and pla tic 
leaded-chip-carrier socket. software on EPROM, and User ' s Manual. 
Available only through September 30 , 1988. SS02-EXP . . . . . .... .. .. $89 

Optional seria l port ribbon cables are available. Call for pricing. 

The SmartSpoolcr design is available for licensing to qualified manu
facturers . Call for infom1ation . 

All payments should be made in U.S. dollars by check. money order, 
MasterCard , or Visa. Surface delivery (U.S . and Canada only): add $5 
for U .S.. $8 for Canada. For delivery to Europe via U .S . ai1111ail. add 
$ 14. Three-day air freigh t delivery : add $10 for U.S . (U PS Blue), $25 
for Canada (Purolator overnight) , $45 for Europe (Federal Express). or 
$60 for Asia and elsewhere in the world {Federal Express) . 

There i a multiline Circuit Cellar bulletin board system ( running TBBS 
2.0M) that supports past and present projects in BYTE and Ink . You are 
invited to call and exchange ideJis and comments with other Circuit Cel 
lar supporters . The 300/ 1200/2400-bps BBS is on-line 24 hours a day 
at (203) 871 - 1988 . 

To receive infonnation about the Circuit Cellar Ink publication for 
hardware designers and developers. please circle 100 on the Reader 
Service inquiry card at the back of the magazine. 

Sreve Ciarcia (pronounced "see-ARE-see-ah") is an e/ecrron
ics engineer and computer co11sultanr wirh experience in pro
cess control, digital design , 11uclear i11strwnemario11, and prod
uct developmem. The aurhorofseveral books 0 11 electronics, he 
can be reached ar P. 0. Box 582, Glastonbury, CT06033. 

GET SUPERSOFT's 
SERVICE DIAGNOSTICS 

All the software, alignment diskettes, parallel/serial wrap-around 
plugs , ROM POSTs and exlensive, professional documentation to 
provide the most comprehensive testing available fo r IBM PCs. 
XTs,ATs and all compatibles under DOS or Stand Alone. No other 
diagnost ics olfers such in-depth testing on as many ditterent types of 
equipment by isolating problems to the board and chip level. 

NEW: SuperSoft's ROM POST performs the most advanced 
Power-on-Sell-Test available for system boards that are compatible 
with the IBM ROM BIOS. It works even in circumstances when the 
SeNice Diagnostics diskette cannot be loaded. 

NEW: 386 diagnostics for hybrids and PS/2s ! 
For over nine years, major manufacturers have been relying on 
SuperSof!'s diagnostics software to help them and their customers 
repair microcomputers. End users have been relying on SuperSoft's 
Diagnostics II for the most thorough hardware error isolat ion 
available. Now versions of Service Diagnostics are available to save 
everyone (including every serious repair technician) time, money. 
and headaches in fixing their computers. even non-IBM equipment. 

All CPUs & Numenc Co-processors 
System Expansion & Extended Memory 
Floppy, Fi xed & Non·slandard Disk Drrves 
Standard & Non-standard Printers 
Sys1em Board: OMA,Tlmers. Interrupt , 

Real-time Clock & CMOS config. RAM 

All Color Graphics &Monochrome 
Monitors 

Parallel &Serral Pons 
Mono,CGA,Hercu les & EGA 

Adap1ers 
All Keyboards & lhe 8042 Coniroller 

Join the ranks of XEROX, NCR. CDC, SONY. PRIME, ... who have 
bundled SuperSoft's diagnostics with their microcomputers at no risk 
because of our 30 day money back guarantee. 

Service Diagnostics for PC. PCIXT.andcompaUbles only .............................. St 69 
Al;gnment Olskenelor PC.PCJXT andcompa11bles (46 tpl drlves) .................... S 50 
Wrap·around Plug lorPC. PC/XTand compa~bl!IS (parallel and serial) .. .. ...... S 30 
Service Diagnostics 101 ATand compaubtes only ... .. .. ... ........ . S169 
Ahgnmen1DISl\e11a1or ATandcompa1ibles(96 tpldr"'es) ......................... $ 50 
Wrap·around Plug IOI AT(serial) .. ... ................. .......... .S 15 
ROM POST lor PC. PCJXT. andcompa1lbles only ................................. ...... $245 
ROM POSTlor ATand compa11bleson1y .. .................... .... .... ...................... S245 
Service Olagnosllca: The KIT (Inc ludes allol lheabov&-Sove$502) ......... $495 
Service Diagnos11cslor allolherCPUs (386. V20, V30. Harns.e1c ) ................ $195 
01agnos11cs II ts 111eso1u11on 10 lhe &ervioe problems orusersotan CPIM-80. 
CPIM-S6and MS·DOScomputers ......... .................................................... S125 

ROM POSTlor PS/2 and con1pat1blosonly ...... . ................... $245 
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The OS/2™Books by The OS/2™Experts 

According to Bill Gates "Ed Iacobucci was a key architect . . . 


and made very lmportarrt 

contributions. Ed Is one of 

the few Individuals who can 

explain the foundation that 

OS/ 2 will provide for the 

industry. . . what you will 

read here represents the 

real ideas behind the operat

ing system and what can be 

done with It 11 


from the Fon!word o1 
0512 Pro r'1 Gulde 

OS/2™Programmer's Guide Using OS/2™ 
by Ed Iacobucci, by Kris Jamsa, 
Leader ol the IBM OS/2 Design Team Author ol the Bestseller 

DOS: The Complete ReferenceI 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 
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Only NRI teaches 
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as you build 
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IBM-PC compatible 
microcomputer 
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ding to Department of Labor 
estimates, will occur in the computer service 
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technician 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 
the Rl way. 
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Microcomputer 
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Gordon Letwin, 
ChiefArchitect, Systems Software, 

Microsoft Corp. 

Dynamic Linking in OS/2 

Dynlinks make OS/2 programs 

smaller, more efficient, and easier to 
upgrade-here's how they work 

ost operating systems let you create progrnms 
piecemeal. You can compiJe one piece at a time 
and have it refer to the other pieces as externals. 
A linker combines these pieces into one final 
executable image, fixing up the external refer

ences (i.e., references between one piece and another) that 
those pieces contain. 

The primary advantage of hnking to external code is that you 
can use it to refer to a standard set of subroutines-a subroutine 
library-without compiling or even possessing the source code 
for those subroutines. Nearly all high-level language packages 
come with one or more standard run-time libraries that contain 
various useful subroutines that the compiler can caJI implicitly 
and that the programmer can call explicitly. 

In this process, called static linking, the static code (i..e., the 
external subroutine) is buill into the final executable modu.le. 
NaturaJly, this makes the executable file larger, but more im
portantly, the target code can't be changed or upgraded without 
relinking to the main program's object file . Becau e the per
·onal computer field is built on commercial software whose au
thors don't release source or object files, this relinking is out of 
the question for the typical end user. 

Finally, the target code can't be shared in memory among 
several different applications that u e the same library routines, 
for two reasons . First, the target code was relocated differently 
by the linker for each client: so although the code remains logi
caJly the same for each application, the address components of 
the binary instructions are djfferem in each executable file. Sec
ond, the operating ystem has no way of knowing that these ap
plications are using the same library, and it ha no way of know
ing where that library is in each executable file. Therefore, it 
can't avoid having duplicate copies of the library in memory. 

To do away with these problems, OS/2 uses dynamic linking, 
in which a program's external references to subroutines are re
solved either when the program is loaded, or later at run time, 
as the subroutines are needed by the program. Subroutines are 
kept in special dynlink libraries, application programs can share 
subroutjnes, and programmers can make changes to frequently 
used procedures (such as user-interface routines) without 
changing the applications that use them. 

Load-Time DynJinks 
On the urface, the process of load-time dynamic linking looks 
the same as that of static linking. The programmer makes an 
external reference to a subroutine, and at link time specifies a 

library file (or an object file) that defines the reference . The 
linker produces an executable file that OS/2 then loads and exe
cute . Behind the scenes, however, things are very different. 

In static !inkjng, the linker finds the actual externally refer
enced subroutine in the library fi.le. In dynamic linking. the 
linker finds a special record that defines a module name string 
and an entry-point name string . For example, in a hypothetica.I 
routine called Foo, the library fLle contains only these two name 
stri.ngs, not the code for Foo itself. (The entry-point name string 
doesn't have to be the name by which programs ca.lied the rou
tine. ) The resultant executable fLle doesn't comain the code for 
Foo; it contains a special dynJink record that specifies these 
module and entry-point names for Foo. 

When this executable file is run, OS/2 loads the code in the 
.EXE file into memory and discovers the dynHnk record(s). fur 
each dynlink module !hat is named, OS/2 locates the code in the 
system's dynJink library directory and loads it into memory 
(unless the module is a.lready in use; more about this later). The 
sy ' tem then links the external references in the application to the 
addresses of the called entry points (see figure I) . 

Although this is just postponing the linkage unti.I load time , 
the technique has several important ramifications. First, the tar
get code is not in the executable file but in a separate dynlink 
library(. DLL) file. Thus, the executable file is smaller because 
it contains only the name of the target code, not the code itself. 
You can change or upgrade the target code at any time simply by 
replacing this .DLL file . The next time a referencing application 
is loaded (with some restrictions , as I' ll discuss later), it is 
linked to the new version of the target code. Having the target 
code in a dynlink file paves the way for automatic code sharing. 
OS/2 can easily understand that two applications are using the 
same dynlink code because it loaded and linked that code, and it 
can use this knowledge to share the pure segments of that dyn
link package rather than loadjng duplicate copies. 

Although you need to understand dynamic linking to create a 
dynJink module, you can u e one without even knowing that it' 
not an ordinary static link. Dynamically linked program· some
times take longer to load into memory than do statically linked 
programs. The performance ramifications depend on the kind 
ofdynlin.k. module that is referenced and whether thi executable 
file is the first to reference the module. 

Although I have concentrated on processes that call dyn.link 
routines, these routines can al o be ca.l ied by other dynlink rou 
tines. When OS/2 loads a routine in response to a proces 's re
quest, it examines it to see if it has any dynlin.k references of its 
own. Any such referenced dynlink routines are a.lso loaded until 
no unsatisfied dynlink references remain. 

Run-Time Dynamic Linking 
Not all dynlink names need to appear in the executable file at 
load time ; a process can link itself to a dynlink package at run 

contirtued 
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time as well. Run-time dynamic linking works exactly like load
time dynamic linking , except that the process creates the dyn
link module and entry-point names at run time and then passes 
them to OS/2 so that OS/2 can locate and load the specified dyn
link code. 

Run-time linking take place in four steps: 

I. The proces issues a DosLoadModule caJI to tell OS/2 to lo
cate and load the dynlink code into memory . 
2. The DosGetProcAddr caJI is used to obtain the addresses of 
the routines that the process wants to caJI. 
3. The process caJls the dynlink library entry points by an indi
rect caJl through the address returned by DosGetProcAddr. 
4. When the process has no further use for the dynlink code, it 
can caJl DosFreeModule to release the dynlink code. After this 
call , the process will still have the addresses returned by 
DosGetProcAddr, but they will be illegal addresses; referencing 
them will cause a GP (generaJ protection) fault. 

Run-time dynJinks are useful when a program knows it will 
want to caJl some dynlink routines but doesn't know which 

.EXE 

Call 

dlpack: Foo 

Call 

Disk side 

RAM side 

.DLL 
dlpack : Foo 

--

Figure I: In load-rime dynamic linking, rhe executable file 
contain.s an entry that tells OS/2 where to find the dynlink 
module, Foo. When OS/2 loads rhe executable file into 
memory, it also loads Foo andfi.xes all references 10 Foo from 
the executable file . 

Code segment{s) 

Figure 2: A dynlink routine can have three kinds of 
segmems. Each process using the dynlink module will get its 
own copy ofthe instance data segments while sharing the 
same copy ofthe global data segments with the other processes 
attached to the dynlink module. OS/2 perfonns an 
optimit.ation so that code segments are shared transparently 
among all processes. 
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ones. For example, a charting program may support four plot
ters, and it mjght want to use dynlink plotter-driver packages. It 
doesn ' t make sense for the application to contain load-time dyn
links to all four plotters, because only one will be used and the 
others will take up memory and swap space. Instead , the chart
ing program can wait until it teams which plotter is installed and 
then use the run-time dynlink facility to load the appropriate 
package. The application can even wait until the user issues a 
plot command before it calls DosLoadModule, thereby reducing 
memory demands on the system. 

The application need not even be able to enumerate all the 
modules or entry points that may be called. The application can 
learn the names of the dynlink modules from another process or 
by looking in a configuration file. This allows the user of the 
charting program , for example, to install additional plotter 
drivers that didn't even exist at the time the application was writ 
ten . Of course, in this example the calling sequences of the dyn
link plotter driver must be standardized , or you must devise a 
way for the application to figure out the proper way to cal l these 
newly found routines. 

Naturally , a process is not limited to one run-time dynlink 
module; you can use multiple cal ls to DosLoadModule to link to 
everal dynlink modules simultaneously . Regardless of the 

number of modules in use, you should use DosF'reeModul e if 
the dynlink module is no longer needed and the process intends 
to continue executing. But issuing DosFreeModule is unneces
sary if the process is about to tenninate; OS/2 releases all dyn
link modules at process-termination time. 

Dynlinks, Processes, and Threads 
Simply put , OS/2 views dynlinks as a fancy subroutine package. 
Dynlinks aren't processes, and they don't own any resources. A 
dynlink executes only because a thread belonging to a client pro
cess has caJled the dynJink code . The dynJink code is executing 
as the client thread and proces because, in the eyes of the sys
tem. the dynlink is merely a subroutine that the process has 
called. Before the client process can call a dynlink package, 
OS/2 ensures that the dynlink's segments are in the client's ad 
dress space. No ring transition or context-switching overhead 
occurs when a client call a dynlink routine; the far call to a 
dynlink entry point is just that- an ordinary far call to a subrou· 
tine in the process 's address space. 

One side effect is that dynlink calls are very fast ; little CPU 
time is spent getting to the dynJink package. Another side effect 
is that there is no separation between a client 's segments and a 
dynlink package's segments , because segments belong to pro
cesses and only one process is running both the client and the 
dynlink code. 

Handling Dynlink Data 
You might have noticed something missing in this discussion of 
dynamic linking: I've aid nothing about how to handle a dyn 
link routine's data. OS/2 supports two types of data segments 
for dynlink routines-instance and global (see figure 2). In 
stance data segments hold data specific to each instance of the 
dynlink routine. In other words , a dynlink routine has a separate 
set of instance data segments for each process using the routine. 
The dynlink code has no difficulty addressing its data; the code 
can reference the data segment selectors as immediate values. 

A globaJ data segment, as the name implies, is not duplicated 
for each client process . There is only one copy of each dynlink 
module's global data segment; each client process is given 
shared access to that segment. The segment is loaded only 
once-when the dynlink package is first brought into memory to 
be linked with its first client process . Global data segments 
allow a dynlink routine to be explicitly aware of its multiple cli 
ents, because changes 10 a global segment made by calls from 

Global 
data 

segment(s) 
Instance 

data 
segment(s) _ 
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one client process are visible to the dynlink code when called 
from another client process. Global data segments support sub
systems, which I'll discuss later. 

Because a dynlink routine's data requirements are not known 
at link time the technique of fixing up the references that the 
client code makes to the dynlink routine's data is more compli
cated than that for statically linke<l routines. In statically linke<l 
subroutines, when the linker binds the external code with the 
main code, it sees how much static data the external code nee-Os 
and allocates the necessary space in the proper data segments . 
References that the external code makes to its data are then fixed 
up to point to the proper location. Because the linker is combin
ing all the object files into an executable file, it can easily divide 
the static data segments among the various compilands. 

This technique doesn't work for dynlink routines, because 
their code (and therefore their data requirements) aren't present 
at link time . It' possible to extend the special .OBJ file to de
scribe the amount of static data that the dynlink package will 
need, but it won't work. (And even if it did work, it would be a 
poor design because it would restrict our ability to upgrade the 
dynlink code in the field.) Because the main code in each appli
cation uses different amounts of static data, the data area re
served for the dynlink package would end up at a dlfferent offset 
in each executable file that was built. When these . EXE files 
were executed, one set of shared dynlink code segments would 
need to reference the data that resides at different addresses for 
each different client. Relocating the static references in all dyn
link code modules at each occurrence of a context switch is 
clearly out of the question. 

An al!emative to letting dynlink routines have their own static 
data is to require that their callers allocate the necessary data 
areas and pass pointers to them upon every call. We easily re
jected this scheme: It's cumbersome; call statements must be 
written differently if they're for a dynlink routine; and, finally, 
this hack wouldn't support subsystems, which I'll d.iscuss later. 

Instead, OS/2 takes advantage of the segmented architecture 
of the 80286 to solve the static addressability problem. Each 
dynlink routine can use one or more data segments to hold its 
static data. Each client proce s has a separate set of these seg
ments. Because these segments hold only the dynlink routine's 
data and none of the calling process ' s data, the offsets of the data 
items within that segment will be the same no matter which cli
ent process is calling the dynlink code . All you need to do to 
solve the static-data addressability problem is ensure that the 
segment selectors of the dynlink routine's static data segments 
are the same for each client process. 

OS/2 does this by means of a technique called the disjoint 
LDT space. I won't attempt a general introduction to the seg
mented architecture of the 80286, but a brief summary is in 
order. Each process in 80286 protected mode can have a maxi
mum of 16 ,383 segments. These segments are describe<l in two 
tables: the LDT (local descriptor table) and the GOT (global 
descriptor table) . An application can't read from or write to 
these tables . OS/2 manages them, and the 80286 microproces
sor uses their contents when a process loads selectors into its 
segment registers. 

In practice. the GOT is not used for application segments, 
which leaves the LDT 8192 segments-or, more precisely, 
8192 segment selectors, which OS/2 can set up to point to mem
ory segments. The 80286 does not support efficient position
independent code, so 80286 programs contain within them, as 
part of the instruction stream, the particular segment selector 
needed to access a particular memory location, as well as an 
offset within that segment . This applies to both code and data 
references . 

When OS/2 loads a program into memory, the executable file 
describes the number, type. and size of the program's seg

ments. OS/2 creates these segments and allocates a selector for 
each from the 8192 possible LDT selectors. There isn't any con
flict with other processes in the system at this point, because 
each process has its own LDT and its own private set of 8192 
LDT selectors. After OS/2 chooses a selector for each segment. 
both code and data, it uses a table of addresses provided in the 
executable file to relocate each segment reference in the pro
gram, changing the place-holder value put there by the linker 
into the proper segment-selector value. OS/2 never combines or 
splits segments , so it never has 10 relocate the offset part of ad
dresses-only the segment parts . Address offsets are more com
mon than segment references. Becau e the segment references 
are relatively few, this relocation process is not very time
consuming. 

If OS/2 discovers that the process it is loading references a 
dynlink routine, the situation is more complex . For example, 
suppose the process isn't the first caller of Foo; Foo is already in 
memory and already relocated to some particular LDT slots in 
the LDT of the earlier client of Foo. OS/2 has to fill in those 
same slots in the new process's LDT with pointers to Foo; it 
can't assign different LDT slots because Foe's code and data 
have already been relocated to the earlier process's slots . If the 
new process is already using Foo's slot numbers for something 
else, then you're in trouble. This is a problem with all Foe 's 
segments, both data segments and code segments . 

This is where the disjoint LDT space comes in. OS/2 reserves 
many of each process's LDT slots for the disjoint space. The 
same slot numbers are reserved in every process's LDT. When 
OS/2 allocates an LDT selector for a memory segment that may 
be shared between processes. it allocates an entry from the dis
joint LDT space. After a selector is aJlocated, that same slot is 
reserved in all other LDTs in the system. The slot either remains 
empty (i.e., invalid) or points to this hare<l segment; it can have 
no other use. This guarantees that a process that has been run
ning for hours and thac has created dozens of segments can still 
call DosLoadModule to get access to a dynlink routine; OS/2 
will find that the proper slots in this process's LDT are ready 
and waiting. 

The disjoint LDT space is used for all shared memory ob
jects, not just dynlink routine . Shared memory data segments 
are also allocated from the disjoint LDT space. A process's 
code segments are not allocate<l in the disjoint LDT space. yet 
they can still be shared. [Editor's note: For more discussion of 
the disjoim WT space, see "OS/2 Virtual Memory Manage
mem "by Vic Heller on page 227.] 

Uses of Dynamic Linking 
Dynlink libraries can serve as simple subroutine libraries or as 
subsystems. They can form the interface to other processes, the 
interface to OS/2 itself, and even the interface to a device 
without the device driver's overhead. 

As I discussed earlier, a dynlink subroutine is written and ex
ecutes in much the same way as a statically linked subroutine. 
The only difference is in the preparation of the dynlink library 
file, which contains the actual subroutines, and in the prepara
tion of the special object file, to which client programs can link . 
During execution, both the dynlink routines and the client rou
tines can use their own static data freely, and they can pass 
pointers to their data areas back and forth to each other. The 
only difference between static linking and dynamic linking in 
this model is that the dynlink routine cannot reference any exter
nal symbols that the client code defines, nor can the client exter
nally reference any dynlink package symbols other than the 
module entry points. The execution environment is nearly iden
tical to that ofa traditional statically linke<l subroutine ; the client 
and the subroutine each reference their own static data areas, all 
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of which are contained in the process's address space. Note that 
a dynJjnk package can reference I.he application's data and I.he 
application can reference the dynJink package's data, but only if 
they pass pointers to their data to one another. 

The term dynlink subsystems is merely a descriptive term that 
refers to the design and intended function of a particular sryle of 
dynJink package. A dynJink ubsy tern is a module that provides 
a set of services built around a resource. For example, OS/2 's 
video 110 (VIO) dynlink entry points are considered a dynlink 
subsystem because they provide a set of services to manage the 
display screen. A subsystem usuaJly has to manage a limjted re
source for an effectjvely unJimited number of clients. VIO doe 
this, managing a si ngle phy ica.l display controller and a maJI 
number of ·creen groups for an indefinite number of clients. 

Because subsystems generaJly manage a limited resource, 
they have one or more globaJ data segments I.hat they use to keep 
infom1ation about the state of the resource they're controUing; 
they also have buffers , flags, semaphores, and so on . Per-client 
work areas are generalJy kept in instance data segments; it's best 
to re erve the global data segment for global information. Fig
ure 3 iUustrates a dynJink routine being used as a subsystem. A 
dynlink sub ystem differs from a dynlink being used a a sub
routine only by I.he addition of a static data segment . 

Special Subsystem Support 
l\vo OS/2 features are particularly valuable to subsystems: 
global data segments (which I've already discussed) and pecial 
client-initialization and client-termination support. Clearly, if a 
subsy tern is going to manage a resource, keeping track of its 
clients in a global data segment, it needs to know when new cli
ents arrive and when old clients tem1inate. The simple dynlink 
subroutine model doesn't provide this information reliably. A 
subsystem undoubtedly has initialize and terminate entry 
points, but client programs may terminate without having called 
a ubsy tern ' termfoate entry point. Such a failure may be an 
error on the part of the client, but the ystem architecture de
crees that errors should be locaJized; it's not acceptable for a 
bug in a client process to be able to hang up a subsystem, and 
thus aJI its clients as well . 

The two forms of subsystem initialization are global and 
instance. If a subsystem specifies global initializatfon, the ini
tialization entry point i ca.lied only once per activation of the 
subsystem . When the subsystem dynlink package is first refer
enced, OS/2 allocates the subsystem's globaJ data segments, 
taking I.heir initial vaJue from the .DLL file. OS/2 then call 
the subsystem 's global initiaJization entry point so that the mod
ule can do its one-time initialization. The thread that is used to 

call the initialization entry point belongs to that first client pro
cess, so I.he first client' s in tance data segments are also set up 
and can be used by the global initialization process. Thi means 
that aJthough the dynlink subsystem is free to open files , read 
and write their contents, and close them again, it cannot open a 
handJe to a file , store the handJe number in a global data seg
ment , and expect to use that handle in the future. 

Remember, ubsy terns don't own resources; proces es own 
resources. When a dynJink package opens a file. that file is open 
onJy for that one client process. That handle has meaning only 
when that particular client is calling the subsystem code. If a 
dynJink package were to store process A' handle number in a 
global data segment and then attem pt to do a read from that han
d.le when running as process B. at best the read would fail wi th 
invalid handle; at worst ome unrelated file of 8 ' would be 
molested . And , of course. when client process A eventually ter
minates, the handle becomes invalid for all clients. 

The second form of initialization is instance initialization. 
The instance initiaJization entry point is ca.lied in the same way 
as the global initialization entry point , except that it is called for 
every new client when that client first attaches to the dynJink 
package. Any in tance data segments that exist will al ready be 
aJlocated and will have been given I.heir injtial values from the 
. DLL file. The initialization entry point for a load-time dynJink 
is called before the client' code begins executing. The initial
ization entry point for a run-time dynJink is called when the cli 
ent calls the DosLoadModule function . A dynlink package can
not specify both globaJ and in tance initialization; if it desires 
both, it should specify instance initialization and use a counter 
in one of its global data segment to detect the first in tance 
initiaJ ization . 

Even more important than initialization cont rol is termination 
control. In its globaJ data area, a subsystem may have records, 
buffers, or semaphores on behalf ofa cl ient process. It may have 
queued-up requests from that client that it needs to purge when 
the client terminates . The dynlink package need not release in
stance data egments; because these belong to the client pro
cess, they are destroyed when the client terminates. The global 
data egments themselves are released if this is the dynlink mod
ule's last client, so the module might want to take this last 
chance to update a log file, release a system semaphore, and 
so on . 

Using the DosExitList service allow a proce to specify 
one or more subrouti.ne addresses that will be caJled when the 
process terminates . Addre ses ca n be added or removed from 
the list . There can be many such addresses, which are called 
under aJl termination conditions. Both the client proces and the 
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Figure 3: A dy11/i11k routine used as a subsystem. The main difference between u dynlink subsystem and a subroutine is the 
presence ofthe global da1a segment(s). 
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subsystem dynlinks that it calls can have their own termination 
routine . 

Interfaces to Other Processes 
Earlier, I mentioned that dynlink subsystems have difficulty 
dealing with resource -other than global memory-because 
resource ownership and access are on a per-process basis . Life 
as a dynlink subsystem can be schizophrenic. Which files are 
open, which semaphores are owned, and so on, depends on 
which client is running your code at the moment. Global mem
ory is different; it's the one resource that all clients own jointly. 
The global memory remains as long as the client count doesn 't 
go to zero. 

One way to deal with resource issues is for a dynlink package 
to act a a front end for a erver process. During module initial
ization, the dynlink module can check a system semaphore to 
ee whether the server process is already running and, if not, 
·tart it up . It needs to do this with the detach fonn of DosExec
Pgm so that the server process doesn ' t appear to the system as a 
child of the subsystem's first client. Such a mistake could mean 
that the client's parent thinks that the conunand subtree it 
founded by running the client never terminates because the 
server process appears to be part of the command subtree. 

When the server process is running, the dynlink subsystem 
can forward some or all requests to it by one of the many inter
proces communjcation (IPC) facilities . For example , a data
base subsystem might want to use a dedicated server process to 
hold open the database file and do reads and writes to it. It might 
keep buffers and ISAM (indexed sequential-access memory) di
rectories in a shared-memory segment to which the dynlink sub
system requests access for each of its clients. Then requests that 
can be satisfied by data from these buffers won't require the IPC 
to the server process. · 

The only funccion of some dynlink packages is to act as a pro· 
cedural interface to another process. For example, a preadsheet 
program might provide an interface through which other appli
cations can retrieve data values from a spreadsheet. The best 
way to do this is for the spreadsheet package to contain a dynlink 
library that provides clients with a procedural interface to the 
spreadsheet process. The library routine itself will invoke a 
noninteractive copy (perhaps a special subset .EXE) of the 
spreadsheet to recover the information, passing it back to the 
client via IPC . Alternatively, the retrieval code that understands 
the spreadsheet data fom1ats could be in the dynlink package 
itself because that package ships with the spreadsheet and will 
be upgraded when the spreadsheet is updated . In this case, the 
spreadsheet itself could use the package instead of duplicating 
the functionality in its own executable file. In any case, the 
implementation details are hidden from the cl ient process; the 
client process simply makes a procedure call that returns the 
desired data. 

Viewed from the highest level. this arrangement is simple: A 
client process uses IPC to get service from a server process via a 
subroutine library . From the programmer's point of view, 
though , the entire mechanism is encapsulated in the dynlink 
subsystem ' s interface. A future upgrade to the dynlink package 
may use an improved server process and different forms of IPC 
to talk to it but retafo full binary compatibility with the existing 
client base. 

Interface to OS/2 Itself 
All OS/2 interface calls are dynlink calls. We implemented 
some OS/2 calls as simple library routines. For example, in 
OS/2 version 1.0, DosErrCl ass takes an error code and lo
cate , in a table, an explanatory text string, an error cla sifica
tion, and a reconunended action. Services such as these have 
traditionally been part of the kernel of operating sy terns, not 

In 0812, system calls are 

indistinguishable from ordinary dynlink 

calls. This gives us the freedom to, in 

future releases, move functions 

between dynlink and ca/I-gate entries. 

because they need to use privileged instructions, but becau e 
their error tables must be changed each time an upgrade to the 
operating system is released. If the service is provided as a stati
cally linked subroutine, older applications running on newer re
leases will receive new error codes that will not be in the library 
code's tables . 

Although OS/2 implements DosErrC l ass as a library rou
tine, it 's a dynlink library routjne, and the .DLL file is bundled 
with the operating system itself. Any later release of the system 
will contain an upgraded version of the DosErrClass routine, 
one that knows about new error codes. Consequently , the dyn
link facility provides OS/2 with a great deal of flexibi lity in 
packaging its functions. 

Some function , such as "open file" or " allocate memory , ·· 
can ' t be implemented as ordinary subroutjnes . They need ac
cess to key internal data structures, and these structures are , of 
course , protected so they can't be changed by unprivileged 
code. To get these services. the processor must make a system 
call, entering the kernel code in a very controlled fashion and 
there running with sufficient privilege to do its work. This privi
lege transition is via a call gate-a feature of the 80286/80386 
hardware. A program calls a call gate exactly as it performs an 
ordinary far call; special flags in the GDT and LDT tell the pro
cessor that this is a call gate rather than a regular call . 

In OS/2 , system calls are indistinguishable from ordinary 
dynlink calls. All OS/2 system calls are defined in a dynlink 
module called DosCalls . When OS/2 fixes up dynlink refer
ences to this module, it consults a special table, built into OS/2, 
of resident functions. If the function is not listed in this table, 
then an ordinary dynlink is set up. If the function is in the table, 
OS/2 sets up a ca.II-gate call in place of the ordinary dynlink 
call. The transparency between library and call-gate functions 
explains why passing an invalid address to an OS/2 system call 
causes the calling process to trigger a GP fault. Because the 
OS/2 kernel code controls and manages the GP fault mecha
nism, OS/2 calls that are call gates could easily return an error 
code if an invalid address causes the fault . If thi were done, 
however, the behavior ofOS/2 calls would differ dependfog on 
their implementation: Invalid addresses for dynlink entry points 
would cause a GP fault; call-gate entries would return an error 
code. OS/2 prevents this dichotomy and preserve it freedom 
to, in future releases, move functions between dynlink and call
gate entr ies. Because non-call-gate dynlink routines must gen
erate GP faults, call-gate routines produce them as well . 

Device Drivers 
Dynlinks do much more than act as ystem calls. They provide 
an interface that is as device-independent as a device driver, but 
without the overhead . Using dynlinks, applications can make 
high-speed calls to a subroutine package that can directly ma
nipulale the device . The call itself is fast, and the package can 
specify an arbitrarily wide set of parameters. No privilege or 
ring transition is needed , and the dynlink package can directly 
access its client's data areas . Finally , the dynlink package can 

continued 
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With an open system architecture, 

you can add system services 

simply by plugging in dynlink 

modules, just as hardware cards plug 

into an open hardware system. 

use subsys1em support features to virtualize the device or to ref
eree its use among multiple clients. Device independence is 
provided because a new version of the dynJink interface can be 
installed whenever new hardware is installed. VIO and the Pre 
sentation Manager are examples of this kind of dynlink use. 
Dynlink packages have an important drawback when they are 
being u ed as device-driver replacements: They cannot receive 
hardware interrupts. Some devices, such as video displays, do 
not generate interrupts . Interrupt-d riven devices, though, re
qui re a true device driver. That driver can contain all the device 
interface function, or the work can be split between a device 
driver and a dynlink package tha t acts a a front end for that 
de.vice driver. 

Dynlink routines can a.lso act as nonkemel service pack
ages-as an open system architecture for software . Most operat
ing systems are like the early versions of the Apple Macintosh 
computer: They are closed systems; only their creator can add 
features to them . Because of OS/2 's open system arch itecture, 
third parties and end user can add system services simply by 
plugging in dynlink modules. just as hardware cards plug into an 
open hardware system . The ana.logy extends further: Some 
hardware cards like the Hayes modem and the Hercules Graph
ics Card become so popular that their interface defines a stan
dard . Third-pa.rty dynlink packages will, over time, e tablish 
similar standards . Vendors will offer, for example, improved 
database dynlink routines that are advertised as plug-compat· 
iblc with the standard database dynli nk interface, bu1 better , 
cheaper , and faster . 

DynJinks allow third parties to add interface to OS/2; they 
also allow OS/2 's developer to add future interfaces. The dyn 
link inlerface model allows additional funclionality to be imple
mented as ubroutines or processes , or even to be distributed 
across a network env ironment. 

Special Considerations 
Although dynlink routines often act very much like traditional 
. tatic subroutines, a programmer must be aware of some special 
considerations . I have discus ed how a dynlink package runs as 
a subroutine of the client process and that the client process has 
acce s to the dynli nk package's instance and global data seg
ments. This use of the dynlink interface is efficient and thus ad
vantageous, but it's also disadvantageous because aberrant cli
ent processes can damage the dynlink package's global data 
segments. The measures a programmer takes to deal with the 
security issue depend on the nature and sensitivity of the dyn
link package. DynJink packages that don't have global data seg
ments are at no risk ; an aberrant program can damage its in
stance data segments and thereby fail to run correctly, but that's 
the expected outcome of a program bug. A dynlink package with 
global daw segments can minimize the risk by never giving its 
callers pointers into the dynlink package's global data segment. 
If the amount of global data is small and merely detecting 
damage is sufficient, the global daia segments could be 
checksummed. 

If accidental damage to the global data segments would be 
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grave , a dynlink package can work in conjunction with another 
dynlink package acting as a server. The server process can pro
tect the sensitive data and provide it on a per-client basis to the 
dynJink package in response to an IPC request. Because the 
server process i a eparate process, its segments are fully pro
lected from the client process as well as from all other . 

Dynlink Life, Death, and Sharing 
Throughout this discussion , I have referred to sharing pure seg
ments, which are segmems that arc never modified during their 
lifetime. The ability to share pure segments is an optimization 
that OS/2 makes for all memory segments whether they are dyn
link segments or an application 's executable file segmenL~. All 
code segments (except for those created by DosCreateCSAlias) 
are pure; read-only data segmenls are also pure. When OS/2 
notices that ii 's going to load 1wo copies of the same pure seg
ment , it perfom1s a behind-the-scenes optimization and gives 
the second client access 10 the earlier copy of the segmenl in
stead of wasting memory with a duplicate ver ion . 

For example, if two copies of a program are run, all code eg
ments are pure; al most, only one copy of each code segment 
will be in memory . OS/2 flags these segments as imernafly 
shared and doesn't re lease them until the last user has finished 
with the segment. This is not the same a hared memory as it is 
generally defined in OS/2. Because pure segments can only be 
read , never written. no process can te ll that pure segments are 
being shared or being affected by that sharing. Although threads 
from two or more processes may execute the same shared code 
segment at the same time, thi is not the ame as a mu!tithreaded 
process . Each copy of a program has its own data areas, its own 
stack , its own file handle . and so on. They are totally indepen· 
dent of one another even if OS/2 is quietly sharing their pure 
code egments among them. 

Because the pure segmenL~ of a dynlink package are shared . 
1he second and ubsequent clients of a dynlink package can load 
much more quickly (because these pure segments don't have to 
be loaded from the .DLL di k file) . This doesn't mean that 
OS/2 doesn't have to hit the disk al all : Many dynlink package 
use instance data segments, and OS/2 loads a fresh copy of the 
initial value for these egments from the . DLL file . 

When the last client proce sofa dynlink objec1 dies or other
wise release the object, OS/2 destroys the object and frees up 
the memory. This mechanism has the potential to cause a prob
lem only in the management of the dynJink package's global 
data segment. For example, when the first client (since boot-up) 
of a dynli nk package references ii, OS/2 loads the package' s 
code and data segments . Then OS/2 calls the package's initial
ization routine-if the package has one. OS/2 records in an in
ternal data tructurc that thi s dynlink package has one client. If 
additional clients come along while the fir t is still using the 
dynlink package , OS/2 increments the package· user count ap
propriately . Each time a client disconnects or dies, the u er 
count is decremented. 

As long as the user count remains nonzero, the package re
mains in existence , wilh each client sharing the original globa.l 
data segments. When the client count goes to zero , OS/2 dis
cards the dynlink package' s code and global data segments and 
in effect forgets all about the package. When another client 
comes along , OS/2 reload the package and reloads its g lobal 
data segment as if the earlier use had never occurred. 

If discarding the global data segment is a problem for a dyn
link package , an associated dummy process (which 1he dynJink 
package could start during its load-time initialization) can refer
ence the dynlink package. As long as this process stays a.live, the 
dynlink package and its global data segments stay alive. 

An alternative is for Lhe dynlink package to keep track of the 
co111im11td 
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count of its clients and save the contents of its global data seg 
ments to a disk file when the last client terminates, but this is 
tricky . Because a proces may fail to call a dynJink package's 
"I'm finished" entry point (presumably part of the dynlink 
package 's interface) before ii terminates , the dynlink package 
mu t get control to write its segment via DosExi tList . If the 
client process is connected to the dynlink package via DosLoad
Module (i .e ., via run-time dynamic linking), it cannot discon
nect from the package via DosFreeModule as long as a Dos
Ex i tList address points into the dynlink package. An attempt 
to do so rerurns an error code. Typically , you might expect the 
applicatjon to ignore this error code, but because the dynlink 
package is still attached to the client process, it will receive Dos
ExitList ervice when the client eventually terminates. It 's im
portant that dynlink packages that mafotain client-state informa
tion and therefore need DosExitList also offer an 'Tm 
finished" functfon. When a client calls this function , the pack 
age should close it out and then remove ilS proces ing addre 
from DosExitList so that DosFreeModule can take effect if the 
client wishes. 

Note that OS/2 's habit of sharing in-use dynlink libraries has 
implications for the replacement of dynlink: packages. Specifi 
cally , OS/2 holds the .DLL file open for as long as that library 
ha any clfont.s. To replace a dynlink library with an upgraded 
version , you must first ensure that all clients of the old package 
have terminated. 

Dynlink segmems, like executable file segments , can be 
marked (by the linker) as preload or load on demand. When a 
dynlink module or an executable file is loaded, OS/2 immedi 
ately loads all segments marked preload but usually does not 
load any segments marked load on demand . These segments are 
loaded only if and when they are referenced. (Segments that are 
loaded from removable media will be fully loaded , regardless of 
the load-on-demand bit.) This mechanism speeds process and 
library loading and reduces swapping by leaving infrequently 
used segments out of memory until they are needed. Once a seg
ment is loaded , its preload or load-on-demand status has no fur
ther bearing; the segment will be swapped or discarded without 
consideration for these bits . 

Finally , special OS/2 code keeps track of dynlink circular 
references. Because dynlink packages can call other dynlink 
packages, package A can call package B, and package B can call 
package A. Even if the client process C terminates, packages A 
and B might appear to be in use by each other, and they would 
both stay in memory . OS/2 keeps a grapl:i of dynlink clients 
both processes and other dynlink packages. When a process can 
no longer reach a dynlink package over this graph, the dynlink 
package is released. 

Avoiding Side Effects 
A well-written dynlin.k library should have no side effects. It 
should export to the client process only its functional interface 
and not accidentally export side effects that might interfere with 
the consistent execution of the client. 

Some possible side effects are obvious: A dynlink routine 
shouldn ·1 close any file handles that it didn 't open itself. The 
same applies to other system resources that the client process 
may be accessing, and it applies in the inverse as well: A dynlink: 
routjne that obtains resources for itself, in the gui e of the client 
proces , should do so in a way that doesn ' t affect the client code. 

For example. consuming many of the available file handles 
would be a side effect because the cl ient would then be unex
pectedly short of available file handles. A dynlink package with 
a healthy file-handle appetite should be sure to call OS/2 to rajse 
the maximum number of file handles so that the client process 
isn '1 constrained. Finally a dynlink package must not exhaust 
the available stack space. A dynlink routine should minimize its 
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stack needs, and an upgrade to an existing dynlink package must 
not consume much more stack space than did the earlier ver
sion, lest the upgrade cause existing clients 10 fail in the field. 

DynJink routines can also cause side effects by issuing system 
calls that affect the client process. For example, each signal 
event can have only one handler address; if a dynlink routine 
establi he a ignal handler, 1hen that ignal handler preempt 
any handler set up by the client application . Likewise, if a dyn
link routine changes the priority of the thread with which it was 
called, the dynlink routine must be sure to restore that priority 
before ii returns to its caller. Several other system functions 
such as DosError and DosSetVerify also cause side effects 
that can affect the client process. 

Enumerating all forms of side effects is not possible; it's up to 
the programmer to take the care needed to ensure that a dynlink 
module is properly house-trained . 

Naming Dynlinks 
Each dynJink entry point has three names associated with it : an 
external name, a module name, and an entry-poi11t name. The 
name the client program calJs as an external reference is the ex
ternal name. The programmer works with this name, and its 
syntax and form must be compatible with the assembler or com
piler being used. The name hould be imple and explanatory 
yet unlikely to collide with another external name in the client 
code or in another library. A name such as READ or RESET is 
a poor choice because of the collision possibilities; a nan1e such 
as XR23P I I is obviously hard to work with. 

The linker replaces the external name with a module name 
and an entry-point name, which are embedded in the resultant 
executable file. OS/2 uses the module name to locate the dyn 
link .DLL file; the code for module modname is in file MOD

AME. DLL. The entry-point name specifies the entry point in 
the module; the entry-point name need not be the same as the 
external name. For modules with a lot of entry points, the client 
executable file size can be minimized and the loading speed 
maximized by using entry ordinals in place of entry-point 
names. Run-time dynlinks are established by using the module 
name and the entry-point name; the external name is not used . 

Flexibility, Efficiency, Consistency 

Dynamic linking provides not only a uniform interface to OS/2 

that is consistent across system calls and most device interfaces, 

but it al o builds in enough flexibility to allow OS/2 to adapt to 

developments in technology through the use of nonkernel ser

vice packages. 


Dynamic linking allows you to keep lhe target code separate 
from the executable code, which lets you change or upgrade the 
code simply by replacing the dynlink code. Because the system 
links in the dynlin.k routines itself, it knows it can save more 
space by sharing segments where possible, thus avoiding dupli 
cate copies of code in memory. With run-time dynamic linking, 
a process can use OS/2 system calls to determine which dynlink 
modules it wants to run and then load them. Being able to deter
mine the necessary modules at run time can save pace by allow
ing a process to load only what it needs. 

Finally. dynlink routines can serve as a subsystem, a set of 
services built around a resource such as VIO . Dynlinks can also 
form the interface between processe , which can add a level of 
control and protection to the processes involved . Device that do 
not need to intercept interrupts can be controlled with dynlinks . 
And finally, dynlinks form t.he interface to the OS/2 kernel 
itself, thus providing a truly consistent interface for the 
programmer. • 

Gordon lerwin is chief architect ofsystems software at Micro
soft Corp., Redmond, Washington . 
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formers, and active components such as 
transistors and integrated circuits. 

Eachmodule adds moreto your 
expanding knowledge of t.he new 
electronics. You'll cover ever} importmit 
ubject in rontemporary electronic : 

• Digital logic 
• Digital gates ('ITL, CMOS, ECL, 

MOS) 
• Flip-flops. counters, and registers 
• Op-amps and applications 
• Power supplies (plus IC and switching 

regulations) 

Worl\lngwith 
actual electronic 
componenls, 
you discover 
first-hand the 
operation of the 
circuitry found In for new fields of interest . if you 're a 
contemporary teacher who wants an update in contem·electronic 
devices. porary circuits . . . an industrial manager 

SEND CARD TODAY FOR YOUR FIRST MODULE! 
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• Combinational logic 

circuits iROMs, PLAs, 

decoders, etc.I 


•Circuit analysis, AC ~ 

theory. LCR networks 


• Transistors (bipolar and FETs, diodes, 
thyristors) 

• Integrated circuits (linear and digital) 
• Oscillators and function generators 
• Modulation and demodulation 
• Optoelectronics 
• Digital multimeters and scopes 
• Microprocessors 
• Electronic troubleshooting 
• Data communications 
• Robotics and industrial controls 
•and more! 
For an)•one interested in electronics 

The Contemporary Electronic Series 
is designed for anyone from hobbyist to 
professional. It's for you if you 're looking 

we'll ship the remaining modules-----, 

BUSINESS REPLY MAIL 
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McGraw-Hill Continuing 
Education Center 
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Washington . D.C. 20077-9265 
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or supervisor .. . a doctor, an engineer, a 
chemist, or anyone who finds electronics 
playing an increasingly important role in 
their work. It's even for electronics engi· 
neers, t€chnicians and scientists who feel 
their training needs freshening up. It's the 
quickest, most convenient, and probably the 
least expensive way to do it. And the only 
one that gives you hands-on experience. 

1.5 day no-risk trial 
We invite you to prove to yourself 

that the Contemporary Electronics Series 
is all we say it is ... without risk and 
without committing yourself in any way. 
Return the reply card and we'll send you 
the first module for a free, 15-day examina· 
tion. If you 're not absolutely certain that 
this is an enjoyable as well as highly effec· 

tive way t-0 learn, simply return 
the module to us. 

Ifyou want to continue, 

automatically, about once a 
month, for only $19.95 plus $2.25 

I for shipping and handling. 
Return the postage-paid reply I 	 card today! And let McGraw-Hill 

guide you into the fascinatingI 	 world of Contemporary Electron· 
ics. If the card has been used. writeI us for ordering information. 

I 

I 
 . , ~ ~~ McGraw-Hill 

I 
I ••n~ Olntinuing Eduration Center 

3939 Wisconsin Avenue 
Washington. D.C. 20016 

I Sendcard today for your 
first module![ 
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·V3M copiers 
comewithaunique 

paper supp 

It's something no other copier 
company in the world can offel'. 
We call it the Harris/3Mpromise. 
And it guarantees, in writing, that 
your copier will be up and running 
when youneed it. But thats only 
part of what w offer you. 

'frade innow for up t.o $1000 ! 
Give us a call or send in 

this coupon and we' ll tell you how, 
for a limited time, you can sa.ve 
up to $1000 on a new Harris/3M 
copiez: We'll also send you two fre 
booklets to help you evaluate 

yoW' copier needs. 
Get all the facts 

on the Harris/3M 
promise and OW' 
valuable trade-in 
offer soon. You'll 
be convinced 

HARRIS/3M

Get more than a copier. Get a conunitment. 


that yOW' next copier should be a 
Harris/3M. Weguarantee it. 
,--------- - - 1

Calll-800-TLC-COPY 
I Or send in this coupon to receive inrormation I 
I 011 our trade-in offer plus two FREE bookleL~ I 
I to help you evaluate your oopier needs. I 

I 	D I'd also like informal ion on you r fttll line or I 
fax machines. 

I Name 

I Company 1 amo 

I Address 

I City 

I 7.ip 

I Mail lo llarris/3MDocument Produ ·ts. Inc., 

L P.O. Box 785, Dayton, OH 45<1~ _ ~J 


I 
I 
I 

State I 
Thlephonc I 
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... With a 10 Day Trial Membership 

If you 've Lhought about joining RIX 
bdore but weren't sure it was what you 
needed, now i. lhe time to try it Because 
now for a limited time. we're inviting 
you to trv BIX for JO days. If at any 
time during Lhis 10 daytrial period you 
don 't feel BIX has made you amore 
knowledgeable microcomputer user, 
we'll reiimd your entire registration 
fi:t. \bu p:iy on ly for time sptnl on tht 
sy teni.' (See lng-011 instructinns for 
hour~) ' rates). 

Explore BIX in your home or office. 
Put it rower to work fo r rou and un · 
leash your full microcomputt:r potential 
- programming, designing,specifying, 
researching - and more. 

Try BIX for 10 full days and sec what 
it can do for you. Explore more than 
160 conferences. Access vendor suppon. 
Speak 10 expert consultams. Research 
new producrs ;uid systems, :uid down· 
load public domain software. 

Prepare yourself for success 
It takes a sharp mind and hard work 
to sta~· ahead. and having the right 
tools helps. 

Today, you can put unt of the most 
powerfu l instruments for career ad· 
vancemtn r ro work for you:BIX. 

• Learnabout new products before 
they hit the market. 

• 	Get qua.lity marketplace feedback on 
the products you're thinking of pur· 
chasing before you invc t. 

•	 Research problems and find the solu· 
tions that no one else has been able 
lO render. 

• 	Access some of lhe most advanced 
public domain software avajJable in 
the industry. 

• 	Increase your working knowledge 
of micros to make more confident 
purchasing decisions and recommen 
dations. 

join BIX and arm yowself with 
the latest in microcomputer-

related information 
BlX's exclusive Microbytes m::wswire 
gives you complete, daily, up-to-date 
computer industry information. You'll 
gain insight from BYTE editors and writ· 
ers who analyze new products and their 
potential impact, inform you of the 
latest mergers and acquisitions, and re· 
por1 late-breaking news from important 
seminars and conferences. 

Talk to colleagues worldwide 
You'll stay on top of your company's 

business with BIX's electronic mail 
service. 

"Talk" to your east coast,west coasc 
- even European - contacts all in the 
same day. 

Or, simpl) communicate with other 
BIX users worldwide::.Share information 
and ideas privately, or in conference 

Choose any option for 
online access with a one time 

$39 membership fee 
• 	 lse MasterCard, VISA or American 

Express and hcgin your 10 day trial 
u e of BlX right now. 

• 	ll1e IO day trial also applie if you 
open an individual pre-paid accoum 
on BIX Trial commence once we 
open your accoum and noti~· you. 

• Other billing options including qual
ified corporate accoumsare availahle. 
(Sorry, our 10 day trial is nm ava ilable 
for u1cse accounts.) Call or wrire DIX 
for detail . 

lJse credit cards for immediate 
access or call the BIX Helpline for infor
mation on anyother payment option at, 
I ·800-227-2983 (from US. and Canada) 
603-924-7681 {in ew Hampshire 
and elsewhere). 

Act now! Our 10 day trial offer is 
subject to cancellation at any time. 

• fo noti fy BIX that rou wish to dbrnntmuc .1cn•icc at any time during the trial period, call the RIX Helpline, and )'U\Jr rmire membership fl'c will be refunded. 
''DIX can he accrncd vi:t l )·mnct throu ghout the U . and Canada. For theTymne1 numher nearest you, call I.he RIX Helpline or Tymnet ar 1-800· 336-0149. 
t If \'Our loc;il Tymnc1 numhcr is~ toll call you will n:cci1·c addi tional charges from piur lm:al phone rnmpany al thei r prnailing rate. 

ttCommrnta.I Li . ·1)·1nnct mes. Rates frurn othrr areas arc J\"3ifahk from DIX. Circle 450 on JUaihr Strvi.ct1 Card 





BYTE's Subscriber Benefits 

Program 


Y ur BYTE sub ription brings 
you a complete menu of the late t 
in 	microcomputer Lechnology every 
30 	day . The kind of broad-based 
objective coverage you read in 
every issue. In addition, your 
sub ription carrie a wealth of 
other benefits. heck the check 
lisr: 

BO USES 

Annual Separate Issues: In 
addition ro BYTE's 12 monthly 
i · ue , ub riber al o receive 
our annual IBM PC i. ue free 
of charge, a well a any other 
annual issues BYTE may 
produce. 

BYTE Deck: ub criber 
receive five BYT po rcard 
deck mailings each year-a 
direct r ponse ·rem for you 
to obtain information on 
adverti ed products through 
return mail. 

!l1 Reader ervice: For 
in formation 011 products adver
tised in BYTE, circle the 
numb r on the Reader Service 
card enclosed in ea h i ue that 
correspond to the numbers for 
the advertiser you elect. Drop 
the po t-paid ard in the mail 
and we II get your inquiries co 
the ad eni er . 

TIPS: BYTE' Telephone 
Inquiry S rem i available to 

ubscribers who need fast 
response from advertiser . After 
obtaining your ubscriber 1.D. 
Card, dial TIPS and enter your 
inquirie . . You II save as much 
as ten days over the re ponse to 
Reader Service card . 

Free Program Via BYTEnet: 
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modem, valuable program 
Ii ring . There i no connect 
charge for thi ervice. 

Subscription Service: Jf you 
have a problem with, or a 
que tion about your subscrip
tion, you may ca ll our ervice 
department toll-free at 
800-423-8272 (in New Jersey 
call 800-367-0218) during 
regular business hours (Eastern 
Time). You can al o use 

ubscriprion Service to obtain 
back issue . hould you care ro 
corre p nd, use the following 
add re : P. . Box 6821, 
Pi caraway N.j. 08855. 

Editorial Indices: Available 
through our customer service 
deparrmenc P.O. Box 328 
Hancock New Hampshire 
03449. 

PAID SEA !ICES 

BIX: BYTE' Information 
Exchange putS you on-line 24 

ign up is a microcomputer, a 
modem and telecomm sofr
ware. For further information 
and co t, call 1-800-227-BYTE. 

r 	 Program Listings: Li rings of 
program that accompan 
BYTE article are now avail
able on BfX on di k or in 
quarterly printed supplements 
( ee reply card in this issue for 
co t information), or call 
1-800-258-5485. 

n 	 Microform: BYTE i available 
in microform from Univer iry 
Microfilm International in the 
U.S. and Europe. See Concerns 
page for cosr information . 

U SCOUN S 

One-year ubscriprion at $22.95 

Two-year sub. cription at $39.95 

Three-year ub cription ar 
$55.95 

One-year group ub cription for 
ten or more at $18.95 each. 
(Call or write for detail . ) 

TOLL-FREE NUMBERS OR 
YOUR CO VENIENGE· 

Sub criprions & Back 1 ·ues: 
1-800-423- 272 

( in N.]. 1-800-367-0218 ) 


BTX: 1-800-227-BYTE 

Program Listings Orders: 
1-800-258-5485 

E'1TE 
It's indispensable. 

You get acce · to the BYTEnec hours a day with your peers 
Bulletin Board ervice which ia computer conferencing and 
allows you to download via ele tronic mail. All you need to 



Bradley L. Richards 

When Facts Get Fuzzy 

Add fuzzy logic to your Turbo Prolog 

programs and they'll be able to cope 

with the uncertainties of real-world 

situations 

ost of us like to reason in absolutes . For exam

M ple, we might say, "If the sky is blue, then it 
isn't raining . " This simple approach works 
well for reasoning in artificial domains such 
as formula-proving . But as soon as the meteo 

rologist say ,; partly cloudy , ' we are thrown back into the 
real world , where facts are often ambiguous. If artificial in
telligence (Al) is to succeed at modeling human reasoning, it 
must be able to deal with information that might be uncertain, 
or even inaccurate. 

Fuzzy logic lets us do just that. Programs using fuzzy logic 
are a series of fuzzy-logic statements, just as ordinary Prolog 
programs are a series of predicate (i.e .. two-valued) logic 
statements. 

Reasoning with Uncertainty 
In traditional set theory. an element either belongs to a set or it 
doesn't. Elements in a fuzzy set may belong onJy partially to the 
et . The classic example is the set of "young" people. At what 

age is someone no longer young? There is no established divid
ing line , so a fuzzy -set definition might show a person 20 years 
old as "90 percent young ," while someone 60 years old would 
be only "30 percent young . " The degree of membership in a 
fuzzy set ranges from 0 to 1. 

This ability to deal with a continuous range of values, rather 
than just true and false, is exactly what we need to reason in the 
real world . However, appl ications that try to model human rea
soning aJso need additional operations derived from probability 
theory , since we often think in terms of probabilities. To date , 
the sets of operations that different applications use to deal with 
uncertainty have had little in common . 

Fuzzy logic defines the minimum et of operation needed by 
most applications that deal with uncertainty, and is therefore a 
good candidate to use as a standard. Applications with unusual 
requirements can define further fuzzy -logic operations by 
building on this basic set. Fuzzy logic is a superset of predicate 
logic. which means that nonfuzzy information is handled nor
mally. using the same operators that you would use to handle 
fuzzy information. 

Fuzzy-logic operators are defined on fuzzy truth values, 
which range from 0 (fal e) to I (true). There are four binary 
operations: fuzzy AND , fuzzy OR, probability AND. and 
probability OR (which are wrinen as f-AND, f-O R, p-AND, 

and p-OR). One unary operation is defined : ITT. We can de
scribe these operations by ordinary arithmetic functions: 

a f-AND b = rnin(a , b) 
a f-OR b = max(a, b) 
ap-ANDb = aXb 
a p-ORb =a + b - (ax b) 
Nara = l - a 

The three operations f-AND. f-OR, and NITT correspond di
rectly to the predicate-logic operations AND, OR, and NITT. 
They produce the same results on nonfuzzy vaJues (i.e., 0 and 
I), and they obey the same mathematical properties. 

Operations from Fuzzy-Set Theory 
Fuzzy-set theory , like ordinary set theory, ha the 1hree basic 
set operations: intersection , union, and complement. From 
these operations we can derive the f-A D. f-OR. and NITT op
erations, as I'll explain. 

• Fuzzy inrerseccion. If an element has differing degree of 
membership in two fuzzy sets, the lesser degree dictates its de 
gree of membership in an intersection of the two sets . For exam
ple, if a man is 80 percent young and 40 percent good-looking. 
he is only 40 percent young and good-looking. With the non 
fuzzy values 0 and 1 this operation produces the same results as 
an AND in predicate logic . From this operation we derive the f
AND . 
• Fuu.y union. Conversely, if an element has differing degrees 
of membership in two fuzzy sets, the greater of the two indicate 
its degree of membership in a union of two fuzzy sets . Using the 
previous example. our subject would then be 80 percent young 
or good-looking. 

With nonfuzzy value . this operation is equivalent to the 
predicate logic OR. This becomes the f-OR operation. It is the 
only significant incompatibility between Prolog and Fuzzy Pro
log; the Prolog OR operator is a decision point rather than a true 
predicate logic OR. 
• Fuzzy complement. An element's degree of membership in 
the complement of a fuzzy set is I minus its degree of member
ship in the et itself. Someone who is 80 percent young is, there
fore , only 20 percent old. With nonfuzzy values, this opera1ion 
is equivalent to the NITT in predicate logic and is the basis for 
the NITT in fuzzy logic . It is nm calJed the f-NITT. since there is 
no difference between the complement operation we derive 
from fuzzy-set theory and the one we will derive from probabil
ity theory. 

Fuzzy-set operations are important. since they essentially ex 
tend predicate logic into the realm of fuzzy information without 
altering the way we think about logic . Past enhancements to Lisp 

continued 
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FUZZY PROLOG 


and Prolog that added fuzzy reasoning abilities have used some 
or all of the e fuzzy-set operations. Unfortunately, fuzzy-set 
operators are not, by themselves, sufficient to model human 
reasoning. Most applications require additional operations de
rived from probability theory . 

Operations from Probability Theory 
The need for reasoning in probabilities comes up in everyday 
experience. When you make a decision based on uncertain in
fonnation , you intuitively weight the data according to their im
portance and certainty. You then select the course of action 
which, based on alJ the evidence. seems most likely Lo yield a 
desired result. 

Consider, for example, the process of diagnosing a disease. 
Several symptoms may be characteristic of the disease , and the 
more symptoms we observe, the more certain we are that the 
disease is present . Symptoms may not have equal importance
a headache could indicate any number of ailments, but blurred 
vision is more pecific and more indicative of a particular 
disease . 

Fuzzy-set operators provide no good means of combining 
weightings of symptoms. The best we can do is use the f-OR. If 
symptom A indicates a 70 percent chance of the disease and 
symptom B indicates a 40 percent chance, the likelihood of the 
disease would be caJculated as 

0 .4 f-OR 0. 7 = max(0.4, 0. 7) = 0. 7 . 

This totally disregards the accumulation of evidence; it onJy 
considers the single most significant symptom. 

Now, let's consider a probability function . Given two inde
pendent events A and B, the probability of either occurring is 

p(A or 8) = p(A) + p(B) - (p(A) x p(B)) . 

If we apply this function to the diagno is above. we find that the 
likelihood of the disease is 

0.4p-OR0.7 = 0.4 + 0.7 - (0.4 x 0.7) =0.82 , 

which does show an accumulation of evidence . This is the prob
ability-OR (p-OR) in fuzzy logic . 

Up to this point, we've assumed that symptoms are either 
present or absent. This two-vaJued logic is exactly what fuzzy 
logic is supposed to avoid . Suppose, for example, that one of the 
symptoms is an elevated white-blood-cell count. There is no 
specific value above which the ceU count suddenly becomes 
"elevated." The cell count covers a continuou range: higher 
counts yield more certainty that something is wrong. So, the 
proper way to handle this is to map the range of cell counts onto 
the range of fuzzy vaJues and include this certainty factor in the 
calculations. 

The way to include the certainty factor is to use another prob 
ability function. Given two independent events, A and 8, the 
probability of both occurring is 

p(A and B) = p(A) X p(B) . 

In the example above, the probabilities are: The chance that a 
symptom is present (the certainty factor) and the relative impor
tance of that symptom to the diagno is (the weighting factor). 
This i the probability-AND (p-AND) function in fuzzy logic. 

Finally, we can derive a complement operation from proba 
bility theory . If we know the probability of event A, then the 
probability that the event will not occur is 

p(not A) = I - p(A) . 

Since this is identical to the complement function derived from 

fuzzy-set theory, no distinction need be drawn between the two. 


Using Fuzzy Logic 

The most common method of adding fuzzy-logic capabilities to 

existing AJ languages is to write a shell that runs on top of the 

existing language. For example, we can add fuzzy-logic opera

tions to Turbo Prolog with the file FUZZY.PRO (see listing I). 

This file is referenced as an include file by Turbo Prolog pro

grams in which you wish to use fuzzy logic. 


Since Turbo Prolog does not allow the definition of new oper
ators, the fuzzy-logic operators are used as predicates. and 
fuzzy -logic statements are expressed in Reverse Polish Nota 
tion. We use the symbols below to represent the five operators in 
fuzzy logic. 

Nar f....}lOT 
p-AND p_AND 
p-OR p_OR 
f-AND f_AND 
f-OR LOR 

In addition, we define and use the two predicate fuz zy and 
threshold. Listing I. FUZZY.PRO, uses fuz zy to set and re 
uieve fuzzy-truth values, and it use threshold 10 tell the pro
gram the lowest acceptable truth value, below which Prolog 
should backtrack and search for another solution. 

In Prolog, the tatement (or rule) 

grandparent(X, Z) :- parent(X, Y), parent(Y, Z) . 

means "X i the grandparent of Z if X is the parent of Y and Y i 
the parent of Z." Similarly simple facts are represented a· 

parent (be tty , tamrny). 
arent(anna, betty). 

Given these two facts, and the rule above, if you a k 

grandparent ( anna, tammy ) . 

Prolog will respond 

True. 

With fuzzy logic, Prolog will also accept facts like 

scary(king_kong) :- fuzzy (0.5). 
funny(king_kong) :- fuzzy(0.1) . 

scary(amer i ca.ru,rerewolf) :- fu zzy (0 .5). 
funny(americaILwerewolf ) :- fuzzy(0 .5 ). 

and rules like 

goodJ!ovie(X) :- scary (X) , funny (X) , p_OR, 
threshold( 0.6). 

The value in the facts are fuzzy-truth values. Ki11g Ko11g i mO<l
erately scary. but not particularly funny . An America11 Were· 
wolfin London is both moderately scary and moderately funny . 

The rule says, in effect, that a movie is good if it is suffi
ciently scary or sufficiently funny; the threshold of ··good'' is 
defined as any truth value 0.6 or higher. You use the p-OR oper
ator in cases like this where evidence is to be accumulated. 
American Werewolf wouldn't be "good" based on either factor 
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FUZZY PROLOG 

Listing I: This file, FUllY.PRO, adds fu zzy-logic 
operations to Turbo Prolog when referenced as an 
i11clude file in Turbo Pro/og programs. 

databa se 
t r uth ( r eal) 
thresh (real ) 

predica t es 
init fuzzy fuzzy ( real) threshold (real ) 
f OR- f AND p_OR p_AND f NOT 

fuzzy ma x (real , real , r eal ) 
fuzz y:::_min (real , real , real ) 

clauses 

/* 	Init fuzz y must be called before any 
fuzzy operators or predicates are used . 
It se t s the initial search threshold to 
which fuzz y truth values are compared . */ 

ini t fuzzy asserta(thresh (0 . 01)) . 

/ • 	 Fuzz y is used to specify a particular 
fuzzy truth va l ue , or to retrieve the 
current truth value . •/ 

fuzzy (Truth ) bound (Truth) , 
asserta (truth(Truth )), 
retract(thresh (Th resh J J , 
asse rt a (thresh (Thresh )), 
Truth >= Thresh . 

I , 

fuzzy(Truth ) - retract(truth(Truth ) ) , 
asserta (truth (Truth)) , ! . 

/ * 	 Threshold sets or retrie ves the search 
threshold used by the Fuzzy Logic 
operations . If a call to FUZZY or the 
result of a Fuzzy Logic operator results 
in a truth value l ess than the thresho l d , 
the p redicate or operator will fail . • / 

thresho l d (Truth ) 	 bound (Truth) , 
retract(thresh( )), 
asserta(thresh(Truth)) , 
retract(truth(Current)) , 
asserta(truth(Current)) , 
! , Current>= Truth . 

threshold (Truth) 	 retract(thresh (Truth)) , 
asserta(thresh(Truth)) , 
! • 

/* 	Fuzzy logic contains fi ve basic 
operators : fuzz y- AND , fuzzy-OR, 
probability - AND , probability-OR , and 
NOT . In thi s Tu r bo Prolog implementation , 
these are represented by f -AND , f-OR , 
p-AND, p-OR , and f- NOT r especti vel y. 
" f- NOT " is used to a void conflicting 
with the Turbo Prolog pred icate " NOT ." 

comi11ucd 

A MESSAGE To 

OUR SUBSCRIBERS 


F ROM TIME TO TIME WE MAKE THE BYTE 
subscriber list available to other companies who 

wish ro send our subscribers material about their pro 
ducts. We take great care to screen these companies, 
choosing only those who are reputable, and whose pro
ducts, services, or information we feel would be of in
terest to you . Direct mail is an efficient medium for pre
senting the latest personal computer goods and services 
to our subscribers. 

Many BYTE subscribers appreciate this concrolled use 
of our mailing list, and look forward co finding infor
mation of interest co them in the mail. Used are our 
subscribers' names and addresses only (no ocher 
information we may have is ever given ). 

While we believe the distribution of chis information is 
of benefit to our subscribers, we firmly respect the wishes 
of any subscriber who does not want to receive such pro
motional literature. Should you wish ro resrrict che use 
of your name, simply send your request to the follow
ing address. 

El'1TE MAGAZINE 
ATTN : SU BSCRIBER SE RVICE 


P.O. Box 7643 

T EAN ECK , NJ 07666-9866 


MAXIT increases your 
DOS addressable conventional 

memory beyond 640K 

• 	 A dd up to 256K • Top oll • 512 I.BM • Compotib!a w1lh 

o bov~ 640K lor pro· Ai1 roeroory ro 640K EGA, Network. ond 
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FUZZY PROLOG 

Since Turbo Prolog does not support 
true operator definition , the Fuzzy 
Logic operators are used syntactically 
as pred icates, in the order specified 
by Reverse Polish Notat ion (RPNl . For 
e xa mple, the clause 

woof:- fuzzy (0.6 ), fuzz y( 0 . 7), 
p-AND, fuzz y( O .~ ) . p-OR. 

represents t h e Fuzzy Lagle e xpression 

(0.6 p-AND 0 . 7) p - OR 0.4 

Note that onl y predicates wh ich use 
Fuzz y Logic will generate fuzz y truth 
value operands. Other predicates , 
i nclud i ng those built i n to Turbo 
Prolog , do not generate fuzz y truth 
va lues. Hence , t he clause 

woof(X, Y) : - fuzz y( 0 . 6), X > 'f, 
f- AN D. 

is incorrect since f-A D requires t wo 
operands, bu t on l y one (from he FUZZ Y 
predicate ) has been generated . • / 

f OR retract ( truth(X )), 
retract (truth (Y)), ! , 
fu zzy_max (X, Y, Zl, fuzzy (Z). ! . 

f AND ret rac t ( truth( X)), 
retract (truth (Y)), !, 
fuzzy_min(X , Y, Zl , fuzz yC ZJ, ! . 

p_ OR retract(truth(XJ) , 
retract (t i:-uth ('I')),!, 

z - X + Y - (X • Yl, fuzzy ( ZJ , ! . 
p_ AND retract (truth( X)), 

retract (truth (Y)), ! , 
Z - X • Y, fuzzy(Z) , !. 

f_NOT - reti:-act ( truth(X )J, !, 
Z = 1 - x, fuzzy (Z) , ! . 

/* 	 Loca l pi:-edicates used by the 
fuzzy opera ors •/ 

fuzzy_max (X, Y, Z) x > ~ Y, ! • z = x. 
fuzz y_ma x( _ , Y, Zl z = '/ . 

fuzzy min( X, Y, Z) x <= Y, !, z - x. 
fuzz y=mi n ( , Y, Zl z c Y. 

alone , but the p-OR will calculate the combined value 

0.5 p-OR 0.5 = 0.5 + 0.5 - (0.5 x 0.5) = 0 . 75 , 

which is high enough 10 pass the threshold te I and to be ac
cepted. For King Kong , on the other hand , the value calculated 
would be 

0.5 p-OR 0.1 = 0.5 + 0.1 - (0.5 x 0.1) = 0 .55, 

which would not pass the lest. So , if we asked 

good..Jnovie(X). 
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the program would respond with 

X=american_werewol f 
1 Solut ion 

indicating that American Werewolf is the only good movie it 
knows of, based on the program· cri teria . 

As another example of how you can use fuzzy logic , look at 
listing 2, CITY.PRO. This program evaluates the quality of life in 
different cities , based on a few factors that reflect one view of 
what is important. II uses a database of facts that describe the 
characteristics of various cities: how warm and dry the climate 
is, the approximate population. and the relative cost of living. 
All values but the population are rated on a scale from 0 to I . 

The program break these criteria into two categories, loca
tion and charac teristics, and it treats these categories as 
evidence to be accumulated using the probability operators. It 
assigns a weight, or importance. of 0 .5 to location using the 
p-AND operator, and imilarly assign · a weight of0.9 to char
acteristics . The main rule reads 

nice_city(X) : 
init_fuzzy, l ocation(X) , fuz zy (0.5) , p_A.ND , 
characteristics(X) , fuzzy(0.9) , p_AND, p_OR, 
f uzzy(Rating), 
write ( X, "has a rating of" , Rating) , nl. 

The fir t predicate, init_fuzzy, initializes lhe fuzzy-logic op
erations. Location generates the fuzzy -truth value for the city's 
location . Fuzzy sets a fuzzy-truth value of 0.5 , which is then 
combi ned with the value from location using the p_AND opera 
tor . This sequence is repeated with characteristics, and then 
the weighted results of location and characteristics are 
combined with the p_OR. Finally, the program calls fuzzy with 
the variable Rating (which has no value yet) to retrieve the cur
rent fuzzy -truth value, and prints this as the rating of the city. 

Not all predicates generate fuzzy-truth values- only u er-de
fined ones that themselves use fuzzy logic, and the predicate 
t'uzzy called wilh an instantiated v-alue, generate fuzzy-truth 
value , which can be combined using the fuzzy operacors . 

In nice_city, the first predicate resolved is location , 
which contains two predicates and a fuzzy-logic operator 

location(X) : -city(X) , climate(X), f_AND. 

These provide the name of the city and an evaluation of cli 
mate . So long as the database contains a ci ty that hasn' t been 
looked at , predicate city will set X to a c ity name and return a 
fuzzy-truth value of I . Thi value i combined with the results of 
climate by an f-AND (which selects the lowest value); hence, 
locat ion will return the truth value from climate. 

Climate evaluates the two climatic factors by using the f-AND 

climate(X) :-warrn(X) , dry(X) , LAND. 

Since the f-A D selects the lower of the two value , this reflects 
the idea that a climate is only as nice as its worst factor; in order 
to be pleasant. a city must be both warm and dry . 

The characteristics rule evaluates the population and the 
cost of living : 

characteristics(X) 
population ( X, Pop) , Val= Pop/2500. 0 , 
fuzzy( Val ) , fuzzy(0.9), p_AND, 
expens1ve ( X) , LNOT , fu zzy ( 0. 5) , p_A.ND, 
p_ OR , f_AND . 



FUZZY PROLOG 

The first ta k of thi rule is to map population (given in thou
sands) onto the range 0 to I . In this ca e, the population is sim
ply divided by 2500 and the answer swred in Val. The fuzzy 
predicate turns this into a fuzzy-truth value. 

The factor for cost of living is higher for cities where the cost 
of living is higher. To detennine the desirability of a city, the 
program use f-NOT to invert the truth value of the expensive 
predicate so that less expensive cities receive higher ratings. 
The population and expense factors are combined using the 
same method of accumulating evidence discussed above. The 
final f-AND considers this value and the truth value (1.0) re 
turned by population and chooses the lesser of the two, and so 
does not change the calculated value. The f-A D is required. 
however, to remove the population truth value from the evalu
ation tack . 

To see how all thi works. let 's trace the execution of the pro 
gram. If you ask 

nice_city(Where). 

the program will enter the nice_city rule and begin by evaluat
ing location , which, in turn, first evaluates city. The city 
predicate earches the database and return with X et to albu
querque . the fir t city appearing in the databa e; it truth value 
is 1.0. 

Location continues by evaluating climate. The climate 
predicate gets the values for warm (albuquerque) and dry (al 
buquerque), which are both 0 .9, combine them with the 
f-AND operator, and return the result of 0. 9 . Location takes 
this value. f-A Ds it with the truth value returned by city ( 1.0. 
si nce it found a city), and hence returns with its own truth value 
et to 0 .9 . Predicate nice_c i t y weights this with the value 0.5, 

re ulting in an intermediate value of0.45. 
The program mu t then resolve characteristics. In char

acteristics, the program retrieve the population of albu
querque. divides it by 2500. and tores the result of0.2 in Val. 
The evidence accumulation 

fuzzy(Val), fuzzy(0.9), p_AND, 
expensive(X), fJJOT , fu zzy (0.5) , p.J\.ND, 
p_OR 

takes the value of Val. 0 .2. and p-ANDs it with the weighting 
0.9, resulting in a value of0.18. The second half of the expre 
ion retrieves the expensive value of0.6, uses f- OT to invert 

it to 0.4, and weights it with the value 0.5 for a re ult of0.2. The 
two halves are combined with the p-OR, which yields a value of 
0.344 . 

Thi value is f-A Ded with the truth value 1.0 returned when 
the population was retrieved. This results in no change, so the 
program return value 0.344 as the truth value of char
acteristics. 

Finally, the program can evaluate the nice_ci ty clause . The 
value from characteristics is trANDed with 0.9, producing 
a value of 0. 3096, and this is p-ORed with the truth value from 
the first half, which was 0 .45. This yields a final rnting for Al
buquerque of0.62028. Ba ed on this the program will respond 
to our query about where nice cities are located with 

albuquerque has a rating of 0.62028 
\./'nere=albuquerque 

The program also provides the answers : 

boston has a rating of 0. 74545 
W'nere=boston 

C0'11irru ed 

Listing 2: The program CITY.PRO uses thefw.zy-logic 
operations in listing I to evaluate the quality oflife 
in different cities. 

/* 
City -- This is a simple program which 
uses fuzzy logic to determine how " nice" 
various cities are . ~1 

include " fuzzy.pro " / • 	 Include the fuzzy 
logic module * / 

predicates 
nice_city (symbol) location (symbol) 
city(symbolJ climate(symbol) 
warm(symbol) dry (symbol) 
chacacterisLics(symhol) 
population (symbol, integer) 
expensive(symboll 

clauses 

nice_ city(X ) 	 init _ fuzzy , location (X), 
fuzzy(0.5) , p AND, 
characteristics(X) , 
fuzz y( 0 . 9) , p AD, p OR , 
fuzzy (Ra ting)-; 
wr ite( X, 

" has a rating of • 
Ra ing), 

nl. 

locat i on(XJ : - city(X), climate(X) , f AND . 

climate(X) :- warm (X), dry(X), f_AN D . 

characteristics(X ) : - popu lation(X , Pop), 
Val m Pop/2500 . 0 , 
fuzzy(Val) , 
fuzz y( 0 . 9) , p_A D, 
expensive(X) , f_ OT , 
fuzzy(0.5) , p_A D, 
p_ OR , f_A D. 

/ • Data on various cities •/ 

city (albuquerque) : - fuzzy (1 . 0) . 

city(boston) : - fuzzy Cl.O J. 

city(ft_wor hl :- fuzzy(l . 0) . 


warm(albuquerque) :- fuzzy(0 .9). 

warm(boston l :- fuzzy(O . SJ. 

warm(ft_ worth) : - fuzzy(0 . 9). 


dry(albuquerquc) :- fuzzy(0 . 9) . 

dry( bos on) :- fuzzy (0 . 6) . 

dry{ft_worLh) : - fuzzy (0 . 7 ). 


population(a l buquerque , 500) - fuzzy(l.0) . 
popula ion (boston, 2000) :- fuzzy( . 0 ). 
population ( ft _ wocth , 1500) : - fuzzy (1. 0) . 

expensive(albuquerquel : - fuzzy(0.6l. 

e xpensive(boston) :- fuzzy(0 . 9) . 

expensive(ft_worth) fuzzy(0 . 8) . 
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FUZZY PROLOG 

ft_worth has a rating of 0.69281 
Where::ft_worth 

J Solutions 

From this , we can see thar the program continued searching 
the database for more citjes. It evaluated the cities in the order it 
found them, and printed out the results for each nice city ii 
found. 

Creating Fuzzy Prolog From the Ground Up 
While you can add fuzzy logic to an exi ting dialect of Prolog, 
applications pay a significant penalty in efficiency, ince the 
hell add another layer of oftware between th.e application and 

the machine. Also, the result is often awkward to use . This is 
true of my Turbo Prolog implementation in two regards: Using 
Reverse Polish Notation for fuzzy-logic operators, and remem
bering which predicates produce fuzzy-truth value can be con
fusing. In addition, backtracking will not properly undo the re
suhs of fuzzy operations, since they are not an implicit part of 
the language. 

The best solution to these difficulties is to build fuzzy logic 
into a dialect of Prolog from the ground up . I have wrinen a 
dialect of Prolog called Fuzzy Prolog, which implements fuzzy 
logic . 

Since fuzzy-logic operations are an implicit part of the lan
guage, the difficulties mentioned above do not exist. Also, ince 
fuzzy logic is a superset of predicate logic, Fuzzy Prolog re
mains compatible with Prolog and will run all ordinary Prolog 
programs. For information on obtaining the source code to 
Fuzzy Prolog, see the &liter's note at right. 

A Fuzzy Standard 
Problems are rarely black and white, and answers almost never 
true or false . Current applications that try to simulate human 
reasoning must deal with uncertainty before they can begin to 
address their real objectives. 

To date , however , 1he djfferenl approaches that have been de
veloped for dealing with uncertainty have shown little consis
tency with one another. Fuzzy logic provide a common core of 
operations and , thereby , a basis for standardization . Making 
fuzzy logic an implicit feature of a language such as Fuzzy Pro
log relieves applications of much of the burden of dealing with 
uncer1ainty. Consequently , software development will lake less 
time , and the resulti ng software will be less complex. Of that , 
we can be fairly certain . • 

Editor's note: The Turbo Prolog programs FUZZY. PRO and 
CITY. PRO and the source code for the Fuzzy Prolog interpreter 
are available on BIX, on BYTEnet , on disk. and in the Quar
1erly Us1ings Supplement. See page 3. The Fuuy Prolog inter
preter is wri11en in Ada, and the source code is public domai11 . 
The user's manual. source code listings. and comple1e docu
menra1ion for Fuzzy Prolog are also included in 1he author 's 
master's thesis , ' Programming in Fuzzy logic: Fuuy Prolog. " 
Air Force Institute of Technology. December 1986. available 
for $30. 95 f rom the Natio11al Technical Infonnation Service. 
(703) 487-4650. Reques1 documem HADA177940. 

Bradley L . .Richards is a captain in the Air Force assigned to the 
Defense Logistics Agency in Boston. Massachusetts. He is also 
a faculty member in the deparrmenr ofcompu1er science at Mer
rimack College. 
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0uf olbreath af 50 leel1 

Now go the distance. 


Are your 
RS-232data 
lines out of 
breath before 
they cross the finish line? Are you restricted 
from placing your computers and peripherals 
where you need them due to the 50 foot limit 
imposed by the RS-232 standard? 
Now you can extend your serial data commu
nication lines up to 5000 feet without even 

breathing hard. Using standard, inexpensive 
twisted pair telephone wiring and our easy
connect LD series long line drivers, you can 
achieve data rates in excess of 56 kilobits per 
second. Contact us today and we'll rush to 
get you more 
information.. . 
FAST. 

:n n n r1.::J o Western "L':::'...:::J L:::i DTelematic Inc. 
5 terling, Irvine. California 92718 
(714) 586-9950 
(100) H4-72i6 /Outside California) 
fax(714) 583-9514 
Telex: 467741 
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Other computer magazines have been raising 
their rates way out of proportion to their circu
lation growth (costs up 30 or 40 percent). 
We've raised ours amodest 7%. 
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And,when they" re not reading BYTE, 
cl1ey're busy buying product. In fac t. 90% of 
our subscribers directly influe ncetheir com 
pan/ s microcomputer purchasmg decisions. 

You'd Jike to fu1Claway to keep your 
media budget in line. We 're it.Call Den.rUs 
Ri ley at (60.3) 9~4-9281 fo r more fac ts. 
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Mark A. 0 Neill 

Faster Than Fast Fourier 

The fast Hartley transform is twice 

as fast as the fast Fourier and uses 

only half the computer resources 

oseph Fourier left to mathematics a rich legacy: 
The transform that bears his name processe 
many of today' s audio and electromagnetic sig
nals. Image processing and digital filtering of 
signals use the Fourier transform or its faster 

descendant. 
However. the fas t Fourier transform (FFf) requi res a large 

amount of computer resources . The fast Hartley transfom1 
(FHT) can accomplish the same results faster, using fewer re
sources. First described by Ronald Bracewell (see reference I ). 
the FHT handles many of the jobs now done by the Fourier 
transfomi. 

Both the FHT and the FFT let you map a continuou signal 
over time onto a frequency function . The Fourier transform 
maps a real function of time X(t) to a complex function of fre 
quency , F(f). 

The Hartley transform maps a real function of time X(t) onto 
a real function of frequency H(f). Since the Hartley frequency 
function i· real , you need only single arithmetic operations 10 

compute it . 
Compare this to the many arithmetic operation required of 

the complex Fourier freque ncy function (four operations for a 
complex multiply or divide, and two for complex addition or 
ubtraction) . 

Furthermore, real data arrays require only half the memory 
storage of complex data arrays . This means that the Har tley 
transform will require considerably less memory for a given 
data set than the Fourier transform . Therefore , the Hartley 
transform will be distinctly fas ter and use less memory than the 
conventional Fourier transform in digital filtering and image en
hancement application where you have to process large 
amounts of data. 

A Definition of the Hartley Transform 

Equation (1) shows the analytical form of the Hartley transform . 

and (2) shows its inverse transform , used to map the frequency 

functio n back into the time domain: 


H(j) = d7r j x(t ) cas(h/t) dt , (I) 

"" 
X(t) = ! H(f) cas(hft) df. (2) 

- oo 

where cas(2ir/t) =co (27rft) + sin(2 7rft). 

The function cas(27rft) was introduced by R.V.L Hartley (sec 
reference 2), who firs t propo ed the Hartley transform in 1942. 

You can see that the e equations are very similar to those of 
the Fourier transfom1 and its inverse: .. 

IF(f) = ! X(t) e-i afr dt , (3)271' 
- "" 

"" 
X(t) = J F(j) e1""1' df, (4) 

"' 
where eihrt• =co (27rft)+j sin(27rft) , and e-ihrt• = cos(21Tjl) 
- j sin(27rft). (These are known as Euler ' s formulas .) 

Note that I'm using the electrical engineering convention of 
labeling the imaginary unit i as j. The principal difference be
1ween the two function i that the real function ca (27r/t) in the 
Hartley transfom1 replaces the complex exponential term e • flrf • 

in the Fourier transform pair. 
The Hartley and Fourier transform functions in (I) through 

(4) deal only with continuous variables . As i often the case with 
computer data in the real world, ignals are sampled at discrete 
intervals of time or for a spe ific interva l. Fortunately, you can 
define a disc rete tran form that can represent a quanlized con
tinuous signal, or a signal of limited duration . The discrete 
forms of the Hartley transform pairs are 

N-1 

H(f) = ~ E F(1) cas(21rft I N) (5 ) 

and r=-0 

N-1 

X(t) = E H(f ) cas(21Tft / N ). (6) 
f•O 

Again. note !he similarities to the Fourier transform pairs : 
N - 1 

F(f) = ~ E X(t ) e( - jhfr I N) ' (7) 

r• O 

N-1 

X(t) = E F(j) e C1hf• ' N> . (8) 

f•O 

The Fast Algorithm 
As it stands in (5) and (6), computation of the discrete Hartley 
transform presents an analogous problem to the computation of 
the discrete Fourier transform . That i . you have to perform N 1 

arithmetic operations to compute the discrete Hanley transform 
of an N-element data et . 

A classic paper by Cooley and Tukey (see referenc·e 3) in 
1965 led to the development of a fast algorithm for the machine 
computat ion of a complex Fourier series . 

Essentially. the FIT u e a permutation proce s to bisect the 
data until data pairs are reached . Calculating the Fourier trans 

comin11ed 
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FASTER THAN FAST FOURIER 

fonn of such data pairs is trivial (i.e ., rapid). 
The idea behind the permutation process is that it's faster 10 

split the data into pajrs, compute the transform of the pairs , and 
recombine these to make the entire transform rather than to 
compute the transform for the complete data set. 

Permutation i particularly fast when the amount of data is 
large. If you superimpose all such two-element pairs using a 
process sometimes referred to as the "butterfly" (due to the ap
pearance of the djagram of the data flow; see figure I), you can 
compute the Fourier transform of the input data set . It talces ap
proximately N log(N) seconds to compute the transform of an N
point data set. 

Bracewell (see reference 4) has shown that you can employ a 
similar methodology in the case of the Hartley transfom1. 
Again, you use the permutation process to bisect the data until 
you get data pairs. 

The Hartley transform of a data pair (a , b) is 1h(a + b, a 
b), and the computation of such pairs is trivial. You can also 
superimpose tllese two-element sequences 10 calculate the Han
ley transfonn of the input data set. However, to do so requires a 
formula tllat expresses a complete discrete Hartley transform 
(DHT) in terms of its half-length subsequences. 

Bracewell has shown by application of the Shift and the Simj
larity theorems that (9) expresses the general decomposition 
formula for the DHT. This general decomposi1jon formula gen
erates the desired DHT by bisecting the data . 

Flgure 1: The bulterfly 
diagram for the fast Hartley 
transfom1 for an eight
efemenr data set. In the first 
column ofcells, the indexes 
show the effects of 
permutation on the data 
elements. Tile next three 
columns represent the data 
elements as superimposed 
by the decomposition 
formula for the bu11erfly 
computazion. These cells 
show tile three indexes ofthe 
elements. You can see the 
effects ofretrograde indexing 
for an eight-element dara 
set in indexes for the third 
andfourth iteration ofthe 
butterfly. Radians at the 
bottom ofrhe diagram give 
the angular spacing between 
trigonometric coefficients. 

Put another way , it's the rule used to generate the elements to 
be used in the butterfly computation of the transform . You can 
apply similar methodology to the Fourier tran form to yield the 
decomposition formula given in (10): 

H(f ) == H1(/) + H:Cf) cos(2rrf/N,) 
+ H2(N, - f) sin(hf/N.) , (9) 

F(f) = F 1(/) + F2(f)e1afll'\ (1 0) 

where N, i the number of elements in the half-length sequence , 
and thus N, =N/2 for a data set of N elements. Figure J shows a 
complete butterfly diagram for computing the FHT for an eight· 
element data set. 

The decomposition formula for the FHT differs from the FFT 
in one important respect : The elements multiplied by the trigo
nometric terms are not symmetric. ln the FFT decomposition 
formula of ( 10), terms multiplied by the trigonometric coeffi 
cients involve terms only in F(f). In the FHT decomposiiion 
formula of (9), both H(f) and H(N, -f) have sine coefficients . 
This asymmetry becomes apparent when you express the dis
crete transforms as matrix operations: FFT matrix terms are 
symmetric about the matrices' leading diagonaJ, while corre
sponding terms for the FHT are asymmetric. 

This introduces some computation problems, because asym
metTic matrix processing is difficult to implement. You can deal 
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wi1h this a ymmetry by u ing an independent variable as an in
dex for the element multiplied by the sine coefficients. Thi 
index decreases while the other indexe increase; this behavior 
i · called retrograde indexing. Bracewell gives descriptions of 
the FHT and FFT algorithms using matrix formalism (see refer
ence 5). 

You can obtain the inverse Hartley transform by applying the 
FHT algorithm again to its own output, thu regenerating the 
input data . This means that you can use the same program code 
to compute the lransform and its inverse. However, there is a 
slight asymmetry between the FHT and its inver e. In the case 
of the time-to-frequency transform, you need to ·cale the re ult 
of the butterfly computation. That is, for an input data set of N 
elements, you must divide the output of the butterfly by N to 
obtain the discrete Hartley transform. 

You don't need to do this for frequency-co-time transform; 
con equently, the butterfly computation it elf constitute the 
inverse tran form. It is not difficult to add a mall amount of 
code to control whether scaling should be applied during a 
conver ion. 

Comparing the FIT and FHT Algorithms 
You can u c the FHT algorithm for many of the application for 
which you would now u e the FFT algorithm . These include 
convolution and deconvolution (used to remove artifac1s intro
duced into data by imperfections in the sensors). and the genera
tion of power spectra for filtering. You can also obtain the Fou 
rier tran form itself from the Hartley transfom1 . In fact , it is 
often faster to generate the Fourier transform and power pec
trum with the FHT than with the FFT, becau e computing the 
butterfly u ing real rather than complex quan1itie require 
fewer floating-point operation . You a semble the real and 
imaginary parts of the FFT at the end of the calculation using 
the equation 

F, = H(f) + H(N- j) 
and 

F,'" = H(f) - H(N-f). 

where F, i the real portion of the complex Fourier transform, 
F1m i the imaginary porrion , and N is the number of elements in 
the data et. 

You can calculate the power pectrum directly from the Hart 
ley transform using the equation 

P.(j) = (H(j) 2 + H(N-f)'] / 2, 

where P. is the power spectrum. 
The theorem for convolving a pair of function i almo t iden

tical. wheilier you are con idering the Hartley tran fom or the 
Fourier transform . Again. the FHT should prove uperior to the 
FFf in term of speed for any given implementation . Equation 
( 11 ) ummarize the ilieorem for the convolution for the Hartley 
transform. (12) for the Fourier transforms. 

and 
( 12) 

The ® symbol denotes the convolution operation . 
The ·ub cript e and o in (11) denote the even and odd parts of 

tl1e Hartley tran form . Note that if one of the function being 
convoluted i either even or odd, then 1he form of the convolu
tion theorem for the Hartley transform reduce to the particu
larly simple form indicated in (13): 

(13) 

In practical application . many of the convolution function 
are even. For example, the Gau ian function, used in image
enhancement work, is an even function. We can take advantage 
of the nature of these func1ions to use the computational shortcut 
provided by ( 13) . 

Spectral Leakage 
As with ilie FFf algoriilim , ilie FHT algorithm will produce an 
erroneous frequency function if the data set to be transfom1ed 
does not smoothly approach 0 at both ends of it range . Such 
pectraJ leakage is undesirable in many cases. You can reduce it 

conti1111ed 

Listing I : The code f ragmem from hartley .pas that 
shows the complete Hartley transfonn as implemented in 
TMLPascal. 

{----------------------------------- 
Fast Hartley transform routine ... 
version 1 . 00 , Oat d 22nd November 1986 , 

trans orm : m for ward ; Forwa rd transform from 
ime frequenc y domain . transform reverse ; 

Reverse transform from freqUency to ime 
domain . 

power_inde x: Inde x to which 2 must be raised 
to generate a transform containing ' syze ' 
elements : 

if syzc 8 hen power_ inde x ] · 
if syze 16 then power_ index = 4 ; etc 

syze : Number of element in the input data 
array . 

------------------------------------} 
con 	st 

datasize • 512 ; 
type 

direction_ typc ~ ( for ward , re ve rse ); 
data array Lype • array{l .. dataslze] of 

JCeal ; - 
v;ir 

dir , tcs t _opLion : char ; 
i , j , syze, iter , demo : integer ; 
data_arcay : data_ array_ type ; 
transform_dircc ion : d i rection_type ; 

procedure fht(var data array : data array type; 
p~wer_i ndex , - 
s y ze : i nteger; 

transform :dlrecLion_type) ; 


var 
1. 
j ' 
k. 
trg ind , 
t rg_ inc , 

pewee , 

t_a , 

f_a , 

i _ temp , 

section , 

s st.art. , 
s-end : integet" ; 

sne , csn : array[l .. datasize) of real; 

accu : arra y fl .. 2 , l .. datasize] of real ; 


conmmed 
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(------------------------------------
Permutation routine . Th i s routine 
reorders the data before the bu tt er l y 
transform r outine i s ca l led ... 
-------------------------------------} 
function permute (inde x: in tege:c) : integer ; 
vac 

i , j , s : integer ; 
begin 

j : = 0 ; 

inde x · o index - 1; 

for i : = 1 to power_inde x do 

begin 


s : ~ index di v 2 ; 
j : = j + + i ndex - s - s ; 
index : = s ; 


end ; 

permute : = j + l ; 


end ; 

(-- ----------------------------------
Calculate the trigonometcic functions 
required by the FHT and store value s . 
For a N point transform, the trlgno
metric functions will be calculated 
at intervals of Nths of a turn ... 
------------------------------------- ) 
procedure trig_table (npts: int eger ); 
con st 

pi ~ 3 . 14159265 ; 
var 

i : integer; 

angle , omega : rea l ; 


begin 
angle 0 . 

omega . - 2 • p i I npts ; 
for i : = l to np ts do 
begin 

sne [I) : = sin (angle ); 

csn(i) : = cos(ang le ) ; 

angle : = angle + ome ga; 


end ; 
end ; 

(-------------------------------------
Calcu la te the address of the retrograde 
inde x for the sine term for the dual 
place algorithm, if i t is .cequired ... 
-- ---------------------- -------------) 

function mod i fy(power ,s_start , s_end , index : 

in cgerl: integer ; 

begin 


if (s start • inde x) or (power < 3) then 
modify · ~ 1nde x 

else 
modify ·= s s ta r t + s end - index + 1; 

end ;
(------------------------------------

Butterfly transform an i ndex pa ir ... 
-- -----------------------------------} 
procedure butterfly(tr i g_ind , i_l , 1_2 , 1_3 : 
intege~l ; 

begin 
accu [ t a , i l] : • accu ( f a , i l] + 

-accu(f a , i 2] • csnltrig ind] + 
acculf=a , 1=3] * sne (trig=ind] ; 

contir1ued 

by multiplying the data set to be transformed by a suitable win
dow function before computing the transform. 

All the e window functions cause the data to smoothly ap
proach 0 at the limits of its range . Stigall , Ziemer, and Hudec 
have reviewed the effects of these window function s on the 
power spectrum (see reference 6). 

If you're interested in some experimentation, I"ve provided a 
number of these window functions below. The triangular win
dow is a low-quality window function whose primary advantage 
i its speed. An example of it u e is to fiJter noise from telem
etry signals in real time. 

Triangular window : 
W(n) = 2(n+0.5)/n, 
W(N - 11 - I )= W(n), 

wheren = 0,1 , .. . i, .. . ,N/2. 

The Hanning and Hamming windows feature better reduction 
in spectral leakage, but at the expense of speed. I've used these 
window functions to preprocess satellite image data before using 
the Hartley transfonn to correct the image for defects in the 
camera optic . 

Hanning window : W(n ) = 0.5(1 -cos(27r(n+0.5)/N)), 

where n = 0, I. . .. i, ... . N-1. 

Hamming window: W(n) = 0.54 - 0.46(cos(21r(n + 0.5)/N)), 

where n = O, !. ... i, . . . N-1. 

The Black.man window is for data ets where the Hamming/ 
Hanning windows would not be su itable. 

Blackman window: W(n) = 0.42 - 0 .5cos(21T'(n+0.5)/ 
(N - 1)), 

where n = O. I, ... i, ... , N-1 . 

You can find additional information about spectral window 
functions in the paper by Harris (see reference 7) and utall 
(see reference 8). 

The FHT program 
The demonstrator program hartley. pas de cribed below com
putes the Harlley transfom1 and inver e Hartley transfonn of an 
N-element data set. The program was originally written in 
Acomsoft ISO ?ascal for the BBC Microcomputer. but few ma 
chine-dependent ?ascal extension are used. 

The routine has also been successfully ported to a Prime 9975 
minicomputer, running Sheffield Pascal, and a Sun-31160 
workstation running International Standard Organization level 0 
Pascal. 

As an example of just how easy it i · to port the fas t Hartley 
routine to other machines , I have included the code for hart 
ley .pas as written in TML ?ascal for the Macintosh. 

The hartley.pas program simply generates a uitable func 
tion to be transformed and then call the fht procedure twice. 
Thus, the program calculates both the Hartley tran fonn and its 
inverse transform. The procedure fht is Lhe major routine in Lhe 
program. Li ting I i a code fragmen1 of hartley. pas that con
tains the fht procedure. 

The code within procedure fht complies with the ISO level l 
standard for Pa cal. except that the program uses the under core 
character in variable names. Con equently. you can lift the pro 

comi11ued 
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trig_ind : • trig_ind + syze di v 2; 

accu[t a,i 2] : • accu[f a , l l] + 


- accu!f a,i 2] • csn{triq i nd ] + 

accu[f=a, i=J] • sne[tr i g=ind] ; 


end ; 


{------------------------------------ 
Main program for the fast Hartley 

transform . 


------------------------------------ -) 
begin 

power , .. l ; 

f_a : • 1; 

t a : • 2 ; 

trig tab le( syzel; 

for i :• 1 to syze do accu[f_a,permute(i) ] 


data_arra y [i] ; 

{------------------------------------
Start of the Hartley butterfly 

trans form .. . 


------------------------------------- ) 
for i ·= l to power_ index d o 

begin 


j l · 
section l ; 

trg_inc · = syze div (power + power) ; 

repeat 

t:.rg_ind · = 1 ; 
s start • a section w power + 1 ; 
s-end ·  (section + l) w power ; 
for k : - i to power do 
begin 

butterfly(trq ind , j , j +power , 
modify(powcr , s_start,s_end, j 

+power)); 
trg ind : = trg ind + trg_i nc ; 
j , : j + l; 

end ; 

j := j + power; 

section : • section + , 2 ; 


until j > syze ; 

power : • power + power; 

i_temp . - c: a ; 

t a ·= f=a ; 

f a : • i_temp; 


end; 

(- ----------------------------------- 
End of Hartley butterfly . The results are 
scaled if necessary , and then placed i n 
back into the arra y data ... 

------------------------------------- ) 
case transform direction of 

focward : for i : = 1 to syze do 
data_ array[i] · ~ 

accu[f_a , i] I syze; 
reverse: for i · • 1 to syze do 

data_array[i] · = 
accu( f a , l] ; 

end7 
end; 

cedure from the demonslration program and use it freely in your 
own applications. 

However, a brief description of fht and its embedded subpro
cedure may be useful if you'd like to experiment with the 
program . 

The procedure trig_table precalculates the trigonometric 
functions required by fht. For an input data set containing N 
elements, adjacent entrie in this table are 27r/N radian apart. 
This precalculation of the trigonometric tenns avoids redundant 
computations of these values if they are needed frequently dur 
ing processing. 

The procedure permute bisects the input data set progres
sively until data pairs are reached . The algorithm given is 
adapted from one described by Bracewell. who has also de
scribed faster pennutation routines (see reference 5) that you 
can substitute if you want. 

The procedure butterfly calculates the butterfly of a ingle 
index pair. This procedure requires three indexes to use a entry 
parameters. This takes into account the possibility of retrograde 
indexing for the data element multiplied by the sine factor. 
Where retrograde indexing is neussary, the procedure modify 
calculates the retrograde indexes used by the procedure 
butterfly. 

The main program of the fht procedure first precalcu.lates 
the trigonometric function tables and permute the input data. 
The program then enters an iterative loop that computes the but 
terfly for the whole of the N-element input data set . You then 
scale the re ulting output by a factor of N if you are computing 
the time-to-frequency transfonn. 

When you have to deal with the complex form of the fre
quency lransform, you can obtain Fourier transform from the 
FHT algorithm by operating on the output data of the procedure 
fht using the Pascal procedure get_FFT.pas , shown in listing 
2. By the time you exit from this procedure. the real and imagi 
nary parts of the Fourier transform will be in the arrays . They 
are passed via the dummy conformant array variables r _pt and 
Lpt , respectively . 

A imilar procedure in get_pwr.pas called get_power_ 
spectrum (shown in listing 3) allows you to obtain the power 
spectrum from the Hartley transform. At exit from this proce
dure, the power speclrum will be in the array passed to the pro
cedure via the dummy conformant array variable p_sp. You can 
u e both of the above procedure in applications progran1s 
without any modification. These procedures conform to the ISO 
level I standard of the Pascal language, and should be usable 
directly on any computer that supports an ISO level I Pascal 
compiler . 

The modifications required to compile these procedures wilh 
an ISO level 0 compiler are trivial. Basically, it is ju t a case of 
replacing all the conformant array parameters' procedure head 
ers of get_fft and get_power_spec t rum, with array param
eters of fixed size. 

Performance 

The BBC Microcomputer implementation of the FHT program 

has proved to be fast and is currently running on a 6502A-based 

BBC Microcomputer with a second add-on 3-MHz 6502 pro

cessor, which executes the program . This hardware can com

pute a 256-point lransform in about 32 econds. Thi compares 

favorably with the 2 minutes it took Bracewell 's original imple

mentation of the FHT algorithm to accomplish a 256-point 

transform on an HP-85 system. You can expect even bener per

formance from 16-bit microcomputers. 


Table I shows the timings for running the FHT program on 
the Macintosh Plu and Mac nu ing TML Pascal and the Sun
31160 workstation using ISO Pasca l. 

continued 
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Howa software engineer 

got to captainthe 


lunar landingmodule. 


The Computer Museum is everything 
you'd expect, and a lot of things you 
wouldn't. 

Of course, the museum contains a 
collection of the most significant accom
plishments in the history of information 
processing. But it 's not just a great place 
to see things, it's also a great place to 
do th ings. 

There are over twenty interactive ex
hibits at The Computer Museum. You can 
design a car, create your own fractal land
scape, or even captain the lunar landing 

module on the Apollo flight simulator. 
So, the next time you're in Boston, stop 

by The Computer Museum. You'll discover 
it's more than a lot of machines, it's also a 
lot of fun. 

For more information, or to become a 
Museum Member, write The Computer 
Museum, or call (617) 423-6758. 

TheComputerMuseum 
B 0 S T 0 N 

There's something in it tor everyone. 

300 Congress Street , Boston, MA 02210 
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FASTER THAN FAST FOURIER 

Table 1: Timings for the hartley.pas demonstrator program on several machines. For the Macinrosh computers, TML 
Pascal version 2. 50 was used, and times are to the nearest second. No 68881 coprocessor code was generated for the test. 
so the Mac /l 's 68881 was not used. You can expect belier times ifyou use the 68881. For comparison. the results ofthe 
same code compiled on a Sun-31160 workstation using ISO Pascal are shown. Times are in seconds. 

Number Mac Plus Mac II Sun-3/160 
of points FPU not used FPU not used FPU not used 

Sun-3/160 
68881 FPU used 

0.00 
0.00 
0.00 
0.02 
0.04 
0.06 
0.08 
0.18 
0.40 

2 0.00 
4 0.00 
8 0.00 
16 1 00 
32 1.00 
64 2.00 
128 6.00 
256 12 00 
512 27 .00 

0.00 
0.00 
0.00 
0.00 
1.00 
1.00 
2.00 
3.00 
6.00 

Listing 2: Pascal code to compute the Fourier 
transform from the FHT algorithm. 

Procedure get FFT (var data : 
array[lO .. hO : s_!ntl of real; 

var r pt : array[ll .. hl:s int) of real ; 
var i-pt : arra y [l2 .. h2 : s-in t ] of rea l ; 
si2e :-s int) ; 
var i : s_i n t ; 
begin 
i - 1 ; 

while i<size do 
begin 
r pt[i) : ~ data[i) + data[slze - i + l) ; 

i pt[i) : ~ data(i] - data(size - i + l] ; 
i : ~ i • 2 ; 
end ; 

end ; 

ote that you can attain very high speeds wilh lhe Sun work
tation, with its combination of a 20-MHz 68020 processor, 

68881 floating-point coprocessor, and optimizing Pascal 
compiler. 

New Limits to Explore 
I hope lhis article has given you enough infonnation to seriously 
consider using lhe HartJey transform for your signal processing 
needs . Since the transform uses onJy real functions, you don ' t 
need computationally expensive complex malh to digitally filter 
or enhance a signal. 

The el imination of complex numbers also reduces the amount 
of memory required to process a signal. Finally, since the Hart
ley transfonn uses fewer operations to process a signal , you will 
have fewer roundoff errors. 

The FFf made a lot of what we call image processing possible 
by manipulating large amounts of data in a reasonable amount of 
time. The FHT offers better performance using less computational 
resources. With lhe same code you use to compute the trans
form. you can compute its inverse when neces ary. It will be 
interesting to see what new uses wiU result from the expanded 
limjts of proce sing that the Hartley transform provides . • 

Editor's note: Source code /isiings 1ha1 accompan rhis arti
cle, hartley. pas, get_ff"r_ pas, a11d getpwr. pas, are avail
able on BJX, on BITEner, on disk , and in lite Quarterly lisiings 
Supplemem. See page 3. 
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0.00 
0.02 
0.04 
0.08 
0.18 
0.34 
0.70 
1.48 
3.60 

Listing 3: Pascal code 10 compute the power spectrum 
from the FHT algorithm. 

procedure get_power_ spectrum 

(var data : array[l0 .. h0 : s_int ) of rea l ; 

var p sp : array[ll .. hl : s int) o f rea l ; 


s i ze: s_int) ; 
var i : s_i nt ; 

begin 
i : - l ; 

while i<si2e do 
begin 
p_sp[i) : ~ (data[i) * data (i] + 

data[size - i + 1) ~ 


data[size - il l I 2 ; 

1 : - i + l ; 

end ; 

e nd; 
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- ~-.t<CUJOE~-cro '&:Oll.ro.i.nml\' 
:::-~=-~s..:=:.=....~ 
'i:iela..1· -.,.'IDil~~Cl'~lalp.li .. Ph lZlpp'~ 
--~~nSD<..0052 l ~'h" CSDD 
-~"895 t.'""'1--..0 f>IC .a...,.iAlll- ·"" !<>PO>r.COOI, 

- RAVEN Computer Systems 
!lo:• ZfJ - ' i 5SH 1612) 636-0385 

'I nquiry 578. 

.. 

•· 


I 

-l, 

IJ 

• 
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CROSS ASSEMBLERS 

ASSEMBLERS & TRANSLATORS 
Ovet 20 fwol1 ~. ~ llmcllOfl 1851 alacala'bl& 011<1. 
ab$<Jluto r<i&cl<> sserpbl 8Jf§ 8• 1<111Jl«lra\l!lfy 
SOorce ianoua!l'l anslalOI elp oU~e rn.oerocom 
p(j!Ets Cafb.<nlQ about MSIOOS.C)'Map. iSiS -~ 

RELMS"' . 
P, O . Box 6719 

San J 0se, Calllornia 951 50 
(408) 356-1210 

'TWX .910-379-0014 

lnqui!)' 579. 

DATA CONVERSION 

DATA/DISK CONVERSIONS 

CONVERSION SERVICES 
Conveo ar.r{ 9 uack magnetie 1ape to or rocn OYer 
1000 formals rncluding 3Vi~ SY• ,8' d1sl( ormais & 
l'oQ!d piocesws. DISK 10 diSk C011\'efSIOllS also 
avw l)e Cail f01 mare in o. lntrOducmg OCR ScRn· 
nu19 Sel'Vlces 
Plvar Computing Services, Inc. 

165 Arlington gts. Rd , Oepl NB 
Bu!fafo Grove. IL 60089 312 459·6010 

Inquiry 585. 

DATABASE MGMT. SYSTEMS 

FREE FORM DATABASE! 
Full re1a1lona1 power; natu ral language 4G~ nter
}ace: appl icauon genera1or ; built· n tex1 edlt0<: 
spelling checf<ar; form-doer. Store cfata Without 
declaratro11s or fix&d struelures. Handle s mple 
commands to advanced programs witll lull data 

• I 
DEMOS/TUTORIALS 

INSTANT REPLAY Ill 
6uild Oemol T<l0<""5, ProUfvpo5 P~M 
Twnea l<e\'boord M3Ctot llr1d M onu Sy6l'!"' l1'Cludal 
Screorl• Make : Koystro•tlllrmo Ec1110. f'•ogrnrn
Marn ariL!". and t\n1ma!0< ~oc· ciprea1 R........_I Slrno 
ly BEST NOl COll'f J)!o!OOlea o r 60' d I 
sarisfu<;:!Oll f111llli?y bn at M Qnil Compo 
s 49 5 us Cl\"lC/ cur Dome O.skel}• <SSOO 

NOSTRADAMUS, INC. 
319 South Valley Stree~is1e 2.52) 

Sall Lake City, Ulah 84109 (1101) 487-9662 

Inquiry 589. 

DESKTOP PUBLISHING 

MEDIA CONVERSION/DATA TRANSLATION 
Mtn rfUl/J-,.,., • 111,.)vht aumr> "' ASCU r'.ns!MI 

WO<d Procnolng, OllUS, and ~CS.ta°" 
0t T1pe1 1ran,f0ff0d dlrocttY l ruo f.l)Qflc:ltlon1 r1.1nnl"9 on' 

==.::i·~~lc~~,;:~~=--· 
LS:! ~n57.:,=:';=~ 

CompuData Translators, Inc. 
3325 W~Slllie Blv<l,1Suila 1202. Loo Anve/H. CA 90010 

(213) 387-4477 

Inquiry 580. 

DATA/DISK CONVERSIONS 

Get the Expertise You Neadl 
Dlsk/Dl1k • Tape/Disk • OCR 

Over 1,000 lornuus.13 . :;v.. or 8 locll Oi>!<S. 91tacl< 
11'1"1) lllpe, 10 MB !3emoulll'Canodge Da!al\aso e.ncl 
woro ,prOcaliSo rr arn;la~o Spooalista n Gover 
moo1 Soo.mt\I Data Call (qr 1r.,.., C<lflSUitalKln 

Computer Conversions, Inc. 
$80 BlocH I • Sia J Sa CA 92 tM 

(619) 693-1697 

Inquiry 581 . 

DISK CONVERSIONS 
Media t1ansler 10 or lrom: IBM, Xemx. DEC, Wang, 
Lanier. CPT, MlcomJ NBI, CT, also WP, WS 
MS/WAD. DW3, MM. Samoa. DEC DX, MAS 11 , 
Xerox-Writer, ASC II 

FREE TEST CONVERSION 
CONVERSION SPECIALISTS 

531 Main St Ste; 935 El Segundo, CA 90245 

(213) 545-4i551 (21 ~) 322-6319 

Inquiry 582. 

DISK & TAPE CONVERSIONS 

AUTOMATICALLY 


SA VE TIME AND MONEY 
Owr 1000 form111 lrocn Mm, Micro M11nlJ1m1, Word Ptc> 
Qt'J'NOl'I. & TyposeUars 

TAPE Conwit-ak>nS u IOW q $23..00 MB 
0\Sl;I Con--., lS tow u ~ 00 Pt< OlOI< 

cali or Wf1 Tct TOOAY for a co.ti uvlr.g quor.•dOn 

CRE.ATIVE DATA SERVICES 
t210 w LB!imO< Ave . CampboU . CA 95008 

(•OBI 868~080 

Inquiry 583. 

IBM PC •to• iJIJ!. 
IBM PC to HP File Copy allows IB PCs, !'sr.?. com· 
pauDles 10 read. n1e fi les wr1nen by Hewie!\ Paekard 
Se<ies 70. 80. 200. 300, 1000. eoocrs.We oiler cus1om 
'NO'IL us1!'9 our hie copy ulltitles i\fld P'Oll™" !rans· 
lalors Cill,l lor es11mate. caielog, dalll sheet 

Oswego Software 3121554-3567 
507 NortH Adams St. Fax 312/654-3573 
Osw o, Illinois 60543 Telex 8511-757 

Inquiry 584. 

-

~-

... 


_. 


r&C<Mlry security. (Price: MS DOS smglo·user 
$595.) 

Loglrex Software, Corp. 
2!M!6J S!OY0(1s Crook 81'-'l~ lr3.10,_CUP1Jti<lo. Cl. 0501• _. 

(401) 257-5203 

11 

dBASE Ill COMPILERS 

-"';..-·----·..··--""-~"'Ir-· 


I • 

New! Award Maker Plus 
M ntosni. IBM , Tancfyl' , & MS.DOS com
pall~Oll Print profess onal qualfly awards. ~r-
1lfi cates, coupons, diplomas and fllQre. Hundreds 
ot predas'tgned at~les for all OCCMlons, JUS1 enler 
tBXI' select bordert color and ptin lnclttdes ~I 
otter 10< Pin-lead parchment paper 

BAUDVILLE • 611>-698-0888 • $49.95 
5380 52nd Street SE, Grand Rapids. I 49508 

Inquiry 590. 


DISK DRIVES 


PS/2 DRIVES FOR PC's AT's 
CompallKiliPC , $32.9 
Compa1IKIUAT ., , ... $309 

Bullt· ln, llop1>y controller!i-no 1>rot>lem. 
SupPOrts multiplft drives and formals. Leis your 
computer use IBM PS/'2 1.4M di!kettes p/<JS m<>ro/ 
Call for lunher lnlonnatlon or 10 place a~ order, 

VISAIMCICODICHECK. 

Micro Solutions Computer Products 
132 '\•( I _,, lt"l' Do"""' IL 6011 5 &t!Sf156-l•1 t 

Inquiry 591 . 


DUPLICATION SERVICES 


SOFTWARE DUPLICATION 
• One Slop Shopping • Technical SupjlOn 
• Cus1om Packaging • Drop Shipptng 
• Copy Protecllon • Feat Turnaround 

• C<>mpetitive Pricing 

SATISFACTION GUARANTEED 
800-222-0490 NJ 201-462-7628 

MEGASoft 
f O,ilnllO.,F-.KJamtl S.. sJ<»-Jr< 

Inquiry 592; 

SOFTWARE PRODUCTION 
• 	 Disk dupllcailon • Werehous1119 
• 	 All l0<TT1ats • Drop shipping 
• 	 EVERLOCK copy • Fulllltmenl 

protecli<>n • 48-hoor dellvory 
• 	 Label/sleeve prin 1ing • Consultation & 
• 	 Full pack·agf ng guidance 

servfces Star-Byte, Inc. 
113 W. M•l(l Sl . LlnMlll<t. PA t9'l48 

'215-lU-1200 100-::Z4J.. I 515 

lnqu1ry 593. 


ELECTRONIC PROJECT 


BUILD TALKING ROBOTI ==:.'u~E~~d'°Apil~.i.~~~ i}o"'" fro.Ml 

- E""'° I dul(S Cl., P'OQ"flm HNI llll "fJ Aotot.._ bOtlt 
hom oll-lhe--ahell component• 

- M.nlmum Kil $43.00 ll.S. 
- Complfto Kil S1&5.00 U.S. 
- For funMI fnlomWlon ton<! SI 00 for pomge & 

-·"!110' 
GoCo Dist. 

v~a:i,00 ~~~ei~v, 
Inquiry 594. 

APRJL 1988 • BYTE 303 

• 


Steve Schwartz Technical Services 
1125 S. Onokla, Unl1 A. DerM11 .co 80224 

303·759-4843 

Inquiry 586. 

dBASE GRAPHICS 

EASY dBASE GRAPHICS 
wary ot compllcatlld graph ng pt0grsms? 

Announcing dPICT. 

dPICT s exprossty designed 10 bo easy lo uso, 


Type two words: l n thrf)ll minutes you seo 

lour preserta11ons o l yourdBASE data. 


Pfck one That's a ll~ S49.95 

R utras IBM PC or oompalible. 


Paragon Tech 
t 54• Cioil&nd A... CA ll2GOO =!.I. I-· ~ 

Inquiry 587. 7:J.
'I"'

dBASE UTILITY 

RECOVER DAMAGED dBASE FILES 
We could gMI you ell the technical data 11.boul 
OulckFix-2, bul the l>oltom line l sc 11 rBC0\1111!1 all 
of the data 1n lhe DOS dinldo'Y· Rl!Gutros DOS 2.0, 
Works with Clipper, dBASE 1111111111 +. dBXL, and 
FctBASE+ da~ Special doMllopef's release 
avallallle. $29.00 plua S 1.74 tax in Calllomla. 

HILCO Sottw•re 
l12$ 8arn8't 'Val1G'j' Ad SabUIOpOI CA 95il72·9SS5 

(707) 829-5011 

Inquiry 588. 

FREE DEMO DISK 
deASE PJ09rAmm111 gt,.....,.., P<'O!lrltlll 1 pror.U10na1,
po¥Yd look and lffl . Thooo moduloo p<tMdo )00 wlrh .~ """'1-..:· •.--P'lc.- Modulri ""''""" ilghtbo•monu1,wl-.c.lend..., -ti ~....., !olodulo 
pr"- "°"' StUa. .o.u"""' rumi "''" olf"aBASE /It -
wftl>OUlf!IOOo•-· 

~~~~==1~~~ 

P.O. 8oz 2175, Oakla'1d, CA 1114111 

_.,,,.. -

http:all~S49.95
http:lornuus.13


FRAMEWORK II USERS HARDWARE HARDWARE COPROCESSOR 

FRAMEWORK II FRED DICTIONARY 

"""""" '""""""" dlctlon1ty_.,._I.a - f'1 • lul\ ..,..,, lu rot.ren<o 
~ - · t'\*O...., fW ~po. l\coli:. WllO, -W 

n-tin au,om-..c. dot&Dae rroril"O(Tnwtu
"9'""'• 11< • 1nuli bool<ltr S39 95 l/!l 

- S2.llO wq "FRAMEWORI\ n 
N<JI FW'- _, ,,..,._, Snfe!**" """'""..,,.,JO' 

M.FAANKEL 

!89 FfYIN~UN S1 NY. NY I()() I;) 


Inquiry 595. 


FLOW CHARTS 


FLOW CHARTING II+ HELPS YOUI 
!'....... po.cn.unv .... one! OlltllM ..... ,,_ Chottlng 

n~ . o..... t.t< llnd piW P«ltd ch.wla. lx*I - - '°"" 
2, ,,_- --.c !Ut tc11YCl!l •tr""'~ & con

- · F~ ·""""-""'*"' i:lwt, "4lcd....,,.-. ..,,..... i!>r~...,.jc,11'udll"O"O 
PATTON & PATTON 

t 	 1-8001872~470. O•I. 897 lCA~!onts)ff 
1-800/538-11157, e•I. 897 (0011!)de CA) 

408/629-So.4 (Our.s\do lhO usA ) 

lnqlmy596. 

STRUCTURED FLOW CHART 
NSChlfr1, croatl!S Nll55!-Shne\dorm.u.n (S1~ured) 
11aw<:'haris lrom e # mpro PP i<evwords dolme 
SU\JC!ul'M & loxl ~trlng• appear n tho ch<ln- Easy 
ro CtQam, eo.eit oaslot 10 i'!Mset ~ehatt S<Z
1ng. le•! centerfog_ Translators from many 
!Jlnguages lal>le fOt tJae-and IBM pc, 

SILTRONIX, INC. 
PO. Ba;; 62544, S4tt D11~go, CA 92138 

1-800~637-4888 

Inquiry 597 

HARDWARE 

DISCOUNT CLONES 
i;.mo ua 

Inquiry 598. ...-., ~ ..... ·.: 

• o\fll'IO "Ill - '"~ 
• S..0-S'W!l!OMHhal\1- c""'1>11o<- '300. 
• 3118.25Mll:- U,l.50. .;w,... (lllrfllllOlo ~"""' __, ... 

•&it •EGA- 1114. 
• HP lM« Joe StrMI ~ - S170Q. 

Automated Business Solutlons 
516°379·3995 

,1 .... 

"""" 

CHIP CHECKER 
• ]4t5" TTI- • CMOS • 8000 N., t- Signeta 
• 1414000 CMOS • 9000 
• r• l• P1n1Cltlj>5 • IC w)Cllhs 

~lies .....- 6!ilJ dlfjl lltt""' With ANY rype 

"' cillput rn- Al*1 PGP<J!ai RAM C"'P& IBM 

~,..,..,,, 1259 Cr2e + ~ '9IM>O $159. 

rDUNE SYSTEMS 
2603 Wo/11 Or , Si Joooph, Ml 4ll085 

(616) 983-2352 

Inquiry 599. - ~ - ·' 
It~ ;- ;---,, .f'' ...... 

New J(T 'nlrbo 

394 BYTE • APRIL !988 

RMI. ~p/>Q • 1t1u1t li0--a1 Bat 
1>14Wp • 11. ~1t11, 2 s~ a 1 aatr>ll pons • 

• Monodrroma Mon/lat 5 /(r!Af (8YOOlllfi • 
t 360K Floppy Drive and 

1 20 Meg Seagate Hard Drive 
On& !Var FllC!Ory Warranty-$1225JXJ DOS J'nc.--6" .,..., • J'll,ils:J5DO.tl!. 

PltOM 211 Ufl l'52' 

Ferri• Computers
J5ll' • ,.. 0. • c.n. I 

87C51 PROG. $125.00 
The UPA 87CS1 P ograr;nming Ada prer s 'fO!.I ~ 
'(OUl.gctll!llll purpose RCQgramme< lo P'Qll<""' lllli 
B'IC.51,. 1175.lli AMO!l75.JJt 87C'252., al\lf 875251-1 
A110 liq )W P'OQro'lllJ 87C5118751H ~l•IY b 
and 111 8'lC5 ero pllQrl "11'1 II ve'Y simple aQd
VER'!' OOllt 

LOGICAL SYSTEMS CORPORATION 
a1&< ~ Si.lion. Syracuse N 13217 


13151 •78-0722 Telex 67156!7 LOGS 


lnqu ry'600. 

· -·~· 
EDUCATIONAL COMPUTER $99 

A 6802 baMd SBC tor eudemlc use I 111c!Udfl BK 
ROM1 AA two parallel poru, serial pon, full 
fe lured monitor, help screen,. ilSffmbhtt and 
diHSSemble In ROM, aiP•Mk>t\ FrM pc ;com
p1111>1e 1ermlnal program ano wm. .,_5 wit powm 
32' • •.e• Manual Included 

MICRO BOARD DESIGNS 
29  Wi/nam..., NY 22 

716-633-8613 

Inquiry 601 . 

NEW/USED APPLES & STUFF 

MACINTOSH - Call 

Apple Parts - Call 


Mac accessories-hard drives Call 

We buy, sell & ha1urrade - Apple, IBM 

SHREVE SYSTEMS 
2•21 Malcom St,. Shl'lMlpo!\, lA nt08 

31&-3&5-87-43 4- 9 p.m . • FAX-318-865-2006 

~ ""!..,.. weicnuo C.$.T-'llSAIMC 

lnquTry 602. 

HARDWARE/ADD-ONS 

External 5 Y4 for the PS/2 
J ·~doMlo<IM PS/2-25,30,50.IO&IO, 

P!uqs ........ -dllnr1 .... '" ... PS/2 - ,,.,. alt tt.9 a;om

~· - po.« t.Jf>Pli The 525 EXTRA ...ll1i PS/2 
ID,_, - .., l<lrmll .._,, :llliJKB cW.s .. lho can
Pl!lOJI B Ort.ot-lne!.O..-Mryltot>g11>-~ngi,. 
_., na-.cai.-. ro ouy. l'M> .,_. -..dy. uu.oo. 
~"'-*--c.1!0! ... ~ 

Delkln Devices U.S.A. 
_, c... Sl ~ s... o.ego. Clo 109 

(BUI) 27:J- 8 00B 

• I 	 ,..,Inquiry 603. 
.: 	 ... ~ 
... 1·1· I ' 11 ~i 

PC RELAY CARD..,
8 FORM C RELAYS 

8 IS'11818d re!BY O<llpur.t on a stion slot conhgure<t 
IBM PC 1/0 CMd Relays sockeied Contoct rating 
4VA C 0.25 Al 
Pnce· Sl50 Oeliwry· Stock 

ULTAALINK 

f?O 18(19 M1J>Qc \/ 8942 


1-lloo-852-6273 702-782-9758 


Inquiry 604. 

.-.~ - 1r:-1.,. 
zeo~ I H0641801CP/M'" CO-PROCESSORS 

Plug-m C011rooe890f• t fC. PC/AT 
Blue Thunderzeo ~roe.non 

6. MH $249.95 lD t-4~ S399.95 
12 SMH' S599.95 

H06-4180 e<>-pR>CIUOf'I 	 $295 
prooesso!ll I Cf'IM Sdl "illB 

l)C p 

• ZSfM Otlly $ 
Z-WORLD 916-753-3722 

772A f')casso Pwv. Davis. CA 95616 

5"" Our ads on page 3111,, 


Inquiry 605. 

AT/FORCE RISC SYSTEM 
R.,,l•c• Blt-Sllce Technology 

S.MIPS IBMIA\ cop<ocusor ond SOhwil!e S)':lt•"'I •"'~ 
new Rl<cil Core f!om Han ~mk:ondoCIO< Fonll Op
hmlze<I RISC Engtne Cont Set compf!IOS 5 l'fCMOS 
11tandard cell clllp1 c.,,.., ini.rNpl Conrrotlu . I-cycle 
1>1ul~~l11(. 111<1 2 Stack Conl/Ollors. R>n.h 0....1apm1ru 
langua~ Included $499 

SILICON COMPOSERS (415) 322-8763 
210 CahlOfl1.IB A'18- Suite K Palo All CA 94306 

lnqu ry 606. -- .'! 	·. '::!· • " 

PC MINI-SUPERCOMPUTER 
Up to 40 MIPS In Your PC/ 

Al.,.... f'C/X1W Wllh I 10 SPC400Q boaldl b I high tj)Md 
~ ,,,_,, Tho f'CAOO(J U58S iho NCI016 /llSC e,.,.. 
.. "'*'-(>QI! - Fann'" ~ Each PC4000 ... 
generli purpooe Phltl COIXOC«IOO'Jhal -~"' iho 5 ID l MIPSflDfJO .- a 100 omos - ttion a 
,_ fcM. C ot - From $1295 

SILICON COMPOSERS (415) 322-8763 
OCahtorn if Ave.. Sul te K. PalO Allo, CA 94306 

Inquiry 6<J7. 

HYPERTEXT 

BLACK MAGIC 

Hypertext Word Processor 


l'!ypenoxt allows you ro link p eces ol 1nlormauon 

naturally. • BLACK MAGIC does IJliS 10 ~ 
WYSIWYr:J envlf'Ol11Tlenr, Integrating graphlCS and 

. e~1 • A UnK Structure Map allows ',OlJ .IO quickly 
!llMQato 8flY' document. • Oistnl>Yte documents 
w11h Public Domaln Runtime. • Only $150. 

NTERGAID .._,(203) 368-0632 
~~~¥e.J BrtdoePon. CT OfH!l 

Inquiry 608. 

INFORMATION 

The Tables of ERP 
'(he '.'Economic Report ol the Pruldent" has 
conclso lablos of the malor economic nd carers 
(GNP, Employm&nt , lnll•llon, Poputatlon and 
much more.) The ]ll.bles cl lhe 1988 ~epon are 
llOW ava!Jallle oo disk I~ (CAL, WKS, CSV, or TXl) 
form IS for (PC or MAC or most CPIM)- 529.95 

FAIR FACTS°"" 536, s.r. Co, 9491!. 
l•L '1s,...a.u.1111 :;: 

Inquiry 609. 

LAPTOP COMPUTERS ... 
LAPTOP SPECIALS 

'Zenith • Tosh ba • NEC 

• AFFORDABLE 514" or 3~· DRIVE UNITS 


FOR LAPTOPS 6 DESKTOPS • DICONIX 

PjllITTEAS • 1200 & 2400 BAUD _MODEMS (lor 


LAPTOPS) • Fast aewery & (eliabfq ttiOfld{y service 
Cali /or low pricing 

COMPUTER OPTIONS UNLIMITED 
201-469-7678 (1 D~ !Wo1-91'M E.as!oro 11111•] 

lnqulr 610. 

LAP-LINK 
,,,.,,..., ... ~--- ...,,111.i.i 

1"'/'ll'*P"!GUC!-r<o 
.. 

.-!"'
J'!:.f#>' m.95 

--re•is, 2000&<1.-.-,.. 
·-~- ..""""'deolgf!."""--~·-colJlo· · 

:'="OOTC:!:n~.=.:.-:...:="""' m· ... sv.- -1111ogo·"""*" '*'0
·wr. 

Travellng Software. Inc. 
19310 on.h Crltflk Parkway~Bothell WA 98011 

1· B00·343-8080 (206) 483-8088 

Inquiry 611

~, 

I 

\ 

·' 

i 


'.
j 


http:CPIM)-529.95
http:CahlOfl1.IB


LEGAL 

DESIGNED FOR LEGAL WORK 
The SottWars'" Substantive Sysiem. "This 
cou d save a law oHice 30% - 45% of the 
time to process pleadings." Brief, 9/fJ"!. 
Version 3.3 $159. Free brochure. 

TSC 
The Software Company 

P.O. Box 872687. Wasilla, AK 99687 
(907) 745-6267 

Inquiry 612. 


MEMORY CHIPS 


MEMORY CHIPS 
<11~~12-IO c.11 
..56-15 Cd 
•1&<-12 eoa 
'1)2S !'WI lg! /II w 
<11-12 (64Kx•I 121 
"~~·I CIU 
2l!M~l2 Call 

p...,.~
ESSKAY 

5 000 (I r.c.QJ. Cl~ 
611!5t lot COllljlfq 38'1 ...~ 

1.aoo.J:u.3:zn 

~2 

-.e.10 
80381 
N£CV.2n..ll 
MouM 

H/1'3 
155123:1/H3 

cao 
CaU 
'41 

.. "'

711·353.3353 

Inquiry 613. 

MISCELLANEOUS :-. 
WHY PAY RETAIL PRICES? 

Wtry spend )'OOr pmclou• lime searching lh& 
sto111s/cata!ogs for lhe campulerlollice equlp
monl/supplles )OU W<l!117 Th rougn <>Ur program you 
Cllll &illle lime and oblaln namo brand Homs al low 
prlcH. Free itlal membership! For more 
infoimeuon· 

THE ULTIMATE BUYER 'S SOURCE 
301!1 Ctocrwr 4''411941-A M Ci•mitM.. Mr '46046 

1.a00.327·42.28 

Inquiry 614. ... ~ 

IOPTICAL SCANNING 
..--~~~~~~~~~~~~~---.1 

STOP TVPINGI 
OCR SEllVICE BURE.\U - Wll S..... IVQIYTHINQ 


Pro.iouoly Pn...., Mcori.tl 

• t~ • BooU • Ooclum8111ti • Phone B1ltt 


• Ou1ptl1 10 • 3'h .'" • ~·. • s· • Mlie • 

1600 8PI • WORM • CO ROM 


WI CGlwon IVllll'l'THINO. 


- P!oc.,O"l'Q """ 0111 - S\ippotttd
Ku1Df911 • Pa\ln\lr le11nntng 

P ..... Ol'll>fftnl"ll • Prtnllng • 01)1 ~ Night 

1 .W'lt- Cl! ~!!.A~~~"a' (212) iU-5717 

Inquiry 615. 

PROGRAMMER 'S TOOLS 

FINITE STATE COMPILERS 
DMoP CQ1T1ple>. software programs 1n minutes 
Instead ot ours! T e COMPEOITOR forms 
source Fil'llle Stale programsl n· ADI\. BASIC. C, 
ORTRAN and PASCAL 

IBM PC. XT. AT. PS/2 175K RAM Dos 2.0+ 
Price: S175.00 per compiler (Wim Primer) 

AVECO 5025 Nassau rde. Orlando 

INCORPORATED FL 32808 (305) 295-41930 

lnqufry 616. 
1

r 

• 

PROGRAMMER'S TOOLS 

TLIB"' 4.0 Version Control 
Tho hell ge<l bettetl They - TLIB 30. ~ wrm 
IHtures••. /aoss <Sellar/ 1mulngl'f' last . BX· 
cel/e~r''-PC Tech Joumal Sept 87. "'~as rnr h/uhest 
rscommendatlon"-R. RlchardBQnl Ccimpuler Shop. 
per Aug 87. Now TLIB 4 0 has· branching, more 
lc8)'voortls. wllda\tdS 11 file 11$'to. rw15io<1 """1)9. LAN and 
WORM dnw oupport. mora M$.l?C·DOS 2.x & 3.x 
Ht.95 + $3 o&h . Vloa/MC 

BURTON SYSTEMS SOFTWARE 
PO Bo< •156 Cary_NC 27519 (919) 469-3068 

Inquiry 618. 

XACT-16C PROGRAMMER 
Comp1e1e RAM-Resklen1 emulrulon ol the Hewlen· 
Packard 16C Pmgrnmmor's Calculatoi: Binary, hex 
dedmal. octal and lloa1 modes. AND, OR. XO'} 
sMI. mask and more, Seo BYTE 'What's New' . 
Jan . '88 pp. 88 tor details. S49.95- PCIXTIAT. 30 day 
monay ru.ck guarantee. VISA/MC 

CALCTECH, INC. 
13629 -~ond Rd t2Cl2, Bell<Yue, WA IHIOOll 

(208) 8•3-16&2 

Inquiry 619, 

TurboGeomelry Ubrary 
(Source & ManuaO 

Turbo Pascal. C. Mai; & Mlcrooolt C. Owr 150 2 & 3 dH"°"' 
lllOlllJ '°""".. ln<:hJding , 1noor0<><1lono. J>anllOl"'Dl>OOO.. 
Eq.,.lons. Hiddtn Llnoo. Po...,.alvrt, C~. Ar...,, 
\Qlumea, CJipplflll/ P111!10.. Melrion, - °'"'"""" 
""1yllo<omp ISM PC111~~)~ 

Disk Software, Inc. 
I 2116 E Anlpal\O ..117. f!ICnllJ'Clson . rt 7!IOll1 

(214) 423-7288 

Inquiry 620. 

r: 

lnqul ry 621. 

--=-· r 
•I I~• ,_e 

Modula-2 

EmtSunva 1a .,, ad need momcx'; ,,,..,_ IOI M2. 

~ oncl idHLIM lllij>rlndod memory'1 pmem, O< regiAor 

DOS mOrno<\! II not : iO«r progromo ooe EMS, bu! don'~ de· 

poNf ooh Only S49. Fo< Logl10<h . 510oy 8rook. JPI, F'ST, 


~~~~~~~:i:;:,:~"ra..t"':" 
MCMSAIAMExrPOICOO. 

PM14538 SE 501~. Por118nd . OR 97206 
(503) m-8844; TUC: 6502691013 

Inquiry 622. 

• 


, PROGRAMMER 'S TOOLS 

Intelligent Front End 
3 ~ tn ~t. 0..,.plp ~UIJoniln d8lll 1m

ll)' lnil lo•-· Clpluroo r.wd.,. _ , -·mora 
'°""""°'Y l~on ""'I """""'°·Al toc:hnlques opoed k><tu· 
llng and vali<lllJon. No pr<>gramming DP can lront.....,yoor 
~>-<>ull lollnlng & p<Og"""m flll F\Nda, ""'°" 
COOYIHU ASCILt18A.S811!1Lr1 ond ~ $149. PC/)(TIKr_ 

Tools & Techniques, Inc. 
11520 W 121~ S1 , -rn. TX 7ll10J 

(612) 4112·0824 MC/VISAICOD 

Inquiry 624. 


PUBLIC DOMAIN 


$3.00 SOFTWARE FOR IBM PC 
Hundreds to choose ham, wordprocessors: 
databases. spreadsh&11ts. games, X·raled, lotto, 
communications, business, music, bible, an . 
education. language and t>selul ulllltles for mak• 
ing ~ur oompuJer easier Jo learn . MOS! programs 
have documen1alion on 1he disk. 

Wrllo for your FREE catalog today ! 

BEST BITS & BYTES 
PO !klA 82..S, ao,. e. v.n Nu,s CA 91409 

11111 7114975 

lnqutry"625. 

I l ~ . 

FINEST PUBLIC DOMAIN COLLECTION 

FROM AROUND THE WORLD 


Only~-"""" PIOQfOIM. '11)OJ can' firld • . l"<J""' 
- -=-11....iv wny ... -lho-~...,,_,., 
P'OO""' K~ rnuoh-rll\1111101110~•llW<<1>Yoj""' 
400 - S.. Oii.DEA 1no ~ NOHL.i ams IUO attf.,...,.,,,,_..,.,..<Jlgood-ogl"l s.t"1VSS6W.,,. 

EXECUTIVE MARKETING SERVICES 
\ I. Cotta Cl.lllJ. qw Aladli I IJ.o! 

~010<.-"~ c-.. R!iol31'5EXES1>1 * Ft;I; &!Ii 224IJ(l6 tel .. m"J100 
9r'vtWMC.P...~~.idnQ,,l'Ymll,C#JI~'~ =-

1 nqulry 626. 

RENT SOFTWARE $1/DISK 
fle111 Public Domalp al1d User Supported Sol1wara 
for SI per dlskfull or we'll oopy. lBM (3'h • also). 
Apple. C-64. San~ 550 end Mac. Sampler $3. 
VISA/MC. 24 hr. inla/order line- (619) 941-3244 or 
send #10 SASE (speclty computer) Money Baci< 
Guarantee! 

FutureSystems
Box 3040 (r), Vista, CA 92063 

office: UMI PST MonrS1t 16191 94\.9761 
Inquiry 627. 

QUALITY SOFTWARE IBM/COMPATIBLES 
G111 a WOrd Proe&ssor, Spreadsheel , Database, 

Monay Manager and 5 arcade games plus our 

10.000 program catalog lor ONLY $10.00 (+s/11) 


800-992-1992 (Natlonal) 

800-992-1993 (Ca only) 

619-942·9998 (Foreign) 


VISA. MC. AMEX Accepted. (COO + 1.90) 


The lntemetlonel SoftW11re Ubntry 

511-llJ.4 EncnUw Blvd. EncllllW, CA ~202• 

Inquiry 628. 

Affordable CASE 
A new concept n Computer Al ded En'9ineer
ng for developing PCIOOS applicalionsl C 
Dispatcher generates fest , efficienl C code lar 
command and menu drivan applications 
Develop, document. and change easily. any 
fealures. Rlr many comp liers. 

Amarylll• Inc. 
'""'"""""'Ad B""°" MA O• 40 

(617) 38S.5•58 

Inquiry 617. 

Dlsassemble MPU OBJECT CODE on your PC 
Raocatatle. symbooc OISllSsembb-s are "°"' a ~ -• 10! tile M-oill IOI • CA.JI. Aod<vd. & Z1og lfllClo5I 

J 

hllomai!O latl(ll goo0<a11on. a~bly capabiirl and 
uClt e, Ca\ aM oSl< for wha1 ya; ooed 

RELMS 
P.O. Box SV9 


San Jase, Calllornla 95150 

(408) 356-1210 


i:wx 910-319-0014 (800) 448-4880 
 ··
Inquiry 623. 

FREE SOFTWARE 
T!IO PUBLIC DOMAIN USERS G1100P pt- publl< oo
moln - b IBM, CPIM, CM & C.1Z8<am- P0UG 

one Cl till><*»• (UL 1!182j 4 lalVK {<Ml< \Q,000 mombors 
lifllllOrklwide) users oroups. 
SPECIAL OFFER-s.nd $10 and - ,.. only°"' T)'NJ 
mombtn/llp lM llto °"' ,_,m.mt..r clitl< ltH l«rmalns 
21 gram pmgrOIM). 0. lor mao Info......, 1 SASE lspodly 
CC>fl' l'UIO<) lot 

PUBLIC DOMAIN USERS GROUP 
F'O ..2 BM,~-- FL 32067 

-..2M-H12 (OROEA UNI;) 

Inquiry 629. 
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http:OFFER-s.nd
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• • 

BIT-LOCK SECURITY 
Piracy SU RV\VAL S YEARS pr0118s eHect ness 
ol powerful mullllayered security. Rapid decryption 
algolttruns. Fl&Ua!>IG/6mall pon 1ransparent secunt'{ 
devfoe. PARALLEL or SERIAL por1 . CounldoWn 
and Umeout optfons also available. KEY.LOK" 
S8CU(lty al about 112 Bl\-LOCK,. COS1 

MICROCOMPUTER APPLICATIONS 
7805 S Windemere C1rcle. Uttleton. CO 80120 

(303) 122-41410 or 791.7913 

Inquiry 630. 

SOFTWARE/ACCOUNTING 

dBASE BUSINESS TOOLS 
• General l.adger • Pu rch Ord/lnvnlory 
• Accoonts . ~ecvbi • Acoounts Payable 
• Orcfer Enrry • Job Costing 
• Sales Analys s • Job Esllmallflll 
S99 EA.. ~ o&nWldBASE 2. 3 or J+ SOURCE·CODE 

dATAMAR SYSTEMS . Cr, CrOIChkiCOD 
4876-B Sarila ldon ca rwa 
San OFOgO. C.A 921117 (619) 223·3344 

lhqulry 631 " 

SOFTWARE/Al 

Learn Al Fast 
11/rhefl~ 8 boo and 8 dLsk ol l.04US spreads~ 

~ 
• 

'87. p 263 

415"3'&-SIH 
Vt~r'll ~~ 

·A mllNfJlous liltliJ Al training pecJmge 
yau'JI find 11 an exce//enr 1u1ot1a1

th/$ product /!f a must" 
Ezll Sl\apllO. 

!lVJ'E.""'° 
If/then I• only S69.9S 

If/then Solutlons 
•'ft, >JCl 10 sF CA !14J?j 
rd i'llqUilQ. $) 

YOUR OWN EXPERT SYSTEM 
Mlcrofxpe'\. on etlo<dable O>PM system 5/lell. all0vo1l 
~ (l>eglnner or progrem11111r) to see how a system 
l'Allk8 as )00 build it yoursell Solrwate.Jrtdudes tutonat 
io. c!Mlgn of kna.rtadge base ond creation, of rules. 
Souroo code provided. 

IBM PC~8521()9-2 Apple I: 65211(}1l 
$49.95 

McGraw-Hiii Book Comoany
PO Bo_< JOO. HlQhtotown. NJ (16520 

1- 800· 2 · MCGRAW 

Inquiry 633. 

SOFTWARE/ARCHITECTURE 

•~~!~~~ts3~Pio~~y~:~!~~~. 
1ms & atet'l•1&el& N8\lfga1or ptoYLdee rap~ rnovlng
'J!llural lviewa and the cepablllly IOr unusual 
slaritlld roiaoon TM parapectlw can alsa be 
•upprelllld or enhonced M49.95 ~ $4.00 S4H 
may .t;Jiango w~rhou ooUcG.l 

• 	 Requ (rq IBM PC or oompalrOlo (256 up) 
Dem<><IJ81<'$7.00 + $1 00 S&H 1'/etllon 2..0) 

bo-Codlng Svstems, Inc. 
2145 UnMtralty H"'IJl\ts .(".., . Bouldet, CO 8030 

teie hOne 303 ••£1.3640 • lllcalmlte 442·1967 

Inquiry 634. 

SOFTWARE/BASIC 

XGRAF DRAWS IN BASIC! 
FINALLY! K<iRAF roplacos Oulck8AS IC'S poor 
dniwrng commands w11h assembly lo.nguage calls 
thal work on Hercules, EGA, VGA. CGA and EEGA 
screen Only $99.00 + $4.00 SAH. Call us at 
t-&00423-3400 (9'.00 AM to 8:00 PM EST) 

KOMPUTEAWERK, INC. 
851 Parkv1uw Blvd., Pittsburgh. PA i5215 

Forlnfo . ._c.sll (112} '782-0384 

Inquiry 635. 
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SOFTWARE/BUSINESS 

DATA ENTRY SYSTEM 

SOFTWARE/DISK LABELING 

..
.. 


• 


Hea ·down daia enlt,y Wllli!w(>~ venf•C<11JO 10< 
l/1e PCIX f/AT & CO')'l patlb4cs. loaded " ~ . a1ures 
11 ~.e /\uto oup, & skip. veofy b';pAss, range checlcSo 
& \libl lookups fylly menu clr.ven only $395 

Ca.~ or tree :JO day lri/J( peood 

COMPUTER KEYES 

21929 Makah Rd. Woodway, W 98020 


(2011) 779.9443 


Inquiry 636. 

dFELLER Inventory 
,...,...:iry p<OQrOOlO d<M )I' mc:raiJ<illi<' dBASE" 

50Urce ~ 
dFElLER tn"9nrory $150.00 


fla<iu•rcs dBASE.1101 111 PC DOSICPM 

dFELLEA f'lu$ S200.00 


w1 Hist~ l!f1d Purchase OrdeB 

f1 ,,.res dBAS m°' dBl\SUI p CF O\ Sl'!l:l<JOOI $) 


Feller Associates 

S5o CFI Pf' R.oute 3 t.spPl:f111n<;i ,1.11 498'!9 


(806) 486-6024 


Inquiry 638. 

Inquiry 639. 

SOFTWARE/CHURCH 

PowerChurch Plus 
Fast. friendly, reliable c~urcl'L adroin1stra1JO 

system Full und acco1,1nting, malring Jisls 


E!ll]bersh1p, CO!Jl[ibutions; 

p1oces'Slng. ace@. payable, payrollJmlll~· use 

support, a11d rnucl:I more · al or $695 ·com 

plete F EE demo version 


BATCH DATA ENTRY ON THE IBM PC 
d•PC omulales operatlooaUeorurH' <>I SIDndard l<.O'/· 
IO-d lsk lllr;punchn. and h" "lan'f Olher fearullJS. o ... 
Is 510/'&d on diskette end U,Ploil.dod 10 host us1ng Jhlrd· 
party me 1ransler soltW•.r• 

dePC la FASTI 
Send cheque o Numenor 
c;ompany P.O. Microsystems 
S.ngle Copy $49 et Summertl/11 Ave. 
Srte L>G&rt&O $190 Toronto, cantd1 
Or wnto or lree lnlormaHon UH 1A8 

eridance . ...ord 

F1 SOFTWARE 
PO Box 3096. Bevel ly Hills. CA 90212 

(213) 854-0865 

Inquiry 640. 

Inquiry 641 . 

SOFTWARE/DISK LABELING 
" Dl1k1tte l.Jlbeler " 


MMH prolauion.111 rabeol1 tor 5..25 • dr&KS oo your Pi'mlel 'fll'i?h 

combinllkln ol 23 c:h.lltaGler TI11e. 120 FUe Name' 10 r.nH 


~~.=~~=~~==~ 
manom adno5f""° ~ i8M & compat1bh)5 wf1h IBMJEpson 
compatt.blo dOt ma.Ina ptll\!Ot. 

WeedPatch Productions, Inc. 

Box 716, Hocl<essi9, DE 1!171)7 


(800) 451-()474 (302) 239-9266 


Inquiry 642. 

SOFTWARE/EDUCATION 

PRIVATE LESSONSf" 
The comb ne<I tutor. game-maker & knowle<lge 
base that grows with \()u MaJ<es lea rn r>g any &ob
lect lun. G'111es ume. grade & recommendauons. 
Stresses dlllrcull questions, !~eludes tesler/edrtor 
2 games & o.ample Chemlsrry; DOS IMSons. 
$49.951 VISA·MASTERCARD . 

CORBIN Software 
BOO lod'u:lllW Cird•, Whttl C.t~ OR 07603 

503-126-i737 

Inquiry 643. 


SOFTWARE/ENGi NEERING 


Affordable Engineering Software 
FREE APPLICATION GUIDE &'tATAlOG 

Circol Analysis • J'lOOI J..ocus • Tber a /j\lal~s • 
J'kl!ler D•1Vers • E"11•(1e<llITTQ Grap • SiQnaJ PJ-0. 
c~ng • ~ve/P#SSt.Je Filler QeslQ • ansft-r 
f\Jl'lj:IJO!VFFJ l'r-MJysls • L® c Si(n.ljl 11on· • MJC10
S1~p pesjg • PC/M$00S • Mpo W\ • ISA/ 0 
.Acce?ed 
BV Engineering • (714) 781·0252 
2023 Cn.:ago Av Unit B· 3, Rivewd'<i. C;\ 931 

Inquiry 644. 

PROFESSIONAL SOLUTIONS 

FOR PCa and MS·DOS 


DEFLEC[ION. OF BEAMS OF NIFOfttif OR VARIABLE 

CROSS .ecr10N ' '"" •n f E·p<QglR"')' Sloil..naJry-0010 
mtna.te problem• & cOn t1!1uouSboam1 

SJMl'i.E OA MlJLTIPlE sHA1N·K=s srv..-. Pl...... 

Sllit.uatl ~ tCK~al l'M>kl11'1Q Abtht titC', 

HERTZ.:. ?1ossurebet'lr'eon bodin 

MICROMIN - Software 
~ Slbu1 :.P Q B J4~ M•r~ Cl~ I• •( 

lll!!QfJFff«J l.los"'!>!J ll'OOIjl;J6 w t1 i; 

Inquiry 645. 

STRUCTURAL ANALYSIS 
MICROSAFE; lnexpenslve.,.easy to leal'I' and'Lse 
Flnrte Elemenl Analys ts for IBM PCs and com· 
patlbleS. Up to 400 r oaos, 600 beams. 500 plates 
Graphics 2·0 ' $75. 3-0; $120, Both; $160. 
OveJSeas add S20~ EvaluaJlon copies. NOT COPY· 
Pl;lOJECTED li..lor broc ure 

MICROSTAESS Corp. (Dep. BM1 J 
10950 Forest Ave . S .. Seattle, WA 98170·3205 

(206) 772-0508 

Inquiry 646. 

SIMULATION WITH GPSS/PC~ 
&!:.~";fa popnuJ!M P!r~~~e~~~t~P~~~~a; 
GPSS. Graphle$, anima.1lon and an •m.,,,tly •nterec· 
IM! on10ronmem allow a lollllly nlrw view ol )'0!5 Slmula· 
uons &mu1a1e GOl'np1ex (lliUl.1 ·~rld siystom11 wdh 1ho 
most Interactive and ._.j sua! yet econom,ic1J sl ulaooo 
!>Ortw-ara 

http:ve/P#SSt.Je
http:dBASE.11
http:Dem<><IJ81<'$7.00


• • 

·- - ...__ ,_ ~~~;:;:=~~.-iiHE Bm~eR'S MART. 
.. 
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SOFTWARE/ENGINEERING SOFTWARE/GAME SOFTWARE/GRAPHICS 

FORTRAN PROGRAMMER? 
~=o Ol'd 3-D gniphk:I routi- """'"' !""' 

GRAfM.IJTCj. ICr'ffl'.I routU\H $135. 
PlOTMATlC: ~r <!riwt 135 
P'RINTMATIC; pnntltf drlwr !~ 

""' '"" IBM pq JCT, Jl.T' & comp11r<>1e .. ™' r-i I 
vanely al comp/I.,.. gt•phb bd.._ plolt.,. ind pn.nfMf.. 

MICROCOMPATIBLES 
301 P""ucle 0... a.po 8 . $i1- S"'11'9> MO 20Gill IJ SA 

(301) 593-0683 

Inquiry 659. 

MAPIT 
Make your own MAPSll 

Sin1pie 10 produce maps w11h \'Our data 
lndudes most countty and stale outlines 

A(iv pripter or HP plotte.r; 
Only $95 for MS·DOS or PC-DOS 

US Counly Oullfnes avatlable for $95. 
QSC Box na, East Lansing, Ml 48826 

(517) 641-4428 

Inquiry 660. 

CGA Hercules"' Graphics 
ModHIGA' allows )'OU 10 -se busln9$$ grap~ games. 
BASIC\ ~ and other CUA opecific llOllwar8 W11n )<Jtlr 
~· '-lonoctlrome Gtllj)/1ic:s adE!CllOI and monochrome 
monitor, \\ll!k3 witfl all COA programs. S7USJt $5 s&lt) 
for Iha 3k·TSR -.ion. 30-day moriey back guarantee. Cd 
orvm1": 

T. e.s.P. Inc. 
2265 l\lt1<woO<l Bt>O., Sulto JOO. Los~. C\llQ06.I 

(213) 312-0154 

Inquiry 661 . 

SOFTWARE/INVESTMENT 

MUTUAL FUND INVESTORS 
Tt,.i-~~ ,.,,u.alfond -~ 

:::i:==:.:::=Q'~"'-=
lll'IOOAJNmor\« 1$4995 "°"" O! $23900 I<»~ 
to'-) 

O.&o - 0\ '"""'"" fl\010 inlo<ITJillo()n 11)' c4'no
t-600-$~575 QnJl!r<>• ~ •3!~2~?) 

Buslne11-11 Wuek Mutual Fund 
Scoreboard Dlskettet 

P.O. Box 621. Elk Grove. IL 60009 

Inquiry 662. 

SOFTWARE/LANGUAGES 

Inquiry 663. 

THE PUM CONNECTION 
• -m.n lino ., '"" IBM PC lrom Pl.JM ee

;"J: ~~~:;=!UltUllU 
• Compltte ..,.,.IT\ \n!O<f1ee l)b..rln 
• Doi I, 0... llol ii. B"'° Grtpllle$ 

= ~~~~~~s 
• ~· toUr:ai In PUM 88 and _.\nlin. 
• Oemon•.,.ion UbMUft wilh ~n:e 

~mpuFlrm Corporation 

Circuit Analysla - SPICE 
Non·lmear DC & Tran' nt: L1ooar AC. 

• lmr.uon 38! w11n BSIM, GaAs. JFET, 
MOSFrr.-BJT. diode. elc. models. screen 
graphtcs. improved speed and convergence 

•PC Vellllon 2G6 available at $95. 
CaH. write. Ol check inqu1 t lor more 1nlo, 

Northern Valley Software 
2ll3Z7 Ro , Rancno ~ ....., CA 90Z7• 

(213) 541-3677 

Inquiry 648. 

FREE ENGINEERING MAGAZINE 
Peri;onal Engfneer{ng Is a mon1hly magaz na sont 
I!"" al oharge (USA only) to sc entlstslenglneers 
w'ho u&e PCs !or 1echnicaJ applica11ons. Top cs 
eac month Include lnatn.tmenlallon • O•lll 
Acq/Conlrol • O.tlgn Autom1tlon . To receive a 
lrse sample Issue a d qu!jlinca\ oo lorin el her c r
c/o below or send request on letterhead to; 

Personal Engineering Communications 
~Q2l.IU1li11 

Inquiry 649. 
l 

EC-Ace ANALOG CIRCUIT ANALYSIS 
Yoll can attotd lo get itAlt&d w1tt'I E~, a su1>HI of 
the PQWerluJ ECA·2 circu'U s mullllor lnCludQ ef/ Iha 
b08lcs and buill·•• glnphlCll 

• PC. DC. Tafiil>eruture, Tran enl, 
•A fulr 52$ pg ECA-2 mrtinullll._ 
• Ima~ hiAc:e ·an tam· e SPIC J.J' 

EC-Ace 2,31 IBM PcnCT/l'I $145:. 
upgrade to E.CA--2 ava1fable 

CAii 313·883· 8810 tor FR•I! DllMO. 
Tat"m Lan-. Inc. 

1.f:tl "'6rit r..-.. c.1 • Ann Albor. Ml uum 

Inquiry 650. 

SOFTWARE/FINANCIAL 

THE FINANCIAL PLANNER 
AS EASY AS "ATM" 


"°"r Bank'o A.'10 "fe!l•r Machine & HE FINANCIAL 

PLANNER hlMI a lol r common. NEW Menu du""n 

P!Oll""" w/ Msy IO""" Manual • Botonce CMcl<book, 

Prepare Budgi~n . Flnnm;;l al StatnmBnt, Loan Amo<tlUl· 

loon Sc"8dul<i & more • .$99.&5 -OUR PRICE~511.B5 

+ S2 SIH PA 6~ T;< Appl• le. tie llgs. )BM PC or 
ComP«11bte, CKJMCNISA 
SOFTECH IND., INC. 717-584-5191 

Bo \17A, Dopo 8'5&. Hug,_.,11., PAJ Tm 

Inqui ry 651 . 

SOFTWARE/FORECAST 

FORECAST PRO 
An 0Ke<il len1 f<>recu11ng poc1<age 1na1uses1r!lllci1tln
rsmgeoce ID llelp bolh lhe beQ•""°' and lhe 8"perienced 
Jo<ecest&r ac:l11M1 top-nOtch rttu~o. Tlme sef(es 
onatpn 1.ectmiquos mclu® &x.ponenhAI smoo(h.og. 
Bolo.Jenkfrui, & dytlomlc rogress\on. 

CALL NOW FOR A FREE DEMO DISK/ 
Bualn•n Foracaat Syst•ma. Inc. 

68 Leonard Slreel, Belmont. MA 02178 
61 414-5050 TELEX #71~3201382 

Inquiry 652. 

SOFTWARE/FORTRAN 

FORTRAN n Extension 
EXTEND subroulfnes lor MS. AM . IBM Pro com
pliers to control keyboard . monl to•. loxt & graphics. 
DOS nle & directory operat,ons, pnrllllol & S11nel 
110 Plus user graphics for CG.A; EGA. VGA. 
HP7415A. TEK 4010, AutoCAD DXF & db SIMI files 
Solh 8087 & non 8087 llbrerles pkgd for $149 
Rcyaltblreo. V1$AJMC/POICHK. 

eslgn Decisions.. Inc. 
eo. Box !2884. Pitl& burgh. PA 15241 

412 941-4525 

Inquiry 653. 

I 
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PLAY LIVE CHESS via MODEM! 
on IBM• Of clono (~uuu CGA. EGA. VOA Of Hoteults" 
comP11. ll!llh. H"'I"'' com1>11• .-i 

• ~~ &.Ni s... • a11ekig dool:a • Kibitz mode • 
• 5elec1•bfe bolird ~ • -mouM 1uppon • 

• An::h1vmg • (NW for)Ou & yow fillVOfrllill ~ • 
• Fr" mombO• 1111 (uP<W<oo S2 eo ) • E-<TWI !ealu"' • 

Nul'!WfOiU• OfMJ,,. itUdy &'d9 I s~ N1m1., IOd«- & phOOt' 
oumbe! • $3' (Co or M0 -1lo· 

TEL.E·CHESS PRODUCTS Dept C"° Dai Ol5a; ........... "" .oo200 . ' s-~-·"·., • zs· 

SOFTWARE/GENERAL 

WOULD YOU LIKE ro KNOW? 
Your l.Q.? Memory Level? RHponse Time? 


Coordln1tlon? Vleuel Perteptlon? 

Expand yaur mind .nth MENTOR~-sol!...,.. llW l«s 

yau :xf. IOf•fsf.i h <Iden talents. 58 psycr.omeuic a<er
c ses. ~c~G~~l~lo'sJ'g~,ri1~ •256K 


No 1hlpp\r19 cha.rge to anywhere In the WOl1d 
Heuristic Research, Inc. 

3112-A Wetl Culhben ""8., Midland. TX 79701 
800-44:l-T.lM jln pc. oolli•a 91~94-5930) 

lnqulry 654. 

SOFTWARE/GEOLOGICAL 

FREE CATALOG! 

Geolog and aclenllflc sohwate lo< all appnca· 

lions: log plotflng. griddingfcontouring, hydrology, 

dlg iuzlng, 3·0 solid mode lllng, synlhetlc 

.seismogram, fracture annlysls, Image processing, 

=:~~ ~anager. OVDr 50programs 1n clllBlog.1

RockWare, Inc. 

n95 w. 30lh Avu.. Denver. co 80215 USA 


(303) 238-9113 


Inquiry' 655. 

SOFTWARE/GRAPHICS 

PC TECHNICAL GRAPHICS 
~AR 11 a graphics library lor lho EGA or *"1ar 
Graplla Ma-. Sfmflar 10 PLO'l'tO. ~ WINOOW. 
VIEWPORT. AXIS, Support for HP. HI plot!Of5. C•"" 
f111Ar19. eornplele plOniJig ptOQnlm.L.og. _.i;iog, mu~
"" s. 3-0, contouro, Jerry Pournolle !t'Ull 80 Syfo); •.,,., 
good as arr:y I tilMt .....,., ot11n _..." Demo disks. litera.11..ue 
8Y8Jl8ble. 

Advanced Systems Con11ulhlnt11 
21115 09YORShlre St. Jl329. Chll.l5WOnh, CA 91311 

(818) 407-1059 

Inquiry 656. ~. -· 
-. '.. .. :

FPLOT PEN PLOTTER EMULATOR 
Use ~ur doi matrlx or l89er pnnter as an HP pen 
plolter. Fas1 hi-res output. Vary lme width. lneludes 
VPLOT Vinual planer utlli\y 10 cap1ure ploalng com
mll!ldS. Supports NEC PS/Pe, IBM Propnnter. Ep
son LO/MXJFX., HP !.:aserjet, Uifi Hercules. CGA. 
EGA 0< VGA 10< 11ereen preview. $64 check or ,m.o 

HORIZON SOFTWARE 
Suite 605. 24-18 s1e1nwsy St, AslOna. N 1100 

212·418·8469 
Inquiry 657. 

GRAPHICS PRINTER SUPPORT 
At LAS u~ rhe pn& kB)' ra ma quaJ1ry ~ed 
B&W °' color fe()(Odi1cti0f!SoJ y0ur o~ on 8fl'I 
dol rDBJnx 1nk}e ot laser pn(llllr GRAFPLUS sup 

~ Bii <S<ons 'PC ol MS.DOS ,.,r/i'!Bf:" (Incl 
€GA. K>AJ . arid err:ufes r;mp/JJcs bolltds 
$49.95. 

J-11 Technologies, Inc. 
4740 441h M. SN. SMnla. WA 981 f6 

800-628-2828 x 527 (206) 937-1081 

Inquiry 658. 

7UI ""1bc>I A.._ , Sta 210, !lo1I Dl*90o CA 
(819) !171-022e 

lriqulry 664. 
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=rr--_.. -i:-. --=-.1 
• I •• 

SOFTWAR8LANGUAGES 

DRUMA FORTH-83 
Stnd 1U STANDAFIO. 0-lop&CS IOf fn houSe '™'!No 
1!4K 1rmltatlon 64K splltld & compadness 10 3201(. 

• IBM PCIXTIAT & compallblos. DOS 2.0 .. 
• AOM l:ttolla•IBU code. "8J)8!818d "1!Jlablf* 
• l;d11o;. ouemclor. Pio & DOS nlorfllceo 
• Oo·hne doe\Jmenlatlon & marry <Mfl4lr eeiures 
• Full F'acl<age m .. S&H $2. VISA/MC 

DRUMA FORTH-83, DRUMA INC. 
6-448 Hwy 290 Sutte E·l03. P<lst•n '()( 78723 

Ord•r.' 512·323-11403 BBoard: 512·3 23 ·2402 

lnqolry 665. 

- ·
00 'J'QU knOW U)al ProlPtf'Q Soliwar. mJUatt progtat'Ol'ntng

°"""""....... '*'IQ C!EM 'Woll, lllefOOI We""'° !>Olli Paocal 

NJd '"' rtM...AIArl S1' and ~s.oos"°"'"" """° GE'M 
mactunff 9o4fl '4'1itont at.ie ANSI anci h"em1hcwtllty........ 


Pro Puu/ with GEM I• 114~.00 •"'1 
,,,., Folftan ""'" GEM le tmwo 

lo OC' ct!J. 1~eGTJO (VISA.i'MC} OC' me1j r c::.hodl 
S1'9 0< 1199. ~"' $5 00 ,~rpj;lng o· 

Prospero Software, Inc. 
100 Comm..-c1Jll SI Swlil 30«, PofitarMj ME 0410 

lnqulry 666. 

Inquiry 667. 

SOFTWARE/LASER FONTS 

LaserJet Fonts 
FASTIDn1 downloads 4'-10 umes taster - EASY MS
005 program IO select (by trtle) &group lonl$. Download 
1mmedl8l.efY or In gruup!I. An{ sohlonl! ""'*·F"5Tloot 
- S79 Also BIGl0111 - 8 torus In sizes trum 10 pis. to 
158\,ts. (2 inches) - prln1 lrum aey ""'r<l rucessor 
easy commands. 30 day SS bp. 

Worthington Data Solutions 
•1 IN sfnil!. "C1l""-O\ 95060 

(800) 345·4220 In CA: (408) 458-9938 
s.. ... ad on pogo Z33o 

SOFTWARE/LOANS 

Execamort '" Amortlzer+ 
u--~"'~·"""'
- .APA'1 (I*~ Z). -- IOt 
- ~R. Pll. FY..-- PMl/Elcloool 
....._ """" IBM-PCIX1llVIPS2 ~ SlmpiO ~ 
~-9fUllD<C""11- ~p~by 
~~E.'S& S149.ll5 I J.1.00 

Electrosonlcs 
36380 Gari • I, fJ 1t<1< Mt 4ll02 
800/858-8448, 313/79HJ77l). 

Inquiry 668. 

SOFTWARE/MAPS 

PC MAPPING SOFTWARE 

Maplnfo software con: 


• ll!!!Nrpob """"' '!11"' 52 n IQ 6poo mii.. 
• Fona l<la....., \OU' !ypl Jn 

• o...Qy da!a d~ f""'1 dllolSE 111' 

·~.. -_,.,..
•c... on~ mo MIPI .ioo """1lal!I• 

Maplnfo Corp. 
200 Broadway, Troy. v' 12180 

t.eOO.F.t.STIUP '" Nnw Voe>. . (518) 27 ...m 

int screen 

Inquiry 669. 
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SOFTWARE/MATH EMA TICS 

What? You'v• n•v•r •••n 
a complex function? 


iry f(z) Tbo Complex Variables Graphing 

Package for PC's with CGNEGA 


"let our snimste<J screens show you what 
the printed page cannot ' 

Lascaux Graphics 
(212) 654-7429 

Inquiry 670. 

SOFTWARE/MUSIC 

MUSIC SOFTWARE CATALOG! 
Ju51.pob1ls"8dl Our now Mu1lcl1n '1 Muslo Soltwar• 
Catalog I/Id tt'~ better than ever! Over 80 pages ol 
llatalled rnlormatron on 1ne leading MIDI soltWaro p10

gramo. lnlortaces. and acwssor1es-evorylhlog lo• lho 
modem musician, Send S3 for a 2-ye ca!lllog 
subset1pt1onJ~cludrng SALEI upda1es. 

Digits/ Arls & Technoloales 
D a • PO eo.. I M crOS.i;o 

203-874-9080 

Inquiry 671. 

SOFTWARE/PRINTER 

PRINTER GENIUS 

~t meroo<Y 111$1det11 pnntei managemeo1- con. 

trol pr~nter features from menus Of wrthfr\ documents 


- Prini &j)OOl to diSI\ liJeS - BQCl<ground pllnl - Olroc

tory & file broW.a- Edil3mall leX1 Redi18Ct 001pu1 

- Use• 11\ondly pop.up scroons - 92 p161! (Mnual 

~T..!_"'Sll":~n~ers~ ~Jm.,e:l~' - PC MS

.Nor Software Inc. 
$27 3/d ve S<J\Je 150, ""'YOI 10016 

(212) 213·9118 

Inquiry 672. 

SOFTWARE/RESEARCH 

REFBASE"'-VERSION 2.0 
REFERENCE MANAGEMENT SYSTEM 
• _.., MO/Ch 01 all !ltte• Including IDSUOCIJ 
... COm~bte ~lh moa1 pOC>ulat word Ofoc.u.tOni 
• Up co Hl,000 teCQtCIS: OOue·~p.mitMe Mu
• A.'"""' bibl;ogroplty lorm11r.09 
• i'PP"'O 10"1 lllff fl"'!' 00-llM ~arc"l"ll 
!' IBM .. PC and Mac:mlOlh~ ver1ton1 
• COmpltlo sY.,tm $t60IOemo »-MCIVISAIPO 

DlllChlp Corpo!tllon (402) 553-4333 
~" Pilie1L'$. S!Jeet, Oml\he, NE ee 1oe 

Inquiry 673. 

SOFTWARE/SCIENTIFIC 

Data Acquisition & Analysis on PC's 
• falAEA l'fRSfECtN'fl'- ~ Sqorl 
,. PRM9 FN:TOA F'FT .trcur._lbqry e. i'cm TlltO hat. C.. 
- IJp~=-"""'-211--11«>• ZISl- ,.._.., ____~f'IT1. ricw~'_, 1.(IWl.M'90I~ 

· -~~...~..::=-=~ 
· ~ws~~=-~".T~Colro•F!IEE.....,........,~.....,U!«'lflj"


lOWAAla'~-Ol.IAJiANTEEO 

Alllgetor Technologlea - (714) 850-9984 
P 0 . Boo. 11388 Coat• MeU. CA 9~7 

Inquiry 674. 

"'I -
NONLINEAR DYNAMICS 

P.O. Bo• 35<!4 I, Tucson. AZ. 8$740, 602'825-1331 

Inquiry 675. 

SOFTWARE/SCIENTIFIC 

ORDINARY/PARTIAL 

DIFFERENTIAL EQN 


SOLVER 

FOR THE IBM PC & COMPATIBLES 


MICROCOMPATIBLES INC. 

301 Prelude Dr., Sliver Spnng, MD 20901 

(301) 593-0683 

Inquiry 676. 

SCI-GRAF and SCI-DATA 

::=~~~='I:"'~~"'"'= 
BC<OOO and °'""°' OU10UI 
SCl·DATA pe<IO<ms lea!l squares ond nonnaJ CUMI ts. 
:scaling and pdar COOfdmote rran5formationa 

P(ices start st $59.95. 
Microcomputer Systems Consultants 

Bc¥ 747, 51,,t.1 B111bera, CA 93102 

(805) 963-3412 

Inquiry 077. 

Sclentlllc/Englneering/G11phlc:s LlbrariH 
Turbo & Llghtspeed Pascal, Modula-2, C 

S<ind IOI FREE c.&lalogu• o1 schWllI• !004 lar Sci9n· 
1IS11 and Eng1neol'$. Includes: Scten~l>e sub101J1<ne 
hb11riu devic• lndependonl graphlco llDrllieo (In· 
ChJd1ng EGA. HP plOl!or end l.JISOtjel 5Uppo11), SCrMI· 
rifle cluutong libr11t1aa. $-0 pl<>ttJng hhnlf)'. dala or:<)ula.
llon 1-.monu-df'\'Ven proces! conU01 soltwale. Vo<· 
s~ &"J8tfable for a \l&riet~ ~ populal 1anyuagu.. 

Quinn-Curtis 
49 HJohltncJ A•t.. tlff<lh<lm. MA 021&>1 

Inquiry 678. 

SOFTWARE/SORT 

OPT-TECH SORT/MERGE 
E>.lrem.- fa!il So<~Me<ge/Selecl ul1hly Run an 
MS-DOS command or CALL as a sub<ouhne Sup
pons mos1 laf\gUllges B11d l\Jelypes mdud•ng Blnew 
and dBASE Unhrrulcd llieslze5. mt.bi* keys and 
muc/1 more' MS.DOS $149. XENIX $249. 

(702) 588-3737 


Opt-Tech Data Processing 

~O. Box 578 • Zephyl Cow. NV 89448 

Inquiry 679. 

SOFTWARE/TOOLS 

DISK CACHE 
--XT °' fJ PffiFOAMANCE will> FUSHB.OCK Olol 
CllChe. FLASHBM:K aulomoUcatly rota.In• recent)y ..::c:eaed- c1caand ""'11""°""11 <IQ momor;"" tmmodlalo 
IC'Cff&. Progf1m1 110 inllanUy retr'~ Ind iun up IO 10 
limes laster 119.95 • $2 SJH . 80 day S back 
Ch«l</MCWouJMC 

aep designs, Inc. 
f4810 N 11'1f\ St Ptlodn AZ. 85022 

(602) 883-2861 

Inquiry 680. 

ADVERTISE YOUR 
COMPUTER PRODUCTS HERE 

for as little as $375 in 
THE BUYER'S MART 

For more information call 
Mark Stone al BYTE 

603-924-3754 

Inquiry 681 . 

-. I • 

http:lorm11r.09


•• 

_____ 

ITKIS1 powerful packlloeJor !he PC. No comparable 
program Is as ~Ht, lriend ly, E111d accurate, $20 
pemo Ouantily iliscounl avaHnble. Call lol~free. for 
'l'Ore 1nforma11on . AX/VISA/MC. 

1-800-STATAPC 
Computing Resource Center 

10&01 .Na:t1 6i Sou!Gov.vd, ~ An~ CA 90oB4 
(213 4711-4341 

Inquiry 682. 
•I".. 

•I I 

.-, 
...... 

.. 

-~.

u!
1 .a 

.< 

e1cj, 

r 

S65 East 400 1"or1h, Kaysvrllo. UT 840J7 
801·546-0445 

lnquity 684. 
..... ;... 

STATISTIX1 II• 

ComJ>tehe!)S 119. pawe u and ncredlbly e~o
se Full screen echtor, transtormadons. Tinear 

models fANOVA, regr&&•lon. logll, PCA, 
AAIMA. most lllandard stat p rocedures. Clea•. ~II 
orgaru20d <!Oeumentnllon. Sali$1actl0n gua.mnt 
S169 PC DOS. S99 Apple II 

NH 	ANALYTICAL SOFTWARE 
Bo~ 3204 flos!NIUe MN 55113 

612 631-2852 

Inquiry 685. 

TAXES 

%'""• 
·r ... ' 

Enhanced DOS Commands 
G01 dlretlory rle1ln911 or a ll 111111 that donl metclt 11 
lemplato Search all dlroaoo~ for files matching e 
1emp1111a f'lew oomm~ an!!"""' -n• ol ""'.ilng 
oomman<15, Bii Wflh kllS ol variable opi6ns PIU!I alfcom

n~~ocepl special <;odes 10. ~uto ••P<!Uli>v an· 
tri.. Got Ille mosi _from DOS w11h lhese tlll")<HiW(ng 
rootlnes Ror MS-DOSIPCOOS 2.0 ond h111her 529..1)5 

Driscoll Graphics 
t:l!i Churcn. P.O. 8""' 625 

Clln\Oll. Ml •0236 

Inquiry 689. ~··~t.~~I 

Inquiry 690. 

COPY AT TO PC 
The I 2m6 """ u 1<>'>g boon """'" READ bu) NOT""1- WR "" on JeOltll llopjlles' W olll ' "CPYAnpc· 
1 2m6 orM> C.0.N rtllably WRITE l!i(lf<9 .lk>PP'9• NY!ng 1 

olcC '°' • - twd - "'baOl<up - '"CPYAT2PC" (Na
~~~"(;":1~1:.,.-s.l~"/i~~~~OOLU· 

MICROBRIDGE COMPUTERS 
655 Sl<ywDy;' San Carfoo, CA 9407tl 

Order to!l lrO<> -8011-S23.-n7 

415t1~3~J~87.l089 0801~21:;~;~5 n!~:'l 
lnqul ry 691 . 

_.:i"~ J .- ...... ~ ......... 

Ill 

-. 

..... 

I 1, 

'I 

..

,11 • 

~.r ' 

' . 
14 .· 

.... . 

• Protocts SubdlrOOO<jeS._ 
• NORTIOJ LJ.. at oos Cornn1111<1sOO<l Appl.,..IQn SOtrwan>... 
· IBM Pc. XT. Ar ond T• uo CQmoaulllff. 
• DOS l/2JJ Ind Htghill Hant Dlslc Syotem 
• Koop Otho< f9ol>M'1 HANDS OFF 'l'c><if S>'*"I 
· HU~ VISAJMC 

SYSTEM CONSULTING, INC. 

314 Canlorbury Dr,. Pittsburgh. P 15<?3& 


(412) 963-1624 

Inquiry 692. 

WORD PROCESSING 

FARSI I GREEK I ARABIC I RUSSIAN 

1:'.'=0::.:1'.~"tTr.~..~~~v~.:'7t· ';: 
lolutDd muftJ..tanQuaoo word proce$9Clf MJpport:a on..ooon-
l«tlgn Glllfl<:' Ofl On<! NLO pt\l\Ur>g ,.;'th l\Q ll'""'"'O...,,11-. 11\Gludot Fon1 Editor ~ !iol...,..., St50 
IOdd1 klrlue!1St9- SIH In U,S. loof<j. Aeq,.Pc.640K 
g1~hq. 30 ""Y Gu.a""'"" MC/V•SM.lolEX. 

GAMMA PRODUCTIONS, INC. 
no Wiliihim -· Sw1e 609. Santa Mono:.. CA 90olO 

~131J1;.HJ622 n ~1060!:08m !lamrno Prq SNM 

Inquiry 693. 
I' 

CompareRlte...,.. 
Corl\pote.RffQ 5"""" odltl"g Ume Dy CQm.parlrg Jv.o 
document> and genoro110g a 1111rcl that •llaws iho dtl· 
h,uenCO'S n an ~age of two S8(.0nds pet ~Com
peroAJlo h111hl1111Uo change~ th" Wfti l<>ll wonr lo ...., 
l!lem. Worko "''hall m•jorv.ord ~\ng programs_ 

Price ~ 5129.95 + ohrppino/ha_ndling 

JUFUSoft, Inc. 
11!:1 Ma-nu-~- Dept,0 h CIJnb!ldgt. MA 02tJ9 

1-800-262-5656 ut. 11 
In MA - 617-864-6151 ""' · 11 

Inquiry 694. 
• I 

. I 

DuangJan 1.3 
Bll!ngual WOid processor lor English and one of 
t-Anne<1fan,. Bengal~ Eun:)j'Uulo. Greek.Hindi, 
Khmer. Lao. Russian , Tamil, i)'elugu. Jhai, V181, 
, or create your own language with loni editor 
$69+$4 e/h ( +$10 for.) LBserJ&t +$49, Demo S5 
IBM complllibl.,., 

MegaChomp Company 
:1£1• CCUtall ........_ ~ p, · M ®" 


(215) 331-274818138 .'"-""""""'.""""""'.______________.

Inquiry 695. 

PC.Write" Shareware Ver. 2.71 
Fes1, lull laatured WOIC processo<l!mct OOllD< lot IBM 
PC. With spell check, ,screen Clip, f)lailfl\erge, w111 
scroon. ASCII Illes, macros. E'aSy to use, Supports 
400 printers · UISerJat+ and f'QslSotlpt. Soflwaro, 
User Guido. and Tutorial on 2:disks for $16 Try it. 
the!\ reg1S1ar w1m us for only $89 ana go~ User 
Manual, I yoar tel&-support, newsleuer and 2 
upgrades 90-day guaran1eo, VJSAIMC. 
Qulcksoft 1·800-888-8088 CALL TODAY! 

219 Fl..-t N., #224-BYTC, Suttle, WA 98109 

Inquiry 696 . 

r_.. 

I:- - . ... 
~ r ..__:· 

.. ,• • I . 
~ ~_,_-e. 

--=~I 
~_:3. ) 

~ · .'.'f·t1'U~i1n.:t-: 

STATISTICS 

STATA 
S!a11s11cs ~n<J 9rap join lo mlll<e ST.la'A the 

UTILITIES 

PERSONAL POP-UP 
C!Mlolltld-)OUr"""~ ............ 
and h!llp foles with lh• l<ayNotos' }lolt!ronce S~em. 
Oi>e<1 the~·•' ndow"" and mturn IO the pnm•ry 
applfca11on With • lnglo l<oystrok8s. Compa1ibio with all 
popular prognim1- For IBM PC and compa.1ibles. S99.95 
+ SS.OD stilpping 

10 0<oor, call Of wriw 
Digital Learning Systems 

• C.ntury Dt, Paralp/lany, NJ roos.i 
900-992-0284 In NJ 201-538-6840 

lnqi.liry 688. 

UTILITIES 

HANDS OFF THE PROGRAM 
.Loci.. .ian:r °"" .RHlrids FJowy u.. 

TAXES-RECEIPTS SUMMARIES 
Enier busl nes;s or rsona\ ta• receipts • Ge! 
t1sdilij,.iJumma1lestnrctif\IQd JI1os • EnlM 'p'Dur ONO 
do<!uctoon ooto (u p to 40) • Ente~ your own a=unt 
names.tor dioduclion 50! (up to 9! • Creole Ta~ ljece ~ 
"'°"· Updal-~My tlll18llng Iii•. ArchiYO hies ta .llop. 
JlV.,J.1SI l. Summarae dalo by a.cc:oun~udtO 
l.,.pdnto. amount. datepd) MS/005 IBM or ccmpa11. 
ble $49.9S C.11 or wrtte; (805) 9115'4815 

J. Mccollum Inc. 
)(J. ~ 

Inquiry 686. 

i' 

4_ 
I 

-
,_ 

Advertise your computer products for 
little as $375 in THE BUYER'S MART 

For more information call 
Mark Stone at BYTE 603-92~-3754 

APRIL 1988 • BYTE 3-09 

•' 

' 
' 
I 

Inquiry 687. 

I 
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._. t - • I .... .J.._ " e - .... • • • ----c:.t. SPECIALSI 
SMP91FY 
MAX232CP£ 
Ul306P 
6116P-1 
27128-45 
74lS612 

Pree. Sam~o & HOla Amp 
Dual RS232 Rec fTrans.. 
Dual Comparator. 
I SK CMOS SAAM ( 100n3) 
128K EPROM (450ns) 2 1 V 
Memorf Mapper, Tn· Sll>lo 

7 95 
5.19 
.79 

3 .95 
4 95 

1.195 

~4HCHMIPF'F" 
Pw1No. """' ...... No. -· 74H(X)Q i'5 19 74HCt75 <19 40 
74H002. i'5 19 74HC;::221 "18 BO 
7•H004 ti 19 7•HC240 8ll 
74HCQ8 0!9 111 7•HC::244 98.@ 
74HC10. ti 19 74HC245. S9 7ll 
7.CHC14.. •.. .. "9 .2ll 74HC253. . ,m .40 
74HC30. .. • 0!9 19 74HC2!'JQ. 4!9 49 
74HC32 ff .25 74HC273 98 00 
74HC74 '8929 74HC:l73. S9 .86 
7•HC75. . B!I .35 74HC374 -119 .m 
7•HC71l. -OS .35 7<HCS96. +i!91 Oil 
74HC85. 'HI .56 74HC681l 711 
74HC86. '89 .35 74HC943 8.95 
74HC123. -ee 00 74>IC404Q ~ 79 
74HCl25 -.a 39 7•HC4049 -$ •9 
74HCl32. cE9 39 7•HC4050 -58 49 
74HC138. . .. ... ..... .39 74HC40llQ. ~ 89 
74ttC1351. -.39 7""HCUS11 tfil Oil 
7.tHCt5" -119 74HC4514 l-i'9100 
74HCUl3 o66 .39 74HC4538 .89 
74HC174 -6!'1 •9 74HC4543 'tt1I ag 

i 74HCT- CMOS TrL 
74HCTOO ,es 17 74HCT139 -69 35 
1'HCTo7 fi 17 7<1HCf157 ~ 35 
W<CT().I 1!9 17 7.t11HCT17.4 -G!l..:15 
74HCT06 -t9 .17 7•HCTl7~ ,;g 39 
7•HCT10 fi 17 74HCT240 '* a974HCT32 -;!<! 21 1"'-HCTl<li"' -99 59 
74'HCT7<1 

- 25 
74HCT2•5 Hi! 79 

WlC186 "'6 .29 7•HCT373 Hi!~ 
7'HCT138 ,.. :15 1.tHCn1... Hi! 4. 

74C-CMOS I 
74COO. .2!l 74C174 79 
74C02. 2ll 7-4Cl75. 79 
74(X)4 29 74C221. . 1.711 
7.a(X)B. ... .. .35 74C2.00 . 1.79 
7..CIO .35 7..C:Z.... I 79 
7<C14. .59 74C373. 1!16 
74C32. .35 74C374 1.95 
1.SC.'1• -"' 7.C012 8.9:1 
7•CO.S 149 740il15. 1.JQ 
74CB6 .35 HC920 6.9!i 
14CIN. 549 74C921 ft.ll6 
74C90 ~ 74C922. ~ 
74Cl5'1 2.915 14C"23. 3.95 
74C173 1.IJ5 74CV25, 5"15 

I 
OS0026CN. .. . •• 1.D5 LMt4SBN.. 39 
TUl74CN. 119 LM14811N 49 
T\.Oli"CN. .911 OS 14C88N (CMOS) I 19 
AF100-ICN. :: .. . 6.05 LM1489N. 49 
1..M007N ,45 DS I 4C8!lN CCMosJ 1.19 
LM309K. 1.25 LM1496N. BO 
L.Ml11N. ..• MCl648P. 3 .49 
LM317T 79 LMl871N. .: .... 195 
LMJIBN "" LM1872N. 1115 
l.MllQN 1211 LM1896N-f - 79
LM3:13K . J.95 lA.N2003A. 711 
LM324N .39 XRZ206 3.!16 
LM338K. 4.95 XIU211 2.95 
L.M339N .39 llR22"'1 '115
l.F347N 179 2'ILS2'1 J.05 
lM34BN !!9 2el.S31 1 IQ 
LM360T 2.95 2liLS32. 1.19 
LF351N 39 26LS33. 1.40 
L.F:lS3N 49 l.M2901N. .25 
U'356N. 79 LM2907N 1.29 
lF.l56N. .89 LM2917NCll""'J 1.95 
LF357N 109 MC3411lCL 695 
~ A9 MC;3446N 180 
LM360N 2. 19 MC3450P 1.95 
L.M361N. .. 1.79 MC3A7C1P 195 
~.a 99 MC3471P 195 
1.M381lN-3. Bil MC3470P • 711 
LM387N 99 MC:341W'. lllll 
l.M3ll3N. 39 MC34a7P l llll 
l.M3ll!lH 2.95 LM3900N. 40 
LF•llCN 79 Uvt:lllO&N. 1111 
T\.497ACN. l ,49 LM;J90!IN 911 

Tile 
195 
8ll 
8ll 

120 

9llCBWllGUI C8PI 
.... No."-..::...'°:.t.='..;~~ - ...... PwtNo. ...... Pwr1No. ...... 

. &96 2.95UP070108-5 (SMHz) V20 Clllp..••• S 7.49 076SAC. .... 3.Qil 
WOll216. ..•...... 6Jl5 eeeo.. . . • . . . • . • 1.95 UP070108-8 (llMIUI V20 Chip. .. . . $ 8.95 G5HllO. ..... HS 5.95 ees:z • •9 - ·····UP070108-10 (10MHzl V20 Ct\lp. •.. $21.95 MC68000lA 11.95Zll, ZIN. z. WllU - MCe8000UO. 13.05UPD70116-8 (BMIU) V30 Chip. .•• • $11 .95 zoo. '<'25 .99zeo..ciC:. . ~IOLI O. •9.95UP070118-10 (10MHz) V30 Clllp . ••• $24.95 .99 

HI 10• Pw1No. 1-9 
2ll 19 7485 66 
.211 19 7486. 45 
.2ll Ill 74811. . 2.05 
.35 .25 74l)O. 49 
.39 2ll 7400 •5 
.39 29 7• 121 •s 
.M .25 1.. 123. .55 
.2ll Ill 7•12~ .M 
4D .39 7•125. .09 
39 2ll 741'3 . 3.95 
.30 29 7 11 1!§0. 1.35 
.35 25 7415'11 1.35 
3!I ~ 741~ ,..., 
.311 2ll 74173 85 
.39 .211 7.. 174 .... 
.M •5 7•11a. .l5Q 
79 &!I 7 4178 .99 
.811 79 74161 . lllO 
.811 79 7 419'1 1.115 

200 l.llS 74193 79 
a9 79 74198. 1.86 
.31) .29 7..2':21 . 
.311 2ll 74V'3. • 1115 
49 39 74365 66 
•5 .3S 74067 66 

7 
.2!l IQ 74LS1M. 7~ 85 
.2ll 111 7 4'-51450 "'" "" .35 25 7•LS'73. .59 49 
.35 .25 7 4LSl74 .... .49 .39 

100 .llO 74~175. 411 .3ll 
. 1.00 .llll 741.SU!ll. • 4,511 -4_-40 

.29 19 7...t.5191 . ,,.,,. 49 

.211 Ill 74LS I03 711 69 
49 39 74l.S221 6EI 59 

.35 .25 7•1..S!.00. .69 .59 

.29 19 74L.S243. "" 
,,.,,. 

.35 25 74lS244... 119 .59 

.49 39 74LS24.5. 89 711 

.llll 89 7•n.S2SQ. . 99 89 

.39 .29 74LS273 J!ll 79 

.35 .25 7..l.S27\l.. . 49 39 
39 29 74l.SJ22. •oo 3.95 
.55 45 7 4L.S365. .• • 9 .39 
59 49 74lSJM. 49 .39 

-" .2$ 7• 1..SJ67 49 .39.... 39 7otl.S368. •9 39 
•9 3V 74l.SJ73. . 711 69 
.so •O 74\..5374. 79 .611 
All .311 /4L.S30:J. Jiii .79..., .3Q 74l.S590 8.0S i'l.ll6 
•9 .39 74.l.5624. . 2.05 Hl5 

1.00 99 74~ .•. 2.95 2.85 
45 35 7•1.56-<0. .• 1.()9 .99 
.45 .35 7"4L.S&45. . 1.0ll .99 
.59 ..... 7..LS67Q. •• . 1.CV .99 
.511 .49 74L$6l!IJ. . ::i.39 Z29 

.29 74S188'" 1.49 
.29 745180. ... . 1.lill 
35 745 111& . 2.All 
.29 745240 149 
.35 74$2.U, 149 
45 74S.!53. .19 

1711 74S287" 1..CU 
49 74$288' 1.49 

'2.76 74$373 1 49 
70 745374 I •9 
711 74$472' ~ 

.2ll 74Fl30. .GO 

.29 7•F=1157 ll9 
29 74F1113 . ... 2.96 
.2ll 74F240 .99 
.29 7 4F24'4.. .99 
.30 74F25:1. 6G 
.39 7 4F3T.). .911 
e9 7"'374 99 

ZOO.CART 4.9!1 MC6802CRC126 169.95 ~15. 1.ll6 
ZOO.PIO. - .99 MC68881RC12A 1451.115 8254. •.05 
ZOOA. 1.8Q 900 I IOOO S(lll(S 3.95 ~ 1.811 
Z80A-CTC I 7ll 825HI 1.96 
Z8QA-OAFIT •.95 80C31 9.96 8259-15. 2.25 
ZJ!OA.PIO. I eel 8036 Ille 8272. '"* 3.05 
ZBOA-SIOIO. . !l.75 ll073 . . 9.115 8279-5. '2.Jj5 

zooe. 3.All ll080A. Ms 2.•9 8741 995 
8005A 2.All 8742. 

- 22.115zaoo.cTC . 3..95 ll08l5 S.95 ~~~C1•Vl ' ~-:- ·· - 3.05 808S-2. ... - 11.115 

_,_,_SH. 
8087(~ 1211.11!) 87•!1. ~ 

6602.. . ... 2.66 llOll7· 1= . 220.llS 8751 39.95 
66C02tCMosl 7.75 8087·2 .. ISQ.05 8756 14.115 
6520. 1.95 

8086. . ·  5.75 ~~~2.796622. : : •• 3.95 BOe8-2. .• . 896 7.75 
6634 - 6 41l 8116. •.95 ADC0808CO'l S.96 
6561 - 2.ll!I 8156. 2.•11 AOCOe090CN 8'1163 6111 
l!i5C802tCMOSJ 17-"'! $156-2. 3.411 AD00816CCN 111115 
l!800 I-'"! 81!1e. 3.Q5 AOC 12CJi5()CJ- I 111.ll!l 
6002 3..95 8202. a.PS OAoOOeoel ON. 1.95 
6810 1.25 8203. ll.05 OAC1 OOOLCN. •.95 
6821 176 8212. 2.2ll AV-3-10150 4.115 
6840. 3..95 8224. .. : ... : .. : .. 2.25 AV .S..1013A. . : 2.95 

MICROPROCESSOR SALE! 
t•nc{" 

8052AHBASIC 
MC68008L8 
MC68701 
MC68705P3S 
MC68705U3L 
80286-10 
80287-8 
80287·10 
80387 16 
80387-20 

CPU w/BASIC Interpreter....... 5 29.95 

...... Mo. 

•411&-t~ 

.. 128-.20 
'.&1&4~ 100 
•4 t(W.~ 120 
"4164- 150 
•4tM-~ 

32-BitMPU(8· BitDataBus)~ 5 16.95 
8-Bit EPROM Microcomputer .... S 14.95 
8-Bit EPROM Microcomputer . ... 5 14.95 
8-Bit EPROM Microcomputer .... 5 10.95 
16-Bit Hi Performance MPU .. . . .. S 99.95 
Math Co-processor (8MHz).. .. .. 5259.95 
Math Co-processor (10MHz) . .... $309.95 
Math Co-processor (16MHz) ~'i.'l.'2v 5494.95 
Math Co-processor (20MHz) .'t.~'2v $895.95 

,.._ -Na. -. 
,~., 

=:~"Hs· i~ LAG570 . -1(1-GO 9 95 1.: ti1 .()?2)l' I 
66.s:Ml• I ( IOOrol) 3.49 W01770. 11.95 
66.536 •I (1 :ZOO.WO) 275 S I3052P 2 4965,5311 x I (15C»ol 2 •9 
e6.536• I aoont). ••• 1.95 6502 2 65 

'TMSU I &-12 111.3$4 • c 1 :ZOO.WO), 4-95 6504A. I 95••1266-8() 2'82.1 .... I {80na). 8.95 
•41256-100 282.1 ....... 1 CIOOnal . 8.C9 6507 . 439 
"41256-120 262. 144 Jl' (I~) 7~ 6510 9.95"41 251>1:i0 ~1~:.:1 Cl!IOnsl 775
•!K)Cs.... ie 116.536. 4 ( I '50no) ("464). ~ 6520 195 
"·:5 1 IOQCP..10 1.0..a.578Jr. I CICIOn•) 1 Mog - . 4o..95 6522 395·t;1•2'Sf.AtO ~144 X4 ( 1 ~) 1 M&g., . 89.95 

ITMIC llllD 6525 +.90 3 .49 
2016- 12 2048•6 (120oo) . . ..•. 1.5 6526.... ++.%12.95 
2018--4.5 2048x8 c•i;n.1..•...•• : · . &.'it5 5.49 6529.. 2952 1Cl::!-21.. 1024x t asor.1Low 1.96 
21 UN 1()2'4 )( .. C45aro,). .99 6532 6-49 5 .49 
211 ..N-2L 1024x4 (200owl Low ~ 149 6&45-1 .. 4-&6 3 .2521C1<t 1024:11.4 (200no) \CMOS) 49 
5f01 2Mx4 l'50ne/ CM06 1.95 6551 -4-49 2 .95 
61 15P-3 2048 · ~ l!IOnllOM06 .. 2.49 6560 10.956t 1et..P-3 2048•8 c I 50ne) lP CMo6. 2.59 
62C>41.P-12 81')2 )( 8 (T:!One) LP CM06 +.1!5395 6567 14 95 
82&4P..15 8192. 8 11 llOno) CMOS. . • •• 3.o49 6569 . 24.95
62641.P-1& 81112"8 C150na) lP CMOS &->5 3.49 

6572 . 8.958'>1• 1024a.4 r.lSOno/ CMOS. J.49 
43266-151. 32.788 x II 11 SC»ol Low - 1195 6581 (12V) 14.95 

ElmmS 6582 t9V) ~9.95 
TMS2516 2048:c.8 i-)211V 8.J>5 8360 1495™52532 4Qllllx8 450no) 25\1 8.J>5 
TMS2!!32A 409ax8 4!0rw) 21V. ~ 8501 .. 1095 
TMS25&1 8•112•8 1450no) 26V 11.95 8502 7.95TMS27111 2048x8 (45C»ol3~ 9'9611.96 
1702A 25ex8 ( l µa) 6!)5 495 8563 . 1595 
2706 1024 k8 C•l!Olw> 4-"'! 85t>t... 99527 16 2048•8 (-)26V 375 

... 
271~1 2048• 8 (3!Wln.J 25V •.25 8566.. 24 95 
27Cl6 2048 x 6 (45C»o) 25V (cMos) S.49 8701 9952732 40llOx8 

Pwr1No. 
74()() 
70()2. 
7404. 
7405. 
740!!. 
7407 
7400. 
7 ... 10. 
7.. 1... 
7414 
7417 
7•20 
7430 
7432 
7430. 
7442. 
74'5 
74'06. 
744 7 
74'14 
7472. 
74 73. . 
7-'174 
7•75 
1•16. 

74LSOO 
7•1.S02 
HLSO& 
74LS05 
7•L.SOe. 
7•LS07 
74l..SOll. 
7.al.S 10 
7.f.LSIA 
7•1..S!7 
74LS30 
741..S:U 
74LS42 
74!.S07 
7•1..S'73. 
74LS74 
74LS7~ 
7•1..S7 
7•l.S8S. 
14'.SBa 
74LS90 
74l.S93 
74l.S123 
74lS1 25. 
'"'L..S138. 
74l.Sl3V. 
741.S l&o 
74l$1 67 
7..L.S , 58. 
74L.S163. 
74 L.S 164. . 

7 
1•SOO 
74504 
74SO!l 
74$10 
7"532 
74574 
7456& 
7<Sllll 
74512ot 
745174 
7"517!'>. 

74Rl0. 
7<1F()4. 
7•J'Oa 
7•Ft0 
74F32. 
7•F74.. 
74F118 
74FI~ 

C04001 10 
C04008 l5Q 

C04011 Ill 
C04013 .29 
C04016. .... :.:-.: 20 
00<4017 49 
C0401a .69 
C04020 50 
C0402• •II 
C04027 35 
C04030 .2ll 
C04040 .M 
C040<9 29 
C040!!0 29 
C04Q!l1 50 
CX)o062. 59 
~ 50 
~ 1 •II 
C04066 .20 
C040e7 1.211 
C040G9 25 
004070 2tl 
C04071 25 
C04072 25 

t•!!Onl) 2W . . . ... 3.95 
C04001 . 25 
C040711 .5!l 2732A.20 4-0ll6•8 1200nll 2' v . . . . . . . . . 4.25 

2732A-26 4-0ll6x8 (250no) 2 1V ... 3.95C04082. .25 27C32 oWll8. 8 (450no) 25V (CMOS) 5.95C04093. .... .35 2764-20 8102 x 8 (400ne)21V .. 4.25C04094. BO Z784-25 8 192 x 8 (2ronll) 21 v . . . : 3.75C040103. .. 2.49 
0040107 •9 27114.A.-2!! 8192 •8 (250no) l 2.5V. . . 3.115 
C04010ll 79 Z7114-tS 81112•8 (450no) 21V. 2.96 
C045•0 69 27C&l- •S 81112 • e <1SC»o1 2 w ci:Mosi <IA9 
C04511. 00 27 128-20 111.3$4 • 8 <200rel 21 v 6.05 

27128-25 10,.:l&h 8 (2l!Olw) 21V 5.95CQ.1520. .75 Z71211A-2!1 111.384 • 8 (2!\0no) 12.5V_ .. '"25C04522. 79 
C04538. 79 27C128-25 111.384 x 8 ~) 21V CCMOSJ 1195

272!16-2() 32.768x8 <200re11~v 6.95 
C04543 79 
C04541 89 272S&-25 32.788 x 8 {2!!0ne) 12.5V. 15.95 
C045'i3. •.95 

Z7C2S6-2"1 32.788 x ti (2!10ne) 125V CCMOSJ . 7.95 
27512-20 ea,$3& lC 8 ~) t 2-SV 13.49CO.SM 79 27512·2!1 515.636 X 8 (250ne) 12.SV 11.95C045511. 7.115 

C04568.. .. 2.49 6876' 81112 • 8 (40<>na> 2!!V 13.95 
C04!lll3. BO EUIOU 
~ 39 21l16A 2048•8 ~15V_......, 5.116 
~ 89 2817A 2048. 8 c:isor-1 5V _.,.,...... . 7.95 
M01 .U11P. a95 29MA 8192•8 ~1sv-... . IJ.95 
MC'1441lCP 4.49 62813 C21V) 2048 x 8 (35C»o> sv - Orly 149 

- SIJllU C..L 
.... No. P.lot 
82211. .• 2.95 
8237- 5. +96 ••9 
8243 2£5 I 75 
82SOA. 6.•9 

6.ll!I 
82:>tA. 181102500 """ 113M) 

8721 . 14 95 
8722•• 9 .95 

' 251 10 4 -04 1095 
310654-05 9 .95 
3 180111-03 10.95 
3 180 19--03 10.95 
318020-04 1095 
325302-01 1095 
325572·01 
·s2s100P1.A.. 

14_95 
15_95 

901225..01 11 95 
901226·01 II 95 
901227-03.. 11 95 
901229-05 1195 
"No~ ......-. 
-,_ 82SIOQP\JI 

Ul7 tC·6'11 

LINEAR 

NE!>40H IC540HI . . . 2.29 LM3914N 

~v 29 LM3VICIN. 
•Ai..Ma .59 l'E5S32. 
lMMeN 49 NB534 
NEMllN 89 7805K ll.M34(t(..5) 
LMS65N 911 78 121< LM34QK. I~ 129 

~~~~.A 1.29
~7V 79 4
NEW2N .89 7812T~-1~1 49
LM741Cf'..1 .. .29 ?816T r~ 15J AO
LM747CN. .5Q 

=~1 135
MCl350P 109 C!9
MC1372P. 195 75472 li8 
MC1377P 2.29 75-477 8111 
MC1396P.. ..•... 8.95 lvtC"14~,(XIP ai!6 2. 
u.'11414N. 1.211 MC145406P 2.95 

le: ·-LowPrufilo 
- - COold) ~ o38U' II flWW !oQ 

14LP 12 l•WW 65 
•GLP 13 16WW 611 
241.P ~ 2•WW 1111 
2tll.P 27 2t!WW 1.39 
40lP 29 4'JWN l.ljll--·-'11111'_""_...._
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PROTOTYPING PRODUCTS 
Jameco Solderless 

Breadboard Sockets 

JE23 
Pw1-JE20 

JE21 
JE22 
JE23 
JE24 
JE25 
JE26 
JE27 

L~ .1 w· 
6>t. ~ 
3.... 2•• 
6'"> . · ~ 
617. 2 
6~. 3.. 
6~ x 4 ;. 
6' x S'\o,.... ,.., 

Jameco's 
IBM PC/XTI AT 

Compatible 
Motherboards 
•Award 

BIOSROMs 
Included 

Jl!Z7 
llln<fin9 -.. 

200 0 
400 0 
630 0 
830 0 

1.360 2 
1.660 3 
2.390 4 
3,220 4 

-· .. . .
• 

~ . - . 1 
JE1001 

-· s 2.29 
s 4.49 
$ 5.95 s 7.49 
$14.95 
$22.95 
$27.95 
$37.95 

JE1000 4.77MHz (PCIXT)•..•. $ 84.95 
JE1001 4.77/BMHz (PC/XT) •• •• $ 99.95 
JE1002 4.77/IOMH.l (PC/XT) • . • $119.95 
JE1007 6!8!1 0112MH.Z !An . ... $349.95 

Jameco 
Computer 
Power 
Protection Jmeo 

JE1190 "°-&.... .. .. . . . $29.95 
JE1191 6-0vtlet Power Strip •• • • $11.95 
JE1192 300 Wall Beck-Up•• • . $269.95 
JE1193 soo w.11 Back-I.Ip••• . $349.95 

Zuckerboard 
TANDY 1000 

Expansion Memory
Half Card 

~~J;O t~:::~J.«~!::'~ 
IUI l'h.ICh Ill MOK.~ inCtuOO'I 
OMA CONIOIW chip 

TES12 lnelvcl.. 5,:lllllAM•• , • • ,.,,,. $199.95 
TANC Ptuo-<n Clod<-n cNp lonl\') . . , , $39.95 

30Meg HDrd Disk Oriw Bo...-d for Tlmdy 1000, 
1000A. 1000SX, 1200, 3000 Dnd 3000HL 

T30MB ~~~-~".r~ ~~'~ ~~- $599.95 

DATA BOOKS j 
400041 MSC u. °""' B-·-1 tan.. ' . . $14.95 
400042 Nsc UMo• °""' ---11 1an. .. . s 9.95 
400043 ..SC Un- 0.to-· \lol.111 (87). ' . . s 9.95 
210830 1•141Uomort-187J.' •• . •. $17.95 
230843 ,_ ,._Hl>dt>O. s.. <an.. . . 524.95 

TA450S. . . .. . .. ... . . $11.95 
bin lrdustnH I' 68" IQ., SO chnJ 
SU2A1 ••• .• .••• .. • .• $11 .95 
EG.&G A01:ron ll 12~ 1Qu.1._. Joi chnl 

U.S. Funds Only 

NEWl'lbrbo tOllHz PC/XT Compatible Kffl 
,.._,Word Procealng Sottw.rel/NewlCompect Ca 

Jameco's 4.77/10MHz Turbo 
IBM PClXT Compatible Kit 

JE1002 A.77/UlMHtllo.t>o-rd 
CZ0<0-11 RAM - ln<l..0.0 """"' 
BIOS ROM•!•. • . • .. $ 119.95 

JE\014 M nll'W-l'C/X"T
ComPolil>le c... . ... ' $69.95 

JE\015 XTIAT <:omp._.-.i $59.95 
JE1021 5 • DSDD DIM om.1--........ .$89.95 
JE\03 1 Mini 150W'L- PC/X'T 

c-p. - supp1y ... $69.95 
JE\043 :l60K/720K/1.211 ,,-, 

Cont><>ll• c.nt. .. • .. $49.95 
4164- 1so ieK RAM 1eu:ia..11 

(2 Chlpe, IS0.1)., .••• • $4.98 
41258-1 50 512KRAM 1282.1..1 \ I 

(llChlpe. ISO.I) •• • • S\J9, SQ 
112K llAM 165.S36al l 
11 C...._1 50""1· ..... $23.80 

Regular Ust $627. 98 
SAVE S128.03J 

JE1006 IBM PClXT Comp. 1OMHz Turbo Kit .. $499.95 
1811 COllPATIBLB DISPLAY MONITORS 

12" Amber Monochrome 
m Input, Hlgh Rosolullon (PCIXT/AD 
AMBER., .•. ~ $99.95 

14" RGB Color - CGACompallblo 
Amber /Green/Color Switchable, 640 x TTXl4'0 
200 Resolution (PCll<TIATI 

TTX1410.. .. .•.. . . $279.95 

14" EGA Color · EGAICGA ComJllll. 720 x 350 (ma1LI reS<llutlon (PCIXTIATI 
TE5154.. ....•. . ... .. . . . . ••. . • .. .... .. ... $399.95 
14" Ultrascan Color  CGA/EGNPGCIVGA Compatible. 800 x 560 lmiU.J 
Rosolulion IPCIXT/ATI 
4375M..... . . . ....... . ....... . ... $5T9:95 $549.95 

t 1811 PC/"tn/AT COllPAnau: CARDS 
. ' 

Graphic 
Display 
Cards 

• • • • I 

- ' ' .... - .- ' - .... - ~--·· ., 
JEI OSO 

JE1050 Mono Grnphlcs Card w/Prlnle< A:irl (PC1XT1An• • , •• $59.95 
JE1052 Color Gropl\ICs Gard wlPrinlar flOrt IPCIXTIAT) • • • • •• $49.95 

JE1055 
EGA C& rd wilh 256K Video RAM 
and Printer Pcr1 (PCIXTIAT). , , , , • • , • •• , • ••• $149.95 

JE1071 
MulU 110 wllh Drf>lo Caniroller 
and Mono Graphics 1PC1XT)• •••• •.• ••••• •. • $119.95 

Multifunction, 1/0 and Expansion Cards 
1/ 0 Catd wi lh Serial . Game. Parallel Pnn1er 

JE1060 Por1 and Roal Time Clock (PC/ XT) •• • ••••• •• ••• $59.95 

JE1061 RS232 Senal Half C&rd (PC/XT/AT)• •• • ••••• , ••• $29.95 

JE1065 
VO Card wilh SerlaJ, Game and 
Parollol Printer fl:lrt (ATI •• •• •• • • • •• ••• • •••• $59.95 

JE1078 
Exnand lo 384K (Incl. zero-K) Mul0funcl10n w/$erlal, 
Game, Parallel Prlnler Pcr1 & Roni l1me Clock (PCIXTI •• $79.95 

Floppy and Hard Disk Controller Cards 
JE1040 360KB Floppy Dlsk Dtlve Coniroller Card (PC/XT)•.• • $29.95 
JE1041 20/40MB Hard Dis!< Controller Gard tPCIXT) • •••••• $79.95 

JE1043 360K/720K/1.2MB Floppy DI"-'< Con! Card IPCIXT/ AT) $49.95 

JE1045 
360Kf720K/12MB Floppy/Hord Disk 
Controllet Card (ATI. • • • • • • • • • • • • • • • • • • • . $159.95 

Additional Add·Ons Available/ 

$20 Minimum Order 

Seagate 20,~o. 
40 and 60MB 
Half Height 
Hard Disk 

Drives 
ST225K !Plctut-odl 

Shipping: Add 5% plus $1.50 Insurance 
(Moy vary 8"0rdlng to weight) 

ISM .m · ~~ olJntwn.rlonlll Bualt».st M.U.Jnn 

ST22S 20,. D°"'9 onlr IPCIXT/An ... •• $259.95 
ST2.25K 2QM 0 WICo<1U'l>llOr IPC/XTl. • .. . $289.95 
ST238 30,.9 o.... onlr 1PC/lCT1An •.•.. $299.95 
ST238K :!OMO wlCo<iL IPC/XTIAn • •• •• • $329.95 
ST2S1 IOMB O<i.. onlr IPCIXTIAn ••.•• 5439.95 
ST251XT IOU D wlC:O.L CO«I (PCIXTJ, , • • • $4 99.95 
ST251AT IOMOwlCOOL COid (AT)..•.••• $539.95 
ST277 60..0 °"""..,, IPC/lCTIAT)• ... • $549.95 
ST277K OOMOw/COOL CO<O (AT) , • • , ••• $659.95 

Jameco PC/XT 
&AT Compatible 

Disk Drives 
JE \ 0221'"~ 

JE1020 J&OK 9'ock8d. IPC/XTIATJ., , $ 89.95 
JE1021 360Kllol.,o 9d.(PC/XTIAn • • • $ 89.95 
JE1022 1.1MB""'9o8d.l.<Tl• •• , , $109.95 

Datatronics 
240011200/300 Modems 

... · ~COMrnAl"ldCOITlp,11-

u 
. .,. 

lble • Bofl 10312 12.\ c:om
ga tlDlo • A"' l a · d1 11ra u10 
i1141 ...w e 1 ·FCC llDD fO'lle0-= o \ •)'l'Gf '41't•nty. ~uOn 

m:ll:!I • Ma.a..ttwUla Communieo1llan 
Sollwo.. 

1200H I 20QJ:JOO Boud ln lOmal .._.... ... $ 79.95 
2400$ 2•00/1200/300 In---...$174.95
1200C 120lll:IOO ..... ........, __ ••• $119.95 
2400E >•OOl1200f300&1omol- . .. . $2 19.95 

Prometheus 12008 Internal Modem 
PM1200B·2S 1So..,.,.,,,a.1.&M9:95 $119.95 

Jameco Extended 80~olumn 

Card for Apple lie 


· 80 CCII l &~K AAM • Doual1111 
llJJWJt.Jnl o l data ycJll1 i\pPe .Iii! 
e11n dl11~ aa w.O H IU mmn
ory capnc11y • ldael lor "fll'Ord 
PtOCtHlng - Comolet111 w11n 
lt'lllr~ 

JE864 $39.95 
ADD12 1o;s>o.i..11.n• . n.1 $99.95 

TEST EQUIPll•NT 
Kingdom and Metex 

Digital Multimeters 
KOOo2: 
• Podl.o\ Stl.o In t'9ndy Clli"I' 

• J''""~ Olgll LCD 
• Auto or ""'°'ai 'Vltllll"IQ 
• Audibl9 COOllmuty ........,. 

• Tol!I~ il\CfOC \bllego RtJ'Jll

tAnea Ind Cont inufy 
·Ono 'l'o&t ~uar\ty 
· Su:e .a 'l,,'LJ ?"W • ~ ,... 

K0002 . . $27.95 
MU.SO : 
• H~f1(t\olo,tw"' K06'1Cf 

• · ~°'lid LCD 
• Ma n1.111I rang.rr.g wttn 
Ovol'IOIO Procec:tion 

• Audiblo conltn1,.1 l1y ht1W.1111r .,-,,,.. ACIOC-. 
~aaanc.. C.ont.ulf'JI 
Cao.c:.Oaf'Qt l90d F~ 

• °'1e 'l'lut WCttnanry 
•Slzll 7'1. 11.J ~Wx l 't..,... 

M4650 .. $79.95 

Data Sheets - 50a: each 
Prices Subject to Change 

r=-=== ===- Send $1.00 Postage for aGalifomia Residents: FREE 1988 CATALOGAdd 6%, 61/2% or 7% Jamecoe VISA~Sales Tax Telex: 176043 
FAX 415-592-2503 ELECTRONICS e> 1988 Jameco Electronlesi~m~~1~~t~1~~t~~~{~Jrnrmrnt

4/88 

1355 SHOREWAY RD., BELMONT, CA 94002 • FOR ORDERS ONLY 415-592-8097 • ALL OTHER INQUIRIES 415·592-8121 
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b . M ~ w/1.J-:0. for CAP. Num •nd ·rroU IPt"lr. 

>. Enl•'ll"d JI,"'"' ind Shln K")• 

8 . 	M~f1a1tlt-al~""11.icholClkiJnofFttl• /. Pu.J1J,1:Tar1l.M
f~<U..,.i.. 


9 , .,,,..... l.oel Kry ln....U.d 
JO. Contrui Adjmdl1M K1.00 1.,.1.11JW1t 
11. BrioJ>tn""' A.iju.linjl Kn<ob 1...1aU.d 
12. Twho pttJ Lish• lmlutvr i.,,1all<d 
13. IJ.r.:h.-.,.... ~I Uunon l n»u.Ued 
M. 1>1nv~ l7~l•(W) x e.2•un )( l6.9·cm 
1:;. ~·.1gt..22 lholnCKDFonn 
16. t:GA Pu'1oblr- •'lllAlblo Now r 

-9"t:GA ...09llor•·/f.10. 31!>0(E-)or 
&<10d80 (CG.~) 


-2.10 "·•ftll 11orno \ 'AC ........... S•ppl~ 

-Doc Pl14'11l 0 .%1 


OP110Ni\L FEATURES 
I . TEAC 5 • 360K floppy OW. 
2 . n:.tc 3 • 120K f1oppr °'"" 
;1. TEAC 3 V. • l.44MII floppy D!.k 
l. ~ .._,.., 3 ...., • II.,... DWt of20130 /(IO a.ta 


·"' · lltn-uk-.. c,..,..hLr.. PUCard Of' l...ColorC.ard 

6 . lnwl All At.o-,.. Ro.N. 

; , Qua<hm Qo.d EGA l'hl· 

8. i;..,...,. ~,,_. 6S 7Ml,._ "h EGA 
•1. """'db. Au..,........h ·180 EGA 

10. A11 Er.A ~·nndtt 

ll . c....,.,. Sur• ECA 
12. ~7 \ rp O,,luu ECA 
1!4. AST A,dvantap P..,.mlun1. Sb-pw Prrmium. Ra.rnf)aftr 
... . t:'".."'' Rar.u ~Boar& 
15. lt.,-nor m•" 1200Raudlru.em.alarE.xitma1Modt!m 
Jb. flll)bOf' ' mu124-00 Baud lnt.rrnal or E:d.rntal 1\t~dnn. 
17. H~ or Wu.IUtl MOUM" 
18. Wlnorr J<J)11tkk 
19. luklM.thCo~ 
20. 2nd Hria1 Purt Upj1nd• 
21. Ep.on. ToMKba. Cit.i.n. i''E • .ud S1ar Pririi..-:,.. 
22. T.0,,,-T"P" lloelup ot2-0IJOl·IO ltlD 
23. l'ortahi. C...,i n,11 R"ll 

COl\TIGUR4.TIONS 
:\TIMI'., It-SU.....,_ ........... ... .. .. ... 11 .tH 


CMllpmll S-ullllill•/Twe
\Tl20Pl . nollll.s..,...suu.M O•l60K .... l.l.;Q 
U 1.1-0Pl • tlOll& - ,... !il'Z!& f>:i .II.I. 0.. .l60tl . . . . 1. 100 
UI IOPl . r..O.llllllio ..... 3.650.60n0...160 l.15<1 
\ll6lPl .,...118.~SJ.tl~]qJ1S.o..360li .. . 1.; ;o 

LUI\Tl-l mt"SH•- ···· ··· ··· ·· ·· ··... . 
CMllt--bll'SUh /0..1.1.U 

1T:OOPl .t()w 1.21111•0..- .•.•.......... 1. ;00 
lll2DP.\ •l2iUIB.~SJ.tt;.6>115.0., IJ JIB I.* 
ITllOl'l · llOllB.~Sf.2la.6SlliO•d.ZNH ..... 1,9.iO 
m IOPX • ..on - l&lO. 60 Kio.. l.%llll ! .000 
IT\ llPX . 143118. ~ SJ.2>1. l9 lli Onr UJll t .lOO 
ITIMP\ •lllllll.S..-Sf.15~L2t 0.. IJ UGO 
\TlltP~ -'lt.!111.-....60&1.!8!1:' O.. l.1llll t . 100 
\Tit.SP\ ·~lal.-"!ff.:T'l. J911S.O.. l.UB .. ! . 1,;0 
ITl11Pl • , \OlllWo.m.OOM.Z811S.0.. l.2llB uoo 
ITl~IP\ •l3lllll. """'" ;f.11)9(), le "'-0.. 1.21111 u.;o 

ITllOlPX •JIOJJIB.Prio• ~IOO.?SICS.O.. 1.1111 2.300 
1T111on · •120!11llliUNr61Z!.U llS.O.. UllB .. uoo 
TTIMl'l ll'SUll l'w..i. . .. . . . .. . . ...... .. . . 3.IM 

C~S-ultmll• lhr l.IH 
l . ll()moorl .- u ""°"' ..

TI IZOPX •12ilJIB. S.-1< Sf.US. 6011& 0.. I.JU .. . .. l.JiO 
TTl!OP\ • l30l111.5.¥.. l!U31.6HIS.O.. l.2.118 .. l .100 
IT llOP\ ..Ul)lll.!liolwrlotlt.i0. 60.!ls.Ow IJ>. , J.ljl) 
n u JPl . , ullll. ~ sr.1>1. 19 o.. wm J.!100 
TT l ·HPX , 4J)l8. .._ !f.ZSl.l. U Oot l.2.llB J. ;oo 
TT ll:PX • :MIL -..,.Mm. %J lli0.. l.2XI 3.1100 
TTl65VI • l65l111.,._Sl'!; ;. J9lli0.• UMB J.11.10 
rTI 7ZPI · r1'ZllR. -6'1M.28 )ii 0..1.2.llB 1.000 
n1air1 .131~e. ..._ ~"i4or10. n.11S.o..1.t111 .. 1.0SO 

TTllOJP~ o!Ulllll!. ~ [[l.100. l.6lliOl• l.2MB .. UDO 
TTlltOfl • •l20llll -•IZJ!.23 !IS.Ow l.2llll . 1.100 
TTl llOPI • l l ~~B. ......... lllS. ll!IS.0.. 1.zJUI . i~OO 
TT l!!OPI • l'lJOllB. r,;.,, l1).1!0, IZ 0.. l.2Jl8 . .1.600 
TTI Jl ;J'~ , 1JJ:l1B.P.-.1WJ:. 1> 11>.0... l.fllR ;_ooo 

AU DUS Computer S;»o"tems Fealure: 

• ~;~tl~~u;'r~~\or. Kqtwud. )fot~~ 
• fulJ} ri·l'-,•ndl)~dtalfy ...IJ>din~rka 
• 72 lknan llu.n-..ln Pf'riod 

,. 30..D.)· ~fon.q 9.,. .. Gu-.,mt) 

• Onr y,..,. l~ullv ••l"nt11k:J Labvr \~rt. 

• R.oad) fur ln~r.diaw 0.-U~· Tl 
• . Np U1orttt....1M ~i• t',.drnJ E~p..-.. llltL. l rt°SrJ1Alr ~ 
• 	~1 t.n~""".. T,,.lir:phonr O...JJ:n ..- 1 ISAIM~r'AE Card 

ul" 'I'' l.... Tr.:n..rf'~ 

Circlr 204 on Iha.Ur Service Ca.rd 

~w~'88/286/386 

81101161'111% 

101121201'flh Opdonal 

Bu. 
PORTABLE: 

Rein(~ .-t l11mln11111 Frame 'IYlre~ Ralf-Heigh r Drive Slott 7 E.l.pou.riot1 Slots At<allable 


Price uhj •c l to c h1mgc wit bout noti e. 
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Circle 75 on Reader Service Curd 

IBM COMPATIBLE 

SOFTWARE 


13 High Quality Programs! 
Balance Your Checkbook, keep fifes. 
organize your finances, transfer data, get 
DOS assistance, and do easy or advanced 
word processing. This set of 13 IBM 
compatible Software Programs let you do 
all th is and morel Our special arrangement 
with the manufacturer makes this LOW 
price possible. Act now. Order today and 
save! 

• Programs Use MS or PC-DOS Systems 
2.0 or Later. 

• 	For Use with IBM PC/XT/ ATSeriesand 
Compatibles. 

• Instructions Are 	 in Each Program to 
Read On -Screen or Print Out 

13 Disks Include: Credit Card Account 
ing, Document File. Auto Expenser, 
Network Builder. Video File, Business/ 
Personal File. Recall. Budget and Income 
Forecaster. Multiple Checkbook Account
ing. Personal Banking Reconci ler, Con 
necl DOS Assistant and Word Processor. 

Mfr. Ust ..........$194.35 

Liquidation $69Price For Set 

Item H-3283·7347-982 S/H: $5.00/sel 
IBM AHO IBM/PCIXTIAT .,. ~ lnldenwb 
ol lnwnallonal ~~Corp. 

I 
Credit card customers can order by I 

phone, 24 hours a day, 7 days a week. I 


MUST SELL 
SAVE OVER 60°/o 

5%" OS/DD 59c 
5%11 OS/HD 1.59 
3%" OS/DD 1.09 

Pl1ce b111ed on quantity of 300 
Include• slffvee, labela and taba. 

800-222-0490 
In NJ 201-462·7628 

e 24 Hour Shipment • 

MEGASoft 
P.O. Box 710, Freehold, NJ 07728 

L Tol...Free: 1-800-328-0609 .I 
.SEND TO: ------------ II I c:ECEI A111hor1zed UquldatDf 

1405 Xenlum Lane N/Mlnneapolla, MN 55441 -4494 

I 

I Send_Computer Soltwan s.t(1) 11em H-3283- 7347-982 1 

I al $69 per set. p!ua SS.00 per &et 10< Insured shipping 
and haMllng. (Mfnnesole residents add 6% sales llllt Sorry, I 
no C.0 .0 . orders.) I 
a My check or money O<def Is enclosed. (No delays mI 	 Iprocessing O<derS paid tr; check.) 

I PLEASE 0 IZl 0 0 0 ••I CHECK: 	 I 

IAcct. No. 	 ElqJ_L_ I 
PLEASE PRINT CLEARLY 

Name I 
--------- Aplli___ I 

______ zip I ----------· 
PhOne I 
Sign Here J 
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Clrclt 162 on RuthrS.rri« Card 

E(E)PROM PROGRAMMER $ 395 

• N\71~a.ill) 1111od1111a': Me11u·dri'\'eo dc\lC'C adc:ctioo. 
• 6 1.Jill-ia En::ierffimct opein (UOJ: FOUi pad. 

• ll"Kf (rieadfy :.of'twue: Com}l4i:t.c be.Ip mi:tu.1. 

• DueetlcchakaJ,uppotl; Full l)a.r..,.,..• 1,-. 
• QuJck ~ 11.lptHb.m (272.S6 Wider 60 .cc) 

• P1 oSfll4U '17». tu 1 Mbit: ~:o:.. 68:o: CMOS; E£ Plil:OMS. 

o Ml<:nn: 8'l•1 , -"I. .S, -9 OR 8'l(C)51, 8'l(C)52,8ID, Y'lf> I 
• IBM- PC, Appk. CPM or Uab drhu; A.u'olmud ll.Wl. 

• OR:w:"1.t.plit Hiea. 8iauy, lrttel &. Mocarola8.16J':! bil 
• M.H.W wtlll. irlllim pkU' Kbtm11tla.. 

VISA MC: MtEX ~ """'>' /"' "->1h1<'f II 

B&C MICROSYSTEMS 

355 WEST OUVE J\VE. SUl't'll'VALE. CJ\ 9'tll6 
PH: (QI) "l»ll l 1 FJ\X: ("081 no-m1 TEI.El\; 98'1&!1 

Clrclt 30 on RuthrS.rvict Card 

Dealers! 
N•TWork-OS LAN Syslems • lneludes Boards, 
Csbllng, Termlnalors and Software. Two-uset 
hatdWare and 10ltware for under $ t ,000 llstl 

Cloae-Up Remole Communleatlons · Support 
your euslomer wllhout leaving your office. 
Aulhored by CogItal•'"' Norton·LAmbertl 

Context S•n1ltlve Help for OataF/ol(, RM/ 
COBOL. Clip,,., and dBaso Ill · Puls your 
lll'Pileatlon'o doeumentallon "on line." 

DataFlex Dalabase Management · True Mulll· 
US8r database for MS/ PC·OOS, Unix and Xenix. 
Stte Ileensing llVILl la.bte. 

Dump/Reetore·XT · &Non utlmle. tor lhe MS/ 
PC-OOS user. 

Call or wme loday for our catalog and pricingI 

COOITATE, INCORPORATED 
"A Hlghet Form o/ Software" 

24000 Telegraph Road 
Soulhfleld, Ml 48034 

(313) 352·2345/Telox: 388581 
v;..jM..tatCatd AGGtlplMi 

SHARE SERIAL PRINTER or MODEM

--lfllW"between TWO COMPUTERS! 
·-u... ~ 

:S 844.&ti =us 844.91i 

E
Naw cwo computers u.ri sluire one moae:m o, one 
Serial J>Mltf. Ind bOlh can l>e coonoctl!d ii IM..,.,. 
vmo ~11·-ed rrom RS·232C PO<I: may l>e left 
l)tlTIWltl1Ry inst.alltd. 
SAME·DAY SHIPMENTI MONEY-llACK GUAR.IHTEEJ 

Order Otrec1 rrom M.nuf•cturer TODAYi1110 
SA\lf" 

, 
Rlqonl 111111 FRlE8 & BELECTAONICS 
C1i.tao al RS ·232C lnlerf1«1111d monllonno 

...-tqulpmt•L 
- ·rttmt ViM,MC CUJloccJeripostPa:I PO t:rrom 


.qwillllfiG rrtff ,.,,,, KCtOHO IL r1'P)lllU aoo 6 '\ 
........ 

ORDER 

B &B ~9.!:.I?~ TO DAVI 
fil'!l&:i,u ""'1"oif [),,. . I'll Lb l>IO • Cllloll. l6Wl 
0t1awa.1L s11'i0 • Phone: 815-434-0846 

C1'rclt 14 on /WJJUr Stnict Curd 

LOCAL AND REMOTE 110 
THE EASY WAY. .. 

• 8 an.alogi mpurs 
• 8 C"'1tM (Matu'I) rllpuiS 

• 8 ~rt c:rrr"'r 0U1twr1 
• 6 QPl'IORll pulM KCumWatorl 
• B~st1 Ptjco '595.00 

The MOJAVE LMX 110 processor communi · 
cates with anv compu1er or terminal in ASCII 
over RS -232 or over built in Bell 103 or Bel l 
202 modems. Operates over virlually anv 
distance ove r dial up o r over mulli ·drop radio 
or cable. A small ban ery can power the LMX 
for up to 4 years. Larger capacity 110 pro· 
cessors are ava ilable, 

~ 'ri"'d'.IT2l · ..We're the 110 epeclallsts " 
7100 Hayvenhurst Avo., Varl Nuys. CA 9 1406 

618 ·902 -1611. FAX 818 -902-1934 

Circ/1 180 on RBd" S1rvlct QudClrclt 51 on 11Hd1r S.rvkt Card 
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Circle 62 on Illa/hr s~rvice Card 

eompu$ave 

Call Toll Free: 1-800-624-8949 

BOARDS COMPUTERS 
NxMSoart!286 319 Arlis11 m NEC Mullispeed 1:m AST Model 300 JJ.19 
ATIEGA\lillftdei m ATIVI P 2ti9 NEC MulfilJl"d EL . 1549 ASTMod,134-0 4-049 
AST Rampaye XI 199 VMll 024 mi NEC MulUSj!eed HD Z399 ASl Model 390 5449 

AST R.!m?l'le 286 299 BOCA RAM Al 142 s.i.Jrp4521 l\95 AST Model 3150 6349 
AST~\.11 559 ECGB-1 195 Snarp 4501 629 AST286 SAVE 

Genoa EGA P1us 225 NEC MVA 1024 799 Sllaro PC-7100 2049 Ai&l~ SAVE 
Orchids 1.flf lurtJo 259 PafdlliseA•IO 132 Toshiba 3100 20 2999 Toshiba 1000 765 

Paradise 'AlA Pru 359 Paradise 480 149 toshrbJ 1100 • 1419 lostuoa 3200 3695 

!amree J·User At 419 AST 6Pac ti)<] Tilshiba 1200 2329 len.111Z·181 1599 

H!rcu~ lnColor 215 Zen1thJJ9 245 Tosnoa s100 4ti'l5 Zen.ml t8J 2V95 
Vldeo 7"'Qa VGA 2ti9 ~a Deluxe 195 Aur 80386: 16MHz DWilll 40M Onw 3065 
AOC AIJoi Hf!W E~re>. Number 9OrcM CALL Actt 80386:16Mtiz,O YQltlaMllrlve 35'15 
Computone STB TsenQ Verhrom In CALL NEC Powumale Portable 286 640K 20M 2675 

MONITORS Te!evllleo 386 16 MHJ 2M l 2M Or.it 2495 

5arr1SU11911l 85 Arndek410A 139 NEC !'Qv."mare Oes IOP 386 16MHz I 1M 2675 

Mllsublsht 1J71A 479 Am~128a 658 Wfse 2108:3 MHz 512K 1.2M Ori>e 1129 

MrlSUb!sllr !i'llS 2095 fhomsoo450·A 149 \l.YSe 2112 12 5MHI 1 t 2MOt~ 1545 

NECMultil)'llCll SAVE TnomsonLilla 465 ~2?1~ 12 SMH1Ol'larl1 2M0111t 1945 

NECMull!S\1'( 8!9 PGSLIA300 $39 Wfse 336· 16 MHz IM 12M Drive 2575 

NECUultrsvrw; XL 1999 PGS Ultra 525 ltb II TMtl>Ub.>l!J Sarnsuno lanoon CALL 

SttJma l.d.lel 9 1699 Zenrlh 1490 519 TERMINALS 
'lerncom 2Pace 1795 lo..inCrystJI 1499 325 Allos 469 
AST Turbovmon 1429 y~ 700 678 369 Wyse30 289 

SCANNERS 359 Wyse50 359 

OalaroPV Ollei~ 1125 S-.VE wtse60 3'J5 
PGS LS·JOO With OCR Sollw.art &Adapter 975 289 Wfse65G 429 
Panasonic fxRS 505 975 l55 WjU99Gl 472 

AST Ht' 11 P;JCl:llo la.wan Ot::ers SAVE ISUJI f;OCo ClE AdOS 18~ CAl.l 

PLOTTERS 

CalCO!lljlllMIGT 4395 ~on4142 21)g5 


Calcomjl 1043GT 6395 IOltne 3700 3009 

Calcomp 1042GT 7595 loline40CO f065 

Calcomp 1044 10695 ~Ion SSA 3895 

Houston OMP 52 2795 Houston 61 3295 

HewlCfl·P 75Sii 9395 Houston62 4495 

P.oona980 1199 EmerSP 1000 2665 

ttev. ell· P7:>95 ms Rolme 680 939 

uroon~ lax.1.1 'll:rsa1ec Otner Mooeis CALL 


DIGITIZERS 

Summa2lA36 3D95 talcomp 2 12 385 

CalCOmo 44 · liO 4695 GICO 24 · 36 1099 

KurtalS8.Sx 11 259 GTC036 48 2495 

KurtalS 12 x 12 J22 Hdach1II · II 449 

KurtalS 12 x 17 545 Sut!llN 42 60 4195 

CalCllmO 36 48 4295 Summa 12 x 12 + ~5 


umonrcs20 20 1245 Summa 12x 18 598 


MODEMS 

Mullileth 224EH 38.! Af(IJor 1200·1 78 

Mullilech224EC 329 ASI 9600 7'l5 

Pac11a1a Bell 1200 98 \len·lemoo-1 285 

Anchor 2400 E 145 111yes 1200 175 

Prometheus 2400 B2 119 Hayn 12008 252 

Pro~tlleu12400'.; 155 Hayes2COO 409 

Racal·Vadic 2400VP 395 Zoom2400PC 149 

USA Coor.er 2~ 319 Novaoon Parr01 89 

USR Cour 12400E 362 USRHSl 9600 649 

Ven-I~ 2-100 MNP 462 Ven· Tel 16000 949 

A'lillex Clst E~rex UOS M19en1 CALL 


PRINTERS 
Ct~l200 1J'l Alps224 ~ 

Cilil211MSP40 282 Epson FX86E 322 
C~iirn MSPSO 379 HEC P660 '22 
EpsonfX286f 475 Epson EX 1000 519 
O.:Onu 015() 295 HECP761J 592 
Crt11tn 1800 1S8 Epson LO 500 3S8 
0"1d.lta2410 1739 H£CP5Xl 935 
i>1J1aS1J111Cl~~f.? 169 NECP'lXL 11118 
Pan.Json.c 1091rM2 189 NEC P2200 335 
Pana.sonic 1524 549 iosltiba321Sl 489 
Panasonic 1595 459 Toshiba 341SL 648 
Star NX1000 174 HPOeuiet 739 
OataSoutn CIE fu1•tsu OTC Brol r11 CALL 
Cnon O.atllO Data ProoutlsGen1com SAVE 

LOW PRICESFOR LASER PRINTERS 


ASI lutboPS 36'5 .\Sllurtlo EL 1765 

HPLmr.lelll SAVE f.¥\onS·ll 1)45 

O Lasertine6 1365 HEC890 3199 

ia.YflCrystaJJel 2445 Parosoorc .i.i5() SAllE 

ToUlbi Pave 12 2545 Ouaaiaser 2399 


DISK DRIVES 

Mini1a1be 60$3 585 Bernoufflll SAVE 

Mrl1JS(ntle 30MCaro 398 Mrniscnbe40M 325 

flllniwibe 6085 1'99 Plustatd 20M 559 

Sng11e 20M Kil 2ti8 Pl~Cart!® 765 

Miniscnbe 30MKtt 285 Seaga1!40M 389 

Tos1111>a 3 5 ~ 105 Seagale 4096 829 

AST Alk7/ E1trex ~ aM.utor CAU 

Moontarn Pn;rn lalQrass COC Tecmar CALL 


HOURS: MON-FRI 7AM·6PMISAT 9AM·2PM 

IN ARIZONA CALL (602) 437.4955 


CompuSave 4207 S 371h St Phoen11 AZ 85040 Prices Reflect Cash D1scounls And Are 

Sub1ecl To Change W1lhoul Piol1ce Ma1or Credrl Cards And Seletled PO 's Are Actepled We 
Cannol Guarantee Compahb1l1ty CompuSave Is AD1v1s1on DI Adlanko Corporal1on 

80286-10 PORT ABLE 

$1,399 
• TTI Amhf'r ~creen 
· 200 Power ~uppl ' 
' 1 2Ml3 Floppy Ori " 
' 201vHI Hnrd Di ·k 
' AT <"ylx1J1d 
' 640 RAM 

PACIFIC 286-12 
• 80286-12 
• Zero/1 Wail 
• (Zero Wait 150 Option) 
e o40K RAM 
• Speed 618 11 0112 MHz 
• 200 W Pow r Supply 
• 101 Key Enhanced Keyboard 
• WA2 HO & FD Con troller 
• 1.2MB Floppy Drive 
• . 1=1 3.J 
• OWAIT Sl=15 .3 

MONO SYSTEM 
' W /Mono Monitor 
• 20MB H.Jrd Disk 

CGA SYSTEM 
' W i ((;A Monitor 

' 20MB H<11d Do k 

EGA SYSTEM 
' W !EGA Monitor 
. EGA Card 

' 20MB Hard Drive 

$1,1 99 

$1,380 

$1 ,580 

8088-10 XT 

$ 780 
• 8068-10 
· 2 Flnp1>Y Drive 
' TTI Monn T11spl.iy 
' Ar ryJlf' Keyhcwd. -I • 6.JOK RAM 

LCD-286 PORT ABLE 

$1,595 
e 10 MHz 
e 20 Mfl Hard Disk 
• 1.2Mfl Floppv Disk 
• 80281'> -10 
• 200W Power upply 
• LCD nePn 
• RCB Conn cior 
• ~ill~ 1f>"x'l" x7" 
e W<'ight 20 Lbs 
• 640 RAM 
• '.upemvis1 & ligh1 lng Bark 

PACIFl£ e.S.2!:1!~!.~~~~~~261-5548 II f tZ I (800) 346-7207 ORDER ONLY 
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Circle 85 on &ader Service Card 

Discover the 
Difference .. . .• -
2 FOR I LIFE71ME WA RRANTY NOW IN 

./ Pllg 'd In 6 d1Herent cokJts. . buCk or bo•ea COLOR 

./ Ba oo by 2 !or 1 L1l• t•mo Warranty 

./ 100% tes ea and ce ,f,ed 

./ Made to e-ceed A S I specs Dy 62 5% w"h " 
guaranteed cbpp1ng level or 65% :J: :.Mve 

J lndu<les ryvek enve~s (no! paper). wnte p10 1f!C1 
labs and us.or lobcls 

./ Brand-name qua~ty a1allordabte prices 

5 -114" • 48 TPI OS-HO 9 6 TPI 
OS·OD IB M- AT Compatlblo 

.49 

.59 

BUU< 
COLOR 

OAGAAY 

BOXED 
COLOR 

.90 

.99 
, r: c·· America's 

I CENTEClf 'Prem.ium Quality
Color Diskettes 

./ TIMELESS WARAA TY 

./ 75•,c,. cl•pp.ng level guaranteed 

./ Pertorm•nce excetl<ls A N S I spec by BB'l'• 

./ Each a. IOO'lf. l ested al\O cono l">a 
~ 15 COLO RS fot data or~an1za1ron 
./ Pkg• •nctvde tyvek sleeves. w'p 1abs _II ID 1ab<!ls 

5-114" • 48 TPI OS-HO 96 TPI 
DS·DD IBM-AT Compatible 

.84 PLASTIC STORAGE BOX 1.39COLOR 

.63 BULK 1.15COLOR 

3-112" • 135 TPI 3- 112" • 135 TPI 
OS-DD COLOR BL.ACK OS-HO 

PLASTIC1.75 STORAGE BO X 4.90 

31\11 Cal/for 
best prices! 

-~-------, 
"( \ BASF : ~~ S. 114" DS·HD 96 TPII 48 TPI DS-DD IBM·A T Comphllbl• I 

I .75 1.25 I 

L----------~Nashua 
OS-HO 96 TPI 

IBM-AT Compatlble 

aox! 1.00* 

TERMS: P 0 orders ao:epled .oovemmen1 and schools on 
not 30 . SHIPPING: U.S. orders add 5;l 00 per 100 d1skclleo 
or fraa ion 1~erool . add S3.00 for COO ordel5 
PRICE PROMISE: We w<ll bener :iny lower oelrvored pnce 
on the S<'llTIO proouas and quanWH advents&d na onally 

-- - 1J*;"" l -=-. . .. 
Tau Free Onlor Lmo : lntormauon Line 

1-800·233·2477 1·801·561·0092 
•1sc INTERNATIONAL-':,. II P P t 'I' C 0 •.~ P ,\ "..: V 

ll74' W QOoiO 5. W EST JOADAH. UT &¢068 
HAS 6 A MI TO 5 PM (MTN TIJAE) 

316 B YTE • APRIL 1988 

HD64180 Single Board 
Protyping I Control Computer 

The SO ! OO isncomplc1ecompu1crpowcrcd by a 
w•ll lnlruformcr. A<.•cmblcr, linker and debugger 
run un • PC. Hti< bru LCty· b3Ckcd RAM. ba!lery· 
b"ckcd clock. power fai l inlcl'TUpl . SBX bus con · 
n~crors . 1'Cr in l and pa_rn lle! !JO, prnrmype arc.n fo r 
up 10 20 I '<- Only $69 includin~ serial coble. 
power •upply, Jll of bau cry backed RAM . soft
w :irc lllld sc hcm:u ic.s. SJ95 less _of1w:ire. 

Z-World 
I772A P1<u>0 Avenue 


O•vt.. CA 956 16 


(9 16) 753-3722 ·zso Family Speaalool:i· 

In Ccrm>n : 1'y1tcmOSIJ111"1<7 

Circh 302 on &ader Slrvicr Carri 

IBM PC/VT220 
EM220 l 'F2.!.0. l ..//fl], ·111u l.i1 ron 

169 


r"'"' .r..·,,,,,,rl1' 

llu f A'r•\· 

1111 T EK 4010/4014 
EM40IO . /1 I/Piii\ J OJ01 ·m11/11r111n 

~ - ~~O i TIOJ 1 •nn~ h1111•t1S249 

Nn:h rnnfu111111 lwn/, Pf1\ 

Suppurh /RM . 18JH F11h111H nl. 
llr ·1~Jdn , li rmt1ra1td A/,{/ 

I~ 
DCS 
3775 /rj,, ~\ ,., .foltr m 
Ek•u/11.-r. CU ,~/JJO/ 

l_W_IJ ~ 4 7 Y251 

Cirde 87 on ~(Jlhr trvla Card 

' 

EPROM/PAL Programmer 

• PA.I. YOPUlE l29S 
PmQr"""' 20 & 2• pin MM! 

(A.Bl. NS TI PMS 

FIN<l JEDEC ftlo lofm• 

Stieu t 11y, OIA, LOl.D. S41E. 

EOIT, READ. WRITE. VEAJFY. 

u.. llWd'; _,,,_SHI 

See how well 
you can pro
gram f or 

ZSO or HD64180 
This prolessional. lBM·PC based. compiler isacom· 
piele 11np1emen1a11on 01the ·c· language lor rile zeo 
01 HD64180 microprocesso1. lndudes leatures such 
as: lunctlon prototyping, 31-Charae1er names. single 
p-ecision floating point. full library source. MBO-L80 
and SLR Systems compaJJbaity. etc. Hi-Tech"' ·c· 
has been estabrished lor years 111 Australia Pricing 
from $295.00. We also have Z.80/H064 IBOco-proc· 
esso1 cards lor IBM-PC and PCJAT Call for a lull 
ca alog ol Micropiocessor developmen1tools. 

Z- World 
I 772A P1casso Ave 


Da"1S_ C A 95616 
 ..zeo Speclall 51 •"(916) 753 -3722 

In Germany : 1SyS1em Tel : 0813 111687 

CUrle 303 on &aMr Serviu Ca.rrl 

MOTION CONTROL 
DREAM 

4 AXIS VERY SMART 
STEPPER CONTROLLER 

0 49 hl1~ lnel commands m plain English 
0 Macros_Battety backup lor memory. 
D Learn mode wilh opl ional leach Pendanl" 
D 4 axis sl111!111nn canlrot You selecl 1he 

ramps umls. speeds. drive lypes... 
D Input for Umu Swuches. Panic button. etc 
D On board 111lllluil11 romp1le1. 
0 Works w11h uy compu1er w1lh a Cent1omcs 

poll or wil h lhe Alpha Prcxluc ls A-BUS ml1m 

See page 327 fo r de1ails of lhe SC-149 

..ALPHA J~:~;_;:1_ I-:.· 

~ 

Temple DatatapTM Graph 3.1 
fo r IBM and 111'9000, SUN3 

A NEW STANDARD 

FOR SCIENTIFIC 


GRAPH SOFTWARE 


-~"'.y......-. J. 
Ti me (µ sec) 
Unparalleled power, 

intcrac li vity & ease of use 

USE RS, DE ALERS, VA RS 
& MANUFACTU R ERS 

Developed at Tem ple Uni vers ity 
M lha lls ln Assoc. (215) 64 6-38 14 

600 lloncy Run Rd, Ambler.PA 19002 

http:Ambler.PA


LETTER QUALITY PRINTER 

Why pay $1149 for a C.ltoh DAISYWHEEL PRINTER MANUFACTURED BY C.ITOH 
STARWRITER™ F-10 

When our 40 cps letter quality daisywheel printer trom the same mfg. is only 

$29900ea. 
These printers were originally pri ced to sell at over $1100. Through aspe
cial arrangement MEAD has purchased these units from amajor computer 
manufacturer and is offering these printers at a fraction of their original cost. 

LIMITED QUANTITY ONLY 665 LEFT! 	 3 MONTH WARRANTY 
OPTIONS 	 STANDARD FEATURES 

• 6 ft. Serial Cable ........ ......... . .......... $ 1900 • 40 CPS • Accepts Paper to 15 inches 

• AT or XT RS232/Serial Interface . . . . . . . . . . . . . . . . 2900 • Form Length and Pitch Set from Conrol Panel 
• Bidirectional Tractor . . . . . . . . . . . . . . . . . . . . . . . . . . 14900 •Industry compat. ribbon , printwheels and control commands 
• 	Cut Sheet Feeder . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19900 • RS232 Serial Interface 

TECHNICAL DATA 
Pr1nllna Speed: 40 CPS: 38 CPS Shannon Carrlaoe re1um Uma: 900 ms (15 IPS) Max. paper width: 406mm (16 In.) 

Printing Method: Full character Noise: 65 dBA Operator controls/lndlvaton; 

Number ot char/wheel : 96 Ribbon Type: Cartridge DIABLO compalible Switches: ON/OFF Line: Form feed/Line Jeed 

Pllch11: 10, 12, proportional Ribbon Quality: Multi strike lilm: fabric TOFIResel: Pitch selector: Format selector 

Fonts: DIABLO/QUME compatible prinlwheels Ribbon Color: Bia.ck indicator.: Power On: On line; Error 

Characters/line: 136/1 Opitch Pape Feed: Friction Platen Communication 

Ver11cal I Horizontal Increment: 1/48 In. I 1/120 In. Op/lonat: Bidirectional Forms Tractor: Cut Sheet Feeder ln1erface: RS·232CICCITIV .24 

Printing Modes: Serial-unidi rectional : Line-bidirectional Number ol Copies: 1+ 2 ProhKols: Data terminal Ready/Busy:XON/XDFF;ETX/ACK 

Input butter: 2K standard Paper Speed: 4.2 IPS Baud Rates : 300-2400 


HARD DRIVES MODEMS COPROCESSORS 
~VEREJl-'= Intel 8087 5Mhz 	 1020G

&}'Seagate Intel 8087 8Mhz . . .14911 

EV-940 Internal 300/1200/2400 179H 
EV·9ZO EverCom 12 300/1200 bps 84aa 

Intel 80207 6Mhz 	 17911
COMPLETE KITS lniel 80287 8Mhz 	 2491°EV-945 External 300/1200/2400 . . 2390081225 20Meg w/cont & Cables .27911 Intel 80287 10Mhz 	 2890I

EV Pocket Modern 	 13911 
lnlel 80387 16Mhz 49810 

Sl251 40Meg 'h HT 40 Mil wlsoltware ...... .. 429" 
ST238 30Meg w/cont. & Cables 299" 

Intel 80387 20Mhz 
ST4D51 40Meg Fu ll HT w/soflware 459" 

US ROBOTICS - COMPLUS - ADDA 
1200 Baud w/Bltcom t yr. Warranty 691' MEMORY UPGRADES 

ST4D26 20Meg full HT 40 Mil 279" 1200 Baud External. 1 yr. Warranty 119" 41 t28 160NS 115 ea 256k 100NS .9" ea 
ST4D96 SOM eg Fu II HT wlsoltwa re 799" 256k 120NS .9te ea 256k 150NS s~a ea2400 Baud Internal . 1 yr. Warranty 14900 

CAT™ 286-101 Year Warranty ~ 11.3 Norlons SI
BASE SYSTEM 

• 	S12K (120 NS) • 200 Watt Power 
Supply • AT Style Keyboard 

• Western Digital Controller • 1.2 Meg 
Floppy 	• Legal Bios w/manuals • Systems 
Documentation • t yr war. • Clock/Cale 

sagsoo$369°0 
CLOSEOUT SALE 50%-100% OFF UST PRICE ON ALL ITEMS LISTED BELOW 


MITSUBISHI 
 3M EQUIVALENT DATA CARTRIDGESSEAGATE 10MEG HARD DRIVE 

NO SURCHARGE FOR MCNISA 

LQ1500 EPSON TRACTORS 
• DC 300 XLP • 45 Meg (450 H) • Hall HeighVFactory Fresh • Epson discontinued these thus Mead has1.2 meg Disk Drive 

• lnd1vrdua lly Wrapped 

FIOPll\I • New - 90 Day Warranty 


acquired las! 450 uoiTs • Only 1100 left• 65 Mil. Sec. • 3 Month Warranty• 51/• • Black Face Driw • Hall HT 
• S Year Wa rrantyList 99" Mead 4900 


Lisi 199" Mead 7900 

Lisi 299" Mead 129" 

List 3goa Mead 1400 eaEpson 31h • Disk Drive 99005 Meg. full HT 79" 

NEC COMPOSITE MONITORTANDON TM100-2A PRINTERINTEL ABOVE BOARD 
• 12· Green Screen .• JB1201 New 90 Day 

Compatibles • Provides 
STAND• 2010 - 128K Exp. to 2Meg • PC AT • This was the original drive used by IBM 

Warranty • Works w/I BM (oH color adaptor) 
Conventional-Expanded and Extended 

• Manulactured by Epson• Fu ll Height 
SAN VO I APPLE 


List 545H Mead 199ao 

• 360K 

Lisi 199"' Mead 5900Lisi 249" Mead 8900 list 25H Mead goo 

800-654-7762 TERMS: 
SALES: 7 a.m.-6 p.m. PST MC • VISA • COD • CASH 

Purchase OnleB from Ouallfled Firms702-294-0204 PeBonal Checks • AE add 41ftCUSTtlMER SERVICE I ORDER STATUS: 
9 a.m.-4 p.m. PST 

FAX 702-294-1168 	 ~ EB IE 
1000 Nevada Hwy. • Unit 101 • Boulder City, NV 89005 SHIPPING: (min 6") UPS • Fed Express 
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Cird~ 86 on RLadtr &rvict Card 

100% certified and tested. Em>r free 
llfe time warranty. All disks Include 
generic white box, TVVek sleeves, 
labels. write protect tabs. shrink 
wrapped. 
5.25 Black Disks. OS/OD .. ..... .36 ea. 
5.25 color Disks, 8 Colors 

Avallable, DS/DD . . . . . . . . . . . .46 ea. 
5.25 Black Disks. OS/HD .... . . . .82 ea. 
5.25 Color Disks, aColors 

Available, OS/ HD . . . . . . . . . . .94 ea. 
3.5 Blue or Grav Disks, 

OS/DD.. .................... .98 ea. 

3.5 color Disks, s colors 

Avallable, OS/ DD .. .. ..... 1.17 ea. 

BULK MEDIA AVAILABLE 
5.25 OS/ DD ..... . 
5.25 OS/ DO Colors . 
5.25 OS/ HD ....... . 

5.25 OS/ HO Colors .. . 
3.5 DS t oo Blue or Gray . . . . 
3.5 OS/ DD Colors .. .. .. . . 
5.25 Tyvek Sleeves .. . 
5.25 Paper Sleeves .. 
5.25 Label Sheet 
3.5 Label Sheet 
5.25 White Box 
3.5 White Box 

BOXsize Across Qty. 

21,j, x 7/16 1 across 10.000 
2~ x 7/16 4 across 20,000 
2'h x 15/ 16 1 across 5,000 
2'\IJ x 15/16 3 across 15,000 
3x15/16 4 across 20.000 
3.3 x 15/16 4 across 20.000 
3'h x 15/16 1 across 5,000 
3'h x 15/16 2 across 10.000 
3 1;, x 15/ 16 3 across 15,000 
3'\IJ x15/16 4 across 20.000 
4x15/ 16 1 across s,ooo 
4x15/16 3 across 15.000 
4x1 ·7/1 6 1 across 5,000 
4x1 ·7/16 3 across 15,000 

Prices suDJect to 
cnange wltnout notice.. 

1040 Broadway 

.32 ea. 

.42 ea. 

.78 ea. 

.90 ea. 

.95 ea. 
1.07 ea. 

.03 ea. 

.02 ea. 

.08 ea. 

.20 ea. 
.15 ea. 
.14 ea. 

Price 

Per/1000 


S1.95 
$1 .95 
S2.18 
$1.98 
$2.00 
$2.05 
$1.90 
S1 .90 
$1.90 
S1.90 
$3.21 
S3.21 
$3.25 
$3.25 

westvllle, NJ 08093 

609·45&·&99& 
FAX# 609-456-7172 

All orders F.O.B. Westvllle, NJ_ 

COO orders add $2.20. Visa & MCactePted. 


All orders Shipped same day. 
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lndumlal 
- Mull.... · 

- Skn. 

EGA-SAS Adapt&. 

~ · '88c.<d 
- AS '21 Nr1lf an:1 

35 MHZ -'DOA 
- AO~ 

AO ~ 
-ProtOl'f'Dt C.,d '"' 1 ~ 
- R.elw 
-s~ ~ 
-

-SSfV~ !Of~ 
- .c a 1<1'1 W?fn J • 1e ~-coun1tt 
- OpUK.Ol.lpltf-<:.,-d Wllh 18 In 

- Eprgmma n1e 
- PAl. 
-
- SC-NET 
- Mod.n..catd !or~ 
- Game llQ c..-d .....fiti 2 l"IOUtl. ahort en 
- Jor St><> IOI PC 
- CCI) lndlJ11JW t.MTWfl 50() & l56j QI 
- AS 23 1 lO R$ .Ul c~., IOt ~ 
-~....-~with .t .., RS 232-pom 
- a.. .(00f'1*' wrtt1 .,,wlaa 

F1 1 c-0 gr'CIOO J. trr.o1 1 9600 Dd 

Pf.HJ. •M ff>' INfO DrntrOu!Orl 1«/Uft«I. 
~~I~ t.l to°"' O.rssd1Mr &nit. 
f/.,,Jutg. 39 5 800 4, KCOVnt no. 
COMPUTER AIN O 
Mit~tef\ ICOft9i' f*11onc 
StHUtJ 22. PO Bo.o 1127 
0 5041 £rltJ1.o1 W-<iERMANY 

-

- PC C11d1 made In Germany 
'atO. J2 '1\tMotl tO I~ 1187 

-9ut~1 u.rd IOI PC, )(T ts.ti 
~ant lei il t&o~ 110 

-PrwuM.f)l.dfllll-efirO *'l(h 64 IUI Cit' 006t<1 ti~ 
Ht ftGB to ILW-V~ea Ul9

1.u.e 
t l9~ 

cc:m.rts wrtii t e;~ 8 brt U11 
12 twt 1$ i&.-0 11ttO 0~ d'\lnntlf 50 ut 11'3 

Wl1P\ a bl1 rftatutlm 1 m.rwi.. J7!i 
2• TTl l'O f 82S~ PIOI Ill• 

c.616 with 8255 and 8 TI\. lrO't HU 
ror 1 motOfl a. eoflwtrt t172 

F~wctrdJOOHZ 1JOOMHZ fOfPC-a\J till 
-Vldito-d;orunr Mtn 254 11\idet lll'IO t02.S 00 IS?ol 

Piel.U'a en Mr at ghDn9 1190 
• t'l 

8 OU1 ~ .,JJ 
1u112 ,..,.th tntool w nJO 

ptogtanwnlll' !Ot PCncT.AT & Sotrwtte Ull)2 
3. 5 M8 run upanamn bcwd tor AT wltho.n r.m'1 1195 

tOOO ""'tWOrOCarCI for Nowll•SOllwlH f 2'83 
PCJXT 30011200 bd. & M>ftw n~ 

U!i 
110 

J lu t t()J.8 
w .tt 1218 

11J5. 
••SS 

11M2 

156 164 9<XJ 

02235-76707 
"- • 022JS-702• 6 

,..... a.as 2134 

Clrde 315 011 RMMhr SuYiu Card 

S...nm.-""...,.,..,. 
0.- tCXIO.._.,D-WD 

~·~~ 
-"'"'*"' 
r.t-.cmT~ 

PC-..__ 

UNIVERSAL E(E)PROM 

PROGRAMMER KITS FROM $95 


• No .....-lltl' ...Siila: Mc.•"'1ti>"OO ~ ><lc<tioo. 
o Oo 00.Zd I""'"' ""1'1"i' ( 1 llY22DV AC). 

• Oirw l~ ..uJ'PO'f'; . . ..... I ~ WUTUI.)'. 

• U1t1 rtkedly .oftwar~: Comple{t hdp meo1.1.. 
• Qald. ,.i.. &lprilb (27256 ond<. 60 ..c). 

• Pr"l"""" l7a 10 l Mbi< : llu. (llJD. CMOS: U PMOMS 
• Mlaoo.: 111'1, ln'l, In.... ln'!IH, l!1'9, 87..H 4 ..,.• . 

• UIM· l'C. ,\ppk. CPM .,. Uob. dt1_, Aal0Mo4 llSD1. 
o Olbclhplit Ha, 8.....,., I nl•I & Mol....ob 8, lc.,J:! l>I. 

• Maou.al witb <"Olllpiitw M'Wm.ltlo. 

\IJSA MC N-fl!X C"11 ~ fl>' d414l~<tu 'I 

B&C MICROSYSTEMS 

:m wesr OLIVE AV SU N'f\IALE. CA 
PH: ("(18) 7JO.S 11 PAX. (olQI!) 7JO.S.!ll TELEX: 9841 

MULTI-TASKING SYSTEM 
/..,.ion 2.0) 

for lht IBM PC. PCfXT •nd PCf AT 
• No •gy I~ • M'llW'I • • • ,......,.._. 
• i8}.I PC oos• ~, ~·U'loO 
e Cl~ IJl.llOOOlll e Oyl"'-.,'1'111( 0P41Utll0fl• 

- ~pV.·~ - t,u.Jo~~ 
• r...-. a ~lll"I0 • • •141-DI• ,_.. P..•011111 ..., 
• 	 SoY~ OOol al me - ......,cry *80c t t>O"' 

C 1nw,CK1 and ~'C9 • ["4"'11 ~ 
t:r'Wn rt inQl.dMJ • ~• '-Q11•P' 
All.J • • ~,..t ~ ti'¥)I' ......N. •twtt. ~·~...-

~i:i.c:•• l b Vt KADAK Products Lid. 
~-r tn us :t'06 -,6A 1 W~..., 
..... ~• ..~ ~•H ut ~~6CCallilim 

rtlf)l, 1 T]A lrMi 
•• 11•• QA ~'0 
:ll: "" '"' ~ 

One memory 
plugs into two 

computers! 
Dual 
Port 
RAM 

Plugs into existing 28 pin 

Static RAM sockets allowing 


both computers access to the 

same memory simultaneously 


HITech Equipment Corp 

9560 Black Mountain Road 


San Diego, CA 92126 

1619) 566-1 892 


• 11'$W..111£££6111~ 

· ~.65"r'-'CI 

· ~K& 

• ~ Wig; '°"" l CM, ,_...,_ 
• t...Z A.-C 
.. ~Scmlltb200...U 
• higt1 ~&.il~ 
• Wn'81111"11\~ 

· ~&...~·~O..... ·- 
C..or _,. t.I • ...._. 

203-786-5151~ 
~i.6'nua l'O~ 

AHQ.r--DQ-~. tr'IC ..-..... "'~ ... 
8E:ST !)l"OQ.al lrom a:w Mrtl'• 
m.dn;PC~•IWll!i 


~~lr*> ..... lt'M 

~.,......dAiont .. 

Toi fr.. Ho!ilnt IOI~ 
~and~Oflll 

pr.:.-1~~ 


~ 

tlOp """"""°"' 

~ 
PO&ic,~ ,_..~ CT oeQll 

F:u 20lo-?M-50n r.-.. tl<Q'!Ot037 
CONTINUOUS FORM LABELS 


VT240 Smart Terminal Emulator 
and Communications Program 
IOI tl!I IBM XT. AT. PSl'l I/Id C«llP¥1tllts 

(IU]JJ"rfwMl'T ~ }Ill \ T!ill 
rnwlanon as ?-.a 1ni:i. I.ht ~ 

• (ompl.-.< 	Ir: A''>l .-01 
~-.biblr-i.,l> Jo.lik· 
.-.le d>n:I<!\. ..... """"h """VT241 
~----...,,....ind dtMnJo.uhlc (on1, 

•Atm I' <olummd~$295* 1fl IJ~-Ollumn ~ oo 1~ CGo\ 
LG-\. \ 'tA lf'll flcm.b '""""'"plus your PC 

•Full T<luoe<• ~IU '01'. w l lll<l or compatlble llzGISp'flltin_. 

·Kfll\ llT nl \ \KlOf\I inN"' 

•Lnsnnuon Sh' \~ 1>-- 1nd 

I'\ '"""' f.,. 1t;-OOS "W'll 
Also nvallablo VT220, VTlOO, 0400, 4014 
emulators and lhe l'ok<tStati<>n~ VT200 slyle 
keyboard 

KEA SYSTEMS LTD. 
SIMI J/l 1150 111!11 ~ Vnl1...,. 8 C C..... 19' lt9 
r~(6()1J T.rl m Ttllt>- ~IOI F" lfA>l/~S 
()rJll IOI FIN KIJ<i63-8702 
lDdlr"'""Y"""-""'" A.Wf~ 

http:higt1~&.il


COMPLETE 12 MHz 

ZERO-WAIT 286 SYSTEM 


WITH 3'1MB HARD DRIVE! 

Can you believe it? Yes WU can! 

32 MB hard drive. 12 MHz ZERO Wait State. FUlly AT 
compatible. Our camplet,e '286 system ready to plug in and 
fly right out of the box! At the amazing price of only $1,295! 

How is it po.ssible? By buying direct from the manufac
turer that's how. ZEa:) International offers you the finest, 
best-backed fully Kr compatible systems available . .. at 
fact,ory direct prices. 

We think you'll agree, this is the very best value you'll 
find anywhere. 

D0r Cal I r law 11 Pt+w 
C..upan: notonly OW' features but 

the ~CUstomer .As8urance ~ 

gram as well: 1. fo\.ill refund within 

30 days ofshipment ifyw an: not 

alJeolutely satisfied. 2. One tun )'ll!'81" 

limited warranty on parts and la

bor. s. Federal Express replacement 

ofany failed parts for yoor first 

year ofownership. 


Duoe lo CUrTl'!llcy tluttua· 


"""" &rid <>lh6 flM:tcn

beyond our control. prices 
lltt &Ubjeoct l O changr 

wllhOUI notl<e. 


c.JJ {04' "3fllpi<U 

warranty dti..a.Jls. 


In Minnesota Call: 612-633-4591 

And every ~system is fully assembled, burned-in 
and tested in our own laboratories. We would like to build 
one for you. Give us a call today! 

OTHER nos OPTIONS: 
• 	 Basic System Only: Everything except a hard 

drive. $995 
• 	 Complete 60 +MB hard drive system! Only $1,595 
• 	EGA Upgrade. 14" EGA color monitor with ZEa3 EGA 

card. FUlly tested. Add $495 
• 	 Many other drives and options available. Call Toll Free 

for details, 800-423-5891. 

NIWI ZlOS9 '316 ...._., .. 
~80386motherboards, 16 or 
20 MHz, 1.ero-Wait state. Up t.o 
16MB of32-bitmemory on boa:ni 
Plus on boatYJ,options in<:lude Wei
tek 1167 MathCo-processor, 80387, 
802.87, FOO and SCSIFIDO. Ideal for 
upgrades and OEM systems. Only 
$1395.00 

ZEDS
FAX Orders Dial: 612-633-2310 ORDER NOW TOLL FREE 
 INTERNATIONAL LTD 
530 Slh Avenue NW. Suile IOOO 

5{ Paul. MN 55112 
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IBMPC/XT 

COMPATIBLE 


PACKAGE 

~-·· • MOK RAM w/Cloc> 
,- · . · ' Ca lendar • 360K Duve 

' ' '. I . • Keyboetd 

' ' • Serial/Pruallel 

Pons • Bo• or 1o Diskenea 


• 12· High Resolution Monttor MODEL 30PACKAGE
Pe1sonal System II Model 25..............S1049 
 • IBM Compuler • Two 720K OrivM 
PS II Mooet 2~ w/ Color Mon ltor.........s 1299 • 640K RAM • Bultt-ln Graph ics 

• S<lrlal/Pa1allel PoM • Opllonal 12· 
1 720 k Floppy 01ille.. ......................S359S Monitor 

IBM Person•! Sy111m II Monitors s1199 
8503 Mono....................... .................. ..S249 

PS II Model 60 W/ 44M8 Hllld DriYe & 

PS / 2 Model 30 w/ 720 
8512 Color .......................................... .$479 Floppy0rive&20MBIBM s1599 
851 J Color.. .............. .. .. .................. ....S529 Hrud Drive 

PACKAGE 

IBM PC/XT/ AT COMPATIBLE 
 FX·86E...... .$319.95 


20M8 1/ 2 HI. w/ Controller.............. $279 FX-286E.....$469.95 

30MB 1/ 2 HI , w/ Conlroller. .............$319 FX-800.......$429.95 

40 MB 1/2 Hr. w/Conltoller. ... ..........$449 L0-800..... ..$389.95 


SEAGATE 

L0-850....... $489.95 
L0- :500.......5329.95 
L0-1050.....$659.95 
EX-aoo...... .$419.95 

EX·1000... ..S4SS.95 

PANASONIC 
• 800286 8 MHz Processor • 640K 
RAM • 1..2 MB ~ loppy • 17 Monllor 

s1349 
w/ 20MB Hard DrNe.................St 579 

POWEAMATE 11 

' 

NX· \000... . $169.9~ 
NX· 15.........$289.95 
NB·2410.....$399.95 
NB-2415.....$559.95 
IBM Pro-
printer 11. ... .$.369.95 

OKJDATA 
OKJ.120......$189.95 
OKJMATE20.S 139.95 
O<ClATA180.S219.95 

Laserjet 

Serles II 


M•1649 

l~I PACKAGES 
, Apple llC or llE I

MODEL D ~~~ii M~~~t~• ~~~ PACKAGE Hook·up • Cables and 
Adaptors • Package cl 
10 Diskettes 
APPLE llC APPLE llE 

s579 s799 
4.7 MHz. ·Dua.I F"•oppy Drives· 7£,,.p.tn"t1on • 512K RAM Compute1 • KeyboaJd -~pie llGS Com~ute1 • 3.5" 
Slol o·~l<K E•pondoble to 758K • POlallal & • J60K Floppy Dtsk • 4.7·7.1 6 MHz Orive •Apf'eRGBColo1Monit0< s1379
Senal Porn: ·M ou)e ·Ava1rable tn Color 01 ~ 12· Mon itor ~ 8088-2 Proces.501 ~~i.sp& ~~a~i!~.·~·:ppje All 
Soltw41e·NO OIMIGE' 
Monoc-n1om~ System • Ove-1 S, 000 Wortl'l or 

Soflw31e 
MAC PLUS Comouler Pocknge ......s1579 

Mono System IMAGEWAITER 11 Printer ......... .........$459 
MAC SE Compule rw/ Dual Onve....S1949 sagg MAC SE Computer w/ 20MB 

APPLE Hard Drive ................... 52599 
APPLE MAC 11.. .... .. ......................CALL 

NCC MULTISPEED H.O.................... .... 52199 

NEC MULTISPEED EL..... ........................ S1399 
 NOW........ $259

NECMULTISPEED........ .......... .. ...... ..... ... .$1099 

TOSHIBA 1200......................................$2299 

TOSHIBA 3100 /20... ........ ..... ................ ...$3050 
 IN STOCK!Monltor............. ..... ..... ......... .............$289 
 (• Commodo« 
1OSHISA 1200.. ............................... .. ......$2295 
 THOMPSON ULTRA SCAN....... .....$469 
 AMIGA 2000 LOW PRICE!ZENITH 18 1....... ............ ............ .... ......... $1449 

ZENITH 183....... ... ............ ...... ....... ......... S1999 MAGNAVOX EGA 


IOIJ4 FfG8 COl.OA ~ORMt.iGA ro roOISJ< DRNF 
BRIDGE CARD • RF MODULA rooMonitor. .. ............ . . .. .......$339 
 MllGA row DISK ORNE 

AAfi!CA. '°'. ~ 12K E'l.PANSKJN
~Q"if~1't,&i"J~~~JES .......... ............$ 1099 
 lHfSE & AU.. O THER 
SPARK EL. ..... ...... ................. .................SI 199 wnn EGACard............................. .. ...$459 
 PER IPl-IERALS IN So fOCK 

commodore 
126 PACKAGE 
Commodore 121 Computer •Commodore 
Drive • Commodore 1902 Color Mon llor 
Commodor• 1515 10 Column Prio11er 

~~~~ 


http:O<ClATA180.S219.95


BYTE 
LISTINGS 
Y RWAY! 
It's easy. Now there are 
th ree ways to get sou rce
code listings tha t go with 
BYTE artic les-on disk, 
in pr1n1 or on line. 

LISTINGS ON 
DISK BYTE listings on 
disk are right for you if 
you want to comp ile or 
run programs quickly. 
Disks are now available 
by annual subscnpuon as 
well as individual orders. 
BYTE offers listings in 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 standa rd BIX 
rates. See B IX informa
tional ad listed in Reader 
Service index in 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 credit card 
orders only. 

ON DISK 

Pf,...• und ma llngle disb In 
the f.......t ch..,Qd for the 
foll.-ing 1887 IUUM: 

0 January 0 August 

0 February 0 Sep tember 

0 March 0 October 

0 April 0 November 

D May 0 December 

0 June 0 IBM PC Issue 

0 July · 

Di9iul of listlngs for December 
1985 end all 1181 ........ 
IMllW>le at the pricee l'tated at 

the right. "'- metk the 
appf'Opriat• format end not• 
the luue date below. 

Month ------- 

Year -------- 

IN 

Single 
Month 

(one d!skl 

USA: 

Annuel 
Subscription 

(13 d l•k&) 

OUTSIOE USA: 

Single 
Month 

tone d isk) 

Annual 
Subscripti on 

(13 d~ks) 

5 Y. Inch: 
0 IBM PC 

0 Apple II 

0 Kaypro 2 CP/M 

0 Tandy Mod 4 
0 MS-DOS 8 Sec1or 

0 Tl Professional 

0 $895 0 $69 9'j 

!Save S46 401 
0 $10.9':) 0 $$9.95 

ISave $52.401 

JYJ inch : 
0 Apple Macintosh 

0 Atarr ST 
0 Amiga 

0 HP 150 
0 IBM PS/2 

0 S9.96 0 $7996 
!Save S49.40l 

0 $11 .95 0 $99.96 
!Save S55.40J 

8 Inch: 
0 CP/M 

0 $9.9':) 0 $79.95 
!Save $49 401 

0 Sll.95 0 $99.95 
!Save $56.401 

1987 Annual 
Supplement 
Subscription Rates 

IN USA: 
only $18 00 
IS""" $9 801 

OUTSIDE USA: 
only 521 .00 
ISave S10 801 

1987 Supplement Issues 1986 Supplement Issues FOLD 

IN USA: 
D January through March 1907 for 

only S6 95 
0 	Aprrl through June 1987 for on · 

ly $6 .95. 

0 	July through September 1987 
lor only $6.96 . 

0 	October thrtiugh December 
1987 for only $6.!J5. 

OUTSlDE USA: 
0 January through March 1987 for 

only S7 .95. 

0 	April through June 1987 for on· 
ly S7 95 

0 	June through Sep1ember 1987 
for only S7. 95. 

0 	Ociober through December 
1987 lor only 57.95. 

IN USA: H~RE 

0 January through June 1906 lor 
only $8.95. 

0 July through September 1966 
lor only S6.95. 

0 	October hrough De<:ember 
1966 fo r only SB.95 . 

0 	 1906 Annual Subscrrp1<0n for 
only SIS.00 IS<Mt $4 851 

OUTSIDE USA: 
0 January lhrouyh June lor only 

$9 95 

0 June through September for 
onl $7 95. 

0 	Oclober rhrough December lor 
only $7 .95. 

0 	 19136 Annual Subscrrptron lor 
only $21.00 ISave $4 El51 

COMBINED DISK 
AND PRINT 
SUBSCRIPTION 
Bundled together , 
giving you the 
convenience of disk 
based source-code plus 
the ease of reference of 
print. 

Narne 


Address 


C11v __ ______ 


Coun ty or Parosh 


Cred it Card 1 


E>p Dae __ Signature _ 


IN USA: 
Annual Subscrip1lon 

113 dis ks & 4 IHues) 

OUTSIDE USA: 
Annual Subscription 

(13 disks & 4 Issues) 

5 !4 inch: 
0 IBM PC 
0 Apple 11 
0 Kaypro 2 CP/M 
0 Tandy Mod 4 
0 MS-DOS 8 Sector 
0 Tl Professional 

D S84 .95 
<Saw S59.201 

0 $10<! .95 
!Saw $69.20> 

3 Y. Inch : 
0 Apple Macintosh 
0 Alan ST 
0 Amiga 
0 HP 150 
0 IBM PS/2 

D $94 95 
I Save $62.20) 

D s114 .95 
(Save $72.20! 

8 inch: 
0 CP/M 

0 $94 95 
!Saw $62.20! 

0$11495 
ISave S72 20! 

Please allow 4-8 wee s lor dot1wrv. 

APRIL 

S1ae ___ Zrp ______ 

_ Counlry _______ 

Date __ 

FOLD 


HERE 


0 C ec · enclosed 

D Mas1erCard 

C! VISA 

D US Funds encloSM Il l ordering 
from outside the U.S. pleas.a re 11 m 

U.S lunds urnwn on a U S ban 
Thank l'(lu J 



NO POSTAGE 

NECESSARY 

IF MAILED 


IN THE 

UN ITED STATES 


BUSINESS REPLY MAIL 
FIRST CLASS MAIL PERMIT NO 10 PETERBOROUGH. NH 

POSTAGE WILL BE PAID BY ADDRESSEE 

13'1JE Listings 
One Phoenix Mi ll Lane 

Peterborough, NH 03458-9990 
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Ok ld~t~ M L 82A ~nd ML 83A P rin ters: 

IBM EMULATION ''PWS" 
E1no" ComO•l • D1 L1 tvll..•• t• ' 0 \.l ah ly 

PC-WRITER" 
ONLY 

. $99.00 
Qh"ti '1'1t0P rf'9 & W i t\ 
U• ICtl1I .cj(lttUttl 

Monf'V bKk i'UltlnTH 

•F ULL EM ULATION Of THE IBM PC 
GRAPH ICS PR INTER 

• LETTER QUALITY PRINTING 

•E LI TE CHARACTER PITCH 

• SUBSCR IPTSISUPE RSCR IPTS 

• OOT AOORESSABLE GRAPH ICS 

•FR ONT PANEL FEATURE 
SELECT ION 

To O rder : (71 4) 261 ·0228 

0 RAINBOW rtCHHOlOGllS. INC 

11011-A Mill;hlll So, Ir.tine, CA 927 14 
(714) 261 ·0228 Telex : 386078 

ClteU Ul 011 Ria/hr S.rYb C 

JK.L's APRIL BARGAIN 
JKL AT 40·25: 25 MHz 80386, 
40 Meg HO . . . . . . . . . . . . . . . $9100.00 

JK.l AT 80: 80386 (16 MHz) case. 20CNI P.S.. 

Keyb<f, 80 Meg HO. 1.2 Meo floPPV. 

VGA, EGA. ULTRA.5Y C Monitor. 

25 M69 Byte Ram $5369.00 

JKL /Cf 31HO: 80286 (10 Mhz). 

30 Meg HO. Ck Monitor. EGA. CGA, 

200 P.S.. Keybd.. Floppy . . . . . . . . . S1500.00 

JKL XT 30·10: 8088 {10 MHz), Case,

1scm P.S.. Keybd, Parallel. Serial. Clock. 

Floppy, 30 Meg HO. EGA. 

Mono Monitor . $1050.00 


Priu & Mlllblllty 1Ubjtcl lo ch.1ng1 wlllloul notice 

Jack Krochmal. Lid. 
Compu1crs. 

Pcnphcr.Us • Suppli~• 
717 Elilworth om.., 
Silver prinH, MD 20910• 
(301) 565·2910 I 587·3232 

Toll Free: 1·800.JK3-0386 

REAL WORW 1/0 
For PC/XTIATs 

ADU(] • 4 thannel , -
12-bU A 0 board 

~ 


10 Hz sampling 

ra1e 
 .. .. lns11umentatJOn 
amp froni AOSOO
end $239 
ADA3Dll • aCllannel. B·bll Altl. single 011\. 24 
pr09rammable d•g•tal II() Imes $239 
A0500 • 8 channel . 2·Dll AtO board Sottwa1e 
pr09rammable g.alns ol 1.10 . and 100 Highly 
acturale lnt1!9rating converte1 
7 og1Ja1 I 0 lines H1<1h·Z inputs $239 
A0100 • S1no1t tn~nnel version ot AOSOO to d1g1taJ 
I O ~nes S1me accuracy ano p109rammab1e 
gains $149 
DA600 • Fasl sellhng 12·b1I oual DA oonvene1 $169 
0024 • 0191 ta1 I 0 board w1lh 24 TIL lines 
conhguraDle in sottware $95 
XB40 • Easy 00!11\CCI exlcnder PIOIOlyl)e 
tmrd With termlllll strips $49 
OEM discounts ava!l.lblt 

Real Time Devices. Inc.. 

(8 14) 234-8087 

9-Track Tape Subsystem 
for the IBM PC! XT I AT 

Now you can e>cchange da1a files belwcen 
your IBM PC and any mainframe or mini· 
compula U5Ult! IBM compatible 1600 BPI 
9·Track tape. Unit can also be used fordtsk 
backup. Transfer rale is up lo 4 mcgabyl.,. per 
minute on PCs and compatibles. Subsystems 
include 'Tor 10 '11·streaming tape drive. 
tape coupler card a11d DOS or XENIX 
compa1ible soflware. 
PricL"> tart at $2, 995. 

OLJRLSTRR._ 
9621 Ironclalc Ave .. Chatsworth. CA 91311 

Tdephone: (8 18) 882- 5822 

~AT llOO 
Duk Symtam U" 
f'L'OI • u.l.A... _ 
- ~............ .,
· ---~ 
•M YM.l_I_ 

' '!OW~ .. ,........, 


· --~~-·- -cc--r..·-_.....,...., .... 
-~ · •t ~"""'llli-_..._ ___N......... .,.__ 


•XO,,,..,_"'~ 
~""Ul' I• m:ml'(Z)....___ 

•4;)1'lf .......... .. 
__.. ......__________..... ,___,
• 11119• \lt-.... t_ 

trilimo ...... _., ... -~~ ..... ~ .... ~------
~~~D----f'l{Z--.a 
•l-~ ...........~.~ 


,.,..._ toO lll UM k"-11 At ~l. 'O ' _.,.. 
11'" a.tttc~~ 
~ · ~l'O'Ot 

• F..... lBM l(T~ · A.WllJIOS ~1"1W. IJ~~ 
. .... ,.,. ..a. )«II: Qi; • 100. M. Ma~"" ......- 0'0~ ........ \loof't~ C...-':ifl 
• "lu.JO ~ · ·-- ~ • Hli.""""U-~ • P..-.wt•Ja1lll.IOOM ' 11 ..... Cll' 
· -~~~-..i. • tJ&A,.,...~ 

SdtwtO Computtt C.nl•r 
t .... c_......,~ . .......,..~. ~ 


~tic- .......o.-. '"""--· 
u' 111>-1 a..v •aw11 • 

Cltrlt U1 011 llHMr S.rllu Cud 

Mutt'r Swilch l.1 sc-phls.Uc11HI yt't nulbk Sc\cr.t.I 
compu1cn.om accC,.Sl.onc tmol hcror hare prinlcr:i 
ond nu>dcn\S. Us. «ri•I or parollel interface .. up 
10 nine poru. The burler b c.:cp11nd11blc up 10 one 
meg;abycc. Accc.s..s. a job comrol menu fmm each 
compu1c r 10 vlcw 1bc queue or amccl. hold. and 
rdeu.c jobs. M:my other fc91Uro 

Mulr.-Nrt !i.Oftwue ttllOONS computer nc:tW"OrLing 
:t:nd clccuon1c m3ll capab1liliu for 'PC . 

Olht.r 'olull ont from ROSE 
• Ptin1cr Shcm ng • Mulliplc:xer~ 
• Yro1ocol Con"'crsion • Moderns 
• Bufferrng • Manu;al Sw11cho 
• 1icro 10 ITllllinfrnmt • Cable.s 

!:,~~~~=~'::r'' .., 
0rUrr u4 0£.\f ..Q91'1ict UT wr:kaliW'r. 

..• a l your commund 

~) ROSE r o 110 1 1~ ~ pr "Ou\TQ"I 11 fl;H 

~~~ El. EC TAONICS C&HIOl\.U.LIOI.. 71 1 9Jl TU J 

01*JI3 Oii ,,_.,Stnlce Canl 
(DBALERS: 31') 

Circle 84 on Reader ervice Card 

TYVEK 
WI TH 29 t
SLEEVES" 

1000- ea. 

BOLK 5~4' DISKS 

Dou b le S ide-Double Oen. 


1003 Tested &Certified Error Free, 

at "Minimum 55%ilippin" Level or

Higher:'"Lifetime arran r: With 
Tywek Sleewes &Write on Labels 

100 200 600 
.38c .35c .32c 
each each each 

DEALERS WELCOME 
Telex ..4933362• Fax *405-495-4598 

ShiPJ>ill!I Charges Varv With Ounntllv Calf 
_ .,.__ Ocu~~~;~W:C~1~~ 

Di lletttcfl°'"'--::•.t~!>O.;~J..~ ·49~ 
e,(lllJleC iOff N'nj':ll,0.,l;.~~l·J!~J 

~~~J~;~~~VM~~~'"M~tr~~~'~r1flb 

o\K ,hl.Ut PR dOO .,,. a<JOtll(JfWI !O• PAL 

sr DISKS 5BOX 10 BOX 

o·side 9so 3so 79s
D·Den. - - 

~~ 17~ 16~ 15~ 

--3112 Dlskettes- 


S·Side 11~ D·Side 16~ H·Den.39~ 

--8" Diskettes- 

~:~~~ 15~ ~:~~do~ 17~ ~:i~:.20~ 
International Orders 

Acee ted 

APRIL 1988 • BYTE 321 

http:H�Den.39
http:o\K,hl.Ut
http:compu1cn.om
http:Pcnphcr.Us
http:S1500.00
http:ULTRA.5Y


RS-422 
FOR PS/2 

:1; 	 '!' ' :4:I 


t -	 )'~~ :· 

. .. ,, :..,,1 •. 

MODELS 50, 60, 80 

• 	 Two Channel 
• Transfers to 256 K baud 
• 	 Address Selectable 
• Interrupt Selectable 

1-800-553-1170 

nGIUATECH .. 
478 E. Exchange SI. . Akron, OH 44304 


TEL: 1216) 434-3154 FAX: (216) 434-1409 

TLX: 5101012726 


RS-422/232 

CURRENT LOOP 

DS-225 

• 	 Single channel async communl· 

cation bo<Jrd for IBM PC/ XT/ AT 
• 	software selectable to be llS/ 

422/ 485, 232 or Current Loop 
• 	selectable Address a Interrupt 

1-800-553-1170 

4711 E. Exchange St .• Akron , OH 44304 

(216) 434-3154 TUC: 5101012726 


CircJ. J25 Olt BMMhr Suvkl Canl 

SERIAL/PARALLEL 
Communications Board 

~ · ·--o ·-.' 1·1·ir r·n .::....::::.
'~ ~ I I ~J - I . ,.,. - ~ 1B ·. ··1 -~1fu' • ' I I ' ' I II 

'I"~" I ..•.r. ,: - 1 .i. ' • ~ 
~-.. _ ..... ..... lJ Jr·-~ __ 

• Two Parallel Printer Ports 
• 	Two 8-Bit Digilal 1/0 Ports 
• Two Serial Ports. RS-232, RS-422 


or RS-485 

• Address Selectable 
• Selectable & Shareable Interrupts 

1-800-553-1170 
~GIUATECH 

478 E. Exchange St ., Akron. OH 44304 

TEL: (216) 434-3154 FAX: (216) 434-1409 


TLX: 5101012726 


. -

. ,. . . 

• FOR IBM & Compatibles 
• Flexible and Inexpensive 
• Money Back Guarantee 
• Free Technical Support 

Fast De/Ivery 
1-800-553-1170 

~GUATECH 
~ -_,,.J,'••,.;1 

LBadera In Communlcallon TocMology 

478 E. Exchange St.. Akron, OH 44304 

(216) 434-3154 TUC: 510t012726 

72 DIGIT AL 1/0 
FOR PS/2 

MODELS 50, 60, 80 

• Parallel Expansion 
• 	 72 110 Lines 

• 	 Address Selectable 

1-800-553-1170 
go.uATECH 

478 E. Exchange St.. Akron. OH 44304 

TEL: (216) 434-3154 FAX: (216) 434-1409 


TUC: 5101012726 


IEEE-488 

CONTROLLER 


FOR 

PS/2 
MODELS 50, 60, 80 


• 	 GPIB Compatibility 
• 	 Control Up to 14 Devices 
• 	 Selectable Addressing 
• Software Included 

1-800-553-1170 

478 E. Exchange St .. Akron, ~ 44304 

TE L: (216) 434·3154 FAX: (216) 434-1409 


TL.X: 5101012726 


CURRENT LOOP 
Communications Board 

• 	Dual Channel 
• 	Address Selectable 
• 	Supports 20. 30. 60mA 
• 	Configureable as Active & Passive 
• Selectable & Shareable Interrupts 

1-800-553-1170 

478 E. Exch8096 St.. Akron . OH 44304 

TEL: (216) 4:>4-3154 FAX: (2t6) 434-1409 


TUC: 5101012726 


WAVEFORM 
SYNTHESIZER 

• For IBM PC!XT/AT and compatibles 
• Generates user-<leflnable signal 
• Up to 2000 points per envelope 

$795.00 
1-800-553-1170 

478 E. Exchange 51. . Akron , OH 44304 

216 434-3154 TUC: 5101012726 


24 DIGITAL 1/0 


• 24 Bit Digital 1/0 
• 	 Buffered Output 
• 	 Selectable Address 

1-800-553-1170 

~GUATECH 

478 E. Exchange St.. Akron. OH 44304 

TEL. (216) 434-3154 FAX: (216) 434- 1409 


TLX: 5101012726 




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

f<.,r}t-" E PR 0 M 
~q PROGRAMMER 

APROTEK 1000 

ONLY 


$225.00 
COMPLETE WITH 


PERSONALITY 

MOOULE 


117 AC POWER-RS-232 CONNECT 
-6 BAUO F!A TES - HANDSHAKE TO HOST 

Al.LOWS RE AD, WR ITE, VE RI FY• COPY 

Comes comple1e wllh IBM·PC. Apple llo, or CP M 
(Specify Computer) Drlvor Program on Oise. 

Program• the following 6 VoN 24 O< 28 p.n 
"""'°"5: 2716 ...... through 27512. 25x. -· 
68764 plw clhe,3. Plea:!58 Specify Personality 
Module desired wnh Ofde< . Add'mon"' Per$0Nlity 
Modules on"' t 15.00 ea. ~ 1 y ..r wo1T1W1ty . 
TO OH[JfH 1:1\ ll 1 800 962 5800 OR WRITE 
APROTEK 

10; 1 ii. AVl:\ilUA f\CASU /\dd 

c~\!\lARILLO LA~ 1U IU -.. \ OU Stii11111rn1 USA 

lut .. 80r1 ~Bl .:?-l').l VISA 1H i\1L Add < 
\'\• i".i.· '" l'I ti11 ... 1 :s. h111i1 I, L .u~r1 C 11111 p 0 '> 

Cin:k 22 on l&od«r s.rv11:. CanJ 

PROMPT DELIVERY!!! 
SMIE DAY SHIPPING (USUALL Vl 
OIJANt I 1Y QtE. f¥ICE$ $H(J>.YN IOI' fU_ 1. -

1Mblt 
51258 
4464 
41256 
41256 
41256 
41256 
41264 

DYNAMIC RAM 
1Q48Kx1 I 00 ns 

• 2saK.i 100 ns 
ti-!Kl<• 120 ns 

2sai<.1 80 ns 
256KJ.1 100 ns 
256K.•I 120 ns 
256K• I 150 ns 

+ G-1Kl<4 I 20 ns 
EPA OM 

27C1024 64Kx 1G 150 ns 
27C1000 126Kl<6 200 ns 
27C51 2 84Kxl! 200 ns 
27256 J2K><8 250 ns 
27128 16><>-S 250 ns 

STATIC RAM 
43256L-12 J2K.<B 120 ns 
5864LP-12 BK'S 120 ns 

9-TRACK MAG. TAPE SUBSYSTEM• 
FOR THE IBM PC/XT/AT AND... 

Far .inbrN!tJPl"I nlatci\ar1V9, tNl(il..ug ~ .-ctw.r fik'lfeql 
Alt:~ot1..,,a9- t rtc" OP.1. l()lm&1-((lrl'lpoM1ta11t 
•• -~1.illf)llMi»y&1 11mlo'U'll'I P'C_~illfiM1"Q 

• l!IW lonn1l lfl001320D INtd 900 epl. 

• SoltoW¥9tot PC ·OOS. WS.[X)S, XE.f4tX 

• ~:a.alotAT&T , DEC, VAX, 

....... S-100. AS-212. 

"'-EE ... 
 AKSystems 

;:ic11.1 u _.e. £l 
C~lt>CA•\l11 

',~!f)~oim1 

Includes MS-DOS Operating System, Two Program Diaka, For Home, School, 
User's Guide, Quick-Reference Gulde, and Owner's Manual. 

Or Office! 

• 512K Random Acc&M 
Memory. 

• Two 514" 360K Drives. 
• 	12" Monochrome 

Monitor. 
• 	IBM Style 84-Key 

Keyboard. 
• 	M~DOS 3.2 Operating System 

with User's Guide and 2 Disks. 
• Parallel Interface. 
• 4 Expan.Jon Slots. 
• Herculff Graphics Compatibte. 
•Color Card Included. 

Zenith-The Quality Goes In Before 
the Name Goes On. For decades. Zenith 
has been making fine electronics !or home 
and business. Products built to pertorm and 
to last They have put their experience to 
work to develop the 157-2 Personal 
Computer. Now you can order th is IBM 
compatible computer at a price that' s 

9G-D11y Umited 
Manufacturers Wammty. ~!:'~:()() $799

IBM and IBM PC/XT a1e regl1lere<f 
IJademarta of lntemadonal Bu1lnH1 Item H-3440-7344-054 
Maclllnel Co<p. S/H: $49.50 ea. 

~ C..rd C\Jllomen can orderTo Order Toll-Free: 1-800-328-0609 by phone, 2« hours a day, 7 day& I ....... 

~Authorized Uquldator I 1405 X&nlum Lano N/ MlnMapoll•, MN 55441-4494 Na<ne I 
Send-Zenith Compuler(a) llom H· :l-440 -7344 -054 Address t •--- II a1 S799 each, plus $49.50 each for insured snipping. 
handling. (Minnesota reoidonts odd 6% ..-.res lax. Sorry. C.ty II no C.O.D. o<dars)

I PLEASE D .,,.. O r._: O ~ O - S1ata IP I
CHECK: .-.. f'o.__,. _ ~I 0 My c heck or money mdeJ ts enclosed (No delays tn Phone I 

pr000$Song ordara pol<l by Che<:I<.) I
I 	 I S.gn Here ------------- 

Acct No ----------~P_____L__L--------------------------.J 
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almost 50% less than what you could pay 
tor a comparable system. Why buy a no
name clone when you can own a Zenith? 
This kind o! quality. at such a LOW price. 
makes this a computer deal you can't afford 
to pass up! 
Zenith Data Systems are made by skilled 
engineers to exacting specifie<itions. The 
Zenith Model 157-2 Computer Is expand 
able to 640K RAM. A hard disk drive can 
be added with add!Uon o! 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! 



ATTENTION p•cad USERS 

Now you can increase the product
ivity of your software by using the 
new ... 

RAPICAD buffer/decoder. 
Two buffers in one uni t with parallel 
and serial in/out. Up to 1 Meg tota l 
memory. 

NO EXTERNAL DECODER 
needed any more . .. because 
RAPICAD is fully pcad box compati
b le and software transparent, allow
ing the use of p·cad and any other 
software with any pri nter, plotter. 
laser, etc. 
Prices as low as $995.00 .. INTECTRA Inc. 

2629 Terminal Blvd . 
M tn. View, CA 94043 
(415) 964-5018 

NOw gel PQPYlo! >POf!Ch l<>clinOloOI<» In ONE oro
rucll ~Thing Is a Ml~eol~ 3 bOI D/ A IOUOO 
COIWG<le< E().lily OllOCnf.ls OUI- IM C()mj)u le<-no 
olol• reoul1e<1. SOlrwo1• lnclud•• p<e<e<:Otele<I 
speech vocob<Jlc><les. rynlt>ellc: te •I 10 1peec:n 
(spealu onv ASCII le•O. demo oroo<omi. and com
plele edltlnQ reo ruie~ P!lco oR¥ $69.~ A1>0 
(JVOil(ll)le, V()lce Molle< PC pil)Q In l:>OOrCl IOI CligjlOI 
recording. -llng. and VOIC E l!ECOGNITION (h
Qut.. Sj)Meh 11\ing IOI >OlJfld OUIP<JI.) Of'lv S79.95. 
P<J1en1ed p<1Ce/ ptrlom>onc• 1>r.o1<1h<oug1UI 
TO ~R BY MAIL Inell.de $o4 "1ippWl\j & oondllnQ 
($6 CanoelO. Sl2 OV8JS60S) P"' OIO&t VISO. Mosl61 
COt<l pllOM o«le11 OCC~le<I . 30 Cl()y money l>OCk 
guaon1<1e. one yeoi worronly. Other VOlc:e 1/0 ry>
lems avollal)le IOI ~- COITVnOdo<e. ond AIOtt 
COf'l1)Ul 9 U 

@ COii Ot Wflfll! !O<Joy FOi' F'i'tl Prooucl Coroiog 

awox INC. <S03> 342-1211 
075 Conger 51 . EUQ9"8. O.egon 97402 

IAID BISI CONTIGLLEBS 
ADAPT EC 
PC-XT Conlroliet Sf506l412 .S'S 
2072 PCIXT ALL . .$98 
3530 SCSI 10 Tape OIC 38 . $78 
4000 SCSI 10 ST506/415 _ $89 
<01U SCSI Ill ST506/412 AL L . $98 
45.20 SCSI 10 ESOI .$98 
SSOO SCSlto ST506/412 . S125 
WIO SCSI to SMO $175 
XEBEC 
S14t0 SASI Comroller St09 
51420 SASI 10 SV." FJowi & Hald 01!1< Controller . . . $99 
AjJjile 11 . II +. llE HOS! /<daplti< . $29 
10slrba PC to SASllSCSI Host AfO?Ler . . . . . . .$29 
9205 Multbu! HlTd Disk Controilet . . . $199 
93050 IEEE 438 (HPIB) 1'l ST506Mt2 Conlroller . . .$89 
WKI SASI to SMD Con1roller $149 
OfHEllS 
Ql,tTI 20C, L SASI C<>olrnll<lf S99 
ore s1<111 SASI c..-i.ro11er . . . . S99 
Slwgan t6t0.1,3 ot 4 SASl/SCSI Controller Si'9 
WO 1002.SHO X8boc CompeJ•ble SASI Controliet s·109 

• Cail "" ~ PllC8S. 
' Controller mMualJ $8 each. 

"WE 
BUY 
AN D 

SEU" 

UNfVERSAL F. (E)PROM 

PROGRAMMER $495 (Ki ts rrom Sl65) 


• .No ~l]--u.la.: Meau Wivco ~ice: 'k'.lcction.. 
• BWll~W. f.n:M::1rr'~1 op11iiua (UO): Coadl.llCIM: lo.m pad 
• Di.re-a lcdui.ial wppon. Full I .)"mr-rna17 

• Stud &k.ac duplic::ation & Yerify (llXX pout~) . 

• QYJ.rk piyJ.., aJaor11•111o (2725b unde r W xc:). 
• 27D lo l Mml; 25n::: 68.n: CM OS; f.EPROMS 
• :IJ7'1.·2..... -M.,.SH , -9,-9H ,-!l,-C5 1 ,-ll.·~~. "™I&: .,.,.-c 
• l lllM·PC.ApSJk, CPM w- n.la d.rhw; Au.tobliud K.Ull. 

• 0(~ Ila,. Uiiwy, l n1~I &. Moh>u:U 8.,16.Jl lllL 

• 	.Muul willll complitt.I" ~•On. 

VISA MC AM EX Cati rod.lly fa1 dJJ1 ;:ult.ut1 ,-, 

D&C MI CROSVSl'EMS 

lll WESTOUVE AVE. SUNN'l'VALE. CA 
PH: (41'.l\) 7l0-551t t 'AX: (Q) lJ0..5521 TE.LE.'<.. 98-1 1 

Circk 33 <111 Rladtr St rviu Qu'tl 

WEWARE~ Insurance provide; full 
replacement of hardware. media and 

purchased software. N. liule a.s $39/yr. covers: 
• Fi re • Theft • Power Surges 

• Earthquake • Waler Damage • Au to Accident 

For information or immediate coverage cal l. 

1-800-848-3469 
!11 Ohio call i-614·262-0559 

@rnw:) 
WF.ITIARF.. Tbt' /11sura11ce .weriCl· '"' 

Clrct. 2'5 011 baller S.rvic1 Canl 

PDK51 

Th• $595 Solution to 8051 

Product Development 


The PDK51 la a powerful and economical 
ch<>Tce ror IM dove10pmen1 ot 805l ·bas&d 
~tems. The PDK51 Is usod wJlh an IBM·PC or 
&qulvaten1 an<l Includes: 

• SIBEC-11 6052 Bask: Microcootroller 
• SXA5 l Cross Assembler 
• ROM-Based Monilor/Debugger 
• PROM Programmer 
• Power Suppl les 
• Documentation. Tulorla l af\d Moro 

Call Now! (603) 469-3232 
~Binary Technology, Inc. 
~Mam Si.. P.O Bo• 67, Menden . NH OJno 

DATAFLEX~ 
• Multi -user Database ! 
• Powerful! 
• Multip le Operating 

System Compatibility! 
• Amactive Dealer 

Pricing I 
• Full Dealer Supporr1 

DA.• ,-, r I rr ....J r 'Ul,.ll 'o c' O.tr,l "" t "'\\ 

Dealer lnquirres lnvrted 

) 4000 T~1,•qr ,1pn Ro.1(1 
'iuulll l1t'lcl M 1<l11cj.HI 180 ·1 U<.A 

13 13 ) 3';7-l N 5 

Circle 58 on R.ud1r S1rvk1 Card 

F1ni1..I our hnw nm whnlt' f3m 1I)' at 

EMU-TIK i.:;mrl. 10. llC'fm tnal emu l1.1 <1i1n 


~1i1w.ir (' nukn li.":":J ~n~ fo, 1hC' u.·ork yOu do. 

D H lod31f (ot mmiC' Ln form1mon. 


IFTC ~~:~MS I 
(714) 995.3900 


!BOO>%Z.. 3900 (6001 972-3900 (Cal;f.) 

ICl80 I 0.1< St . Suuo M-1 


Smnurn. CA 90680 


Circle 107 011 Rllllhr Stniict Can/ 

Dynamic Where the 
CUSTOMERElectronics 
Comes First!co ..... , 

8087 • 5, 8, 10 MEG 

80287 • 6, 8, 10 MEG 

80387 • 16, 20 MEG 

64K • 256K • 128K 
V20 • V30 

No relunct. onlv o•chonQe 

C.chOnQ& QCOd lor JO days unkm 


monv:tactureJ -.vorran flfJ) meJchondl$6 looge:r 


Phone: (714) 582-1224 

FAX: (714) 582-3780 


27402 Cam.no Capistrano Sul1e l 12 
Laguna Niguel CalKomlO 92077 

http:i.:;mrl.10
http:8.,16.Jl
http:l]--u.la
http:Inell.de
http:OllOCnf.ls


6800/6809 

Micro Modules 

• CROSS 16 META 

ASSEMBLER 

• use• m"'"' ' htctvr.i1 .., 11~'lt:1mb4v mnr.fl'OOIC"f. 

e Tnb4e'\ ~ t ...11mDt1t Sourca f1lr• 1• 1ricll.ldod IOI All 

1802 J870 (J.11 80 6502 
65816 680 1 61105 6809 
61111 68000 7000 90• 8 
8051 9085 8086 809 6 
COP600 SUPf•B 7fl l80 

• 	 Prooucv1o l1~ 1"'t,i1 :.vmt>ol 1 b fe- or\!'' 8 16 h •I 1J1niuv 

1n1el 111\d ot111ulJ ht..t .., t.oJ• 

• '5 DSOO I OI PC MS DOS 1 0 ru yu•dte1 

•99 95US ' 139 gs CON 

• ~urtablil: C :lllY•(OCOChJ 15 ,,~a1lnfl,lf'I 

WO.Ill~ "°''~ itHRMAI~ I f, hardM1\j If'<~ C:i ltQl l 
C•LI .,.,,....., t 1 !11 I}'!. CDft,, pl •~..,. t.M"1 I ~ (Jlofj "IJ"lllWI' 

.... ..,...., ~ Clll' 1 aNJ • • IJPV \ll•lir 

111 Universal Cross-Assemblers 
PO Box 384 Be dford NS 

Ctinmfo B4A 2XJ 

PA UE PROM PROGRAMMER CARD 
For PC j)(T fA T Syalfl'l'\9 

MEW - YER SIOM 1 OF SOFTWARE ANO HARDWARE 

~~~~.to 
Al. TERA. CV?AESS. 
RICOH. .,... PANA TEC 
PALS s._.,. EPlll. 
pd.onrr RA. -""""' 
c:irooua r:tnn rypn

'""""'""""" Wr••. VIH'IPy Protflo:I 
E<>l Pm. _, n. 0.0 
ns ...,. ol P1" 0C7ill'fl 

·JED€C
·Sott.1tt LN:tuot<I 

100MHZ LOGIC ANALYZER CARD 
For PCf.{TtAT Sy•l1m1 

I "', -.,_ 

2<1 ~ II 2"°1; 15Mlu 
-6~.EIOO !Mu 
lrtAn\l1 \(> \0 100 Ml\: 
En.r'YIC:OO."'°to2'S ~ 

""- 009fffi.EClor~trtrl·10'Cl · 10w 
Con SLOO. ~ eo.,ds 
.u s.ott"#llt itlO.A)fO 

' ~ G<..,..,.. .... 4 Sporrow °' ' 
l.Mt>O>IO<l. IJ 07039 n x 9 102"®:105 K COMPUTER 

Circle 83 on Reader Servin Card 

n DISKCOTECH 
WORLDWIDE SALE// 

WHY RISK THE UNKNOWN ... whefl you can gel 
premium quality disks from the Leader and 
Inventor of magnetic media.. .. for leull 
• $~~~1~~tt:,:1~~°:,~=~A~f)' • 

v"-"l!~-11111111....-.91111.. 
t ~ .' 

"· 
While Pl astic 

5.25" DS -DD Dliketla: Box Lib Box 
DS · DD -48TPI !BASF NO l ogo) ' •. . •42 . ' . . . 52 
DS · DD ·48TPI .,. CoiOI OISIG" •• •••49 . ... . 59 
DS · HD·96TPI ! BASF No Logo) • •• • • 89 .... . 99 
DS · HD·96TPI ·1• Cola< Oosks· •• • • • 94 .. .. . 99 
J.50 " OS ·DO I 35 TPI : 

DS · D0· 135TPI ... .. . .. . .. . 1.05 ... 1.19 
DS ·DD · 135TPI "Colo< ow · .... 1.19 .. . 1.29 
DS · HD 2MB ..... . .... .... 3.95 ... 3.99 

I ~. 

, P~ 
_., JI............ 

BLACK DISKS \ COLOR DISKS 

.29 .. . ' ... 5 25" DS t DD 48 TPI ...••• •39 

. 79 ... .... 5 25· OS /HO 96TPI ...... • 82 

.99 . . . . ' . 3 so· OS/DD 135TPI . .... 1.09 

OS-DD 

.77 ....... . 
1.59 ... .. .. . 3.50" 
1.52 .... .... 8.00 '" 

.49 JM·s Highland Boxed Diskettes 1.19 
DC · 1000 .... .. 12.75 DC·300XLP . . . 19 45 
DC·200 ...... . 17 25 DC·600A . .. . . 21 65 
JM Mag Tapes 1200· wlseal ... .. .... .. 8 25 
3M Mag Tapes 2400' w/seal ...... .. . . 11 25 
3M Headclean K11 for 5.25"' 6.99 for 3.50" 10.99 

5 25" OSI OO 1n Library Case .. ... . .. . • 69 
5.25"" DSI OO m Mmidex / 60 . ... . .. . .. • 79 
5 25·· DS I HO "AT"' .. ... . . .. . . ...... •99 
3.50" OSi OO 135TPI ..•. . . • .. . • .. 1.45 
3 so·· DSIDD m Microdex / 25 ... .. .. 1.49 
• CALL FOR COMPETITIVE PRICING ON ALL 

- Please call for information-

ORDERING INFORMATION 
TEAMS: VISA Maslert¥11 °' AMEX COO ><Id SJ 00. Prop.il<l 
0<dors deducl 2'\ cash chscOU11 . POs .CCOl)led lrorn •OCOljntled 
1n<l 1luhons >OOCOIJIOr.lllonsoo Nol 30 Shipping: S4 1100°'1
dr s Redue«l ''"PP"'O oo latger 'l'Joll11rllOS f0<e91 oode<s. 
APO /F PO, pieait call R«luced >llill9">Q on l.vQO! ~hi'°' 

HRS. 8 1.m. to 6 p.m. (mountain time). 

Toll Free Order llne. lntonnat1on llne: 

1-800-523-9681 1-801-255-0080 
TLX-9102404712 FA.X-801 ·572-3327 

..._::..!). 

5 25·· OSI DD . . . • .. .. . .... .. .... . . • 

' BASF MAG TAPES. 

n DISKCOTECH 
DISKCO TECHNOLOGIES, INC. 

213 Cottage Avenue 
P.O. Box 1339 Sandy, Utah 84091 

PC488 $145 
LOW COST PC/XT/AT INTERt"ACE 


FOR IEEE-488 (GPIB/HPIBJ 

• fSCUJD£S ISSTAU..AllU. U0S P£\'1 Oltrvut.>; 
• 1 OF 6 INTUR UPT LEVELS 
• t OF 2 OMA CHANNEl.£ 
• UP TO< 80AP OS PEii COMPUTI:JI 
o COl'ITROLU!R I T ALKER I l.JSTl!NER 
o CUSTOM SOF'IVIARESUPPORT AVAJL/\81..E 
• COMPATI8L.C. wmf Mf~"T IEEE.4.1« SOP'lv.'AX f. 

PACKAGES FOR nu; IBM PC 
• QUAHT'ITY OISCOU ~"TS 

VLV\ M C AMEX 

B&C MICROSYSTEMS 

Cirri• 31 011 IWlthr S.ni« Our/ 

LOWEST PRICE 
TURBO XT BASIC SYSTEM . . • . •. .$334.00 

· 4.nt8 MHZ W/PHOENIX BIOS 
• 256K RAM EXPANDABLE TO 640K 
• AT STYLE KEYBOARD 
• XT CASE W/160 WATT PS 
• 360K FLOPPY W/CONTROLLER 
• 10 MHZ OPTIONAL ADO $15.00 
• 1 YEAR LIMITED WARRANTY 

AS ABOVE W/MONO, MONITOR 
& MONOGRAPHICS CARD $449.00 

TURBO AT BASIC SYSTEM .. . .... $854.00 
• 8/10 MHZ W/PHOENIX BIOS 
• 512K RAM EXPANDABLE TO 1MB 
• AT CASE W/20-0 WATT PS 
• 84 KEY AT KEYBOARD 
• 1.2 MB FLOPPY DRIVE 
• FD/HD CONTROLLER 
• 1 YEAR LIMITED WARRANTY 

1200B INTERNAL MODEM S79.00 
VORTEX EGA CARO (640"350) S99.00 
ATI VGA CARO (800"60-0) . . $199.00 
SEAGATE 20MB HD WICONTROLL£R$265.00 

QUANTITY DISCOUNT AVAILABLE 
CALL FOR OTHER PRODUCTS 

TYSTAR MANUFACTURING. INC. 

214-630-6025 

APRIL t988 • BYTE 325 
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Circle 134 on Reader Serviu Card (DEALERS: 135} 

FCC APPROVED! 

Sub-Mini AT! 

The Space Saver 

3·DR. Capability 

a.Expansion Slots! 


Basic System: 
• 9/lOMHz Speed. 0 Wa11 
• 3-LEDs. Reset & Turbo Switch 
• 0·1MB on Board W1 lh 0K 
• 200.Watt Power Supply 
• AT Slyle Keyboard 
• Tea 1.2M Floppy Disk Drive 
• 1ea FloppylH D Controller 
• lea Mono Graphics Card W/Pr1n1er 
• lea t2 "' TIL Amber Monitor W/Sw1vel Base 
• Assembled Tested 

$963.00 

10MHz XT Turbo Basic System; 
• Baby AT Case Wl'r<Eylock • tea Floppy Dos 
• 4 n11 Hl Hardwofl! Controlrer 

5e4«table • tea Mono Graph~ 
• 8 &pa!ISIOO Slo!s Caid W/Prin!e< 
• 0-S<()K 011 Soard With OK • te~ 12" TTL Amber 
• ISO.Watt f'ov.1lr Supply Monil0< W/Sw1vel 
• XT Style Keyboard Base 
• le.a 300t< Floppy Disk Drrve • AssemCle<l &Tested 

$493.00 

10MHz or 12MHz AT-286 Basic System: 
• 6110 or 6112 Hz Speed. • 1e<1 t 2MB Floppy 
~ Wait Dis Dnve 

• 8 Expans>On Stols • 1ea Floppy & H D 
• 0-1MB on Board W1ih 0K Controller 
• Regular AT Shde Case • iea Mono Graphc1s 

or D1g1taJ Display Case C..rd W/Pnn1er 
• 200-Wall Power Supply • lea 12"" TTL Amber 
• AT Slyle Keyboard MOID!QI v1s..'!WI ~ 

• Assembled & Tes1ed 
tOMHz 12MHz 

Regula• Case 938.00 1001.00 
D1g11a1 Case 959..00 1022.00 

PERIPHERALS AT/XT 

For XT 


~ ~1:'J'b,~~·~~;~;~:e.;.,;,--~1~~~~1e ill:~g 
3 O J8.dK Mull1lunct1on CtHd. OK $86.30 
4 Monochrome Gri1ph1cs Prmler Card 543.80 
5 Color Graph ics Card $46.30 
6 Color Graphics Printer Card sso.oo 
7 Enhanced Grapl"ucs Adaplo• !EGA) $131 .10 
8 Color/ Monochrome Display Card S61 .30 
9 Parallel Printer Card $18.80 

10 Dual Game 110 Card SUt80 
11 Sena/ 110 Ca1d S25.00 
12 Dual Serial 110 Card S43.80 
13 Mouso For AT/XT W / Drivor Sortwate 561 .30 
Id Mulh 110 W/Controller S68.80 
15 Multi 110 SSS.JO 
16 No-Slot·Clock $28.80 
17 576K RAM Cara. OK SJS.00 
1B 4 77/BMHz XT Turt:>o MotherDoord 593.80 
19 4 77/tOMHz XT Turt:>o Molliartx>a•d $100.00 
20 XT Slode Case 535.30 
2 1 XT Fhp Top Case S32.90 
22 Baby AT Case. XT S47,IO 
23 1SO-Wa11 Powe< Supply S48_80 
24 150-Wall Power Supply (UL) $68.80 

For AT 
S156.30~~ ~~~Jc~~~-"g~e· w1C11b1~ $68.80 

27 2MB EMS RAM Card. OK 5123.80 
28 Serial/Parallel Card $46.30 
29 61 IOMHz AT Mo1harboara, O Wail 5331 .30 
30 6/ t2MHz AT Motherboard. 0 Wait $393.80 
31 Bl lOMHz M1n1 AT Motherboard. 0 Wail 5362.50 
32 AT Slide C<1se $64.70 
33 AT SL1de Case W/D1g11a1 Display 85.90 
34 M1n1 AT Slide Case 61 .20 
JS 200-Wall Power Supply 81.30 
36 200·Wall Powe• Supply (UL) 95.00 
'ST 200-wa11 Power Supply For M1n1AT 78.80 

ORDER HOT LINE 1·800-543-5107 

Technical lnforma11on (714) 990-2097 


Hours: Mon. ·Fri . 9:00 am · 6:00 pm PST 

Please wme lor our complete price list 

JAWIN COMPUTER PRODUCTS 
565 W. Lambert Rd.. IJC ~ 


Brea, CA 92621 llJiiiill 

Tenns: p.__~~ttn:10'S200.w~ ~Ji*A-25' 

liDt MCI' ,100 DO CA rwKk!IU pl9ne 8!0CI &'I. ....... ~ ....... l«'tel 
WW...CX:-0 ~a-....--2-IOCIHI M 
~iii wa:tranloO tor I yMt" ~~ SU*J 
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Industrial PC/AT 
Computer 

• tnltl 8028£ 
Proc..nor 

e IOMtU. 
Cloe-~ SP!'.C 

• 6-i&OK R>~ 
e Two Ou. On....s 
• AG8 M Dll•IOI 

· ~·nd
:ioenlil P0t1 

• Ope.-•t~ 
lempet•h.tre 
0 IO 55 C 

• 	 Oot.it11e 
"'·' f•rtltf 

e Si..uu
Pt01.c11~ 

• W •iglll:,.O'b:l 
• 	 011'T\ef\t.te"' 

18 t1.gn 
1i i,o. •<10 
20"d•e0 

• O.tac:l'\abl.tlo 
l(~tij 

OiPltO S 
• &r Coo. lnc>ut 

• A! .a 22 • P,oc.n Cari1tal t.loralotohg 
• r ICIOl"r Datil Ctii4-.C.IM)fl • R••j r.,..... Cot'l!rQI Sot'lw••• 

Ouln1el Technology Corp 
2 4'1 6 Cawlhra Rd B•l U5 t~h56J.swugB. Ont 

t• 16) B 9 7·8•~~ FAX t• 16]897·8•57 

Clrdt 235 on JacuJu Suvlu Can/ 

LOGIC 
L.4 8 iJ a comphli. log.c do""""-• '~'""' 

• Compl.10 Sy11om lndu<fo11 P<O<,jromtne,, Somple 
G AL Devicei. Soltwo.,. and oll Cobl;ng. 

• ~a~&'J~~Oovice• Including 16V8, 16Z8. 

• AJl0W1 Protctyp1.ng or 42 drff11~nt l1ondo rd PlD's.. 
• lndud1iu U.,do1ad Equorion AMe.mbl~< Softwotlfl 
• Au:oph ALI Standard JEOEC Dawnlood Filt11111.. 
• Software Updoloble. 
• 30 Doy M.onay Bad Guaran tee. 

• V"..o Gnd .M.cu~ Co1d Aec•pr.,d ' 

CALl FOR FREE DEMO DISK 
Prog'•mmabl• Logic T.U.nologles. Inc. 
r.a.~lSW 
~ coaasor ie: .... 11 ........ _._..-' 


nt./.MJJ/Tn-~ ~~C......-. 

Circle 215 on RLader Servlct Card 

Get the whole 

ter~:r:=n. 


To Eind oul more about 50frware 
t.h.'ll lets your PC emulate 
TEKTRONL'< "' 4105161719 and 
DEC VTI "'tcrm.irmls, 
call or write: 

GRAFPOlnT 
.t.lJ()S~csuC.cd.I Blvd .SWtelW. 
S.u 100<. CA 951:19 (""61 lA9-79SI 

Clrch 1 IS 011 IUOIU!r Slrviu Card 

9TRACK 
TAPE SYSTEM 

FOR IBM PC/XTIAT 

·Mainframe 10 PC Data Tr>nsler 
• fflon Speeo Backup 
· All Software. Complete System 
• Servrceand Suppor l . easy 

lnsi.lla11on 

u/I (8181343-6505 or wrne to 
c.t..:11 COlllJllM• corp. 
PO Box 153 Tmana . Ca /11 91356 

CONTECH 

Cfrde 70 on &athr lfTVict Card 

Motion Control & 
Data Acquisition 

~~~l'.M;.~~~h~~:~,~~: ~~=~= 
~~n~05. like those above. on e 50 It. 

PINM call (41 5) 755-1978 lor free ltterature. 

( omputer ({9ntinuum 
75 Southgate Ave., Suite 6 
Duly City, CA 94015 

Advert ise your 

computer products 


through 

BYTE BITS 


(2" x 3" ads) 


For more information 
call Dan Harper at 

603-924-6830 

BYTE 

70 Main St. 


Peterborough , NH 03458 


http:t.lJ()S~csuC.cd
http:Protctyp1.ng
http:Compl.10
http:011'T\ef\t.te


The Amazing A-BUS 


Al'I A· BUS system w ith two Motherboards 
A· BUS adapt., (I BM) In for•gtound 

About the A-BUS: 
• All the A· BUS cards are verv easy to use with any language that can 
1eador write to a Port or Memory In BASIC,use IN Pand OUT (or PEEK and 
POKE with Apoles and Tandy COior COmpu lersl 
• They are all compalible wilh each olher You can mixand match up lo 25 
cards to f11 your aool1ca1ion Card addresses are easily sel w1lh 1umpers 
• A-BUS cards are shopped wrlh power supplres (excepl P0- 123) and 
detailed manu~ls !Including schematics and pr09ramming examples) 

Relay Card RE·140: s129 
Includes eight mdus trial relays. (3 amp contacts SPSn individually 
controlled arid latched 8 LED's show status Easy 10 use (OUT or PO KE in 
BASIC) Card address is jumper selectable 

Reed Relay Card RE-1s6: 599 
Same features as above.b\JI uses 8 Ree<l Relays 10 switch low level signals 
(20mA max) Use as a channel se1ec 101. solid stale relay driver. elc. 

Analog Input Card AD-142 : s129 
E'1gh1 analog inputs.Olo +SV range can be expanded lo t OOV by adding a 
resistor 8 bit resolulion (20mV). Conversion lime 120us. Perfect to 
measure vollage. temperature. lighl levels. pressure. etc Very easy to use 

12 Bit AID Converter AN-146: s1 39 
This analog to digital converter is accurate to .025% Input range is - 4V to 
+4V Resolution- 1 millivolt The on boara amp@er boosts signals up 10 50 
times to read microvolls conversion time is t 30ms. Ideal for thermocouple. 
strain gauge, etc. 1 channel (Expand to 8 channels usmg the RE·156 card) 

Digital Input Card IN-141 : S59 
The eight inputs are optically isolated. so it's safe and easy to connect any 
·on/oft" aev1ces. such as switches. thermostats. alarm loops. e1c to your 
computer To read lhe erght inputs simply use BASIC INP (or PEEK). 

24 Line TTL 1/0 DG·14a: sas 
connect '24 input Of output signals (switches or anv TIL device) to vour 
computer The card can be set tor inpu t latched output. strolled output. 
strobed input , arid/or bidirectional strobed 1/0 Uses the 8255A chip. 

Clock with Alarm CL-144: sa9 
Powertul clock/calendar with: battery backup for Time. Dale and Alarm 
setting (l ime and date): built in alarm relay, led and buzzer: timing to t /100 
second Easy to use decimal lorrnat l.J lhiurn battery rncluded. 

Touch Tone® Decoder PH·145: s19 
Each lone is converled into anumber which is st04'ed on the board Simply 
read the nurntitr with INP or POKE Use for remote control projects. etc 

A-BUS Prototyping Card PR-1 s2: s1 s 
3'h by 4 y, in with p0wer ana ground tlus. Fi ts up to 10 l.C.s 

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 ta ke 
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 
year. 50000 customers in over 60 countries). 

The complete set of A-BUS User's Manuals is available for $1 O. 

Smart Stepper Controller sc-1 49: s299 
World's lines1 stepper controller On board microorocessor conJrols 4 
motO!s s1mul!aneously Incredibly. rt acceo1s olain Enghsh commands like 
"Move arm 10.'2 inches Jell" Many comolex sequences can be aetrned as 
"macros" and stored in \he on board memory For each axis.vou can conuol 
coordmate (re\allve or absolute) ramping,soeed.sreo type !half full. wave) 
scale factor. un11s. tlaldrng oower. etc Many inputs· 8 11m1t & "wart un\1 1" 

ST· l 43 sw1!ches. panic button. etc On the fly repomng o position speed etc On 
board dnve<s !350mAI tor small steppers (MO· I03) Send lor SC· 149 llyer 
Remote Col'ltrol Keypad Optlol'I RC·121 : $49 
To control lhe 4 motors duettly. and "teach" seQuern:es ol motions 
Power Driver Board Option PD-123 : $89 
Boos! controller dnve 10 5 amps per phase FO! wo motors (eight dnversl 
Breakout Board Optiol'I BB-1 22 : $19 
For easv connectionol 2 motors 3 It cable ends wrth screw term ma Iboard 

Stepper Motor Driver ST·143: s19 
Stepper motors are lhe ultrmate m motron control The special package 
(below) includes everything you need lo gel famil iar wr!h !hem Each card 
dr ives two s1eoper motors (12V. Didirectiona l. 4 ohase. 350mA oer ohasel 
Spec ial Package: 2motors(M0· \03) + ST·t 43 PA·161 : $99 

Stepper Motors M0-103: $15 or4 forS39 
Pancake type. 2'1•" dra. •1•· shal t. 75°/sleo 4 phase b1direct1onal. 300 
step/sec. 1'2V. 36 ohm.Dipolar. 5 oz-1n t0<que.same as Alrpax K82 70 1-P2 

RE·\40 Current Developments 
lnlelligent Vorce Syn!hesller. t 4 Bil Analog to Oigi!al converter .4 Channel 
Digital to Anal09 converter . Counter Timer. Voice Recognil ion. 

A-BUS Adapters for: 
IBM PC. XT, AT and compatibles Uses ore si.irt slot AR·\ 33 S69 
Tandy 1ooo.1ooo EX &sx. t 200.:iooo uses0<1esl>)tt sio1 AR-133 S69 
l!(lple II. II+. lie Uses anv slot AR-134 $49 
TRS-80 Model 10'2. '200 Plu<is mlo 40 om "svsiem bus" AR·136. S69 
Model 100.Uses 40 pin sod<e1 JSocker isduphcateooo aclaolf!fl AR·l 35. $69 

IN-141 TRS·BO Mod3.4.4D F11s50om bus (W1 hhardd•s< useY-cal)lel AR ·132 S49 
TRS·BO Mode14P locludesutf3cable (501>nbus •sreces5'dl AA· t 37 S62 
TRS·80 Model I PIUQs •n10 40 o•n 1/0 bus on ~B or Ell AR·13t $39 
ColO! Compulers (Tandy) Fus ROM S101 Mu111oak or Y-catJe AR· t38. S4 9 

A-BUS Cable (3 ft , so cond .) CA·1 63: S24 
Connects the A·BUS adapter lo one A·BUS card or lo frrsl Motherboard 
Spec ial cable for two A· BUS cards: CA-162: $34 

A-BUS Motherboard Me-120: S99 
Each Motherboard holds five A·BUS cards A srx th connector allows a 
second Motherboard to be added to the lrrst (with connetllng cable CA· 
I61 · St 2) Up to five Motherboards can be 1oined this way 10 a single A· 
BUS adapter Sturdy alumrnum frame and ca rd guides mcluded 

AD-1 42 

Tethn1ca1 Into: (203) 656-1806Addl3 .00~rord•rlorahlpp lng. ~d~ ALPHA ~®<i}(O~~ VIH, MC , chKka, M.0 . - !come. 
CT & NY ,.ald•nta •dd HIH tax. =s1n~Y 800 221·0916
C.O.O. add $3.00 .., ... 

Connec1icut orders: (203) 348·9436
~~~~·~.·=~~P~~·•5 •S<Qm••n•u..,,.,eomo•n• 242- B West Avenue, Darien, CT 06820 All lines open weekdays 9 to 5 Eastern time 

Circle 16 on RLtulu Service Card APRIL 1988 • BYT E 327 
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IEEE-~-
Easiest IEEE 488(GPIBIHPIB) 
Interfaces for your PC, PS/2, 
Macintosh, HP and morel 
• Controllers 
• Converters 
•Extenders 
•Buffers 
•Boards 
Please see our ad 
on page 139. Call or send 

for your FREE 
j ~ h Technical Guide 
LL.I L8C (216) 439-4091 
25971 Cennon Roed • Clevel8nd, Ohio "148 
Telelt 6502820884 • Fall 216 439-4093 

Cirdt 131011lludlr5*rvict Card 

Clrdt 249 011 /Utultr 5*rviu Card 

I not only a 
printer buHer I 

D THIJ n 1H1 MOfT torHmw11 uo 

PRINTER BUFFER - MULTIPLEXOR - SWITCO 
VJTH rwo llJ' AftAtl '"'uu lflP!il AI. Al"O fAR Au.&lf A"1D 

i;-.i 'J~~"t,'!P'g!1~~;:::su ~7g1 ':;~17:~ ~"..:~ 
OU 1' 'f'UT aur Al.SCI YOU CAJrf t'Ol'/"90? r OOWPVTl:RS TO 1 
f'"lf'fllJll OR 1 CO W,.U111t TO r PMIH'l&R1 0A I C:O M,.UllRI 
Al'tO t tlH,.TIJU A"D MOR I • I COMWTIR TO J f'1'11H TIJU 
OR .a OOMhJTIRS TO t HUHtlA 
lOQH CAPAC1t1 • u K8 TO rw Jtlll AHO • ne KB TO 1 IM! 

~~~?~r:Rr~"~r~ ' ~:u.J'Bn~~.. ~"~a""oa:.~ 1~:~,~~ 
"n. l'ARrt'f, XOH/XOr'. DTA.. RTI 

""" • ••• '195 oc• • · rwK 1 255 t' I 

ALSO, \JI HAVI rMI MOl1 tOMlllklTI DA U QOft 'lllJCTP 
U>llT OON VIR H ASU.f URU. L TO CIJ'fTRQNJCS l" AJU.LL&L 
Oft 'Itel YI.Ill.A IU1T llY MOYl ..O JUMPIRS tu.VD RATI A.>4 0 
rPIOTOOOL , UUY PROOA .\Wo\8~ PRO W 1\0 fO l"l'tOO IUUDS 
lHOl.VDIS DTA., RTt XOtf f XO,,. f'AAIT1 •'* 
DO\/ I 80 l"I 

se1ialo parallel 
bi- directional convert.er 

tt1"1 rlRMFNo\L. l!IL<JD 
WOUMTAIM VllW CA ttOd 

415) 967- 8818 TX 345545 

REAL VOICE 01g1tal Recording 
for yoor PC. X T. AT or Compaliblo 

•VOICE MAIL SYSTEM 
•TELEMARKETING 

- lntxxmd 4 Oul/Jouf>Cf 

•SMARTEST ANSWERING 
MACHINE 

•AUTODIALER-DATABASE 
•VOICEPAD'" 

. Vorco tor your Programs 

•PROGRAMMER'S TOOLKIT 
·/op/1onal ' 1!1"1 

•1, catd. sof/waro, caoios. and 1,,.ak•r 

:z s23goo • s 1/h 

(415) 652-9600 
Talking TKhnology, Inc. 
4383 Prodmont Avo Su110 8 

OaJ<land, CA 9461 I 

• 

Clrd4 213 011 lUtukr Strvkt Card 

Convert What You Have 

To What You Want I 


Cirr:lt 218 011 Rladtr Strvia Cord 

" EXACT TERMINAL EMULATION 
AND COMMUNICATIONS SOFTWARE" 

• 	PRECISE EMULATION OF THE 
DEC VT52. VT100. VT102.VT220 

• 	EXPANSION MODULES FOR 

OVER 40 EXACT EMULATIONS 


• 9 FILE TRANSFER PROTOCOLS . 
• EASY TO USE. QUICK TO 


INSTALL, ANO MUCH MORE 

• IBM PC , XT. AT. PS/2 

FOR INFORMATION 

800/548-9777 


SDIT'IOHICS 

3031S93'9540 

TELEX 450236 

Clrdt 255 011 Rlalkr &rmt Card 

"D" SIZE PLO'ITER 
5229500 

RETAIL. 

'1695• 
INTRODUCTORY 

Qff[Jl 

• Repcalabilil y .001 " 
• Speed at 7" Per Second 
• acuum Paper Hold Down 
• High Resolulion Circl s: uitable for 

PCB 1\rlwork 

(4151 490-8380 ZERICON 
S°tEVENSO BUSINESS PARK 
BOX 1669, FREMONT, CA 94538 

Circh 301 011 /Ulllltr Servict Card 

SOFTWARE DCVElDPMCNl 
UJSTRl8V110N CEN1ER 

P~Q 

A Numerical Analysis & 

Equation Handling Program 
This 1s a wonderful program.·· 

Mathematics Instructor. 
·: .. 1t was a Ide save1 
Swristrcs Prafossor. 

• Entc, 	cquat1on5 easily. edi t. and solve. 
ll's that simotc. 

• Equations readable from env ASCII u,uii:t Illa 
• Svmbollc; manipulation. 
• Up 10 1000 non ·lincar eouauons 
• Requuos IBM PC. 256k 01 more 

• $40 ac$dem1c. S90 commercial 

See Nov. '87 llVTC 
'WHAT'S NEW" page 94 

Un1vors11v of W1sconsin·Mtd1son 
1025 Wo st Johnson Street 

Madison. WI 53 706 

8001262 6243, WI 8001362·3020 


Cirr:l• 251 011 Rladtr 5*mu Card 

PAL®/EPLD 

PROGRAMMER 


From 
$689.00 

10nd Alo ne/ R · 232 Progr•m.<and Vr:rifir:s 

20/24 pin PLDs frurn MM!. Tl. Nolio nal 
Cyprcs.<, Lattice. AMO. Altcrn 
PAI. n. • fc( IJ.tc1cJ tr•Jcm.-dr; o f MMI 

From A Name You Can Trust 

LOGICAL DEVICES INC. 
UOI N.W. 65th Place 


1'1. Lauderdale, FL 33309 


1·800-33 1-7766 (305) 974·0967 
Telex 383142 Fax (305) 974-8531 

Circl~ 148 011 &llMr S.nla Card 
(DEALERS: 149) 



F89\D818 Mini-AT . 80286
10/0 run9 11.5 Nor1on Sal AST Turl:>OL8ser/PS ricoh, 
512K-!Mb RAM. AwBI pos1sa1p1, AppleM8Cl1'C 
Blos, only 16" wide, 8 slots, llF. 3Mb, 35 loots, 300dJl!. 
room ror 3 half-Ill drives. Fast Grsphlcs!..$3,249 
Speed. drive & power LED's, Brother Hl-8 1Mb, 201on1s. run pg graphics CALLkey, resel & 1Urbo swt!ch on 
Iron! panel. AT·Sl}'fe Key H.P. LaserJet series 11 ......... .... ................ .. CALL 
bd. 200W ! 10/220V PIS. NEC Model 890 PS..................................... CALL 
FCC, I year warrenty. $725 QUME Script 10 3Mb, PostScripl. ... .... ......... $3,999 


AC PAINTERS, PLOTTER 
ARC 3861Desktop - 6116 MHz 1 Wall, 512K RAM. 
1.2 Mb, 5.25 Floppy Drive, MS-DOS 3.21 ..... CALL 
ARC Turbo 12 • 1.5 MHz 80286· 1 Wail, 1Mb RAM. brother Twin-6 
1.2 Mb Flpy, MS-DOS 3.21 .......... .... CALL 
 $ 899ARC Model 10 XT- 8088·10 MHz. 640K RAM, 

M·1709wllh trador ....... $439 / M-1724 ....... 599
360K Floppy. MS·DOS 3 21 ......... . CALL 
ARC Options HR-40 w/sheet & traci .. $569 I FAX 100 ........ CALL 


AT-Style Maxlswltch Keyboard ...... ........ ... ....... $ 59 
 500 CPS Dual Voltage .... ......... .. ..... .. ............ CALL 

RT.Style 101 Maxlswltch Keyboard ........... ...... $ 79 

Add-In Boards................... See Modems & Boards 


P C COMPATIBLE SYSTEMS CONNECTIVITY LASER PAINTERS 

MonUors. ........................................... See Mon//ors 

Drives..................... .... ...... ........ ............ .. See Drives 


Ask aboul 1 & 2 yHr on-slle Hrvlce. 


ASTPremium/286 · ~ $ 59.lmo. • 

Model 140 with 44Mb Dr. !Mb RAM. S&P Pons, 
Clk/Cal, RT-Style Keyboard. 3-G Plus Card wi1h 
EGA. CGA. HGC, MS-DOS 3.3. GW·Bask: 
AST Premium Workstation .. ....................... CALL 

AST Premlum/386 . 20 MHz. 0 Wall ........ ... CALL 


• I IO ~ V•Ot !HIM I Yll llblo IO q111 liOod but- oos.

I/Ii. FORTRO:'-l 
8038ji-16/1 MH;i: Tower Server 2Mb RAM, 1 para. 2 
ser. por1s on Mb, a AT, 4 XT slo1s. 230W, maxi· 
swtlch enhanced keyboard, up to SHH drive, 80297/
90387 socl<et WD·WA2 controller. 1.2Mb Roppy 
drive. On-site warranty service lnelude<I .. ...... S2,S95 

DRIVES 

ElPRIAM 
10 130 ! 33Mb, 20mSEC w/ lnstallatlon Hardware/ 
Software (Maxtor XT· l 140 Compattble ........ $2,169 
10100 103Mb 20mSEC w/AT ALL Ctri ......... $1 ,179 
10230 233Mb 20mSEC w/sottware, RLL Ctr1$ 2,549 
V150 43Mb 30mSEC .... ...... ..... .. ..... ... .. .. ........$699 

~EEEVERE* 
Everex 40 Mb Tape lntemal................. ............$525 

Everex 601 60 Mb Internal Tape....................$739 


CDC 300 Mb SCSI · run9 wllh NetWare 2. 1 .$ 2,699 

FuJllsu 360K llpy dr .. .. $ 79 1 1.2 Mb ..... .. .... $125 


MJCROPOUS 

Mlcropolls 53 Mb 28mSEC.. .. ... ...................... $709 

Mlcropolls 85Mb 28mSEC ...............$ 848 

Mlcropolls 1333A 53 Mb ...... .............. ............$699 

Mitsubishi MF501... ..... $ 95 I MF504 t.2Mb$125 

Mitsubishi 3.5"' t.4 Mb Floppy ..... .......... ... ...$139 

Mitsubishi 3.5" 720K. .......... .. ..... .. ..... ... .. .... ...$115 

Seagate 20 Mb PC Subsystem .....$ 275 

Seagate 30 Mb PC Subsystem. ST·238&Clrf .. $329 

Teac F0-55-BV 48tpl .. $ 95 I F055GV 1.2 .. $125 


POWER ACCESSORIES 

AM«k- $ 50;lJo 450AT .................... 4 

_, 520ES ................. .. $ 525 


<!411wui1111eoe,1200VX .................. $1 ,049 


Som• Ncv.U U. P.S. Monllor 8oard Ccm,,-6bie I 

4-User Network Special 

~NOVELL 
Server/Work Station: 
INDTECH 6110 MHz AT-Flleserver . 12 slots. 

238W Power Supply, Sertal & 2 Parallel Ports. 
Monttor, 1.2 Mb Ffoppy\2MbRAM, 71 Mb Hard 
Drive, 60Mb Tape & (5 60 Mb Tapes. 

AMERICAN POWER CONV. 450 Walt U.P.S. 
NOVELL ELS NetWare 286 Level I 

(4-users) Network sel-up Is Menu Driven! 
4 ArcNet Csrds, Cables & 1 Passive Hub 
3 ARC™ Model M10 • Eech Ind: 640K. 4.n/ 

10MHz, 8088-1 CPU, AT·Style Keyboard, & 
Amber Tiit 'n' Swivel Monitor. MS-OOS 3.21. 

'' A COMPLETE NETWORK " 
Retall ..... ....s14,237 NOW ONLY. $ 7,469 


Lease tnls system for ONL r $191 . per monl/I I 

MONITORS & TERMINALS ----cg SAMSUNG 

Samsung EGA Tiii 'n' Swivel, 14" Monitor .... $359 
Samsung 14" Tiii 'n' Swivel Color Hl·Res .... .. $249 
Samsung 12" TTI. Tiii 'n' Swivel Amber .. ... ... S 79 

OTATUNli~ 
CM-1495 OmnlSean 14'PGA,EGA,HGC,CGA 
with OmnlCard 900 controller ................. .. ....... $679 
MM-1422 Dual Freq. T 'n' S 14" Gm/Amb...... $119 

moll I I ERfTI 
MonlTerm Viking dual page 19" or 24" paper white 
or colOr monitors up to 1280 • 960 resolulfon .CALL 
MOS Genius lull page for PC, PS/2 & MAC ... CALL 

WYSE 50.......... .. ................. .. $379 

WYSE 60............................... $419
WYSE 
WYSE WY700 1280 x 000 ... $759 

MODEMS & BOARDS 

1200Ex1emal ........ ...... $119 112001ntemol S 79 

2400 External ...... ... ..... $149 12400 lnlemal $129 


~VERE)(-
everex EverCom II Internal 1200 .. ........ .... ..... .$ 85 

Everex EverCom 2400 Internal 2400..............$175 

Everex EverCom 2400E EX1emal 2400 .. ........ $ 219 

MulllTech..... .... ... ..... ...................... .. ............. CALL 

U.S. Robotics Personal Moderns ........... ... CALL 


RAMPAGE XT·256K ................$ 256 

"~ Hol Shol 286-IOXT Acee!. Bd.$359 

~-- AOVANTAGE-AT-512K......... ... $278 

~lllC.. ADVANTAGE PS/2- 512K.......$278 


t/O PAK12 ror PS/2 . s & p ...... .s 98 


~EEEVEREJE-
oeiuxe HI-Res EGA .... $119 I VGA.. ............. $275 
Magic 110 1-3 S,P,G.. ... $ 58 I Deluxe PGA .. $ 88 
Floppy 110 Serial ,Parallel. Game, Clock .... .. ... $ 79 
UllraGraplllcs 1664x1200 resolution for 
Everex 19" landscape.. .... .... .. .... ..... .. ................CALL 

Intel Above Board/286-512K 4020 .............. $339 


~CITIZEN 
1200 ... ........... ....... ........ $145 MSP 40....... ..... $285 

180D.... .. .. .... ........ .. .... ... $160 MSP 45... ... ... ... $415 

Premiere 35 ... ...... .. .. .. .. $465 MSP 50 .... .... .... $355 

Tribute 224 .... ............ .. $655 MSP 55.......... .. $450 


~CALL 
Asl< abour Nellonwlde Service / 

Pm18sonic 
1080 Modal 2 ............ ... CALL 1091Modal2..CALL 

1092 I ........ ... .... ..... ....... CALL 1592 .. .. ..... .. ..... CALL 

1524 .. ..... ....... ... .... $545 1595 .... ...... ..... . $455 

3131 ... .... ... .... .... ......... .. $288 3151 ................ CALL 

XEROX 635 - 4045 Laser & 7010 FAX .. .. .. .. .... CALL 


PC COMPATIBLE SOFTWARE' 

Data Base Managemont 

Ashton-Tale dBase Ill Plus ..... ....................... 1370 

Knowledgeman 2.01 .... .. ...... .... ... ...... .. .......... ... 285 

PFS: Prolesslonal Fiie .. .... .. .... .. ....... ... ... ....... .. t 39 

R:Base 5000 srstern V............ ........ ....... ...... ... 415 

WordTech DBX (dBASE 3) ........................... .. CAU 


Communications 

Carbon Copy Plus (Meridlen) ........................1110 

Crosstalk XVI (Mlcrostul) .. .......... ..... ............... 99 

Microsoft ~....... .... ............... . ................... t37 


Word Processors 

NewWord (Wordstw 4.0 dona) ............... ..... ~78 

WordStar 4.0...... ......... ... ... ... ...... .. ... .... ... .. .. .... .. 

Mul11Male Advantaae II .. .................... ... ....... ... 268 

PFS: Professional Write...... ......... ........ .. .... ... .. 109 

Word PerieCI ........ .... ...... ... ... ... .. .. ....... ........... ... 212 


Integrated / Spreadsneets 

Enable 2.0 (software group) .. .. .... ..... ............ .1375 

MlcroSon Excel ........ .... ......... ............. ............... 339 

Framework II (Ashton-Tate) ..... ........ ..... ... ........ 375 

Lotus 1-2·3..... ........................... ,.......................1298 


~~~'.pl~~~ -~~Oiee:::::::::::: : ::::::: : :::: :: : : ::::::: :::::::: 1ri 
PFS: ProP!an .. .. .... .. ... .. .. .. ........ ..... ... ................ 54 

Borland Ouatlro ..... .. .. .... ..... .. .. .. .. ... .. .. .. .. .. .... ..... 129 

Symphony (lotus) .. .... ......... .. .. .. ........ .............. . 438 


Desktop Publishing 

PFS: First Publlsher ......... ... .. .. .... ....................$ 54 

Xerox Ventura 1.1 .. ... .......................... ............ $519 


Graphk:s & Mice 

Harvard Graphics ... ......... ...... .............. .... ..........,269

IMSI OpllMouse Sertal .... .......... .... .... ................ 88 

IMS! Genius Mouse Serial .... .... ... .. .. .. ........ ....... 59 

Mk:roson Bus Mouse .. .. .... .. .. .. .. .. .. .. .. .... .. .. ... .. . 98 

SummaMousa-Oplical ..... ....... ... .... ........... ........ 79 


Prolec1 Management 

Harvard Total Ptoje<:I Menager.... .... ...... ........ $325 


• C~ wll'1 PCIXTIAT CloM9 not glllflWll...S. 

800-528-3138 Orders Only 602-991-7870 Customer Service 
S-100 Div.1696 Corp. • 14151 N. 76th St.. Scottsdale, AZ 85260 • TELEX 9103906778 SNSCORP FAX 602-483·0920 

Advi:utv·.cd pr)C:n<:. Jrn c:~ 1 ~, h . pwp.Jd. VISA Ot MC 01"'1)'' Cu:.TclT't:r: qti.1 1'!°'r " :J l c-r Co) rm:. c ;,1cu! .1~n .1dc1I r~.H~,, ~, rn H·1.1 fo~N' NJ 'N .1y A~~,EX.C 0 0 8. P 0 ·f, - 95 Crtd il c.:ird ch.irgOO on d.iy of •J1.pmun2 
Sp-ix ·Jlordc-r Rom";. ff)(\~ru pui:i.lJ'mi!n~ w1t1o~h\)r l.h.\n ,,,..j: c.ird .u.d Ll"..-i; .1:0 rivt cJ.r.c( ''.Jb'•">IC,urr:.1blo Sl': .pp .r.g Pir ~. I G ;t-:-, l'l" 1n $~ 00 · rwn Ft<d)( croly .1~~lll' "i ?ocrdor"", lrom, !I lb~. & owr $50 
SJlfl!. 1.1.1 fiiZ. rioY.. onty All rotums S\il:ifC"C1 to :i ro!tt•.d••l"g '"n llr fu ~ I crOC·t tow .i~r!:•.1fu~uro1-Jt;r ch.1·.o Ali p11c1~ ~utic..-t to ch.1 r11JO w.th.-.-.1t rct::co 
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ACP IBM COMPATIBLE 
VIDEO & 1/0 CA ROS 

~~-=·~,Jr.: 
~prfnlttltJ2~ S9

6mDI LSl l'Nlf ...,""'b o llooov n 
XI Oual Hoppy """'  >t 
~~:+ =1:o'~.~:.t~.. : 
(flAT nnaI pa rt ld1prt1 .. 
:tr~,:~1~:.~. ••

"'NlWt fl5n .. AT CA AOS 
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41S4 /200ns 95 4!256 1120os 4.49 74C CHIPS !Mb x 9(120ns) 349.00 
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NC10 . .35 74C221 • • I 25 74C922 .. J954464/ 120ns 6 49 TMS 416 1ll SOns 695 	 2708 • 450ns 4 25 21s 12 . 250ns 13 75 CRYSTALS74C14 49 74C240 . 169 74C923 .. 3.95 2718 495 8741 24 95
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~ 7 50 8250 ...... 6.95 5100 19.95 16M AT J4 95LMJ20!( XX 1,J!; 40 LMi'el«l!i 6 '!> 74FOI! • . . 35 74f 160 59 74F251 . . 79 
LM:lZll\ ' is lMl .-88 60 IMl6H I? 695 l4F258 .. .79 8088-2 9.95 ll2SJ.S ) 95 

LM"IB 	 8008 7 95 11251A/S 19574Ft0 • • 35 14Fl61 59 
LtJ.12• 35 LM1"89 60 LM8038 3 75 74F T I .. J5 74F 163 59 74F280 . 2.69 00186-6 (SM Hzl 14.95 112$-S 2 95 DIP SWITCH 
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LMJ381< 695 LM2211 275 MC34l!6 I QI 	 14 F86 . 49 74F2 19 . 4 99 74F521 .. 299 8202 . 1195 11279 4.95 5 POSllON 79 12POSTIO N 149
LM3'!01·XX 60 I 75 MC3'87 169 	 74FIOO . . 49 74F240 I 29 74F533 . 2 99l M22'° 	 B2Q3 14.95 82S4 H S 6 POSTION 79
LM340 XI 35 LM1900 I 19 LMJS<• 19!1 74F 139 . • 49 74F24 I I 29 74f 534 . . 2.99 
LM358 45 LM2901 I 19 TOA 1110 549 ?.1Fl51 . 59 ECONO ZIFSLM376 169 LM:>'ll l TOA!l!Kl ooo 	 68000 SERIES' 29 IC SOCKETSlM3fll 95 LMll45 I 19 1L074 165 16PINZ1f $3.50 40 PINZIF S6 95 
LM386 95 LM~ 199 TL081 75 SOLOERUIL HR 16S/T 59 22PINWI Wl.29 6801016MHz 19.95 68450 . 49.95 24 PINZIF 3.95 64 PINZIF 9.95 
l M393 65 L!.13019 1'9 TL001 ~ 8PINLIP S.10 HRl8SI T .69 24PINWI WT.29 68010110MHZ 39 95 68881/12MHz 179.95 
01497 1 50 LM.1130 95 floe.> 125 	 14PINLI P .. 12 HR20S IT 79 28PINWI W 1.59 60020112MHz 149.95 68881/16MH1 219 95 TEXTOOL ZIFS 

6800018MHz $12.95 60020116MH l $249.95 

LM561 JO LM.1140 95 UL 12003 I 19 16PINU P 12 HR22Sl1 89 40PINWIW 1.99 
LM~ 45 l ~l3160 195 UL 11064 ll'J 16PINLJP 16 HR24SIT 99 HI RES W/ W 

16 PINZIF $4.SO 40 PINZIF S995
6502 SERIES 	 24 PINZIF 5.95 64 PINZIF 17.QSLM!>Sll 115 LMJ161 195 UL 11ll4 1!13 	 201'1 Nl/P 20 HR28SIT I 19 HR8WI W S.79 28 PINZIF 8951. M56l 175 LM.1162 195 UL 21l1 1 l"l 	22PINL/P ..22 HR40SI r 1.49 HR 14W/W 1.19 85(12 . . 52 95 6520 $2.95 

t MSM 1IO lr.<l!S2 149 UL 2961 19!1 24PINLIP 25 HR&ISll 499 HR ISW/W 129 65C02 11 95 6522 4.95 
28PINLIP 27 WIREWRAP HR18W/W l 39 6502A 4 95 6532 4 95 IC TEST CLIPS 
40PINL IP 29 8PINWI W $59 HR2QWI W 169 6502B 6 95 6$45 9.95 14 PIN S3 95 40 PIN S19.95 
481'1NL/P 99 14PINWIW 59 HR22WI W 179 65 10 995 6551 4.95 16 PIN 395 64P1N 3995 

74HCOO $25 74HC115 S.SO 74HC l74 $65 64 PINLIP 2.49 16PINW/W 69 HR24WI W 199 24 PIN 12 95 66 PLCC 69.95 
14HC02 .25 74HC 132 .so 74HCl75 65 HI RES 18PINWI W 9!l HR28WI W 229 

74HC SERIES 

6800 SERIES14HC04 25 74HC 133 so 74HC240 129 	 HR6Sll S39 2()PINW/W I 19 HR40WIW 349 LCC SOCKETS
14HC08 25 l 4HCl38 56 74HC244 129 HR14Sl1 49 118/lO . $2 95 6821 $2.95 
74HC09 .25 74HCl39 .56 74HC245 129 6802 . 495 61>15 495 68 P1N Sl4 95 100 PIN $22..95 
74HC IO .25 74HCl48 .75 74HC368 65 SPECIAL FUNCTION 6810 l95 6850 4.95 64 PIN 19.95 C.I 101 Mor... , 

74HCl l 25 74HCl51 .65 74HCJr.l I 29 V81CE R~COCNITION 16450 · 16 BIT
74HCl4 25 i4HC IS3 65 74HCJ74 I 29 HIP S I . .. $49.95 USART .. SIS.95 
74HC20 .25 /4HCl5-4 3.75 74HC4(12(1 99 	 YAMAHA OXY 8250 · 8 BIT Since 1976••• The Nation's 
74HC32 25 74HCl57 85 74HC4000 99 CHIP SH 29.95 USART 6.95 
74HC74 .•35 74HC16 l .65 74HC4066 99 TMS ~100 5632 · CLOCK 395 
74HC85 65 74HCl66 I 15 74HC4075 89 SPE CH CHIP 9 95 58167 ·CLOCK 695 TOP Computer Supplier
74HC 112 65 74HCT73 .65 74HC4078 149 	 IMS 5200 SPEECH CHIP 7.95 

:~:~~:::.~r~:·~:r:..--=1~... ~~·1td~bH1 . OUR POLICY NEW PHONE FOR ALL USA~ Advanced Computer Products. Inc. 
• Ord.n 1ublecl 10 ••~ltblllty, • Supply llmlled on c.,l • .in l!•mt1. 
• Pricing wtiirn1 ID C-tlfltV• wl11'M>ul n.ollc•.800-FONE ACP • .,CP A•I•... SI04'• pfk:lno may v.ry_Not 11111p(ln&Jblt r~ 1,.po•• Mall Ord&r: P.O. Box 17329 Irvine. CA 92713 for Fast Service 
• Lim~•d 'llW.N&11 U11111 &nd 01n11"" co.no1uon1 41pply800-366-3227 • 714-558-8813Relall:1310-BE. Ed in ger. Santa Ana. CA 92705 Order by Phone! ASK FOR GILLES. SARA. TODD. MIKE QA STEVE 
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2112 2Si8.114 1•so...1 2.99 74LSOO 16 74LS 11 2 29 74LS24 1 69 
2114 10:14•4 1•s0no1 99 

805i!AH WITH BASIC 
74LS01 ia 74LS122 45 74LS242 .69 

2114L· 2 ,02h• 1200n.-JILOW POWER J t .•9 74LS02 17 74l s 1'J H 74LS243 .09 
TMM:Z018-100 :2061d ~100n1) t .9S 7tLSOJ 18 74lS12• 275 74lS244 69 
HMOt16-4 2041d 1200...l!CMOSI 1.'19 •34'95 74LS04 16 74LS t 2S 39 /4LS245 79 
HM6116-l 2048.111 (1SOn•llCMOBI I IS 74LS05 18 74LS l26 39 74LS25 1 • 9 
HM&116LP·• 20..l!hil 1200...!I CMOSl!lPl 1 as 74LSOB 18 74LS l l2 ]9 74U253 •9 
HM&118LP·3 2()08•8 1150n•UCMOSlll Pl 1.90 • SINGLE CHIP MICAO-CONTAOLLER WITH BASIC IN RO M 74LS09 18 74LS 1JJ 49 74LS257 39 
HM61111LP·2 2048d 1120...!ICMOSllLPI 2.45 •BUILT-I N SERIAL PORT, THREE 16 BIT TIMERS, FIVE 74lS 10 16 74L51l6 19 1'4LS158 •• 
HM6264LP· 'l5 11192all 11SOnollCMOSllLPI 3.95 INTI:ARUPTS A.ND 256 Bl'TES OF RAM 741l-S 11 l2 74LS138 39 74LS2S9 I 29 
HM6264lP· 12 1192'.d!I I120nallCMOSlllPI 4.49 • REQUIRES VEAY FEW PARTS TO BUILO AND EASY·TO· 74LS12 22 74LSll9 39 74LS260 49 
HM43.2S8LP· 1S 327iS811:8 1150...l•CMOSl•lPI 12.95 PAOGAAM CONTROLLER 

74lSll 26 74LS '4& 99 74LS266 39 
MM432Ul.P· 12 327e.8.dl l \20mltCMOSHLPl 14.9'5 74LS1~ 19 74LS 14 7 99 74LS273 79 
HMot.)2S6lP· •O Jl'.169•8 1100.UlfC MOSHLIPl 19 95 • BASIC INTERPAETI:R IS OPTIMIZED FOR CONTROL 7'\LS,S 26 7US 148 99 74LS279 39 

APf'LICATIONS 74LS20 17 74LS,S1 39 74LS280 I 98 

DYNAMIC RAM§ 
74LS21 22 74LS1S3 39 74LS211J 59 

** SPOTLIGHT * * 
14LS22 22 74LS 154 I 49 74LS290 89 
74il527 23 74lS 155 59 74LS293 19 

4116·2SO 163&4a1 f2:S01u1 •• 74LS18 26 74LS !56 49 74LS299 I 49 
4118·200 UlillU.11 (:ZOChul •• 74LS30 17 74LS 151' ' ' 74LS322 J . ~S 
4118-150 '6ll-4a 1 (1500.111 .99 74LS32 18 74LS 1S8 29 7GlSl2l 2.49 
u1e.. 120 16JM:a1 (120n•} 149 8000 8~00 74LS3l 28 74tS 1tiO ,. 74L:i J65 l9 
MK4ll.2 l21'6lh11 1200...1 • 95 

BOll l 95 
74LSJ1 26 74LS t 61 39 74LSJ67 l9 ........ ,so 65516•1 (1$6n1I I 79 8203 U.11)5 8255·5 ,.. 74LSJ8 26 74LS 162 49 74LS368 39 

•16' 12'0 65536•1 rUO...tl 199 80JS 1.49 1206 l 29 8259 I 95 741LS42 19 74LS 163 .39 74LSJ7J 79 
MCM666S 65536•1 1200n.1 l.9S 8039 1.95 1212 '., 8259-5 2.29 74LS47 ,. 74LS 164 49 74LSJ?4 798052.AH 8ASC l4 95 1218 1 .49 8257 2.25TMll-084 65Slh1 ! 150n.1I 1.9S llOM 2.49 1224 2 25 8272 4 .J9 74L.S48 85 74LS 165 65 74LS375 95 
418'·AEFRf.SH 6553h1 1160n•KPIN I AEFAESH12.95 803S ... 1228 2.25 827• 4.9S 7•L&SI 17 74LS166 95 74LS377 .7' 
1'MS4A16 1Sl8A•• 11SOn11 3 75 8086 6 49 82]7 l 9S 827 5 16 95 74LS7J .. NLS '69 •• 74LS3il0 I 19 
41128-150 13 1072.'\ 1150.\lol s 95 llOll8 5.99 8237-5 • 75 8279 2 49 14L$74 24 74LS '7l 49 74LS393 79 
TMIM464· 15 655361114 11!t0n&1 4 .95 8088·2 7.95 1243 I 95 827"-S 2.9'5 7US75 29 74LS t?Q Jg 74L$541 I 49 
4 1258-150 282 144•1 llSDruJ J .95 8155 2.49 .!250 • •s 8282 3.95 74L$76 29 74LS175 39 74LS624 1.95 
•12.56-120 2121••-1 1120n11 4.95 8155-2 J.95 8251 1.29 828:1 :l.!15 74LS83 •9 74LS191 .49 74LS640 .99 
41258-100 26.2 1.,.,., uoo.-.., 5.49 87•1 9 .9§ •:Z5 1A 169 8284 2.25 74LS8S •9 74L.S192 •• 74LS64S 99 
HMS1258· 100 2e21u. .. 1 t 100niiUCMOSI 8.95 874.1 7.95 &25l t .59 8286 3~ 96 74LS8G 22 74lS 1gl 69 74l.56'10 ag 
1 MB-120 1048576•1 t120o•l 31 .95 111749 9.95 82'53-S I 95 .&2&? J .95 14l.S90 39 74lSt94 69 74LS682 J 20 
1 MB-100 104a'!i-76A1 1100nal 34 .95 87SS 14.9S 8255 I 49 82811 Q.95 74LS92 49 74LS 1gs 69 74LS688 2 40 

74LS9l 39 74LS1'l6 .. 74LS.71!t:l 22~'§ 

EPRUM§ 74LS9S •9 '14LS1'l1 59 l5L5 2521 

MATH COPROCE§§OR§ ?4LS107 34 74LS221 59 26lS31 
2708 1024•8 1450nolt25VI 74LS109 JO 74LS240 69 26LSJ2 
2718 204h8 1•SOna1c2sv1 8087 5MM& •99.95 
2718.\ 2048all l)~On1H:2~v 1 8087-2 8 MHr 5169.95 
TMs.l53.2 •09ti•8 1•5an.H25VI 8087-1 IOMHz $22!1.96 7400 LINEAR2732 •0%111• 1•50Atlf25VI 
2732A 4096•8 12so...112w1 80287 6MH• 5179.95 
2732.A-2 4094•• 1200n•l!:Z1 VI 80287·8 8MHr •249 .95 7400 19 rL07, 09 LM%7 ,79 

7002 19 TL072 1 09 N ES7CI 2.9527Cll4 1192.a 1250...1112.511 CMO$) 80287 -10 10 MHt S309.95 74()4 19 TL074 , 95 NE592 982784 1 19llil 1••0no1112.51/J 80387-16 16 MH• 5499.95 740fi 29 Tl082 99 LM723 ••2784-250 8192'o8 12so...1112.s111 80187-20 20 MHz S799 .95 7'107 29 TL084 I 49 LM1ll ••276-0-200 81,2tt8 1200...1112 .5111 7408 24 lMJOl 34 LM741 29 
MCM68766 81921t8 IJ50naJ121VH24 PIN ' e 7410 19 LMl09K I 25 1.M747 .69 
2712& 16::15hll 1250n1Jl1 2.5VI 4.%:5 74'1 25 t.M:l 1 1 ,, MClJJO I 09 
27C:.H6 327CUl•I 1250nt!l12.511 CMOS! 7.95 74,4 49 lM311H 89 MC13SO I 19 
Z7251 32761•1 •2SOri1Jl12.S\ll S.9S 1416 2S \.Ml l ?H. 349 L.M14S8 JS 
27512 8S531•B ,2so...1112.5111 ,1 . ~5 7417 2S lMl17T 69 LM148B 49 
'27C!512 8~S~d (2S0tu!! 12....5V CMOS) 12.'M 7420 19 U.JlH I 49 LM14!9 49 

7430 .. lM3T9 l.25 LM1496 85uV ~~VQIUlga 7432 29 l.MJ10 1ee7900 Ul.Nl003 .79 
74:l8 29 LMl1lK l49 XR2200 '"' 740.2 49 lM32G 34 XR2.211 2,,5 

6500 Z·BD PAL§ 7445 .69 L.M:l31 l 9S LMH17 t .95 
7447 .89 \.MJ34 , 19 CAJ<M6 ••

f.O MHz i!.5/tfffz S MHr 11.!l!t 
7471 3• LMJ35 1 79 CA3146 t .29 

16L8 52 .95 ?474 .33 CMJJG I 75 MCJ373 I 29 
2.25 ZllO·CPU 1 .25 16R8 •2 .95 7475 45 LMl~RK • 49 MC3470 I 95 

l<:MOI! 7.95 1771 
16R6 •2 .95 7476 3S l.MJJ9 59 MCJ.llBO 8 .95 

1.85 4.0ltfffz '7'91 
16R4 6 2 .95 

7483 50 L.M340 ....7800 MC3487 2 95 
2.95 Z8:0A-CPU I 29 17l33 7485 •• LFl5l 59 LMl900 .49 

13.95 ZSOA~CTC 1.69 1795 7486 JS 1..Fl'56 99 LM391 1 2 25 
5 .9!i ZIOA· DAR'T 595 , 797 7489 2 . IS lflS7 99 LM:l909 .98 

:(791 7490 39 LM3S8 59 lM:)914 1.892.95 Z.SOA· DMA 5 95 
279J 74F/74§ 7493 .35 LM380 89 MC•024 3'9ass• 2.9S Z80A-PIO 149 
27'97 74FOO .JS 74121 . 2~ t.M38J 195 MC4044 3 .99 

~.OMHz 
ZSOA-SIO 0 s 95 74123 49 LMJS6 89 RC4138 1.25 
Z&OA. SIO 1 ... 1272 J2.768 KH1 95 74F02 .JS 7412$ 45 lM393 45 RC4S58 .69 

&502A 2 .tii9 Z80A·Sl0 ' 2 5.95 UP076'5 1.0MHr 2.95 ?tFCM .lS JQl!SO I 35 LM39-4H 5 95 l,.M1360Q 1.49 
'520A 2.95 MDll176 1.8432 2.95 74F08 36 7il151 55 TL494 • 20 1§101 , 49 
9522A 5.9S &.OltfHz M98877 2.0 1.9'5 74F10 ]6 74153 .SS Tl497 3 25 75110 , 9S 
Hl2A 11 .95 Zll08-CP1J 1691 2 .457115 \ ,95 7•Fl2 JS 74154 1 4'.) NE~SS 29 75150 l .9!i 
lllS45A l .95 Z80B·CTC 2143 3.579545 1.95 74F64 .55 74157 SS NESS& ..• 751S< l .95 
USIA 6.95 Z808· PIO 9210 •.o 1,9$ 74f74 .39 74159 1.65 NE5G8 79 75183 ' 25 

Z8011-0AAT s.o 1.95 7ot f lll6 .55 74161 .69 NE564 I 95 75189 I 25 
3.0/tlHz 5.0&H .... 7ot F1 38 ·" 74164 85 lM565 95 75451 .l9

Z80B· Sl0 ' 0 6.0 1.95 74F139 79 74166 I 00 LM566 ' 49 7S452 .39 
4 .215 ZllOB·SIO 2 UART§· 8.144 \ .95 7oiF2~3 .ao 7417S 89 NE59-0 2 50 1s4n ' 29Z:Mli71 l!LO<i 1 .0 l .9S 74F15'1 89 74367 65 H rTO·S CAN , K • T0-3. T• T0 ·2ZO 

l 95 10.0 t9S 74F240 1.29
6800 • 95 10.738635 1.95 74500 29 

CLOCK 
3 95 1:z.o I 95 74$02 .29l.OltfHz 4.95 14.J1811 1 95 74504 .29 CMO!i!Hl&H §PEED CMOS 

1.95 CIRCUIT§ J 95 16.0 1.9S 7450ll 35 
2.95 995 18 .0 1.95 74$10 .29 4001 ,. 4068 .29 74HC1S41 

3.95 MM58167 695 18.432 1.95 74$32 35 4011 19 4069 .19 74HC157 

2.95 MMSl174 10.95 20.0 1.95 74$74 .49 •012 .25 4070 .29 74HC244 

2 .95 MSM5132 22. 1184 1.95 7•$16 .39 4013 .JS 4091 .22 74 HC245 
4015 29 •093 .49 74HC2?3

1.95 24.0 t .95 7•51 \2 50 40 1 15 29 14411 9 ,95 74HC373
2.95 Ml§C. 32.0 1,95 745124 2.75 40l7 .49 1«33 14.95 74HCl74 
1 25 SCIUATDR§ 7•S138 .79 4018 .69 14497 6 .95 74HCTOO 
J .9S AOC0804 2.99 74.$153 .79 4020 . $~ 450J .•9 7ollMCTOl 
• 95 AOCOSM l .85 1.0MH1 5.95 74S1S'1 79 •021 69 4'511 69 '14HCTQ.ll 
6 .95 0AC0800 3.29 1.8432 5.95 1•s1se 95 4023 25 •518 .85 74HCTOI 
2 .75 N'C14411 DAC.0108 '-9' 2.0 5 .!!IS 745161 1 29 oll02• •• 4521 .79 74HCfl2 
t ,Mi 

o.. ,,., OAC1022 5.95 2.4578 5 .95 745175 .79 •025 25 4538 .9" 74HCT14 
1.95 4702 MC140lll8 1.95 2.! 5 .95 74519-5 1 .49 4027 .39 4702 9 .95 74t-ICTt38 

0883 22.95 COM.A1HI IT28 1.29 •.o 4.95 745240 1.49 4028 GS 74HCOO .21 7•HCT139 
4040 .68 74HCD2 .21 74HCT181 

ii!.OltfH: 
8197 .59 5.0$88 4 .9$ 74$241 1.49 4042 59 74MC04 .25 74MCT240
OP8304 2.29 6.0 4 .95 7 • S2U I •9 4044 69 74HC08 26 74HCT244 

2.95 INTERSIL 933'1 1.7$ 8.144 4.95 145280 I 95 4046 .&9 74HC10 .25 74MCf245 
3.95 938& 2.8S B.0 4 .95 745217 1 ,69 4047 .M 74HC14 .35 74HCf273 
5 .49 911<12 ... 10.0 4 .95 7452118 UUI 4049 29 74HC32 .35 7'MCT373 
S.99 ULN:Z003 79 12.0 4.95 745299 2.95 4050 .29 7A.MC74 .35 74HC'T:J7• 
1.115 MAX232 7.95 16.0 4 .95 74$373 1.69 •OSI -69 74HC86 .45 74HCT39l 
4.95 MCJ470 1.95 UL4l:Z 4.95 745374 1.69 4052 .69 74HC13.8 ... 74HCT4017 
1.75 MC3487 2.95 20.0 4 .95 74S47, 4 .9!i 4053 .69 74HCn9 .45 7•HCT4040 
!t95 AVS-3600 PRO 1 1.15 24.0 4 . 9~ '141571 2~& - .&9 74HC151 ,59 7•MCT•060 
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•• •• 

•• 

15V 12 10.,t UV 
isv 42 2.2 l5V 
ISV 45 lSV.' 15V 99 10 JSV 

Dl§C 
••v 05 001u1 50V 
sov 05 005 50V 
sov 
sov 

.05... 01 
OS 

sov 
sov 

sov OS UV 
sov OS •ov 

MONOLITHIC 
l .,t sov.,,,, sov 

ELECTROLYTIC 
RADIAL A XI Al 

25V 5ov,. 
SOV "' 10 S(IV 
sov " 22 16V 
l5v " 47 sov 
16V 100 
UV lO •70 50V 
2SV .30 1000 16V 
1tiV .70 2200 16V 

.." JSv 

45.. 

J' 
69 

05 
05 
.07 
07 
10 
12 

.u 

.25 

14 
16 
14 
19 

. 19 

.29 
29 
70 

25V 1 •5 4700 1$V1 25 

10PIN 9 RESISTOR .6' 
a PIN l RE.S1STOA. S9 

16 PIN a R.if'.$1STOR 1 09 
16 PIN 15 RES~STOR 1 09 
,. ptllil 7 AES.ISTOA .99 
14 PIN 13 AlSIS"TOA .99 

38 PIN CENTRONIC5 
flt880N CA8Lf J .95 
SOLDER CUP I 85 

IDCEN38 F RIBBON CABLE •.95 
CEN36PC R1 A"'0'4i PC Moum 1.IS 

EDEiECARD 
CONNECTOR!i 

S· 100 125 l .95 
5 . 100 125 4 ,95 
IUMPC 10(,) I 95 
APPLE .100 2.95 
STD 158 1.95 
STD 156 495 

•7.!l!!!i 

2 conductot .J':tC 


J condt.ic·10, 9tc 

3 C-~'O• wt f~ aocke1 


11 •.a9 

VOLTAEiE 

RE6ULATOR!i 


,,,,.,., 

711051 
7808T "4• 

78UK .,...,,... 1 ~9 
1H 

7812T 
781ST 

.4. 
49 

79121< 
78LO!i 

1.49,... 
71I05l 59 71l12 49 
7908T 
?91 2T 

.50 
59 

79LOS 
79Ll2 

69 
1.4, 

59 lMJ231< 4.79 
8051< I 59 LMllBK 6 .95 

Dl!iCRETE 
1N751 15 4,.,28 
tN.&14.8:S •1• "' Nll 
1N4004 JO •1.., '4 Nl7 1. 19 
1NS402 25 MCl·2 S! 
KDP02 55 MCT.6 1 29 
2N2222 .25 TIL- 11 1 
PN2222 10 2NJ~ 10 
2"'2907 lN4401 .25,. 
2NJ055 79 2"4402 .25 
2N3904 .10 :ZNU03 25 
4N25 69 2N$04$ 1.75 
4N27 69 TIP31 .49 

l,ll. AIPt!RQVfD 

• 	ADJUSTAOlE HEAT 
SEnlNO W TIP TEMP 
READOUT 

•QUICK H(AflNG 
~ RECOvEAV 

• RA,.tlE 200' - 900't'i!!!!i PIN D-SUB 
EiENDER 

CHANEiER!i $49.95 

IOC CDNNECTDR!ifRIBBON CABLE 

D·SUBMINIATURE CONNECTOR§ 
CONTACTS

DESCRIPTION ORDER RV 
15 l7 50" 25... 15g 159 1.35 1..115 
69 75 7~ 1.l9 2 .29 

" 
 79 
 2. 27 
.75 
2-H 
4 ,27 
1.99 
2.05 
1.15 
.:19 .39 .19 .75 

2.49.D5 

5.110 
9.95 

J .19 
6.14 

•..2'l 
4i.UI2.:15 

1.25 I 2S 

QllOEA<N(J 1N$rlfvCT10N$· 
INSERT TH£ NUUBEA o~ CONTA CTS IN fltE POSlrlON MA RHED fJ OF T,~E ORDEP BY PAJH 
MJAIBE~ l.ISTED EX.AMPLE A IS PIN RIGHT ANGLE MAl..E PC SOL.DER WOULD BE OSI SPA 

MOUNTINEi HARDWARE !!!i!lt 

IC !iOCH.ET!ifDIP CONNECTOR!i 

D£$CM.IP"flON ORDER 8¥ • 
11 

,. 
. 11 

CONTACT 
18 20 u 
. 15 1~ 

2• 
.20 

59 69 .99 1.3!1 1 • • 
4.95 595 

.!12 .79 1 39 149 
1.30 
49 

1.80 
59 

2-90,., 3. 15 

·" 

JDA·PR32 •49 9§ 
12 BIT PROTOTYPE CARO 

JD A-P A16 ••9. 9$ 
16 81T\\llTH 11'0 

DECODING CIRCUITRY 

JOA. PR 16· P'K •1S 9S 


PARTS KIT FOA A80Vf: 


JDR..... 16V 09.95 

EXTf:NDl:O C0'4 ....ECTOAS 

JOA VIDEO APPUCATIONS 


DflCRIPTION ORDER BY CONTACTS 
10 20 28 34 40 50 

SOLDER HEADER 10Hiut$ ..2 1.29 1 68 2 .20 2J1a 3.l• 
RIGHT AHGl,.E SOLDER HU.DER IOHu-Sfl .15 1.36 1.76 2.31 2.72 l .39 

WIAEWllAP HE.AOEA IDHuW 1.88 2.Sll 184 4.50 5.211 1.63 
JllGHT ANGLE. WIREWRAP HE.ADER IDH..JtWR 2.1)5 J.2ll 4.:U •-•5 I .IQ 7.30 

RllUJON HEADl:A SOCKET IDSu .n .89 .95 1.29 .... 1.69 
lllB90N HfADEll IDMIA 5. SO 8..2'l 7.00 7.50 • 5') 

JUDON f.DGE CA.AD l.DE.aa ... 1.25 1•.:15 1.75 2.05 2.45 

10' OREV RIBBON CABLE ACu 1.60 3.20 • 10 5 40 o•o 7 60 
FOR OADER,NG INS rRUCTIONS_SEE D-SUBMINlll , URE CONNEC roRS OE" o w 

M-1 
,..,_ Clvf> lntttn•l•\f 

C,ap.liic:11'y luW Cmt 
P£- U10 NO ' o.ooo 
PE ·1'0T YES 1.000 
Pf: .240T VfS 12 9.500 

DATARA!iE 
• EllAsES 2 EPROMS IN 10MINUTES 
• VERY COM PACT, NO DRAWER 
• THIN METAl SHUTTER PREVENTS 

UV LIGHT FROM ESCAPlNO.  -MAU DB.aaP .45
SOLDER CUP 

Ff MALE OB.us .49 
MALE oa..PR 49

RIGHT ANGl.f: PC SOWER 
FEMALE 08.u:SA .55 
MALE DB.a11PNN 1.69

WIREWllAP 
FEMAU DBJU1SWW 2.76 

10...,...MALE 1 J9
IOC IUBBON CABLE 

,EMALE IDBa:aS 1-•5 
METAL MHOOO.. 1.05

HOODS 
GREV HOODu .l9 

!iWITCHE!i 
LJEiHT EMITTINEi DIDOE!i SPDT MINt TOGGLE ON-ON 

OPOT MINJ TOGGl.E ON~ON
LED Dl!iPLAYS OPOT MINI TOGGLE ON·OFF ON 

FNO· lS7fl SIJ 1 COM CATHODE. 182- 1 is Sf"ST Ml.NJ PUSH8UTT0N N 0 

rND 0 '!tOO(SOl ) COM CATHODE .!i 
J"ND~S-07(5'10 1 C:OM ANODE 5 
MAN·72 
MAN -74 
Ttl · l1:1 
l&l· l• 1 

COM •NOOE J"" 
COM CAT HOOE l"" 
COM CA THODE _3·· 

4117 HEX w LOCIC :no

DIFRJ!iED LED1t 
, ,gg 

T1 h 10 
T1 i . 1.a 
Tl )• 1• 
f1 •,. 10 
J1 10 

FOR X T 
18M·f"R1 •27.:;f$ 

WITH •SV ANO GROUND PLANE 

18M· PR2 129 95 
AS A80VE wnH DEC001NG LA'fOUT 

FORAT 
JOR.PAtO t34.95 
16 811 W1TH OE COOING LAYOUT 
JOR-PR10-PK I 1us 

PARTS tUT FOR ABOVE 

SDWERLE!i!i 

BREADBDARD!i 


100 TIE POINTS 
6l0 TIE POlfltillS 
1360 TIE POINTS 
16&0 TIE POINTS 
4:190 TIE POINTS 
3220 TIE POINTS 

PRECUT A SSORTMENT 

IN ASSORTED COLORS $27.50 


100..... s.s··. e;..o... '5"". 1 o·· 
250.. 2.5"'. ..., ... 5 0 .. 
soo.. J.o··. J.s-. 4.o 

!iPDDL!i 
100 ,.,... 14. 30 no r..t 
500 ,_, '13.25 1000 f6M U1 .9S 

Pleasfl speciry color. 

Blue. Black. Yf/llow or Rf/CJ 


!iOCH.ET·WRAP 1.0'" 
• SUP$ OV£11 WIRE WIUIP MNS 
• IDENTIFIES MN NUMBERS ON W111AP 

SIOE OF BOARD 
• CAN MUTE ON THE PLASTIC; 

SUCH AS AN IC • 
PINS PA.AT • PCK. OF PAICI: 

• IOWJtAP 09 10 1.95 
U IOWAAP 14 10 1.95 
H IDWRAP 161 10 1 95 
11 IDWRAP 19 S 1.95 
20 IDWAAP 20 S 1.95 
22 IDWAAP 22 5 1.55 
24 IOWAAf' 24 5 1 Mi 
28 IOWflAP 28 5. 1 15 
40 IDWRAP 40 5 1 95 

Pl.EASE ORDER ev HU.. IEA. OF 

PACKAGES IPCK . OFI 


1 4g DIP !iWITCHE!i1 .a9 
.99 .IS 7 po.man 
99 90 .,....,,..... 
.4S 90 10 pOl.11.on 

~ t0.~5 

100. uP 
09 CAN 8 £ SNAPPEO APART TO ,, MAKI: ANV SIZE HE.ADER. 

11 
 ALL WITH 1 "' CENTERS 

09 1~•O STRAJCHT lE.A.O 

09 
 h40 RICHT ANGLE LEAD . "49 

2•40 2 STRAIGHT LEADS 2'9 
2 • .f.O 2 AIGH't' ANOLlf LE"-DS 2 99 

l ~ lffl1 y~ 
1r *Kt 

? ·"'* 
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tr S llME TO TRADE UP NOW THAI JOR BAU.XS THE 
PRICE BARRIER ON 2•00 BAUD MODEMS 
• Al/TO DIA ANSWER 
• SELF TEST ON POWEfl ·U~ 
• TOUCMTONE OR PULSE DIALJNCl 
• HAYES 4 BELL SYSTEMS COMPATIBLE 
• FULL OR HALF DUPLEX 
• PC fALK JU INCLUDED wrrH INTERNAL MOOEMS 

12H 1200 BAUD 112 CARO $(;9 .95 

EXTERNAL MODEMS 
120 1200 BAUD Sl19.9S 
2•D 2•00 BAUD 5219.95 

COMPUTER 
CASES 
ATTRACTIVE . STURDY S TEEL CASES FIT THE POPULAR 
SIZED MOTHERBOARDS ANO INCLUDE SPEAKERS. 
FACE PLATES. EXPANSION SLOTS FRONT PANEL 
KEYLOCKS, LEO INDICATORS ANO ALL NECESSARY 
HARDWARE 

XT STYLE FLIP-TOP nus 
XT STYLE SLIDE·TOP 539.95 
AT STYLE SLIDE·TOP $89.95 
JR. AT STYLE FLIP-TOP 510.95 

o INCLUDES 150 WATT POWER SUPPLY 

POWER 
SUPPLIES 
FOR IBY XT COYPATIBLE $59.95 
• UL APP . 135 WATTS 

• • ~V 15.A. • t2V ' 2A .. . 


5V .5.A. 12V SA 

PS-135 
PS· 11SO !SOW MODEL $(;9.95 . -·I~ 
FOR IBY AT COYPATIBLE $89.95 
• 200 WATTS 
o 	 • SV 22A. • 12V 8A 

- $V 5A. - 12V SA. 

PS-200 

DIABLD 

PRINTER


flii!7!J95 

• LETTER OUALITV AT 20 CPS 132 COLS 
• 	 10. 12. 15 PITCH & PROPORTIONAL SPACING 
• SERIAL 6 PARALLEL INTERFACE 
• AUTO PAPER LOAD. FRICTION FEED 
• FULL XEROX WARRANT Y 

NEAR TYPE§ET OUAUTl' 
AFRJRIJABLE AT I.AST 
• 8 PAGES PER MINUTE • 300 OPI AESOlUTION 1 

• 1 VEAR WARRANTY • CHOICE OF H.4ULAJtON OOAAOS 

YULTl·PRINlER EMULATION BOARD: 
EPSOff FX ·M EMULATION- NOlHING ELSE REOUIAEO 
IBM PC GRAPHICS , PAOPAINTER & DIABLO 630 
EMULATION REOUIAE S ADDITIONAL FONT CARO 

HP LJ + EMULATION BOARD: 
HP LASER.JET EMULATION- 3 RESIDENT FONTS & 
2 PllCHES AOOITION.A.L FONT CARO AVAILABLE 

1.5MB RAM CARD $139.95 
EXTRA FONT CARDS 5199.95 
TONER CARTRIDGES $59.95 
PFS FIRST PUBLISHER $99.95 

-
IBM 
COMPATIBLE
KEYBOARD§
RJLL ONE YEAR WARRANTY 
IBM ENHANCED STYLE LAYOUT $79.95 
• AUTOSENSE FOR XT OR AT COMPATIBLES 
• LED INOtCATORS • .\UTO REPEAT FEATURE 
• SEPARATE CURSOR PAO 
llCT·5339 
IBll AT STYLE LAYOUT $59.95 
• SOFTWl<RE MJTOSENSE FOR XI OR AT COMPAIJBLE S 
• LEO INDICATORS • AUTO REPEAT FEATURE 
MCT· 5060 

MAXI-SWITCH l(.EYBOARDS 
ENHANCED STYLE LAYOUT $84.95 
• S [ANDARO ENHANCED KEYBOARD LAYOUT 
• TACTILE FEEDBACK 
• LIGHTED NUM. CAPS. ANO SCROl.l LOCK 
• NUMERIC & CURSOR KEYPADS. 12 ·F· KEYS 

MAX·5339 
llAX·5060 llAXl· SWITCH, AT STYLE 

SAMSUNG 
MONOCHROME 
MONITOR

•fi!ggs 
• 	 tBM COMPATIBLE 

TTl INPUT 

• 	 12" NON-GLARE . 
LOW 01STOATION 
AMBER SCREEN 

• 720 )( 350 
RESOLUT ION 

• SWIVEL BASE 

NEC IHLJLTl§YNC 
• ORIG INAL CGA. EGA PGA COMPATIBLE MONI TOR 
• AUTO FAEOUfNCY AD JUSTMENT 
• RESOLUTION A5 HIGH AS MOX 560 

CASPEREliA 
II 1~ 75 21 BS l'(H.t: SCANNlNG FAE'.OUENCIES 
• fS..tQ X 2QO :JSO RESOLU TION • J 1 MM OQT PITC H 
• ,,r BLACK MATRIX SCREEN • 16 COi.OAS 

CASPERREiB 
• COLOR GREEN'AMBER SWllCH e l•MM DOT PI TCtt 
111 6..Cl )( 2"'0 RESOi.UflQN • 14 NON·GLAA.E SCREE ~4 
• RGBttBM COMPATlaLE • CABLE INClUOEO 

SAKATA 

MDNDOIRDME 

• IEIM COMPATl8 L TT L. INPUT 

• •r N0N-(il.AqE SCREEN 

• CABLE ~OR IBM PC INCLUDED 

MDNITDR STANDS 
MODEL MS·100 
• 	 TILTS ANO SWIVELS 
• STURDY Pl..ASflC CONSTR UC TION 

MODEL MS-200 	 $39.95 
• TILTS ANO SWIVELS • BU1L T IN SURGE SUPRESSOR 
• INDEPENDENTLY CON TROLS UP ro S AC OUTLET S 

LDlilTECH 
MOUSE 
•7!19s 
PC MAGAZ1NE S EOll OA S CHOICE 
"LL MODELS H.AV E SERIAL SUPPORT !COM • COM2! 200 
0P1 RE SOLUT ION LOTUS I ·2 3 SHELL SEL F INSTALLING 
SOFTWARE ANO POINT EDITO R' 

SERIAL MOUSE WIPC PAINTBRUSH 
BUS llOUSE WIPC PAINTBRUSH 
BUS llOUSE WIPC PAINTBRUSHICAD 

3.5" FLOPPY 
DISKDRIVE ~ 
!lfj!g9S ~-~ 
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&)'Seagate 

v~ HEl6HT HARD v~ HEl6HT HARD 
Dl!iK !iY!iTEM§ Dl§K DRIVE§ 

i!OMB !/ii!69 40 MB !/i4i!9 
30MB•ij!gg li0MB!/i649 
§YSTEM!ll INCLUDE !llEA&A TE"" HEl6HT ORlllE§ ARE 5EA&A TE MODEL§ !llT·~I 


HARD DRIVE, DRIVE CONTROLLER. (40 MBI Ii JiT-i!77 lliD MB RLLJ 5Vo" 

CABLE!f olli INSTRf.ICTION5. ALL ORIVES HALF HElliHT5 

ARE PRE-TEJiTED Ii WARRANTED FOR FAJiT 40W!ll ACC'EJJ!ll TIME! 

I YEAR. 

INTERFACE CARD!i FROM 
MODULAR CIRCUIT TECHNOLOliY 
DISPLAY ADAPTDR!i 
MONOCHROME fiRAPHIC§ CARD •S9.9S 
TRUE HERCULES COMP~TIBILtlY SUPPORTS lOlUS 123 
• nrovEA ALLOWS C0 1.0A GRAPHICS sonw.a.Ae to 

RUN ON A MONOCHAOME MONITOR • PARAl..l.El 

PAIN I ER PORT 

lllCT·MGP 


ENHANCED liRAPlllC!i ADAPTOR •t49.515 
10""° ISM COMPAllBLE . PASSES IBU EGA OIAONOSllCS 
• i5eK Of VIDEO RAM ALLOWS 6• 0 X 350 IN 16 Of 6' 

COLOAS • COMPATIBLE WITH COLOA ANO 

MONOCHROME ADAPI ORS 

WCT·EOA 


CDLDR fiRAPHIC§ ADAPTOR 949.95 
C0MPAT 18L£ WITH 18M OAAPHICS STANOAROS 
• SUPPORT1i AOU . COLOR & COMPOSIT"E MONOCHROME 
• 6'0 no x 200 RESOLUTION. LIGHT PEN INTERFACE 

MCT· CG 


MULTIFUNCTION CARD!i 
MOll/OfiRAPHfOi MUL Tf 110 •fl!!l.T5 
TOTAL SYS TEM CONTROl FROM A SI GlE SLOT1 

o CTR\. 2 fLOPPV S. SERIAL PARALLEL . 0 A_l,(E PORT 

CLOCK CAL • RU COLOR GRAPHICS SOFT WA RE 0 A 

MOHOC.HROME MONITOR 

MCT-MGMIO 


MUI.Tl 110 RDPPY CDNTROLLER 979.95 
A PERFECI COM..NION FOR OUR MOTHERBOARDS 
• SUPPORTS UP ro 1 3'5-0 K F1-0PPIE $ 71QK WITH DOS J 2 
• SERIAL. PARAl.lfl GAME PORT ClOCt<. CAl.E OAR 
MCT-MIO 

MIO.SEAIAL- 2ND SEAIAL POAT Sl5_95 


MUI.Tl l/U CARO •S9.9!!i 
USE Wlll-t ~CT FH FOA A MINIMUM OF SLOTS USED 
• SERIAL. PORT C L.OCK CALENDAR WITH BAITEAY BACK 

UP • PAl!ALLEL PAIN TER PORT AOORESSA8LE AS LPT I 

OR 1.PT2 

lllCT-10 


AT MUl.TIRJNCTIDN CARO •139.95 
ADOS UP TO 3 MEGAOVTES OF RAM TO THE AT 
• USER EXP"-NOABlf TO I !IMB (ZERO I( IHSTAl.LEDI 
• I ClUDES SERIAL POAT ANO PARALLEL PORT 

MCT·ATMF 

ATMF SERJAl- 2NO SERIAL POAT $24_95 

MCT·ATMF·MC- PIOOVUCK BOARD 

(NO MEMORY) $29.95 


AT MVLTI 110 CARD •59.9S 
USE WfTH MCT ATTM FOR "' 'NIMUM Of SLOTS useo 
• SER IAl F-'ARAUEl ANO GAME PORTS • uses 16.f.SO 
SE RIAi. SUPPORT" CHIPS FOR MIQ H SPEEO OPS 
llCT· ATIO 
ATIO-SEAIAL- 2ND SERIAL POAT $24 .95 

MEMORY CARD!i 
5761' RAM CARO •59.95 
A CONTIGUOUS MEMORY SOLUTION IN A SHORT SLOT 
• USER SELECTABL E CONFIGURATION UP TO ~18K 
• USES G•K i 266K RAM CHIPS !ZERO K INSTALLED! 

MCT· AAM 


EXPANDED MEMORY CARD •IH.515 
2 MO OF LOTUS lr'1El MICROSOFT COMPATlBLE MEMORY 
FOR .t.N XT • CON~O~ T01..0TUS11Nffl EMS • USE R 
EXPANDABLE ro 2 MB • CA DE USED AS E~PANDED OR 
C0N'JENT 1l)HAL MEMORV AAMOISK ANO SPOOLER 
MCT·ATEMS 
llCT-ATE llS-ATVEASION 5139 .95 

DRIVE CONTROLLER§ 
FUIPPY Dl§K CONTROLLER •C!9.9S 
0UALIH DESIO FOR SI NOLE SLOl CO TROL Of 4 
hOPP'f S • INTERFACES UP l O .& fOO S TO AN IBM PC 
OR C PATl8LE o SUPPORTS BOTH OS.OD ANO 05'00 
WllH00S3< 
llCT·FDC 

1.i? MB FUJPPV CONTROu.ER 9li9.515 
AOO VEA$ATtUTY A.NO CAPACIJ'r' TO YOUR l<l 
• SUPPOR TS~ OA•VES BOlH MAY BE 3~K OR t 2 MB 
• ALLOWS OAtil TO FLOW rAEEL'I" fROM xr -s TO AT s 
MCT·FDC·l .2 

FUJPPVIHARD CONTROi.i.ER •t39.9S 
X' SYSTEM STARVED FOA SlOfS" tHIS CARD FREES ONE 
UP • INTERFACES UP f O 2 fOO S 5 2 HOOS C:::ABllN(i 
FOR 2 FOO 1 HOO • SUPPORTS BOTH OS 00 I OS 00 
WITH DOS 3 2 
MCT· FH 

ATIFH CONTRDLLEll 
FLOPPV HARO O•SI< CO..lAOL IN A rnue •T DESIO" 
• SUPPOATS UP TO 2 l60K 7"2(1 K. 1 2M8 FOOS AS WE LL 
AS 2 HOOS USING SfA.NOAAO CONfROL tABLES 
MCT· ATFH 

RJ.J. Dl!llM CONTROi.i.ER •l!l!!l.95 
IMPROVE SPEED AND Sl OR AOE OF VOUR Af 
CQMPAT •8LE • SUPPORTS UP TO 2 R.l.l HARO orscs ANO 
2 FlOPPV DAIY£S • SUPPORTS Jro no.' 2 MB 
FLOPP1ES IN S 2:~ · & 3 ~· 

MCT·ATFH·ALL 

INBOARD 3Bli/PC 
;sgs.aa 
UPGR AOE VQUR XT TO A 386 FOR LESS lHAN l!OOO 
• 16 MHZ l'A:OCESSOA REP1,..ACE S 80158 • ' MS 
INSTA\.-1.EO II EXPANO ro l MB WITH PIGGl'BACl't CAAO 
• S YR WA.ARANT"'¥' 

INBOARD 386/AT $1199.!IS 
ABOVE BOAAD PS 286 $399.95 
ABOVE BOARD 286 $369.95 

5'1... .!JEA&ATE HAR.D 01.§K DRIVE§ 
ST· 225 HALF HEIGHT 20MB 65MS $255 .00 
ST·238 HALF HEIGHT 301118 65MS (All) $249.00 
ST·40Je FULL HEIGHT 30MB 40 US $559.00 
ST-4096 FULL HEIGHT BOMB 28MS $895.00 

'I• HElliHT FLOPPY 01§1( DRIVE§ 
51/t' TEAC Fl>5SB DSIOO 3110K 
SV.- TEAC FC>-SSG OS/HO 1.2M 
5'1•' FUJITSU 1112551 A DS/tlD 360K 
SI/•· FUJITSU lil2553K DSIHD 1.2111 
51/•· OS1DD 360K 
51/•" DSiHO-l.2M
3•,, MITSUBISHI DSIDD (AT OR xn 

ARCHIVE XL 
TAPEBACK
•3fi!195 
a..-cK UP 40 M.9 IN 40 MINUTES• 
• 	 E...SV TO USE MEt•u ORIVEN 

SOnwARE 
• 	 USES STAl<OA~O 


01C CATA FORMAT ' 


• FULL A INCREUENT.\.L ~ 
SACK UP 

• PARfl ,l l,. 6 FUU AES TORE 
AA 5240 XT - FOR XT SI ATS 
AA 5540 AT - AT S ONlV 2X FASTER 
TAPE NOT INCLUDED 
TAPE CAATAIOGE-0 MB $24.95 

• 
• 
• 

SAVES SPACE A D REDUCES POWER C0N$Ul,(Pfi() 
IOIE Al FOR PC'S Wl l H FULL MEIGHT FLOPP re s 
LE•ves ROOM FOR A HALF LENG TM CA.RO I 
40JACE tlT SLOT 

- --- · 
~~ 

1,'1 
~· ~' . . 

;:;;r - · -  -· 

tltl 
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-- -

OVER i!!D,aaa JDR §YJiTEM§ IOMHZXT
HAVE ALREADY BEEN BLJILT. 
EA.5\' ro A!HiEllfBI£ IN JLJ§T iii! 	 COMPATIBLE 
HUUR!!i WITH A !!iCREWDRIVER. 
!!iA VE MUNEY AND LEARN 
ABIJIJT YDCJR COMPUTER AT •ssgoo
THE SAME TIME. 	 INClUOES SEAIAl POAT 2 PARALlEl 

PORTS. CLOCK CALENDAR ANO GAME 
ADAPTOR RUNS COLOR GRAPHICS ON 
A MONOCHROME MONITOR 
• MOTHERBOARD 
• 2~K RAM MEMORY 
• 135 WATT POWER SVPPlV 
• FLIP· TOP CASE 
• AT STYlE KEVBOAAO 
• J60K FLOPPY DRIVE 
• MONOGRAPHICS I 0 CARO 
• MONOCHROME MONITOR 

• 12 MHZ BABY AT MOfHERBOARO lliMHZ• 2:S6tC AJI M MEMORY 
• M<N l-AT CASE W POWER SUPPLY 
• Al STYLE KEYBOARD IMB3Bli 
• I 2 MB FlOPPV ORIYE 
• FLOPPY HARO DRIVE CO NTROLLER 
• MONOCHROME MONlTOA •i!i!9B65• GRAPHICS ADAPTOR 

• MYLE X ~~ MOTHER BOARD 
• 	 I MB RAM ON BOAAO 
• 200 WATT POWER SUPPLY 
• AT STYLE C1'SE 
• ENHANCEO AT STYLE KEYBOARD 
• 1 2 MB FLOPPY OlllVE 
• AT FLOPPY HARD CONTROLlER 
• MONOCHROME MONITOR 
• MONO<i RAPHIC S CA RO ...... ................~~~ 

TVRBO 4.7718 MHZ •99.95 fii! MHZ MINI 80ii!86 
• 	 4 11 OR 8 MHZ OPERAllON WITH 8C8fl -2 & OPTIONAL • 6 MHz , 1C MH.r: ~O i i WAil STATE). 12 MH2 [I WA IT STATEI 

8087-2 CO-PAOCE SSOR • USES ZYM0$ A$1C"S FOR LESS CHIPS GREATER 
• 	 FRONT PANEL LEO SPEEO INDICATOR ANO RESET AEllABILITV 

SWITCH SET SUPPOATEO • SUPPORTS 2!">6K - 0"2•K MEMORY 
• 	 CHOICE OF NOAMAl TURBO MOOE OA SOFTWARE • AE-CH•RGEABlE HIGH CAPACITY Nl·CAO S-0.rTERY 

SElECT PAOCESSOA SPEED • ft ,8-BIT SLOTS. 2 ll-BlT SLOTS 
MCT·TUllBO • MOUNTS IN STANDARD XT CASE 

MCT-XTlllB STANDARD MOTHERBOARD $87.95 MCT·BATMB-12 
MCT-BATMB 8110 MHZ lllNI 80286 BOARD $389.95 

BDii!Bli li/B MHZ S79.95 16 MHz /ffYLEX 386 
• 8SLOT12 EIGHT BIT. 8 SIXTEEN BIT] AT MOTHERBOAAO • 1 MB RAM ON BOAAO ID MHz §INliLE CHIP
• HARDWARE SElECllON OF 8 OR• MHZ • 8 SlOTS. 2 8 ·BIT. 6 t6·BIT 
• 1 WA IT STATE • SUPPORTS 80287 MATH CO-PROCESSOR 
• KEYLOCK SUPPORTED . RESET SWITCH FRONT PANEL • SUPPORTS 80387 WtAOAPTOA •fj!ggs

lED INDICATOR 	 • 6.t KO CACHE FOR NEAR Q WftlT STATE. 
o SOCl<ETS FOR 1 MB OF R..M ANO 80287 • USES AMI BIOS • SINOLE CHIP USES LESS ~WER •MPl'.IOVES RELIABILITY
• BATTERY BACKED CLOCK 	 MCT-386 MB • l(fy SELECJlt.OLE SPEED .a 77 'AH1 OR 10 Mt1.rMCT-ATllB 	 MCT-386 MB-4 4 MB MEMORY INSTALLED $26•9.00 • 2 ~ flME S FASTER fHAN A SfANOAROMCT·386 MB-MCB MATH CO-PROCESSOR 

• AESET SWlfCH KEYLOC~ A 0 SPEED POWERADAPTOR BOARD 	 $149.00 
INOICAfORS SUPPORTED 

MCT·TURB0-10 

EPROM 
PROGRAMMER 

•fj!!J95 
PROGR AMS 27XX 6 27XXX EPROMS UP TO 27512 
• 	 SUPPORTS VARIOUS PFIOORAMM1NG FOAM-'TS ANO 

VOUAGES IKJ ·, :; .• SPLIT OR COMBINE CONTENTS OF SEVERAi. EPROMS 
• ;, ' IOF DIFFERENT SIZES 

• AEAD. WRITE . COPY ERASE CHEC K ANO VER IFY . • ID , ' . ' 
• SOFT WARE FOR HEX AND INfEl HEX FORMAfS .. ·• , II , . 
MCT-EPROM 	 II ::: . 
MCT-EPROM~ 'GANG PROGRAMMER r.,_. - • . . 
MCT·EPROM·10 10 GANG PROGRAMMER 

MCT-PAL PAL PROGRAMMER ~ 

MCT·MP PROCESSOR PROG. 
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2 lor I~ &I'..,._ Q'\OUll 5'/• " 

I fau"d rilllly dele<IJYO 1'11rW1 SDI 
With aletvtt, llbl, labtl1 

5'14 osoo (lln llXll ~ 
DSOOIWI\ IOI lk 
CIJior l'lo Ds.llO (lln 50) 6' 
SYo'Elli-AT~{llol 50) 1" 
8"' ol 10 IW OSOO (lln IOI 1429 
8"' oll0CoicfSWO&llO 
fl1I - c.. {lln ~ fSJt 

J 'h " ·ssoo flifl 2SJ a 
·osoo IMn 211 11.ai 

Dlll 20!i<OM0Yn~ 
'.bllEl""""""' {llr> ~ lllJO 
600' I20 MO 0.0. CIMdge 
llli\ II 111.211 

c.111o1,__,....,._ °S<.qo:lll~-~
IOO'llLlllMWllTlllJ 

~ 5:LlD per""' -·.so llldl- .. i.;::,VIS.l occ..-i 

1·800·537·1600 I ~/!t 
ap.m llo. 2ZJ ~· 

Dip.lb. 1123P.O. bollXI0.5-1 F--.C.1'4181 

DATA ACQUISITION TO GO 
INTERFACE FOR ANY COMPUTER 

FREE IBM SOFTWARE 

Connects via RS-232. Fully IBM com
patible. Built-in BASIC. Stand alone 
capability. Expandable. Battery 
Option. Basic system: 16 ch . 12 bit 
AJD, 2 ch . D/A, 32 bit Digital lfO. 
Expansion boards available. Direct 
Bus units for many computers. 

(201) 299-1615 

P.O. Box 246, Morris Plains, NJ 07950 

ELEXOR 
°'"" 92 Oii ...., S.rvln Card 

16·BIT RESOLUTION 

ANALOG·TO· DIG IT AL 


CONVERTER 

12,000 SAMPLES/SEC 


torlBM PC, XT & AT 

SINGLE PIECE PRICE 


$475 
We manufacture a broad line 

of data acquisition and control 
hardware and software for Apple 
and IBM computers. 

Call for quotes on custom 
hardware or comple te systems. 

LAWSON LABS, INC. 
5700 RAIBE ROAD 
COLUMBIA FALLS, MT 59912 

406·387·5355 

EPROM PROGRAMMER 

$349 


THE EP-rs A GREAT VALUE &HERE 'S WHY: 
•RfAOS. PltJGRAMS. COPlS MA Jro !PfOdS I.Nil ffl'OOMS fOOM 
l9 MNUACMERS tlCU.OOG Z71&27513. OOl 182!>6. 21011 

• ll-'OS S ~fVTlS 111£L M01llMlA SIRAr.lfl l(X All[) llllARY 
• OPllO!IAl~~MtlflU.~I m t W 
• 	 ~OllVE/i CHf S!lfCTOl l>1 l.fG & fllj _Nil !.IOOJ.ES 
•',\SI· ';;i>/I WO: f\.lS! ~G ALSOAITHMS 
• Sl'l.IJS Fl.ES 1>1 llAS! l.OOl'lSS A.~0 ooom I (Iii &J2 BIT) 
• All Jlll:U£!NCI' ~ alfl. ll>J MICNlP~~ 6'510 
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CALL IDOAY FOR MORE INFORMATION 

BP~ 
800'225-2102 7131461·9430 TELEX 1561477 

10681 HADIJINGTON 1190 HOUSTOll. TX 771)43 

HARD DISK ACCRERATOR 
• Cachingeliminates repetitive 


disk accesses 

• Use up to 15 Mb of extended{ 


expanded or 500 Kb ol standard memory 


DISKETTE ACCELERATOR 

SCREEN ACCELERATOR 


FAST - FRIENDLY - SAFE 


VCACHE 
GOLDEN BOW SYSTEMS 

$49.95 -~f.:· 2870ftlll1Avt11ue
Md SJ ror • Sui re 201 
sn1pp1nglharnll1no San O•eoo. CA 92103 
Ca~ lcrma reSJdonts 
.Jdd ~ S<leS l3X <,; 6191298 " 9349 

Antna•I• IOM!mlhr 
ru IUP·l'O ud 
111.,atl•l• 

· ~~7~4.
•~:/.=--., •~~~:or~.,.~ 

4.7 or BANDIT .liPffd 90ttwa:r• 
• No-11<>1 • Oulcll..,,.,ON)'IO 

r~ukecl lruil&ll 
e lnduaM 3 IOftwlfl • lnetNMI JPMd U 

rs'ifamo, "1Cludlng muc~ u -
So~ Selee1 • ~~'r~~C V20 CPU 

• M nWn. conlCI Ol)llon oRy $16. ~ · 
5)'Stom docl< lpH<! "ll'lul ihlpo;ng) 

PBJ.81l llllaft01108, 110. 
!41182 NE 95th SL, AO<l.-.0, WA 98052 

(JOO) $81-1088 
(0...,, ;l>qllhl ltMled)•-··.....-i-·---~-··-"'-

AL~.~ 

presents the_ 

$ 99.00 
CDROM 

A CORON contalnlns over 
2000 programs for the 
8088/286/38b baaed p<:. 

• 	 Public Domain 

Shareware 


• 	 High Sierra 

Compa tible 


call 	or write: 

ALOE Publlshlns 
P .0. Box 35321> 
Nph, MN 65438 
( 1>12) 836-6240 

680516305 SINGLE CHIP 
MICROCOMPUTER 

DEVELOPMENT SYSTEMS 
~system• allow lhe IBM PC/)(T/lif to be used u 
a complele <levelOpment sysiom tor tho MOTOROLA 
6805 se<le3 •Ingle chip mocrocomputerl. Model 
MCPM-1 suppotlS IM MCBa705P3, PS, U3, U5, A3, 
& RS chips. Model MCPM-2 suppona th e 
MC1461171l5F2 & G2 cmos """'Ions. Balh sys1ems are 
priced al $495 o.nd Include a cross assembler pre>
(lfllln. a Sim~ progam an<! a program
ming clrcuh board wilh.dri.er software. A aystem ~ 
also avau tor tne HITACHI &J705 ZTAT micro. 

THE ENGINEERS COLLABORATIVE 
P.O. Box 53, West Glover, VT 05875 

(802) 525·3458 

The MIDI Starter System '" 
for vuur IB/\1 P ur c:ou1fn.1/,bl,· 

MIDI Co-Processor Card 
Easy-8 Sequence r 

Editor / Librarian Software 

$199 

sic Quest, Inc. 
1700 Alm Ur.. ul1_,, 260 
Ptnm•. r,...,, 75075 121411181 ·7400 

http:wilh.dri.er


EDITORIAL INDEX BY COMPANY 

Index of companies covered in articles, columns. or newi; stories in this is ue 


Each reference is to the first page of the article or section in which the company name appe~ rs 


INQUIRY II COMPANY PAGE INQ IRY II COMPANY PAGE INQUIRY II COMPA.'Y PAGE 

ADOBE SYSTEMS .. . .. ...... .. .. JI . 181 HARRJS ..... ... .... .... ......... .......... 11 923 OKJDATA .... . . ... .. . . . .. .. ............. 118 

ALD US ..... . .................. ........ .. 181 HAYDEN .. .... ....................... ... 256 771 OLDUVAI .......... . . . . ... .. .. ........ .. . 67 


907 ALPSAMERJCA . .. ............... ... .. 118 788 HEM DATA . ... .... .. .... ....... ........ .. 67 770 ONSET COM PUTER .... .. .. .. . . .. .... 67 

934 AMDEK .......... .. ...... ............. .. 193 852 HEWLETT-PACKARD .. .... . ... 11 . 89, O?TOTECH .. .. .... .. . ....... .... ...... .189 


AMERJCA HOME BUSINESS 	 11 8. 144 

924 	 PANASO IC ...... . .... ...... .. .... ... .. 118


ASSOC!ATIO .. 11 917 

772 	 PATIDN ELECTRON ICS . ... .. .. .. .. . 67


A ZA RESEA RCH . .. ..... ..... . ..... .. 11 762 HONEYWELL BULL ITAL!A ... .. .. 67 
 939 	 PAUL MACE SOFTWARE.. .. ..... .. . 193
768 	 AOX ....... ... ...... .. ... .. .. ..... .. ...... . 67 HOUG HTO -MIFFLIN .......... . ... 181 

PHAR LAP ... .. ......... . ....... . .. ... .. 163


949 	 APIAN SOFTWARE ...... ..... .... .... 211 753 HYU DAI ELECTRONICS 

785 	 PHASE THREE LOG IC .. .... .. .. . . 67


755 	 APPLECOMPUTER ..... . 11 , 67, 181 , AMERICA .. .... .. .. .. ... .. ........ . ... 67 

PHOENlX ASSOCIATES .. .. .... ... .. 144


219,249 
918 	 IBM .... ........ ... 11 . 118 . 131. 144.219 757 POWER R ... ... ... . ................. .. ... 67


773 	 ASHTO -TATE ........ . ....... ........ 113 

ICON SIMULATIONS ........ .. .. .. . . 249 PRE TICE-HALL.. .... ... .... .. ... . .. 256


944 	 AST RESEARCH .. .. .. . ... ... .......... 193 

787 	 INDUSTRJAL COMPUTER PRIA M .. ........ . .. ......... .. ... 193
908 	 AT&T ...... . . .. .... . .. . . . .. . .. 118 


SOURCE . .. .... . ..... . ........ ... . . .... 67 925 PRJ TRO IX . ...... ............. . .... J 18
887 	 ATRO SYSTEMS ... ........ . ....... .. 144 

760 !NFORJTE .... ... ..... .. .. ... .. .... ...... . 67 


856 	 QUADRAM . .. .. . ............. . ..... ... . . 89

BANTAM BOOKS ......... . ... ...... .. 256 794 IN ER MEDIA .... .. ........ ... ..... 67 
 QUARK. _ ___ _ ......... 181

BELL.CORE .. . .......... ....... . . .. ...... 11 79 1 IN OVATIVE SOFTWARE .... ... ... . 67 


936 	 QUA RTERDECK OFFICE 
780 	 BERKELEY SOFTWORKS .... ...... . 67 INTEL ... ... . .. ........ 193, 219. 237. 256 
 SYSTEMS ............. . ... . . .. ........ 193


BJTSTREAM .... .... .. . . .. .... ...... . . .. 144 INTELLIGENT GRAPHICS ...... .. . 163 

QUE ..... .... . ..... .......... ... . ... ... .. 51


BLUE CHIP TECHNOLOGIES ... .. . 11 789 INTERACTIVE MICROWARE ...... 67 

781 	 QUlN -CURTIS .. .............. ...... .. 67


BOEING COMPUTER SERVlCES .. I J 900 I TERLEAF ... ......... .. .. ..... . ... ... 181 

QUME ......... .. .... .. .... .... ...... .. .. . 144


858 	 BORLAND I TERNATIONAL . .. ... 89 937 INTERSTEL . ...... . .. ........... .. .. .. 193 

BRADY BOOKS ...... ......... ..... . . ... 51 926 RADIO SHACK ....... .. .. .. ........... 118
919 JAPAN DIGITAL LABORATORY ... 11 8


909 BROTHER JNTERNATIONAL ... ... 118 	 767 RADIUS .. .... .. ...... . .. . ..... ..... .. .... 67
758 JASM! ETECH OLOG!ES ... 67. 21 1 
 759 	 RELAX TECHNOLOGY .. .... .. ... . .. 67

910 	 C. IlDH DIGITAL PRODUCTS ..... 118 


786 	 KARTECH DATA SERVICES .. ... . ... 67 RESEARCH CORPORATION

CALCOMP .... . .. ........................ 11 


76 1 	 KENTEK INFORMATION TECHNOLOG IES ... ..... . ... . . .... . . 11

951 	 CCI ....... .. .... . .. .... . .. ...... . ..... . . .. 263 


SYSTEMS .. ............ . . ....... ..... . 67 ROCKWELL INTER ATIONAL . _ 11

950 	 CESOFTWARL ........... .. ....... . .. 211 


CHEETA H I TERNATIONAL. ... .. 193 779 LA GUAGE SYSTEMS _._.. ... . ..... . 67 SANDI AND SHANE STRUMP .... . 193 

CHIPS & TECHNOLOGIES . ......... 11 LOGITECH ........ ..... . ... ... . .. . 11. 193 927 SANYO BUSINESS SYSTEMS . ... .. 11 8 


946 CHJPSOFT ..... ............... . ..... .. .. 193 790 LOTUS DEVELOPMENT ....... 67, 256 774 SCIE CE APPLICATIONS 

911 CITIZEN AMERJCA ... ............. .. 118 I TERNATIO AL.. . .. . . 67, 163 


784 MAC EAL-SCHWENDLER ... ... . . . 67
795 CO DA MUSIC SOFTWARE .......... 67 	 928 SEIKOSHA AME RI CA .......... ..... 118

920 MAN ES MA TALLY .. .... . 118
884 COMMODORE 	 859 SHARP ELECTRONICS ........ . .. ... . 89


MANSFIEL D SOFTWAREINTERNATIONAL. .. ....... .... . . .. 137 	 SIGNETICS .. ..... . .. .... .... .. .. .... ... 256

GROUP .. . .... ... ...... .... ........ . . .. 163
COMPAQ ..... ........... . . . 131.189, 193 	 796 SILICON BEACH SOFrWARE....... 6 7 


MCGRAW-HILL BOOKS .......... .. .263
782 COMPUNEERJNG .. ... .... .. . .. .. .. ... 67 	 776 SILVER STATE SOFTWARE .... .. . .. 67

MEAD IMAGING ........... . .. ..... .. . . 11 
CONTROL DATA ......... .............. I I 	 929 STAR MICRONICS . ......... _ ... .. 118 


764 MEMTECH ....... ...... ... .. . ... ....... . 67
912 COPAL(USA) .. ......... ........ . . .. ... 118 	 945 STRATEGIC STUDIES GROUP .. .. 193 

756 MICRO DISPLAY SYSTEMS ...... . . 67 
 783 	 STRUCTURAL MEASUREMENT

886 	 DATA TECHNOLOGY . .... .. .. . .. ... . 144 MICROELECTRONICS AND 
 SYSTEMS .. .. ..... .. .. ..... . .. .. .... ... 67

913 	 DATAPRODUCTS ........ .. . ...... ..... 118 COMPUTER TECHNOLOGY ..... 11 
 SUN MICROSYSTEMS . ....... ...... 181


DATAVUE ........ ... . . .... . .. . .. ..... .. 189 855 MICROPRO INTERNATIONA L ... .. 89 
 754 	 SUPRA .... .. .. .. ... . ... ... .. .. ............ 67

DLABLO SYSTEMS . ... ....... .. ...... 144 752 MICROPROJECT ................ ... .. .. 67 
 SYBAS E.. .......... ..... . .. .......... . .. 113


765 	 DIGIBOARD ..... ... .. . ...... . .. ..... .... 67 MICROSOFT .... .. . .. . 11. 89. 103. 113. 
 SYBEX ........ . ...... ........... . . ... . .. .. 51

163, 193, 227


E. I. DU PONT ... .. . .. ... . . .. ..... ... . .. 11 

905 	 MICROWAY ..... .. .. .. ... . ..... ... . ..... 163 763 TACT RON SCIE TI FIC .. ....... .. ... 67 


EAST MA KODAK ......... .. .. ....... 11 
 MIGE 	 T SOFTWARE ..... ........ .... 11 TANDY ......... ..... .. ... ....... .. ... ... . 11

ENGi 	 EER"S ISLE .... . .... ............ 11 


MINOLTA ... ... .. . .................. . .... 11 766 TANDY /RADIO SHACK . ... . ......... 67

914 	 EPSO AMERJCA .. . . ......... 118, 144 
 MOTOROLA ... .. . ...... . . . .. 11. 2I9. 256 769 TASC0 .. ... .. . .. .. ... . ... ...... ... . ..... .. 67 

793 	 ESP SOFTWARE SYSTEMS . ....... .. 67 
 885 	 TAXAN USA .... . ..... ... . .. ........... . 144


943 NASAJPL ... ...... ... .. . . .. 193

915 	 FACIT ...... . . ...... . .. ............. .. ... 118 777 TECKNOWLEDGE . ........ .. . ... ...... 67 


NATIONA L
FAIRCHILD 	 888 THE PERISCOPE COMPA Y ..... . 144


SEMICONDUCTOR ..... .... 219, 256

SEMICONDUCTOR ..... .. .. 219, 256 	 3M ......... ...... _ ......... .. ... .. 11


NCR ........... ............... . ......... . 11

938 FrFTH GENERATIO 	 THREE-SIXTY . ...... ... . ............. .. 11


EC HOME ELECTRO ICS . ... . ... 11 ,

SYSTEMS .. .. ... . ..... ......... .. ... .. 193 	 930 TOSHIBA A 1ERICA .. .... . .... .. 11, 118


144, 189

916 	 FUJITSU AMERlCA ............ . ..... 118 935 TRAVELING SOFTWARE ......... .. 193


921 NEC IN FORMATION SYSTEMS .. 11 8 

GENERAL COMPUTER. .. . . .... 189 922 NISSHO INFORMATION U lVERSITY OF CALI FOR IA .... 11 

GENERAL ELECTRJC ... ...... .... . .. 11 SYSTEMS . ..... . .. ... . .... ... ..... . .. . 11 8 775 UN IV ERSITY OF NEW 


947 GOLDEN BOW SYSTEMS ..... . . .. . . 193 75 1 UDATA . .. ..... .. .. . . .. .. .. .. .. ........ .. 67 HAMPSHIRE .. .. ...... ....... . . ...... 67 


338 	 BYTE • APRIL 1988 



INQUIRY II CO 1PANY PAGE I 'QUIRY II COM PANY PAGE 

778 VIRTUAL SOFTWARE .. ....... .... .. . 67 883 WYSE TECH OLOGY ....... . ..... .. 131 


WESTINGHOUSE ELECTRIC .. ..... 11 853 ZENITH DATA 

792 WORDPERFECT .. .. ...... .... ..... . ... 67 SYSTEMS ..... ............. 89, 189, 193 

942 WORKMAN AND ASSOCIATES ... 193 ZILOG ......... .. ..... .... ... ... .. .......219 


COMING UP IN BYTE 


PRODUCTS IN PERSPECTIVE: 

Short Takes for May include Sysgen's BridgeFile; high- and double-density 
3 1/z - and 5 'A -inch add-on floppy disk drives for IBM' s PS/2; Fujitsu's finite
element-analysis package, Elm; WordPerfect for the Macintosh; a fast 
assembler from SLR, Optasm; a Macintosh desk-accessory scheduler from 
Mainstay called Think 'N Time; and more. 

Ten Y.'Ord processors for the IBM PC family are reviewed in the Product 
Focus for May: new releases of DisplayWrite, MASS-I I , Microsoft Word , 
MultiMate , Office Writer, Sarona Word IV . Smart Word , WordPerfect, 
WordStar , and XyWrite . 

System reviews consider Amdek's offering in the 80386 competition and lhe 
laptop Macintosh from Dynamac. 

ln lhe hardware reviews section, we look at lhe Apple LaserWriter a. This 
printer with interchangeable memory modules is at least two printer right 
now, with the potential to be more as time goes by. 

There are many uncomfortable ways to get Macintosh data to an IBM 
PC-and vice versa; we'll look at lhree that are painless . 

Software reviews: Windows/386 and Windows 2.0 are programs to enhance 
your interface. Command Plus replaces your DOS command processor and 
enhances the basic commands. 

Products up for discussion in application reviews are Silverado and @Base. 
two spreadsheet add-ins; Q-Calc, a spreadsheet lhat runs under Unix; and 
Nexview , a relational spreadsheet. 

Jerry Poumclle's Computing at Chaos Manor and Ezra Shapiro' s 
Applications Only look at products from unique perspectives. 

IN DEPTH: FEATURES: 

May is devoted to the subject of In the Circuit Cellar , Steve Ciarcia 
CPU architectures- everything concludes his SmartSpooler 
from lhe growth and development of construction project; Dick Pountain 
CPUs, to parallelism, to RISC , 10 talks about Pop-11, a powerful 
what's wrong with lhe ones we've artificial intelligence programming 
een o far . language for the Macintosh. 

Subscription 

Problems? 


We want 
to help! 

II you have a problem 
with your BYTE 

subscription, write us 
with the details. We'll 
do our best to set it 
right. But we must 

have the name, 
address, and zip of the 
subscription (new and 

old address, ii it's a 
change of address). II 
the problem involves a 

payment, be sure to 
include copies of the 
credit card statement, 
or Iron t and back of 

cancelled checks. 
Include a "business 

hours" phone number ii 
possible. 

13\lTE 
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Teaneck, NJ 07666-9866 
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Important TIPS* for BYTE Subscribers: 

Receive Product Information 10 Days Earlier! 


John Sample 

785432189 

All you need is a touch-tone telephone and your subscriber I.D. number. 

See instructions facing the Reader Service Index in the back 


of this issue for outrageous time-saving opportwlities! 


• BYTE's Telephone Inquiry Processing Service 
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To get further Information on the products advertised in BYTE, fill out 
the reader service card by circling the numbers on the card that corREADER respond to the inquiry number listed with the advertiser. This index 
is provided as an addit ional service by the publisher, who assumes 
no liability for errors or omissions. SERVICE ' Correspond directly with company 

Alphabetical Index to Advertisers 


Inquiry No. P9ge No. 

220 IST CL.ASS EX PEAT SYS 28 
3 2500 AO SOFTWARE 45 
4 A+LMEIEAVOGT . 221 
& A+LMEIEAVOGT 223 
8 A+LMEIERVOGT . . 225 
7 PCM SIGGRAPH '88 113 
8 AO LIB. INC. . .. . . .. . 255 
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10 ADV . LOGIC RESEARCH .. ... 180 
11 AOV . LOGICAESEARCH . 180 
12 AK SYSTEMS . 323 
13 ALOE PUBLISHING . .... . . . . 337 
14 ALF .. .. .. 314 
15 ALPHA PRODUCTS . . . . 316 
16 ALPHA PRODUCTS CO. .. . . 327 
17 ALPSAMEAICA 100,101 
18 ALPS AMEAICA . 100, 101 
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• AMPRO . Hit 
20 ANTHROCORP.. 13 
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22 APAOTEK .. . .. ....... 323 
23 ASHTON·TATE . . .... 109 

' AT&T INFO. SYS. . . . . . . . .. 48,49 
' AT&T INFO. SYS. 119, 117 

24 ATI TECHNOLOGIES INC . 201 
25 ATRON . . . . &6 
28 AVOCET SYSTEMS INC 207 
211 B&B ELECTRON ICS . . . . . 314 
30 B&C MICRO 314 
31 B&C MICRO . 326 
32 B&C MICRO ....... . .. 318 
33 B&C MICRO 324 
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34 BASF .... . 115 
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3e BLAISE . . . . ..... . . . ... . 32 
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55 CNS INC . . . . . 80 
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57 COGITATE 314 
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• COMPAQ . 51,57 
82 COMP\JSAVE . . 315 
83 COMPUSERVE .. 149 

• COMPUTER CONTINUUM . . 328 
51 COMP. DISC. WAREHOUSE 197 
65 COMPUTER EXPO 81 
et COMPUTER FRIENDS . . 96 
84 COMPUTER MAIL ORDER 234 ,235 

318 COMPUTER-RING 	. 318 
87 COMP. SURPLUS STORE .... 324 
58 COMPUTEFlWAREHOUSE ... 102 
H COMPUTER WAREHOUSE ... 102 
70 CONTECH . . . 328 
71 CONTROL VISION . 262 

Inquiry No. Pa.. No. 

12 CCNOX 324 
73 CPTCORP . . . 198 
74 CYBER RESEARCH .. 318 
75 C.O.M 8 .. 314 
76 C.O.M.B. . 323 
77 DATA TRANSLATION 58 

318 DATA TRANSLATION . 210 
78 OB FAST 52 
87 DCS . . . . . . . . 316 

• OELLCOMPUTERCORP. 180A·H 
79 OELLCOMPUTERCORP. 180,161 
80 DICONIX . . 8,9 
81 OIGITALK . . . . 185 
82 OIGITALK . . . . 1415 
85 DISC INT'L . . 318 
83 DISKCOTECH . 325 
U DISKETTE CONNECTION .. 321 
88 DISKS TOGO . 318 
88 DAESSELHAUS 48 
89 DYNAMIC ELECTRONICS . . . 324 
90 ECOSOFT . 253 
91 ELECTRONE . . .. . . . .. 94 
92 ELEXOR, INC. . 337 
93 ELLIS COMPUTING . 24 
li4 ENGINEERS COLLABORATIVE 337 
95 EVEREX 27 
96 EVEREX 27 
97 EVEREX 29 
98 EVEFlEX 29 

102 EVEREX 31 
103 EVEREX 31 
104 EVEFlEX . .. . ....... 33 
105 EVEREX . 33 
304 FLAGSTAFF ENG ... ....... . 192 
305 FLAGSTAFF ENG . . .. 192 
HIS FOX SOFTWARE . 23 
107 FTG DATA SYSTEMS .. . 324 
108 FUJITSU AMERICA .. . . . .. 187 
109 FUJITSUAMERICA . .. 187 
111 GENOA .. . 79 
112 GLORIOUS UNION . . 98 
113 GOLD Hill COMPUTERS . 231 
114 GOLDEN BOW SYSTEMS . 337 
115 GAAFPOINT . . . . . . . . . . 328 
118 GTEKINC. . ..... 114 
117 GTEK INC . 114 

' HARMONY COMPUTEFlS .. .. . 18 
118 HARRIS/3M COPIERS 281 
119 HEWLETTPACKARO 127 
120 HEWLETT PPCKARO . . 129 
121 HEWLEn PPCKARD . 169 
122 HEWLETT PACKARD . . . .. . 171 
123 HEWLETT PPCKARO .. 173 
124 HITECH EQUIPMENT . 318 
125 HOOLEON . . . 206 
128 HOOLEON . . 208 
127 IC EXPRESS . 254 

INTECTAA .. 324 
' INTECTRA . . . . . . . . . . . . . . .. 328 

128 INTEGAANO 42 
129 INTEL CORP 214,215 
130 10 TECH .. 134 
131 IOTECH . . . 328 
132 J&R MUSIC WORLO .. 184 
133 JAMECO 310,311 
134 JAWIN . . 326 
138 JAWIN . . . 328 
138 JKL 321 
137 J.O.R. INSTRUMENTS ..... 85 
138 J .D.R. MICRODEVICES .. 332,333 
139 J.D.R. MICROOEVICES 334,335 
140 J.O.R. MICRODEVICES . 338 
141 KAOAK PRODUCTS ...... .. 318 
142 KEA SYSTEMS 44 
143 KEA SYSTEMS 318 
144 KNOWLEOGEGAADEN, INC. 248 
321 LAHEY COMPUTER SYSTEM 239 
145 LAnlCE. INC. . 178 
148 LAWSON LABS 337 
147 LINK COMP GRAPHICS 325 
148 LOGICAL OEVICES . . . . . . .. 328 
149 LOGICAL DEVICES 328 
150 LOGITECH . . . 81 
151 LOGITECH ..... .... 81 
152 LOGITECH ... 82,83 
153 LOGITECH . . . . . . .. ..... 82,83 
154 MANX SOFTWARE SYSTEMS . . 39 

Inquiry No. 

155 MAP INFO 16 
156 MARKWILLIAMS 30 
157 MASTERSOFT 252 
158 MATHSOFT 89 

' MAXELL DATA PRODUCTS . . . 7 
MCGRAW-HILL CEC . . . . .. 288A·B 
MCGRAW·HllL NEWS .. ... . . 245 
MCGRAWHILL NRI .. 272A·B 

159 MEAOCOMPUTER . 317 
160 MEOIACYBERNETICS 50 
161 MEDIA CYBERNETICS 50 
162 MEGASOFT 314 
163 MERRln COMP PRODS . 96 
184 MICRO ELEC. PROO. (MEP) 337 
165 MICFIOCOM SYSTEMS 28 

MICROMtNT 297 
188 MICROPORT 175 
187 MICROPORT 175 
16!1 MICROPROCESSORS UN LTD. 323 
169 MICROSIM 112 
170 MICROSIM . 112 
171 MICROSOFT . . 142, 143 
172 MICROSOFT . 10,143 
309 MICROSOFT . 73 
310 MICROSOFT 73 
174 MICROWAY 130 

MICAOWAY . 262 
175 MIHALISIN ASSOC . 316 
1n MITSUBISHI 158, 187 
178 MITSUBISHI 15', 157 
179 MIX SOFTWARE . . es 
180 MOJAVE SCADA . .. . . .. . 314 
181 MONTGOMERY GRANT. 320 
182 MUSIC QUEST . 337 
183 M.H.1.. .. .. . .. .. .. . . .. .. . 204 
184 NATIONAL COMP. RIBBONS 97 
1es NAnoPW. lNSTRUMENTS . . 11 0 
188 NEC INFO. SYSTEMS cm 
187 NORTHGATECOMP. SYS.. . 257 
188 NORTHGATE COMP. SYS. 258,259 
192 OLYMPIA U.S.A. INC. 47 
194 ONLINE STORE 299 

' ORACLE n 
197 ORION .. . .. 84 
198 OSBORNEIMCGRAW·HILL 238 
199 OSBORNEIMCGAAW·HILL 272 
200 OSBOANEIMCGAAW-HILl .. 287 
319 PACIFIC COMPUTER . . ... 315 
320 PACIFICCOMPUTER 316 
201 PANASONICOA . . 140,141 
202 PARA SYSTEMS . . . . . . . . . . 111 
203 PATTON & PATTON . . . . .. ... 194 
205 PEACHTREE SOFTWARE .... 135 
208 PERISCOPE CO. 188 

50 PERSOFT . 87 
208 PERSTOR 25tl 
209 PERSTOFl 25tl 
210 PETER NORTON 20,21 
211 PETER NORTON 20 ,21 
212 PAINC€TONGRAPHICSYS . . . 40,41 
213 PAINTERS PLUS INC. 38 
214 PRISM ELECTRONICS . . .. .. . 337 
215 PROGAAMMABLE LOGIC . .. . 328 
216 PFIOGAAMMERSSHOP . . .. 198 
217 PR:lGAAMMEA'SCONNECTION ... . 19 
218 PROGRAMMER'S PARADISE . 177 
219 PROGRAMMER'S PARADISE 178, 179 
221 PROTEUS TECHNOLOGY .. 74,75 
222 QUA TECH . . 322 
223 QUA TECH 322 
224 QUA TECH 322 
225 QUA TECH 322 
226 QUA TECH 322 
227 QUA TECH . 322 
228 QUA TECH 322 
229 QUA TECH 312 
230 QUA TECH . 322 
231 QUALSTAA 321 
235 QUINTEL TECH . . 328 
236 RADIO SHPCK CIV 

' RAIMA .. 107 
237 RAINBOW TECH . 243 
238 RAINBOW TECH . . ... 243 
239 AAINl!ON TECH . . . 202 
240 RAINBOW TECH . 202 
241 RAINBOW TECH . . ... 321 
242 RAMS ENDERS . . 92 

Inquiry No. Page No. 

243 REAL TIME DEVICES 321 
313 ROSEELECTAONICS 321 
314 ROSE ELECTRONICS 321 
245 SAFEWAAE .... . .......... . 324 
248 SANTACRUZOPEAATION 151 
247 SCHWAB COMP. CTR . . ... ... 321 
248 SCIENCE &ENG . SfW 203 
249 SEALEVEL 328 
250 SHAMROCK COMPUTER 53 
251 SILICON SPECIALTIES 228 
252 SILICON SPECIALTIES 228 
253 SOFTKLONE 186 
254 SOFTRONICS . 54 
255 SOFTAONICS . . . 328 
na SOFTWARE DEV . SYS. 200 
257 SOFlWAAE DEV OISTAIB CTR . . 328 
25' SOFTWARE LINK 26 
259 SOFTWARE LINK 25 
260 SOFTWORLD . 254 
261 SOLUTION SYSTEMS 195 
311 SPECTRON SYSTEMS 252 
312 SPECTAON SYSTEMS 252 
283 SPECTRUM . 218 
264 STANFORD SYSTEMS . 43 
285 STSC, INC. 187 
288 SUPEFlSOFT 271 
287 SYSGEN 1&3 
2&8 SYSTAT. INC. 251 
269 SYSTAT. INC. . 261 
270 S'NW ELECTRONICS 44 
271 S· I OO 329 
272 S·100 . 329 
273 TALKING TECH 328 
275 TELESYTE TECHNOLOGY .. . 54 
276 TELEVIDEO . . 153 
277 TIGEATAONICS 60 
278 TIGEATRONICS . . 328 

• TlHNEY, FfJBT,GR.o.FHICS . 292 
307 TOSHIBA 182 
308 TOSHIBA . . . 162 

• TOSHIBA . . 2011 
322 TAANSEC SYSTEMS 205 
278 TR IDENT . . 185 
280 TAUEVISION . 159 
281 n<M, INC. 108 
282 TYSTAFl MANUFPCTUAING 325 
284 UNITED INNOVATIONS 158 
285 UNIVERSAL CROSS ASSEMB . 325 
283 UNIVERSAL DATA SYSTEMS H 

' VERMONT CREATIVE SfW . 241 
288 VICTORY ENTERPRISE 239 
287 VOYETFlA TECH . 325 
288 WAREHOUSE DATA PRODS.. 213 
2811 WATCOM C 10 
290 WELLS AMERICAN . . . 91 
292 WESTERN TELEMATIC . 290 
293 WESTERN TELEMATIC 290 
2114 WESTERN UNION TELEGRAPH CO. 17 
295 WHITE CRANE SYSTEMS . 198 
296 WINTEKCORP 5 
297 WINTEKCORP 325 

' WORTHINGTON GATA SOLNS 233 
298 WYSE TECH 248,247 
299 XELTEK 318 
300 ZEOS INT'L 319 
301 ZERICON . . . 328 
308 ZORTECH . 285 
302 Z-WORLD . . . 318 
303 Z-WOALO . 318 

INTERNATIONAL SECTION 
No domasrlc Inquiries please. 

401 AL DOWNLOADING 88A·30 
402 ALADDIN .. . 88A·24 
403 ANALYTICAL ENGINES . 88A·30 
404 BCL 88A-28 
405 BERNHARD SIMON . 88A·30 
~ BIX ... . .... .. 88A-37 
407 BYTE BITS . 88A·28 

BYTE CIRCULATION 88A-36 
BYTE SUB . MESSAGE 88A·34 
BYTE SUB. SERVICE 88A·16 

408 CALEND .. .. ... . .. . .. . 8BA-27 
409 CAS COMPUTER POINT 88A·30 
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READER 
SERVICE 

Inqu iry No. Pllge No. 

410 CLARION S0F1WARE 88A· 21 
411 COMPUADD . 88A-1 I 
412 COMPUSENSE . 88A-28 
413 CONTROL TELEMETRY 88A·1 2 
414 CUBIX .. .. . .. . .. 88A·31 

• DATA COMMUNICATIONS . 88A·40 
415 DATAMAN . ............ .. 88A· 2 
418 DDF .. 88A·3ll 

ELECTRONICS . . .. 88A·33 
419 FACIT AB . . . . . . . . 88A·23 
420 FORTAON CORPORATI ON . 88A·5 
421 FORTRON CORPORATION . 88A·5 
U2 FTA ..... . ............. 88A·32 
423 GAMMA PRODUCTIONS . .. 88A·8 
424 GAMMA PRODUCTIONS __ . 88A·8 
425 GREY MATTER .. ........ 88A·15 
426 GTCO . 8BA·19 
427 HOP E CIRCUIT 88A·30 
428 JAR SYSTEMS _ 88A·25 
429 JPI MODULA-2 88A-7 
430 KIPS.A. 88A·30 
431 LEXICON 88A·35 
432 MAYFAIR MICROS . . 88A· 17 
433 MICROTECHNOLOGY .... 88A·13 

• MICROMI NT . _. _ . _ . . . . BIA-39 
434 NEURAL WARE INC . ..... 88A·12 
435 NEURAL WARE INC. . 88A· 12 
437 NOVELL . . . . . .... HA-29 
438 PECAN SOF1WARE - - 88A·30 

" ROBT TINNEY GRAP HICS 88A-38 
" SOFTLINE CORPORATION . 88A-9 

438 TRIANGLE DIGITAL 88A·32 
439 USASOF1WARE . . . 88A·1 
440 WORKVISIONSCIEITTEK CORP 88A·30 

"t:>s 
f'T"l.i. 
- ,,L. 

Inquiry No. Page No. 

REGIONAL SECTION 

Northe111 88 NE 1-12 

451 APPLIED PROO. ELEC .... 88NE·3 
452 ASTAOSYSTEMS ...... 88NE ·1 0 
453 COMPUTER AGE . . . . .. 88NE-8 
454 COTTAGE COMPUTERS .. 88NE-8 

• DATA COMMUNICATIONS 88NE-12 
455 DIGICOM .. _ _. __ .... 88NE·11 
458 F&W COMMUNICATIONS .. 88NE·9 
457 HORIZON SALES .. . .. . .. 88NE·5 

• INMAR, INC. . . 88NE·1 0 
458 KEN GOR DON PRODS.... 88NE-2 
459 NEUAALWARE INC . .... .. 88NE·4 

• PCLINK .......... 88NE0 7 
480 PRECISION DATA PRODS.. 88NE-6 
481 RIX SOF1WORKS . . . . 88NE·1 
482 RIX SOF1WORKS .. . 88NE-1 

"9clH0Coa11 88PC 1-18 

486 ALTEC TECH NOLOGY 88PC-8 
488 ARTISOFT . 88PC-1 
487 AATISOFT , , 88PC-1 
488 ASTRO SYSTEMS _ . . 88PC-12 
460 B&B ELECTRONICS _ . . . . HPC-4 

' 	 BYTE TI PS _ HPC·12 
470 COMPUTERLANE . __ .. HPC-11 
471 COMPUTO.VN . . . . . . . . . NPC-9 

' 	 DATA COMMUNICATIONS 88PC·18 
' 	 MCGRAW·HILL BOOKS . _ 88PC-10 

Inquiry No. Page No. 

472 MECA 88PC·8 
473 MECA . . . 88PC-8 

MICAOMINT . . HPC-1 3 
474 RIX SOF1WORKS . . . . HPC-5 
475 RIX SOF1WORKS ... ... 88PC-5 

ROBT. TINNEY GRAPHICS88PC· 14 
478 SF MICRO .. . . . 88PC-3 
4n SURAH, INC. 88PC-8 
478 SURAH, INC. . ... 88PC-6 
479 SWFTE INTL .. 88PC·15 
480 TATUNG SCIENCE & TECH .88PC·7 
481 TECH MARKETING ... 88PC-2 

Mldw..1 88MW 1·8 

488 AMERICAN SKY NET . _88MW·4 
487 CAD EX PRESS .. 88MW-6 

• COMP BUYING SERVICE 88MW0 7 
488 CORTEX _ . 88MW-t 

• DATACOMMUNICATIONS 88MW·8 
489 DIGITAL FRONTIERS _HMW-3 
490 GATF2NAY 2000 . . .... . .. 88MW·S 
491 PEPCHES COMPUTER S , 88MW·6 
492 V.E S. MULTINATIONAL.INC. HMW-2 

SoulhH1t 88SE 1·8 

495 CONNECTIONS ULTO 88SE·4 
496 CONNECTIONS ULTD . 88SE-4 
497 CORTEXCORP. 88SE-6 

' 	 DATACOMMUN ICATIONS 885E·8 
0 8 GATEWAY 2000 . - - - 88SE-1 

Inqui ry No. Page No. 

499 INTELLIGENCEWARE 88SE·7 
500 INTELLIGENCEWARE 88SE-7 
501 MICRO EQUIPMENT CORP.88SE·2 

• MICROMINT . . . . . . . . 88SE-8 
502 SU RAH, INC.. . . BISE-3 
503 SURAH. INC.. . ...... 88SE·3 

Sou1hwH1 88SW 1·8 

506 ALTEX ELECTRONICS aasw-1 
• 	 BYTE TIPS ....... , . , .. 88SW·2 

COMP. BUYING SERVICE HSW-3 
COMPS. FOR THE BLIND 88SW· 4 
DATA COMMUNICATIONS 118SW·8 
MCGRAW-HILL BOOKS 118SW-7 
MICROMINT ... . __ ..... 88SW·S 
ROBT. TI NNEY GRAPH ICS 118SW-8 

Mld-AU1ntlc HM/AT 1-8 

' 	 DATA COMMUNICATIONS . - 881111/AT·B 
508 EXECUTEK PRODUCTS MMIAT-t 
509 MEDIA SPEAK .. , . 88MIAT·2 
51 0 MICRO EQUIP. CORP. HMIAT-4 

' 	 MICROMINT , . 88M/AT·7 
511 OWL COMP. SERVICES HM/AT~ 
512 AG SOFTWARE . _ .. . . _. 88MI AT·3 
513 SFMICAO _ 89MIAT·5 

• Correspond d/r1JCl!y wirh company. 

SUBSCRIBERS ONLY!* 

Use BYTE's Telephone Inquiry Processing System 
Using TIPS can bring product information as much as 10 days earlier. 

SEND FOR YOUR 1) If you are a new subscriber or have lost your LD. card, circle Hl on the Reader Service 
Carri; attach mailer label. We will immediately send your personal TIPS subscliber card.SUBSCRIBE R l.D. CARD 

GET PREPARED 

CALL TIPS 

ENTER YOUR 
SUBSCRIBER AND 
ISSUE NUMBERS 

ENTER YOUR 
INQUIBIES 

END SESSION 

2) Write your Subscliber Number, as printed on yow· Subscriber I. D. Card, in boxes in Step 5 below. 
(Do not add O's to till in blank boxes) 

3) Wri te numbers for information desired in boxes in Step 7b below. 
(Do not add O's to fill in blank boxes.) 

4) 

5) 

6) 

7a) 

b) 

Now, on a Touch-Tune telephone dial: (4 13) 442·2668 and wait for voice command 

When TIPS says: "Enter Subscriber umber'' 
(Enter by pushing the numbers and symbol!;(# or * enclosed in the boxes] on telephone pad 
ignoring blank boxes) 
Enter 0 0 0 0 0 0 0 0 [II] 00 

When TIPS says "Enter magazine code & issue code" 
Enter m00 !1l 00 

When TIPS says "Enter (next) Inquiry umber" 
Enter one inquiry selection from below (ignore blank boxes) 

Repeat 7a as needed (maximum 17 inquiry numbers) 

1 . 0 0 0 [II] !ii 6. 0 0 0 !ii 00 10. D 0 0 00 00 14. D D 0 00 00 
2 . 0 0 0 !ii 00 7. 0 0 0 00 00 11. 0 0 0 00 Iii 15. 0 0 0 00 III 
3 . 0 0 0 00 00 8. 0 0 0 [II] 00 12. 0 0 0 00 Iii 16. 0 0 0 Iii Iii 
4 . 0 0 0 III III 9. 0 D 0 00 III 13. 0 0 0 III Iii 17. 0 0 0 00 00 
5. 0 0 0 00 00 

8) End session by entering 0 8 ml [l] 00 00 
9) Hang up after hearing final me age 

If you are a subgcriber and need asaist.ance, call (603) 924-928 L 

If you ~ not H ~ubscriber lill out the ubsc1iption card found in this issue or. call BYTE Circulation 800-423-89 12. 
•Domeatic nnd Canadian Subscri benJ Only! 
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To get further information on the products advertised in BYTE. fill ou1 
the reader service card by circling the numbers on the card that cor· 
respond to the inquiry number listed with the advertiser. This index 
is provided as an additional service by the publisher, who assumes 
no liability for errors or omissions. 

READER 
SERVICE • Correspond directly with company 

Index to Advertisers by Product Category 


Inquiry No. 

HARDWARE 

516 AOOINS 

AO LIB . INC 255 

15 ALPHAPAODUCTS 318 

16 ALPHA PRODUCTS COMPANY 327 

21 APPLIED ENGINEERING 82,83 
24 AT! TECHNOLOGIES INC. 201 

25 ATAON 66 

31 B&C MICAO 325 

BINARY TECH 324 

37 BOCA AESEAACH 35 
38 BOCAAESEAACH JS 

315 COMPUTER-RING 318 

71 CONTROi.. VISION 252 

318 DATA TRANSLATION 210 

97 EVE.REX 29 

98 EVEREX 29 

111 GENOA 79 

116 GTEK INC. 114 
117 GTEK INC 114 

124 HITECH EQUIPMENT 318 
129 INTEL CORP . 214 ,215 

130 IOTECH ... 134 

131 IOTECH 328 
MICROMINT 297 

174 MICAOWAY . 130 
MICAOWAY 282 

182 MUSICOUEST .. 337 

185 NATIONALINSTRUMENTS 110 
200 OSBORNEIMCGRAW·HILL . 287 

206 PERISCOPE CO 188 

208 PERSTOR 256 

209 PERSTOR 256 
214 PRISM ELECTRONICS .. 337 

222 OUA TECH .. 322 

22-4 QUA TECH . 322 

226 QUA TECH 322 
228 QUA TECH 322 

227 OUA TECH 322 

228 QUA TECH 322 

229 OUATECH 322 

230 OUATECH 322 

249 SEALEVEL 328 

273 TALKING TECH 328 

279 TRIOENT . . . 185 

280 TRUEVISION 159 

517 DRIVES 

21 APPLIED ENGINEERING 62,63 

80 COMPACT DISC PAODS INC. 92 

277 TIG ERTFIONICS 60 

Inquiry No. "1l9e No . 

518 HARDWARE PROGRAMMERS 

22 APROTEK 323 
30 B&CMICRO 314 

32 B&CMICAO 318 

33 B&CMICAO . 324 

45 BP MICROSYSTEMS 337 

47 BYTEKCORP.. 34 

116 GTEK INC. 114 

117 GTEK INC .. . 114 

147 LINK COMP. GRAPHICS 325 

148 LOGICAL DEVICES 328 

149 LOGICAL DEVICES 328 

215 PROGRAMMABLE LOGIC 326 
2911 XELTEK 316 

519 INSTRUMENTATION 

317 BECKMAN INOUSTRIES 260 

318 BECKMAN INDUSTRIES . 250 

51 CAPITAL EQUIPMENT 46 

92 ELEXOR. INC 337 

137 JD R INSTRUMENTS 85 

148 LAWSON LABS . 337 
180 MOJAVESCADA . 314 

197 ORION 84 

223 QUA TECH 322 

227 QUA TECH 322 
229 OUA TECH 322 
243 REAL TIME DEVICES 321 

520 MASS STORAGE 

12 AK SYSTEMS 323 

34 BASF . . 115 

60 COMPACT OISC PRODS INC 92 

70 CONTECH 326 

102 EVEREX 31 

103 EVEREX 31 
MAXELL DATA PRODUCTS 7 

231 OUALSTAR . 321 

267 SYSGEN . 183 

MISCELLANEOUS 

29 B&B ELECTRONICS . . 314 

35 BAYTECHNICALASSOC . 155 
COMPUTE R CONTINUUM 326 

88 DRESSELHPUS . 48 

125 HOOLEON . . . 206 

126 HOOLEON . 206 

INTECTRA . 328 

128 INTEGRANO 42 

202 PARA SYSTEMS 111 

239 RAINBO'IV TECH 202 

240 RAINBO'IV TECH 202 

237 RAINBOW TECH 243 

Inquiry No. "1l9e No. 

238 RAINBOW TECH . 2'3 
275 TELE.BYTE TECHNOLOGY 54 

296 VICTORY ENTERPRISE . 239 

521 MODEMS/MULTIPLEXORS 

AT&TINFOSYSTEMS . 118,117 

52 CENTRAL COMP. PRODS 254 

CLEO SOFTWARE 138 

95 EVEREX 27 

98 EVEREX 27 

283 UNIVERSAL DATA SYSTEMS 59 

522 MONITORS 

73 CPTCORP_ 198 

87 DCS 318 

177 MITSUBISHI 158,157 
178 MITSUBISHI 158,157 

212 PRINCETON GRAPHIC SYS 40,41 

523 NETWORK HARDWARE 

AT&T INFO SYSTEMS 48,49 

57 COGITATE 314 

222 OUA TECH 322 

224 OUA TECH 322 

225 QUA TECH 322 

228 QUA TECH 322 

313 ROSE ELECTRONICS 321 
314 ROSE ELECTRONICS 321 

292 WESTERN TELEMATIC 290 

293 WESTERN TELEMATIC 2110 

524 PRINTERS/PLOTTERS 

17 ALPS AMERICA 100,101 

18 ALPS AMERICA 100.101 

53 CITIZEN AMERICA 15 

80 DICONIX 8,9 

108 FUJITSU AMERICA 187 

109 FUJITSU AMERICA 167 

119 HEWLETI·PACKARD . 127 

120 HEWLETT-PACKARD . . . 129 

121 HEWLETI-PACKARD . 189 

122 HEWLETT-PACKARD 171 

123 HEWLETT-PACKARD 173 

INTECTRA 324 

188 NEC INFO SYSTEMS Clll 
192 OLYMPIA U.S.A. INC. . . 47 

201 PANASONIC 0A 140,141 

241 RAINBON TECH 321 

313 ROSE ELECTRONICS 321 

314 ROSE ELECTRONICS 321 

307 TOSHIBA . .. 182 

308 TOSHIBA .. 182 

284 UNITED INNOVATIONS 158 

Inquiry No. Pa~No. 

301 ZERICON 328 

546 PRINTER RIBBONS 

184 NATIONAL COMP. RIBBONS . 97 

525 SCANNERS/DIGITIZE.AS 

318 DATA TRANSLATION 210 

304 FLAGSTAFF ENGINEERING 192 

305 FLAGSTAFF ENGINEERING 192 
112 GLORIOUS UNION 98 

311 SPECTAON SYSTEMS 252 

312 SPECTFION SYSTEMS 252 

528 KEYBOARDS/MICE 

72 COVOX 324 

91 EL.£CTRONE 94 

142 KEASYSTEMS '4 

150 LOGITECH 81 

151 LOGITECH 81 

152 LOGITECH 82,83 

153 LOGITECH 82,83 

187 NORTHGATE COMPUTER SYS .257 

223 OUA TECH 32.2 

527 SYSTEMS 

10 ADVANCED LOGIC RESEARCH 180 

11 ADVANCEO LOGIC RESEARCH 180 

AMPFIO 199 
AT&T INFO SYSTEMS 118, 117 

5' CLUB AMERICAN TECH. 190.191 

COMPAQ . . 58,57 

DELL COMPUTER CORP. 180A·H 

79 OELL COMPUTERCORP 180,181 

94 ENGINEERS COLLABORATIVE 337 

104 EVEREX 33 
105 EVE.REX . 33 
188 NORTHGATE COMP. SYS 2!18,259 

319 PACIFICCOMPUTER 315 
320 PACIFICCOMPUTER 315 

221 PROTEUS TECHNOLOGY 74,75 

235 QUINTEL TECH 326 

236 RADIO SHACK . CIV 
284 STANFORD SYSTEMS . 43 

TOSHIBA . 209 

282 TYSTAA MANUFACTURING 325 

2110 WELLS AMERICAN 91 

297 WINTEK CORP 325 
298 WYSE TECH 248,247 

300 ZEOS INT'L 319 

302 Z-WORLD 316 

528 TER.MINALS 

276 TElEVIDEO 153 
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READER 
SERVICE 

Inquiry No. 

SOFTWARE 

APPLE2/MAC LANQUAGES 

25' SOFTWARE DEV. SYS. 200 

530 IBM/MSDOS APPLICATIONS

Buelnen/Ofllce 

220 I ST CLASS EXPERT SYSTEMS 28 

8 A&L MEIER VOGT 225 

23 ASHTON·TATE 109 

48 8AOOER8UNO 1'7 

58 COGITATE . " ......... 324 
78 OB FAST 52 

108 FOX.SOFTWARE 23 
107 FTG OATA SYSTEMS 32• 
171 MICROSOFT ' 10,1'3 
172 MICROSOFT . 1•2,1 43 

ORACLE . . . . . . . . . . . . .. 77 
203 PATTON&PAITON .......... , 194 

205 PE.ACHTREE SOFTWARE 135 

RAIMA . . 107 

278 TIGERTAONICS . . . . . . . . 328 

531 18M/MSOOS APPLICATIONS

Mlac:•ll1neou1 

90 ECOSOFT 253 

155 MAPINFO . 16 
157 MA.$TERSOFT 252 

322 TRAN SEC SYSTEMS . . . 205 

WORTHINGTON DATA SOLNS. 233 

832 IBM/MSDOS APPLJCATIONS-

ScienUllc/Technlcel 

14' KNCJNLEOGE GARDEN, INC. 248 

158 MATHSOFT 811 
189 MICAOSIM . 11 2 

170 MICAOSIM 112 

175 MIHAUSIN ASSOC . 318 

257 SOFTWARE DEV. OISTRIB. CTR. 328 

283 SPECTRUM 216 

288 SYSTAT, INC. 251 

Mii SYSTAT, INC . 251 

533 IBM/MSDOS-CAD 

Ill AMER . SMALL BUS. COMP . 99 

d Clo.DAM 95 

49 CAOAM . H 
29& WINTEK 5 

534 IBM/MSDOS COMMUNICATIONS 

143 KEASYSTEMS 318 

SO PERSOFT 87 

263 SOFTl<LONE 188 

Inquiry No. f'9lle No . 

25• SOFTRONICS 64 

265 SOFTRONICS 328 
295 WHITE CRA NE SYSTEMS ... 196 

535 IBM/MSDOS-U.N 

313 ROSE ELECTAONICS 32 1 

314 AOSE ELECTRONICS 321 

258 SOFTWARE LINK 25 

259 SOFTWARE LI NK 25 

536 IBM/MSDOS-u.NQUAGES 

2500 AD SOFTWARE 45 

4 A&L MEIER VOGT 221 

28 AVOCET SYSTEMS INC 207 

39 BORLAND INT L Cll 
40 80RLAND INTL .. ... ..•..... CU 

41 BORLAND INT'L 

42 BORLAND INT'L . 

43 BORLAND INT'L . . 71 

44 BORLAND INT'L 71 

90 fCOSOFT 253 

93 ELLIS COMPUTING . . 24 

113 GOL.0 HILL COMPUTERS 231 

321 LAHEY COMPIJTER SYSTEM 239 

145 LATTICE: , INC. 178 

154 MANX SOFTWARE SYSTEMS . 39 
15t MARK WILLIAMS . . . 30 

use MICROPORT 175 

187 MICROPORT 175 

309 MICAOSOFT 73 

310 MICROSOFT . . . . 73 

179 MIX SOFTWARE 65 

285 STSC, INC. . 187 

289 WATCOM C 10 

303 Z·WOR LD 316 

537 IBM/MSDOS-UTILITIES 

A&L MEIER VOGT ..... . 223 

25 A.TRON H 

38 BLAISE 32 
58 CNS INC. 60 

58 CNS INC. 60 

81 OIGITALK 165 

82 DIGITALK .. , . . . . 188 

114 GOLDEN BOW SYS. . .... .. . 337 

115 GRAFPOINT . . 326 

180 MEOIACYBERNETICS 50 

161 MEDIACY8ERNETICS 50 

206 PER ISCOPE CO . . ' ......... 188 
210 PETER NORTON 20,21 

211 PETER NORTON ........ 20,21 

280 SOFTWORLD 254 

281 SOLUTION SYSTEMS 195 

268 SUPERSOFT 271 

281 TXM, INC. 108 

' VERMONT CREATIVE S/W . 241 

306 ZOATECH . . . . . . . . . . . . . ... 285 

Inquiry No. Pllge No . 

535 OTHER APPLICATIONS

Mlac:ell1neou1 

287 VOYETRA TECH 325 

539 OTHER-LANGUAGES 

258 SOFTWARE DEV SYS 200 

540 OTHER-UTILITIES 

255 UNIVERSAL CROSS ASSEM8. 325 

541 MAIL ORDER/ 
RETAIL 

9 ADVANCED COMP PRODS. 

14 ALF , 

323 B&W SYSTEMS INC. 

204 BUSCOMPUTEASYS. 

BUYER 'S MART . . . ... 

CALIFORNIA DIGITAL 

82 COMPIJSAVE 

330,331 

314 

279 

312,313 

301 -309 

37 

. 315 

59 COMP. DISC. WAREHOUSE 197 

65 COMPUTER EXPO 61 
66 COMPUTER FRIENDS . 98 
54 COMPUTER MAIL ORDER 234,235 

67 COMPUTER SURPLUS STORE 324 

88 COMPUTER WAREHOUSE 

89 COMPUTERWAREHOUSE 

75 C.O.M.8 . 

76 C.0 .M.B. . . 

85 DISC INT"L 

83 DISKCOTECH . . 

84 OISKETIECONNECTION 

88 DISKSTOGO 
89 OYNAMIC ELECTRONICS 

" HARMONY COMPUTERS 

127 IC EXPRESS 
132 J8R MUSIC WORLD 

133 JAMECO 

134 JAWIN 

135 JAWIN 
138 JKL 

138 J.0.R. MICAOOEVICES . 

139 J.D.R. MICAOOEVICES 

140 J 0 .R. MICAOOEVICES 

159 MEAD COMPUTER 

182 MEGASOFT 

. 

. 

102 

102 

314 

. 323 

316 

. 325 

321 

. 318 

. 324 

18 

254 
184 

310,311 

328 

' 328 
321 

332,333 

334 ,335 

. 336 

. 317 

314 
164 MICRO ELEC. PAOD. (MEP) . 337 

185 MICROCOM SYSTEMS 28 

168 MICROPROCESSORS UNLTO. 323 

181 MONTGOMERY GRANT . 320 

183 M H.I 204 

194 ON·LINE STORE 299 

213 PRINTERS PLUS INC. . 34 
2HI PROGRAMMERS SHOP . 195 

217 PAOGAAMMER'SCONNECTION 19 

Inquiry No. P9ile No. 

218 PROGRAMMER'S PARADISE 177 

219 PROGRAMMER'S PARADISE 178,179 

247 SCHWAB COMP. CENTER . 321 

248 SCIENCE & ENG SIW 203 

250 SHAMROCK COMPlJTER ... 53 

251 SILICON SPECIALTIES 226 

252 SILICON SPECIALTI ES 226 

270 S'NW ELECTRONICS 44 

271 s. 100 329 

272 S-1 00 329 

288 WAREHOUSE DATA PRODS. 213 

543 OPERATING 
SYSTEMS 

141 KA.OAK PRODUCTS 318 

246 SANTACRUZ OPERATION 151 

544 ON-LINE 
SERVICES 

•SO BIX 282.283 
63 COMPlJSEAVE . 149 

• MCGRAW-HILL NEWS 245 

294 WEST. UNION TE LEGRAPH CO . 17 

545 EDUCATIONAL/ 
INSTRUCTIONAL 

7 ACM SIGGRAPH ·aa 93 

13 ALOE PUBLISHING . 337 
324 BYTE BITS 326 

BYTE CIRCULATION 284 

BYTE MARKETING 291 

BYTE SUB. MESSAGE 287 
BYTE SUB. SERVICE ' ... 339 

74 CY BER RESEARCH 318 

n DATA TRANSLATION 58 

MCGRAW·HILL CEC 288A·B 
MCGRAW-HILL NAI 272A·B 

198 OSBORNEIMCGRAW·HILL 236 

1119 OSBORNE/MCGRAW-HILL 272 

MISCELLANEOUS 

20 ANTHFIO CORP . 13 

BEST WESTERN 24 
163 MERRIIT COMPUTER PRODS 96 

242 RAM-BENDERS 92 

245 SAFEWARE 324 

TINNEY, ROBERT GRAPH ICS 292 

118 HARRIS/3MCOPIERS . 281 

• Corresr:>0nd dtrtJC/ly wllh company. 
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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 

services advertised in this issue. There is no charge, no obligation. Just complete and mail the 

attached post-paid, self-addressed reply card, and we'll do the rest. 


Circle numbers on reply Check all the appropriate Print your name and 
card which correspond to address and mail. 
numbers assigned to 

answers to questions 
'W' through "F". 


items of interest to you. 
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You've also lost your last 
reason for buying a 9-pin 

• 
printer. Our new Pinwriter4!) AVAILABLE FOR UNDER $500. 
P2200 dot matrix printer is 
the fu-st 24-pin printer that 
is priced lower than many of 
tcxiay' 9-pin printers. 

- -- - •. - - - - . --=- -- -- ==- --However: we didn't 
st.tip the p1ice by doing the 
same thing to features. . . .l, ,' ; I ·; ,,.,,,,.,.., " • • i i". 

j • .... ..:;..:.!.fl} - __..._ f. __.,......_ .._.,.

In fact, we gave the P2200 
a fi w fearures you won't find on any other printe1 · at any price. 

Like more software supfX)rt than any other 24-wire printer and wuivaled paper-handling capa
bilitie . It feeds from both the rear and the front. And you can print a ingle sheet without removing 
your continuou pape1: You can also produce up to 128 type variations within a singl document. 

We also didn't get the price down at the expense of peed. The P2200 
prints 55 cps in LQ mode - that's faster than any other printer in its price 

NECPRINTERS.THEYONLYSTOP 
So see your NEC dealer WHEN YOU WANfTHEM TO. 

today. Anything else would t...fVI""" 
be thoroughly urueasonable. l ~~ '-iif 

NE C lnforrna11on Svslerns. Inc. 

Jc:akr nc:arnt \ "\>ll • .:all I· ' OO-J.13--1-11 ' , in.\\ :\ 61 i -26-1 -,'63" l. 
. D.:pt. 16IO. l-11-l .\\ a~~ac htt $<?11 S Aw ., Boxborough . .\\:\ 01 719. -

Circlt 186 011 Rt ader Service Card 

~ range. And in draft mode it speeds 
along at 170 cps. 

For more informattun . anJ th.: nam.: of the: :-\EC '. !.' 
Or writl' : :-\ EC Information .'y~t.:ms 



Tandy Computers: 
Because there is 
no better value.™ 

The Tandy® 4000 


See Tandy's Complete Line of 

IBM® PC Compatible Computers 


11mdy 4000 Tandy 3000 Tandy 3000 HL 

Tandy IOOO TX Tandy 1000 SX limdy 1000 HX Tandy 1400 LT 

A price breakthrough 
in high-performance 
80386 technology. 

Pur a T.mdy 4000 personal compurcr on your 
desk and unleash the remarkable power of the 
80386 microprocessor. 

With the T<indy 4000's 16-megahem clock 
speed , IBM PC and AT®compatible software 
comes alive with incredible speed. And new 
operating systems such as Microsoft© OS/2 will 
deliver the ful l potential of the 80386. 

The 4000 is just one of ;;i complete line of 
Tandy computers-the best- elling IBM PC 
comp<iribles in America. We have the system 
solutions your business can depend on . .. for 
years to come. 

Workgroup Solutions. Our 3Com® workgroup 
lets people and PCs work together, so your en
tire office can she1re informatio n and route 
messages-electronically. And with IRMA
LAN™, up to 20 people in your w(irkgroup can 
acces · your company's IBM mainframe . 

Multiuser Solutions. With the XENIX® mul
tiuser operating system you can share the power 
nf the Tandy 4000 with others in your office. 
The fact is, we have more experience with 
XENIX® multiuser systems than anyone. And 
we offer SCO"' business productivity software 
th<it's designeJ expressly for maximum mul
tiuser efficiency. 

Total Support. Radin Shack Computer Centers 
offer the most comprehensive range of support 
services in the industry. The bottom line? We 
wo rk hard for your business! Come in <l nd find 
o ut for yourself-ask for a demonstration of the 
Tundy 4000 today. 

ltad1e/haeK 
XENIX R•g TM M1croso" Corp_3Com/Reg. TM 3Com Corp . IBM anG AllRejl TM IBM 
COlll. IRMALAN!IM 01gilal Communications Associa1es . Inc. SCO/Reo. TM The Sama COMPUTER CENTERS Cruz Operarl on. 
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