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Best Windows database 
lor all skill levels 

Of course, Paradox wouldn't be 

complete without the powerful 

and easy-to-use fea tures that have 

made it the # I-rated relational 

database. Built-in productivity 

Experts '"guide you at every step, 

from linking information in tables 

to building fonns and reports. 

Object Inspector'" menus provide 

instant access to capabi lities with

out searching through layers of 

menus. 

And Paradox 's ease stays with 

you as you move up lhe power 

curve. Even corporate developers 

Cnp) riµlll 1'1'1.1 llm l:uul lnl cmoiiunal. Inc . ,\ II right ' fC , <rV<'ll 
U.S . dollar.. . Dc:1kr prk· 1.·~ muy v·ir , v ·II M .'

find that ObjectPAL'," the full y r-.- .------
integrated programming language, 1 Limited-time offer! l 
lets you create custom Windows s495 SuggcstedI retail price for I 
applications that arc powerful, I "'""11.1crs. 

graphical, and deli verable/C-1st. Is149e5 Upgrade price· fo r Paradox. FoxPro, 

1 
I

Plus, 100% compati bility with Acass._S111><'rixm·. 1111d Approach 
users. $20 re/}((/cfor Paradox DOS I

Paradox DOS means your ex istino I 
0 or \\1i11d1111 ·s oll'ner.1. 

Paradox data wi ll migrate auto- 1I 90-day, money-back guarantee I 
matically to your new Windows See your dealer today or call I 
app lications. 

So when it comes to workgroup 
1I 1-800-336-6464, ext. 7852 I 

database productivit y, nothing L n Canada, ca ll l-800-461-3327. I _________ .J 
will get you where you want to 

0
oo 

faster or more eas ily than the new 

Paradox Workgroup Ed it ion from 

Borland. 

Welcome to life in the fast lane. Borland 
·\II II I· . Power made easy"' 

and prodw.: I n:1111 c" ;1n: 11~ 1 <.h:111 1ri... ., of Horl.uul lnll'l11a1i11w1l . Of~,.. N . . m ; I .L•~·al Arn Nc1"mk ii.AN)')"':.,;,: >UC~I ~' ~o::~:l1g~!~~1clll7 ,Scrvicc tM IIS aml NG~1J : MCI ~ l ni l : cc : ~fai l : \Vimluw' fo r \Vurk~r~::,;, ~l~;.~~'1l 1n ~1c ll 11i l«I Stale' :111dCan:ida only. ,\II prices in 
- . c cl :ire. 1.tny11n. 1B~1 · LAN Scr\'n, MS-LAN fo.·1:t11:1gc r, AT&T Sm ROUP . · . . ~ :i1, .111 other ~ 1 1\PJ --{·omplr~ml mc3'<1)!ing '\C rvirc;;;:

r' ' and mhcr 1>eer-10-1x-cr nc1wo 1J... ... UI (t<ll-1 

Circle 72 on Inquiry Card (RESELLERS: 73). 



THE #1 WINDOWS DATABASE 


New Paradox 

makes your desk 

aramp on the data 


superhighway 


a:.a_.....~ 

There 's lots and lots 

of data out there. 

The trouble is, it 

has to go to the 

right place in order to be pro

ductive. That 's the reason we 

deve loped the new Paradox® 

Workgroup Edition . The onl y 

database with superior SQL 

connectivity and workgroup 

info1111ation sharing. 

Share data easily with 
any workgroup 

First we built in support 

for SQL servers, including 

Borland 's lnte rBa e, " Sy base/ 

Microsoft,® and Orac le, so you 

can work with information 

fro m corporate databases as if it 

were on your desktop. But we 

didn ' t stop there. We added the 

Workgroup Desktop to di stri b

ute the data where it 's needed. 

Now anyone with a Workgroup 

Edition of Borland Paradox 

(o r Quattro® Pro) can exchange 

data over local and wide area 

ne tworks, or via e lectronic 

mail.* You can establish and 

modify workgroups instanta

neous ly to meet the needs o f a 

g iven project or organi zational 

structure. And there's no need 

to buy expensive hardware 

upgrades or learn separate 

..workgroup'· software. 

El'(•rytlii11g you need is h11ilt-i11! 

You can share virtually 

any type of data-Paradox or 

dBAS E® tables with associated 

indexes, SQL data , OLE or 

multimedia objects, form s, 

reports, and queries, and even 

non-Paradox fi les such as 

WordPerfec t documents, or 

entire applications. You simply 

..publi sh" the information to 

your li st of workgroup mem

bers . Whenever you update a 

ve rsion o f the publi shed data, 

your se lec ted "subscribers" 

automatica ll y receive the new 

infom1ation. Eve ryone is more 

e ffici ent because everyone is 

working w ith the same up-Io

date infom1ati on. 



e" - What good is 
ti~~~ 	 information ii you 

can't get to it ... or 
ii it can't get to you? 



T 	New! SQL A. 	 Keep colleagues up to date quickly, 
co1111ectivityeasily. The Workgro11p Desktop lets 
gives Paradox you distribllle data over a variety of 
access to thepaths-in a mouse-click. 
corporate 
da1abase. 

Create iT alile 

itD DroJ? Table.A. 	Paradox is the Windows database that lets you work 
with pushbu11011 ease-so you get your work done faster . 

tit.el) Add to iliable 
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News&Views 
COMM UN I ATIONS 

Just Like Magic? .... ................ 22 

Aflcr more 1han four years in gcsu11ion, 
a suile or 1echnologics designed by 
General Magic slands poised 10 aher 
loday 's mishmash or wired and wireless 
network s. 

PROGRAMMING 

Agents on the Loose........ ... .... .23 

Telescript, Gcncrul Magic 's 
communicu1ions-oricn1cd programming 
language, leis developers wri1c 1ools 1hat 
pcnnil casual users 10 creale intellige nt 
applica1 ions 1ha1 seek out and retrieve 
imponant infonnation. 

NEW PRODUCTS 

Best of Comdex Awards ...... . ..... 24 
BYTE editors worked morning, noon, 
and night picking the best products and 
lechnologics at Fall Comdex in 
Las Vegas. 

GRA PH I S/CNTE RTAINM - NT 

High-Performance 3-D Coming 
to PCs ... . ......... ....... ........... 28 
Applications such as 3-D model 
animation, slock market visuali za1ion, 
and other high-cnu programs usually 
found on expensive work. tations should 
slan appearing in 1994 on less 
expensive 80x86-based PCs. 

PDAS 

Simon Says: Communicate.... ..... 28 
IBM 's new personal communication 
device combines a ce llular phone, fax , 
E-mai l, paging, and personal 
produc1ivity applicmions. 

APPLICATIONS D E V ELOPM E NT 

Developers Announce PowerPC 
Mac Applications ...... .............38 
Apple has distributed the fi rs1 software 
developmcnl ki ts for wriling 
applications fo r 1hc System 7 operJting 
system on the PowcrPC. Numerous 
uevelopcrs arc now announcing suppon 
for the Mac PowcrPC pla1form . 

NEW PRO I UCTS . 

What's New .. ... ............... .... 204 

A cellular device transmits data: an 
applicati ons dcvclopmcnl cnvironmcnl 
leis you create cross-platform 
workgroups: vinual reali1y becomes 
interactive: and more. 

BYTh FEBRUARY 1994 

profound influence on eompuling. 

ReviewsCover Story 

DATA COMPRE SS'ION 

HOWSAF 
ISDAl 
tlM~~~~~m~. 
Page 56 

BY TOM R. HALFHILL 

On-the-fly data compression can double your storage space

bul not without ome has lcs and headaches. 


Data Compression on the Maclntosh-62 


Data Loss: A Cautionary Tale-64 


Feature 
DESKTOP SYSTEMS 

The Macintosh at 10 47 
BY TOM THOMPSON 
On the Mac·s 1cn1h binhday. BYTE looks at its 

PAGE 125 

PAGE 129 

State of the Art 

T H E NEW COM P ILE RS 

Today's Compilers 76 
BY FRANK HAYES 
Challenged by multiple new 
processors, parallel machine.~. 
and operating systems, 
compiler builders musl rework 
their mainline producls lo 
produce raster, leaner code. 

Compiler Benchmarks: How 
Useful?-80 Optimizing for Today's Developing for Multiple 

CPUs 81 Platforms 91 
BY ALEX LANE BY DOUGLAS K. OLSON 
Making code run faster and Writing applications to run on 
smaller is an imponant goa l or multiple phufonns is an 
modern compi le rs. an tha1 son ware engineers arc jus1 

beginning to maslcr. 
Optimizing with Pre· and Post· 
Compilers-82 Porting Adobe Photoshop: 

A Case Study- 92Pentium Optimizations-86 

PAGE 137 
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CO MMUN I CATI ONS SOFTWARE 

Advancing Communications 104 
BY HOWARD EGLOWSTEIN 
Data communications programs wi th scripting 
languages can automate your on-line se s ions. 
Testing editor Howard Eglowstc in looks at seven 
popular communications packages from four 
different environments, testing them wi th new 
28.8-Kbps modems. 

Life at 28.8-106 

New and lmproved-108 

APP!- ICATI ON- I NTEGRATION SO I- rWAR · 

A New Synergy for Windows 115 
BY STEVE GILLMOR 
With ProdeaSynergy, you can ea ily aut mate 
internpplication Windows tasks. Gillmor bui lds 
cross-applicati on projects with off-the-shelf 
Windows soft ware and the Prodea tools . Doing 
the same chores without ProdeaSynergy is difficult 
and sometimes impossible. 

GRAPHICS 

HOOPS 4.0: Beyond 3-D 125 
BY JOEL ORR 
The common API to most 2-D and 3-D li braries 
and hardware now offers a real-Lime mode 
and a powerful font eng ine. 

DESKTOP SYSTEMS 

Low-Priced Pentium PCs 129 
BY ED PERRA'fORE 
General Pentium price wars have started. 
This rev iew examines three Pentium 
systems, priced between $4000 and $4500, from 
ALR, Gateway. and Ambra. 

Hands on · 


Compilers for Parallel 
CPUs 97 
BY OLIVER SHA RP 
In converting app li cat ions fo r 
para llel process ing. how much of 
the job can the compiler do 
w ithout progrnmmcr intervention? 

Types of Parallel Machines-98 

Converting an Application for 
Parallel Processing-100 

COVER IMAGE: ED JUDICE 0 1994 

I MAG E PROCl3$S I N 

PhotoStyler Fights Back 137 
BY HOWARD EGL WSTEI 
Since Aldus's last release of PhotoStyler. the image 
edi ting marke t has heated up wit h the introduction of 
Photoshop on the W indows platfon11 . PhotoSty ler 2.0 
represents more than a simple face- li ft. Aldus 
pumped up the pcrfon11ancc and the features set and 
comes away wi th a serious competitor. 

NETWORK SOFTWAR E 

Winfax Pro Hits the Network 141 
BY STAN M IASTKOWSK I 
Dclrina 's Win Fax Pro for Networks lets work groups 
share fax modems. 

Our applications

based tests 

identify the- best 

PC and Mac 

accelerntor boards 

for general 

purpose and 

specia li zed 

applicat.ions. 


Best for VL-Bus Best for Macintosh 

Systems-148 NuBus Systems-158 


How We Tested- 150 Best for EISA-Bus 

Systems-162
Best for ISA-Bus 


Systems- 154 How Bus Architecture 

Affects Graphics-162
Windows NT Drivers: 


Better Late Than Honorable 

Never?-156 Mentions-166 


How to Buy a Graphics Dubious 

Accelerator-156 t\Chievements- 166 


P R OG R AMM I NG 

Some Assembly Required: 
Genetic Programming 
with C++.. .. .. .... . . . .. . . .. .... m 
BY ANDY SINGLETOK With an 
appropriate algori th mic st ructure. 
you can develo p programs that arc 
sc ll'-mod ify ing and evolv ing. 

BU 'AR C l -IITF.C.-"l'U R E 

Under the Hood: 

Inside the PCI Local Bus ..... m 

BY GUY W. K ENDALL T his new 
PC bus prov ides high lh roughput 
and sel f-configuring acid-in cards. 

N ·TWORK I NG 

Beyond DOS: 

Windows for Workgroups 

3.11. ... ..... ... . ..... . .... . .. .. 181 
BY JON UDELL Th is is the most 
advanced version of DOS-based 
Windows now av;1ilahle. 

Opinions 


Poumelle: 

Upgrades from Hell.. _.... _.. . 185 

BY JERRY POURNEl.LE 
One assumes Jerry didn't have a 

great month . 


Books &CD-ROMs: 

The Genesis of the Mac _..... 41 

BY TOM THOMPSON. 

RAYMO D GA C6TE. AND 


M ICHAEL NADEAU T he birth of il 

computer. an astronomy CD-ROM. 

legal requircmcn1s in business, and 

laptop repair. 


Commentary: 

Layoff Software.. ..... ........ 262 

BY STEVE EVANGELOU 
Let 's hope thi s docsn ' t become a 
new growth category. 

Editorial ....... . .. ......... . ... .10 
BY DEN ' IS ALLE 

Letters. .... . ........ .. ........ .. 18 

Readers champion the ir favo rite 
opcr:11ing systems. 
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Contents by Platform 


DOS/WINDOWS 


Best of Comdex Awards ...... 24 

Hot new product• at compu1ing"s :mnual 
Vegas exhibi1ion included new 
Windows software. 

How Safe Is Data 

Compression? . ... . .. . . . .. .. ... 5 6 

lfyou· re a Windows user. chances arc 

your hard disk is stuffed to the gi ll s. On· 
1he-ny data t·omprcssion can double 
your disk space. but- d ue so111cti 111cs to 

1he hostile c11 viro11111cnt of DOS-based 
PCs- you've got to be ready for hassles. 

Today's Compilers .... . .. . .... 7 6 

Compilers arc chang i11g i11 order to help 
soflware developers wri te programs fo r 
DOS. Wi 11dows. NT. and 01her opera!· 
ing systems- if possible. all a1 the s:1111c 
time. 

Developing for Multiple 

Platfonns .. .. .. ..... . . .. ....... 91 

Adobe's Douglas Olson discusses 1he 
daunting. task of moving software fmm 

one environment 10 ano1hcr. including 

Photoshop from the Mac to Windows. 

Advancing 

Communications .......... .. .10 4 

A review of top cv111 rnu 11il:~tt i on s !'inf1

w:ue for DOS and Windows. including 
Procomm and Cms talk. 

A New Synergy for 

Windows ...... .... ...... . .... .115 

ProdcaSyncrgy's graphical tools cn:1blc 

you to build scripts for au1omming Wi11 
clows tasks across different applications. 

HOOPS 4.0: Beyond 3-D .... .125 

This latest release of the platfrmn

indcpendcnt progra111111ing system dcliv· 

crs a rich library of graphics routines for 

CAD, mapping. vi,uuliz:uion. and 

multimedia software. 


Low-Priced Pentium PCs .. . .129 

ALR. Gateway. a11d Ambra deliver 
souped-up Pen1iu111 sy,1e111s for lcs than 
$4500. 

PhotoStyler Fights Back. ... . 137 

Aldus pumps up it. Photo tylcr image· 
cd i1 ing software. 

WinFax Pro Hits the 

Network ... ....... . . ... . . ... . . . 141 

Delrinas fax package lets LAN users 
shnre a fax mcxlc m. 

Lab Report: 76 Cards for Fast 

Graphics .. .. .. .. .... ... ...... .14 6 

Our exclusive tests reveal the best cards 
for diffrren1 applications. 

UY TE FE BRUAR Y 1994 

Windows for 

Workgroups 3.11 ... .. ... ... . 181 

l11c l:.11e t vt:rsion provides prc\' icw · of 
Window 4 and Microsoft At Work. 

OS/2 


Today's Compilers ... .. .... .. . 7 6 

OS/2 is one of se,,cral platfonns that 
software developers ha,·e 10 consider. 
Compiler technology is changing to 
make it easier for programmers to target 
mul liplc env ironments. 

HOOPS 4.0: Beyond 3-D ... . . 12 5 

Besides bei ng "far and away the best 

tool fo r almost any kind of graphics pro· 

gramming," the very ponable HOOPS 

also suppons OS/2. 


Low-Priced Pentium PCs .... 12 9 

W•mt a liule more horsepower withoul 
havi ng to se ll the fonn? Here are three 
sys1ems from ALR. Gateway, and 
Ambra- all below $4500. 

Lab Report: 76 Cards for Fast 

Graphics ... . ... .. . ... . . .. . ....146 

Many accelerators now suppon OS/2. 

MACINTOSH 


Just Like Magic? .. .... .. .. ... . 2 2 

Founded by fom1cr Apple engineers. 
General Magic is coming to market with 
1cchnologies thal could change lhc way 
we use computers to communicate. 

Best of Comdex Awards ...... 2 4 

111c P1394 High-Perfonnance Seri:il 

Bus (which Apple helped develop) a11d 

1hc DOS-running Quadra 610 were 

among 1hc best products m lhe big show. 


Developers Announce PowerPC 

Mac Applications... ........ . .. 38 

With PowerPC l\facs coming soon. 

Apple has shipped kits for developers 
who want to write programs for System 
7 on the PowcrPC. 

The Macintosh at 10.. . . ... . .. 47 

Upon the tenth binhday of Apple 's bril 

liant creation , our resident lvlac expert 


looks back :u how his favorite machine 

has profoundly changed compulin g. 


Data Compression on the 

Macintosh .. . . .. .. ... . . ..... . . . 6 2 

While on-1hc-ny file squeezing is 1ricky 
bt1Si ncss on DOS-based PCs. Mac users 
are in a different situation right now. 

Developing for Multiple 

Platfonns ... ... . . . . .... ... . .. .. 91 

Douglas Olson's programming team at 

Adobe moved Photoshop from the Mac 
10 Windows. Olson discussc. the chal· 
lcngcs and issues of wri ting software for 
differen1 environments. 

Advancing 

Communications .. ...... . .. .. 10 4 

A review of 1op communic~llions soft ~ 

ware for the Mac. 

HOOPS 4.0: Beyond 3-D .. .. . 12 5 

Joel 0 1T looks al 1hi s collection of mu lt i

platform graphic. progra mmi ng 1ools. 


Lab Report: 76 Cards for Fast 

Graphics ... .. . .... ......... . .. 14 6 

Our applic:llions·bnscd tests help us 
pick the best accc lcr:11urs for M:1c users. 

UNIX/WORKSTATIONS 

Optimizing for Today's 

CPUs ....... .... .. . . ..... .. ..... 81 

Superscalar archi1ecturcs such as l-I P's 
PA- RI SC und DEC' · Alpha AXP de· 
mand new tricks from compilers. 

Compilers for Parallel CPUs.. 97 

Before computers usi ng mu lli plc proccs· 
sors can really de li ver higher through· 
put . a compi ler needs 10 build code for 
1hc specific machine. 

NETWORKS 


Just Like Magic? ... .. ..... . ... 2 2 

General Magic's 1cchnologies could 
eventua lly change 1hc network infra. 
strncturc. 

Best of Comdex Awards ..... . 2 4 

Networking and cnmmu11icatio11s prod 
ucts were among 1he ho1 spots of 1hi s 
yea r's big show. 

A New Synergy for 

Windows ... ............ .. . . . .. 115 

ProdeaSyncrgy is like a Grand Cen1ral 

Sta1 ion con11cc1ing applicat ions across a 
network (or on individual machines). 

Low-Priced Pentium PCs .. . . 12 9 

One of these systems from ALR. Gate· 
way. and Amhra could make a good 
choice for a small fil e server. 

WinFax Pro Hits the 

Network ... .. .......... . ...... .141 

Delrina' s fax package offers work· 
groups easy ucccss 10 slmrcd modc1ns. 

Windows for Workgroups 
3.11. . .... . . .. ....... . .... . .. .. 181 

The new vcr~ion offers a preview of 

th ings to come. inc luding \Vi ndows 4 

and Microsoft At Work . 
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FOR THE RECORD, PRO GRAPHICS 1024 IS 

THE FASTEST GRAPHICS CARD ON THE PLANET. 


Introducing Pro Graphics 1024 - driving a stunning 16.7 million colors at 1024 x 768 

resolution. T he Pro Graphics 1024 prevails as the fastest graphics card according to the most 

recent bendunark test. And it comes from Media Vision, the leader in iimovative PC graphics. 

Pro Graphics 1024 also offers a refresh 

rate of 76 Hz for a crisp, flicker-free display 

and a price that won't blow you away. So 

why not test drive a Pro Graphics 1024 

at your local computer retai ler? And see 

what 16.7 million colors at 1024 x 768 

looks like at this speed. Now, that's true color. 

For more information on the Media Vision family of Pro Graphics ~\..• 

,\t,uni' 
' lm11ressM:io ' 

1024xi68 Supcr.\ bc 
~prcuumf21' 

ll S?x9 10 ~ 
'\'ipcr VUl" 

600>'60() 

I 6. 7 million (fl/(11'1 tll /OJ./ ,\' 7fiN rrJu /11tin11 
pt1tJ' 11 mw r.l'i.rr011 pr1forw11ntr. 

accelerators call 1-800-845-5870 dept. 630. MEDIA VISION 

T csts pcrfonncd using ZifT IJO\is Labs'' \ VinBcnd1- V.3. I I without independent certifit"ci1m by Ziff. i\'ledia Vision conducted all tests based on Diamond motherboard witl1 
Intel 486DX2/66 CPU, 16Ml3 R, ~1 . 256K t'1d1e, 340MB ID E hard drive, .\15-DOS Version 5.00. © I9'.14 Media Vision, Inc., J 185 Laurelvicw Court, Fremont, CA 94538. 

(5 10) 770 9592. Pro Grnphics !OH · a trademark of Media Vision, Inc. Any other trndcrnarks and registered trJdcrnarks are owned by their respective holders. 

Circle 1 59 on Inquiry Card. 
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OMPUTE 

0 ESE 

HIS EASY 


1) The Deskpro XE has preinstalled software to get you up and running quickly. 2) It's plug and 

helps you better organize your work. 4) Enhanced Business Audio lets you operate the PC with yom 
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R HIS EASY 


RVES N Ao 

0 READ. 


)lay capable so future upgrades are a snap. 3) An exclusive new software interface called TabWorks 

voice. 5) And starting at $1,499: it's easy on your budget. 6) For details, just call 1-800-345-1518. 

COMPAQ 
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I~nmttU IDennis Allen 


Beyond the GUI 

The point-and

click paradigm 

is stale. We need 

a more human 

interface. 

In an apparent effort to make computers easier to use, 
General Magic has deve loped a new user interface for 
its Magic Cap operating system. It doesn ' t look anything 
like the fi le folders and program icons you are used to see
ing; instead , the new GU1 paints an office with a desk that 
has a te lephone, card file , in/out boxes, and so forth . In 
other words, if you want to check your mail, you simply 
click on the in-basket on the desk. Need an address? Just 
click on the Rolodex- like fi le. You get the idea. You can 
also go to a file cabinet to take out a file , and a clock on 
the wall makes office c lock watchers feel right at home. 

You can even open a door and go down " Main Street" 
to one of the many office buildings. For example, you 
might go to the bank building to do electronic banking. Tt 
all seems very intuitive-if you've worked with a point
ancl-click user interface, that is. 

This new interface is supposed lO make computing 
more accessible to computer novices, which is a grand and 
noble idea. And surely every company has some people 
who would be more productive if computers were less in
timidating. Let 's face it , Microsoft Windows and the 
Macintosh interfaces might be a far sight better than a 
command prompt, but many people don ' t find eithe r in
terface to be particularly natural to use. 

To these otherwise capable people, ascending t11e com
puter learning curve is tantamount to scaling the Mat
terhorn. The problem is not trivi a l. Somehow computers 
must be made easier to use if we expect our enterprise
wide so lutions to work. It does no good to restructure 
an enterprise based on technologica l solutions (as many 
large companies are indeed doing) , if some people can't 
use the technology. 

For many of us , the problem is sometimes forgo tten, 
because after all , we do not have any prob lems using 
computers. For that matter, nei ther would most of our 
close associates. But consider the nontechnical workers 
in your organization; wi ll they be able to navigate through 
a maze of servers to find that infom1ation they need? We 
may be li ving in the age of empowerment with informa
tion at our fingertips , but so far , the onl y people who 
have been empowered are the technically e lite. 

That has to change. The wave of empowerment that 
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technology creates must be driven down to everyone in ml 
organization if that organi zation is to truly benefit from 
the technology. Information must be easi ly accessible 
across the enterprise, and systems must be easy to navi
gate. That 's the idea behind General Magic's new GUI. 

Bill Atkinson and Andy 1-lertzfe ld, the in ventors o f 
the new GUI , are old hands at creating easy-to-navigate 
interfaces, and they have deservedly earned respect for 
their early work on the Mac intosh user interface. This 
time, though , Atkinson 's and Hertzfeld 's work is not so 
revolutionary. Their new GUI is still based on a point-and
click paradigm. It not only fails to move beyond that ba
sic point-and-click concept, the new GUI perpetuates 
poin t-and-click to a new level of complex ity. 

For example , say you want to access the serv ices or 
database of another company using the Magic Cap in
terface. With point-and-click mouse or pen gestures, you 
wo uld have to open the office door, walk down the sim
ulated Main Street, and choose the building that represents 
the other company. If you ' re an experienced point-and
clicker, the first time you see someone use the Magic Cap 
GUI that way it will seem logical. But it doesn ' t really 
make sense. Neither does opting for pu ll -down menus or 
resorting Lo programming a macro to perfom1 the tasks, 
both of which nullify the intent of the new GU1 . 

So why must you open a door and stroll clown Main 
Street to te ll a computer what to do? It seems that the 
Magic Cap G UI is one that fo rce-teaches users how to 
converse with a computer. when what we really need are 
computers that better understand what users want. 

It 's the computer that must be expected to do the work 
of understanding if we are ever to empower nontechnical 
workers. The point-and-click paradigm is stale and over
worked, and it ' s time to move up to the next level: We 
need user interfaces that li sten more like humans and ac
curately-m1d automatically- anticipate what users want. 
Despi te a ll the hype and hoop la, the Magic Cap GUT 
does not significant ly improve user interfaces as did that 
of the Mac I 0 years ago. • 

P.S. With this Febrcta t)' issue, I'd like ro oj]iciaL/y w1
no11nce the newest member of the BYTE j(1111ily, BYTE 
Tiirkfye, which will publi.l"h a l'ersio11 ofBYTE in Turkey. 

DENNIS ALLEN, EDITOR IN C HIEF 

(da lle11 @b ix.co111) 
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~V- Mtker creels, 

FIRST WE MADE 

WINDOWS. 


NOW IT'S TIME 

TD TALK. 


With the new Microsoft• 

WmdowsN Sound System, just tell 

your computer what you want it 

to do. You can customize your sys

tem to respond to your personal 

spoken commands. Even our new 

directional microphone knows 

exactly who you are. 

This full set of audio software 

has lots of options, too. Spice up 

presentations with music or quotes. 

··mim 
· ·~ 

Or proofread numbers as the com

puter reads them back. 

All for the price of a game. 

You can also get this software 

with the sound board included. So 

go visit your nearest reseller to see 

whats creating all the conversation. 

Mietosoft· 

Making it easier 

~~ C 1993 Mk:roSC>ft Corpontllon. All rights rt"Kf,-rd. ~lJcrow>ft Is ::i rq;isr~d t?2dc.nurkand W'lndow~and the 'Windows lop:> ue m.dcnurb o( 
Y.~S .\Ucrosoft Corpor.uton. 



For the best 

in electronic forms, 

this choice is easy. 


O ust click here 
to let it ride 

on your e-mail 

or messaging 

system. 

G se any of 
22 drawing tools 
to create your 

f orm. 

O he electronic 
signature lets 

you tamperseal 

the data on 
yourf orm. 

D 


O mport or 
create your logo. 

Th en store it 

in the object 

librC11y to use 

over and over. 

O ith 120 
spreadsheet 

fun ctions 
at its disposal, 

WordPerfect 

lnForms will 

calculate the 

total. And then 

decide where 

to route the 
f orm f or proper 

authorization. 

WOAO P ERfECl 15 A R(OI S TERCD fRAOElilARK OF WOR OPERfECt CORPORAT I ON Wl lHIH ltt [ UNI T EO STATES ANO O THC: ll COUN TRI ES All QTtiER 



For the easiest 

in multiple database access, 


this choice is best. 


OnA tlO A~ID PRODUCT NA M EG AAE TAAOEMAAK S on ll EO t STE REO TRAOCMARKS OF T ~IEIR RE S l'CCTIVE COMPA NI ES . 0 WOROPEHFECT CORPORA TI O N 1911l 

O ick up your 
vendor address 
from dBase, 
and your billing 
adclress from 
Oracle. 

O imultane
ously update any 
of19 popular 

database pro
grams with your 
sales order, 
manufacturing 

or shipping 
informa1ion. 

----r---Ony
currem 
backorders 
from this vendor? 
Query your 
Paradox data
base in plain 
English or by 
example and get 
a custom repon 

D 

O utomatically 
update your 
Sybase SQL 
inventory 
database. 
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oper could object to that~ 
SOMobjects is available for oth 

OS/2 2.X and IBM AIX/60 O™ 3.2 (or 
higher) operating systems and is planned 
for the Windows™ environment. It complies 

with indusl:r)'Wide standards of the Object 
Management Group's (OMGf)) Common Object 

• 

The object of SOMobjects 
Distributed object support- allows objects to be · 
distributeEl over entire networks. 

Upward binary compatibility-object modifica
tion without application recompilation. 

Language-n.eutrallty-IDL compiler allows 
objects to be used by different programming 
languages. 

Replication frameworks-makes copies of a 
single object available to multiple clients. 

Multiple platforms-available for QS/2 and 
AlX/6000. ' 

our 
• 

Request Broker Architecture (CORBA). To find out more 
or to order the SO,Mobjects Developer Toolkit, call 
1800 3-IBM-OS2 today. 1f your object is easier 
development, it's a more desirable way to work. 

Making reuse a reality. 

==-~ .::® 
IBM and OS/2 are registered trademarks and AIX/6000 and SOMobjects are trademarks of - - - -
International Business Machines Corporation. All other products are trademarks or registered - -.. --__...._ ,_ 
trademarks of their respective companies. ©1993 IBM Corp. - - - --
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Give your power-hungry soft 

The OverDrive™processor. 


The single-chip upgrade that maxi

mizes your PC's performance. 


Want to see a 
spectacular per
fonnance? Then 
add an i486™ 
DX2 OverDrive 

processor to your lntel486™ SX or DX 
CPU-based system. And watch all 
your power-hungry software take off. 

The OverDrive processor 
improves the perfonnance of all your 
applications. So you can fly through 
your overwhelming workload with 
the greatest of ease. 

How does the OverDrive processor 
do it? Using Intel's innovative DX2 
"speed doubling" technology, it runs 
internally at twice the speed of the 
rest of your system. So if you had a 
33 MHz SX or DX Intel processor, 
you would now have a 66 MHz DX2 
Intel processor. 

• Fo r Europtan ln11ulri~. 1:all .. "" (0) 7YJ 43 1155, • nd 11s._ for inf1Jpuk IOD!. 

0 Imel Cor1)011Uion 199], AutoC;\D 1i a lt'Ki,lcml 1r.tdcmru._ or Aulodcsk. Aldut :and P;igcM:ll:cr ~ rq;1~ctcd 1rwlcma1l.1 of 

Aldu'C Corpot11iuu. Parado.' ••a 1cp:iUCl'('ll IDdtmarl or UorLmd ln1erru.110fl)I. Inc. Corel ORA W! is 11 tndcm.:arl. o( COfd Corpor.&11on. 




ware up to70% more ka-boom. 

Plus, the OverDrive processor is mance of your software, call Software Performance Increase 

Aut oCAO• easy to install. Depending on your 1-800-354-3112, Ext. 5719;- for a free 
-== > 50% system, you can either plug it into demo disk. It could be the greatest PageMaker2 

=> 54% the OverDrive socket or swap it with show on earth. = = 
Parado~ 

57% your original microprocessor. No 
CorolDAAWI '"' 

problem.69%-== ==•Excel To get a better idea of how the 72% 
OverDrive processor boosts perfor intel. 

Circle 107 on Inquiry Card. 



OS/2 Coverage: Excellent or What? 

You published the most comprehensive 
review of OS/2 (November Special Re
port) I have ever seen. You did an excellent 
job in pointing out OS/2's 
strengths and limitations, as well 
as comparisons to Windows and 
Windows NT. Your readers 
now have a clearer understand
ing of what OS/2 is and is not. 
Other publications have an un
explainable bias toward Mi
crosoft and against IBM. 

John Caprioli 
Worcester, MA 

; 

twice those that DOS-based Windows or 
OS/2 can deliver. Something's wrong here. 

Disk I/O is mature in operating systems 
and approaches the maximum throughput 
the hardware can deliver. Am I to believe 

Microsoft has suddenly devel
;:E: oped a manner of handling disk 

·--- ,...,..__,.
WindOWS VS.OS'

if,2 

== 
: :.;-~:::=:.-- -· 

Jon Udell's November article "Is There a 
Better Windows 3.1 Than Windows 3.1 ?" 
sums up the new direction BYTE is taking 
in its perennial attack on OS/2. The ap
pearance of NT as a white elephant means 
OS/2 can no longer be dismissed for re
quiring 8 MB of RAM and lots of disk 
space. Comparisons must now be sought 
with Windows 3.1 . 

Windows 3.1 's background processing 
makes a system jitter like a chicken with its 
head cut off; OS/2 ' s multitasking capabil
ities purr like a kitten. As for NT, OS/2 ' s 
object orientation gives me the power to 
tailor my environment to my personality, 
and not to that of Bill Gates. 

Mark Heseltine 
Lo11do11, U.K. 

We don't think we've been attacking 
OS/2. In fact, we voted OS/2 2.1 a 
BYTE Award ofExcellence (see last 
month's issue).-Eds. 

It ' s about time we began to look beyond 
mighty Microsoft in the operating-system 
arena. For two years, Microsoft has been 
telling us everyone needs amultitasking, 
multithreaded, protected, 32-bit operating 
system. But when NT went from a desktop 
operating system to a network server, Mi
crosoft told us we don ' t need that power 
"quite yet. " When Chicago comes out, 
suddenly we' ll need that power. 

I say we have that powernow. It 's called 
OS/2, it ' s here, and it works. Most maga
zines are so enamored of Microsoft they 
won ' t look at anything else. 

Todd Louis Green 
Silver Spring, MD 

In a nutshell , I don ' t believe you . Udell ' s 
Windows-OS/2-Windows NT comparison 
claims NT has disk I/O speeds more than 
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:=.,":':.;:;....., _ -".W start to believe some PR per

1/0 that blows all previous 
methodsoutofthewater-and 
then didn't trumpet this new 
method to the stars? I think not. 
When something looks too 
good to be true, it usually is. I 
think someone needs to sub
stantiate your results, before I 

son sent you a case of your fa
vorite wine. 

Peter Skye 
Glendale, CA 

NT can 't make disks transfer data faster, 
but its unified cache manager-which 
dynamically allocates memory not 
claimed by the operating system or by 
applications to the caching ofall local 
and redirected file systems-does a ter
rific job. You can statically allocate big 
chunks ofdedicated RAM to the Win
dows or OS/2. disk caches, but then ap
plications can 't share it.-Jon Udell 

Books on CD 

I welcomed Hugh Kenner' s Commentary 

in the November issue. Books are often 

hard to read on CDs. I ·also find it annoy

ing that I can ' t scribble notes in the mar

gins and that CD-ROM publishers often 

fail to include page. numbers or complete 

bibliographic information. This makes aca

demic citation all but im

possible. 


On the other hand, cutting 
and pasting makes quoting 
large tracks a breeze, and the 
low cost of CDs is a boon to 
students like myself. 

Wade Riddick 
Austin, TX 

I was appa ll ed by Kenner's claim that 
"most books are better left on paper" (than 
put on CD-ROM). Is the day far off when 
the cost of a library on CD is less than a 
comparable one in text? That day is here 
for subscribers to periodically updated pro
fessional libraries in law and medicine. 
The issue for "the future" is not printed 
versus electronic books, but locally stored 

(CD-like) versus transmitted (superhigh
way) books. I have some nice slide-rule 
company stock for naysayers. 

R. I. Feigenblatt 
Arden, NC 

This Office Needs Another Subscription 

· Here's a game based on Jerry Pournelle' s 
column: When a new issue of BYTE ar
rives at the office, volunteers each take a 
tum to find the first instance of alas. (As in, 
"Alas, the computer didn't work.") The 
player with the shortest time wins and gets 
priority to the office's lone copy. 

Bill Clark 
Sheboygan, WI 

Fixes 

We inadvertently omitted mentioning the 
company (Caere, Los Gatos, CA) in a De
cember 1993 What's New write-up ofOm
niScan, its 400-dot-per-inch hand-held 
scanner. 

In "Point-and-Click Presentations" (No
vember 1993), the author incorrectly said 
that Harvard FIX, the bit-map editor in 
Harvard Graphics 2.0, does not support 
scaling and cropping of bit-map images; it 
does. 

In "Printers in Transition" (December 
1993), we stated that as printer resolution 
rises, required RAM increases exponen
tially. The correct mathematical relation
ship is proportional to the square of the 
resolution, because as you double resolu
tion, you get four times the data. 

The map in the December 1993 
Report from Cyprus ("A Market 
in Transition") was incorrectly 
identified. According to experts in 
international relations, the interna
tional community recognizes the 
Republic of Cyprus as a sovereign 
state and does not recognize two 

separate states within the island. Most 
countries (with the exception of Turkey) 
have not recognized the northern part of 
Cyprus as a state. 

We want to hear from you. Address correspon
dence to Let1ers Editor, BYTE, One Phoenix 
Mill Lane, Peterborough, NH 03458; send BIX 
mail clo "editors," or sendlntem et Mail to let
ters@bytepb.byte.com. Lerters may be edited. 

mailto:ters@bytepb.byte.com


4Gigabytes. 
Under 1,700. 


P PE 

WHE YOU CO 1SIDER THE VALUE of 
all the data on a network, any backup 
system is a wise investment. But now 

you have a choice. PowerTape Series 
from Colorado Memory Systems. With a 

native capacity of 2 GB and 4GB using data 
compression, PowerTape can handle virtually any 
backup task. 

The PowerTape system includes a backup tape 
drive, Colorado® Backup software and more. At $1 ,695 
MSRP why pay more? And, if 4 GB is more than you 
need, a 2.4 GB model is available with the same high 
performance features at only Sl ,295 MSRP. 

A new low-cost 1 GB model is available as well . At, 
$799 MSRP, PowerTape 1100 is the most affordable 
PowerTape ever. 

With PowerTape, you get safe and easy restores 
and backups, plus the reliability of QIC Indust1y 
Standard Format. PowerTape offers broad network 
compatibility including oveJJ® etWare' , etWare Lite"', 
LANtastic® and IBM~ PC-NET and operates under UNIX, 
OS/2 and Microsoft Windows NT operating 
environments. And all PowerTape systems are backed 
by the best support in the industry. 

Call 1-800-451-0897 extension. 317 today for a 
FREE Colorado Total Backup catalog. 

Colorado PowerTape Series 
Capacitiesfrom 525 MB to 4GB. 

Q IWleoknd:.i~ S)~W. ADn,tuttxn·C'd.faroaTl.pt'ind~2.~~ 

OR\' S\'Sfe-15 L"C. dedcnOO~~lnr ABWrrtDd.:ttwbm~olltr.rrt:SpCClJ\'t'~ PTA+B'IT11j/J9j 
WRADO 
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Blazillg50MHz: R1111 1iqifr rhe 
fMPerof1/reSL E11/11111ud i4S6™DX2 
rhe fasrtSr1111cro11nxessorem 1/tsig11ed 
speci(tm/lyfor11oubook co111p111ers. 

T\l'O separate PCMCIA slots: A 16111111 mlli a jmm 
s/01 are rourkt)'5 ro1x11m/Sio11, 11aw mlli imo r/11 (tmire-for 
modwIS, s1ornge a11dmore. 

~I 

T4700CT 
• 9.5"ITT-LCD active matrix colordisplay 

T4700CS 
• 9.5"Dynarnic-STN dual-scan color 

LCD display 

Both Models 
• SOMHz SL Enhanced i48oDX2 
• 8MB RAM (expa ndable to 24MB) 
• 200/320MB HDD 
• Two PCMC!A slots (16nun and Smm) 
• Integrated graphics accelerator 
• VL local-bus video 
• Built-in microphone 
• WaveNaudio capabilities 
• Audio jacks: headphone/speaker and 

microphone 
• NiMH battery for extended life 
• OuickCharge battery recharge system 
• 3.5" l.44MB floppy diskdrive 
• Bal!Poin( 2.0mouse with OuickPortN 

• MaxTime™Power Management system 
• LCD status icon bar 
• DOS'"6.0, Windows'" and 

Microso Sound SystemN 

software pre-installed 

17te011/ycomputer 
yo111/ ever 11eed: Slip i1 
imo rl1e optio1uil DeskSui1io11 l\~ 
mlli )'011'r1i11sra11rly 101111m1d 
ro )'Ollr ne~vork, 1mmrr, VGA 
111011iror, 1110115!, mid (till- size 
luyboord. !111! 

A 11u1/ti111edia roadslww: \Vave 
audio co111parib11i~; 
li1ad11ho11eorwemal 
peaku pen, and 

111icropho11e 
jnck.s 11uike ii pu(ea 
forprese11ra1io11s. 



This is'it! The most powerful notebook you've ever 
heard.The Toshiba T4700C Series can run your most 

intense applications- or even F~~iii1 
help you run a presentation. 

With its SL Enhanced 
i486 "'DX2 50MHz processor, 
it easily handles graphics-rich 
programs as well as spread
sheets. The built-in multiiredia 

capabilities let you create and give breakthrough presenta
tions anywhere.The renowned Toshiba color displays 

will make all your work shine.And there's 
even a full 3-year limited warranty so you 
can carry it with complete confidence. 

With so much going for i~ buying a 
T4700C Series notebook is obviously 

a sound decision. 
For a dealer, call 1-800-457-7777. 

In Touch with Tomorrow 

TOSHIBA 

Q 1993 Toshiba America lnfonnacionSystems, Inc. All products indicated by trademark symbols arc trademarked and/or registered by their respective companies. 
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COMMUNICATIONS 

Just Lil\e Magic? 

It will likely take years, but General Magic and its partners want to create a ubiquitous 

communications infrastructure 

BY TOM R. HALFHILL AND ANDY REINHARDT 

Today 's communications infrastructure is a chaotic 
mishmash of wired and wireless networks that either 
aren ' t interconnected or are linked via clumsy gateways. 
Busines u ers and consumers who could benefit from 
ubiquitous communications have trouble dealing with all 
the different platform , topologies, and protocols. De
velopers who could provide solutions face formidable 
obstacles because there's no uni fying technology to 
bridge the gap . Although users can access a wealth of 

veloped by General Magic 
(Mountai n View, CA), a start
up company that counts Apple, 
AT&T. Matsushita, Motorola, 
Philips, and Sony among its 
partners. The pieces include 
Telescript. a communications
orien ted programming lan
guage for creating distributed 
application and inte lli ge nt 
agents; Magic Cap, an object
oriented operating system de
signed for PDAs (personal dig
ital assistants); and a new GUI 
that's a radical departure from 
the Li sa-Macintosh-Windows 
model of the 1980s. 

All these technologies will 
start appearing in the next few 
months, embedded in devices 
from General Magic's partners 
and li censees. At least two 
firms-Sony and Motorola
plan to introduce their PDAs 
by midyear. Initi ally, they will 
be based on Motorola 's 68300 
" Dragon" microprocessors, but 
Magic Cap is being ported to 
other chips, including Intel's 
80x86 and the PowerPC. 

These new PDAs probably 
won' t rely as heavi ly on hand
writing recogniti on as Apple's 
MessagePad and T andy/Ca
sie's Zoomer. Instead, they ' ll 
be more communications-ori
ented , wi th integral w ire less 
and cellular-phone capabilities. 

Te lescript , a communica
ti ons-o ri ented programming 

on-line in format ion and ser
vices, they must know where 
to look and be willing to master 
different user interfaces, which 
tend to be ri gid ly text-based 
and command-l ine-oriented. 

After four year in develop
ment, a suite of technologies 
des igned to profoundl y alter 
this structure is coming to mar
keL The technologies were de-

THE MAGIC CAP INTERFACE 


Nil matter wllent 
you are In M!llk; 
Cap, 1011 can i:all 
-,send a 
meaage, or kli>k 
PP someone's 
•cldress. 

'l(D'i'?=D=••=k===H=on=chl=y=, l=lov=•m=be=r=2=2=-G:=======l?;,H•_ll_w_,•Y-t ~Cap's desk 
metaphor lets you 
file documents In 
•drawer. 

pt.am letter urgent postard 

Ma&lcC.p 
provides Jiiii 
wltbuetol 

edllablerules 
forbandllng 

Incoming 
~ 

© In box rules 

~ 3 Wh•n any m=eo •rr&VM, ptay lh• Megtc IOUnd 

[!j" 'i When 1 conhdtntial messaae smves. fl.le 1l m lhe 
Persorul folder 

0 5 When a m~ge w1U\ •n otrer sump arrives. hie tl 
mlhe tresh 

~ b When an urgient mess1QO arrlVM , po;t an 
•nnounc:.ement ~yma "Urient message srn?edl " 
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language comparable to C or 
Pascal, wi ll let developers cre
ate network-independent intel
ligent agents and distributed 
applications. Some of these ap
plications, in tum, may be tools 
that let ord inary users create 
intelligent agents without pro
gramming. What PostScript did 
for cross-platform, device-in
dependent documents, Tele
script aims to do for cross-plat
form, network-independent 
messaging. General Magic 
hopes Telescript wi ll become 
a lingua franca for communi
cations. 

Because Telescripl is a 
portable language that executes 
atop a run-time interpreter, ap
plications can run without re
compilation on any supported 
platform or network, not just 
Magic Cap. Equally important, 
Telescript shields programmers 
from many of the underlying 
complex ities of network pro
tocols and directory services, 
just as the Windows API and 
Mac Toolbox hield program
mers from the complexities of 
window management, graph
ics, and device TIO . General 
Magic is widely licensing Tele
script to vendors for many dif
ferent purposes. 

For example, AT&T is now 
using Telescript to build a new 
E-mail serv ice that will sup
port rich messaging and data 
interchange. The new service 
wi ll offer gateways to existing 
services, such as CompuServe, 
America Online, and AT&T's 
own EasyLi nk. Because Tele
script is also being adopted by 
other General Magic partners, 
it has an opportunity to become 
the standard middleware for all 
comrnunications-cenuic appli
cations. 

Like Telescript, Magic Cap 
wi ll appear on PDAs from mul
tiple vendors , including Gen
eral Magic' s partners and li
censees. Magic Cap isn't just 
an operating system for PDAs. 
however. It could also be used 
in devices li ke fax machines, 
smart phones, or even TV cable 
boxes. 

Magic Cap represents Gen
eral Magic 's bid to take GUis 
to the next conceptua l level. 
While today ' s environments 
protect users from many details 

AGENTS ON THE LOOSE 

Telescript, General Magic's communications-oriented programming language, lets developers write tools that Pff' 
nit casual users who know nothing about programming to create intellii:!!nt app&cations that seek out and rebieie 
Important infonnatlon. What kinds of applications does Telescript enable? . 

Think how PostScript made it easy for nonprogrammers to enrich documents with new data types-sucli .~ 
graphics, color, fonts, and pho
tos-and then reproduce those 
documents on a wide variety of 
output devices without wi'iting
or even seeing-any PostScript 
code. Telescript hopes to do the 
same thing for communications. 
Users could send E-mail enriched 
with graphics, photos, video clps, 
voice annotation, encryptioci, and 
scheduling Information while 
avoiding the c"'aotic details of 
file fonnats, network protocols, 
service gateways, and other tech· 
nlcal exotica. 

The key breakthrough: Tele· 
script messages are smart ob· 

)ects that know what to do and ~-------------------------,~ 
where to go. Unlike today's E· 
mall messages, which are merely files of ASCII text and binary attachments that flow through a pipe. Telescript 
agents are self-contained units. They navigate WANs (wide-area networks) on their own, correctly present them, 
selves when they arrive at their destinations, and support flexible capabilities such as automatic forwarding or 
return receipts, regardless of the platfOrm. 

For example, businesspeople could create or buy custom news"Ciipping agents ("Fetch me every AP story on 
oil exploration") and stock-mait<et pget¢i (''Send a buy onler to my broker If Intel's stock dips below 100"). News· 
papers could sell on-line classified ads and then freely distribute ageilts to help ®nsumers find wl\at they wanJ: 

The open specifications for Telescrlpt may enable a cottage lndusby of freeware and shareware agents cus
tomized to perform a limiUess number of specialized tasks. -Tom R. HalfhlR and Andy Reinhardt 

of the hardware and operating 
system, Magic Cap goes even 
further. For instance, no longer 
must users understand the dif
ferences between executable 
and nonexecutable files, direc
tories and subd irecto1ies, phys
ical and logical drives, or file
names and ex tensions. 

The new GU I was invented 
by ex-Appl e engi nee rs and 
General Magic cofounders Bill 
.Atkinson and Andy Hertzfeld . 
It may appear as absurd and 
cartoon-like to experienced 
computer users as the Lisa's 
GUI did in 1983, but it 's in
tended to make personal com
puting acce s ible to the mil
lions of people who otherwise 
might never buy a computer. 
Although Magic Cap is opti 
mized for the s ma ll LCD 
screens of PDAs, it wi ll al o 
run on desktop computers, ei
ther as the prima1y GUI or atop 
an ex isting one (much as Ap
ple' s At Ease runs atop System 
7) , such a the Mac or Win
dows. 

· 

Telescript in the Electronic Marketplace 

·~t ' 
Fo,ndotlon Teohnology ~a 

• Agents act as shoppers , shopkeepers ' 
. • Places function as electronic stores, malls 

• Agents go to places to conduct business on your behalf 
• Developers write agents for end users 

Magic Cap a lready runs on 
the Mac, and it can take ad
vantage of the higher resolu
tion and better color available 
on the creens of desktop com
puters. It has the potential to 
become a leading desktop GUI 
for u. ers who are technica lly 
un.sophisticated. Even if it fai ls 
in thi attempt, it will likely in
fluence the future evolution of 
other user interfaces. 

General Magic has many po
tential competitors. Magic Cap 
goes up against operating sys
tems like Windows for Pens/ 
Winpad , PenPoint, Newton In
telligence. GeoWorks' GEOS, 
and DOS running on pocket 
PCs. Microsoft is promising 
users and ISYs (independent 
software vendors) "Windows 
everywhere," but it remains to 
be seen how the look and feel 
of Windows will be preserved 
aero . di sparate platforms and 
devices. GEOS does a better 
job of bridging these differ
ences by decoupling the user 
interface from the application 

code, and it 's already showing 
up on PDAs from Tandy, Ca
sio, and Sony. The fate of the 
MessagePad is unclear. 

The compet ition for Tele
script is not as obvious. Its 
closest rivals appear to be RPC 
(remote procedure call) mech
ani sms like the OSF's (Open 
Software Foundation's) DCE 
( Distributed Computing Envi
ronment) and Sun's DOE ( Dis
tributed Objects Everywhere), 
as we ll as store-and-forward 
archi tectures li ke Microsoft's 
MAPI (Messaging AP!). 

The obstacles to General 
Magic's success may appear 
daunting, but General Magic is 
not your typical start-up com
pany. Its partners include some 
of the bi ggest players in the 
world of computing, commu
nication , and consumer elec
tronics, and it' loaded with 
top-notch engineers who have 
been given a clean late to rein
vent traditional approaches to 
ubiquitous worldwide commu
nications. 
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News&Views 

NEW PRODUCTS 

Best of Comdex Awards 

A t last fall's Comdex, BYTE ed itors 
worked morni ng. noon , and night in pick
ing the best products and technologies ex
hibited at the show. Winners and finalists 
are lis ted below. 

Best of Show: Simon, a personal commu
ni cat ions dev ice, took top honor at the 
show (see the related story on page 28). 
Most Significant Technology: Top honors 
went to the P 1394 High-Performance Se
ri al Bus draft standard, a new technology 
that should have a profound effect on com
pute rs and peripherals, as well as home 
e lectronics and industrial equipment. This 
bus interface is designed to be an inex
pensive, uni versal interconnection for link
ing computer wit11 hard drives; CD-ROM 
dri ves ; printers; scanners; and consumer 
products like digital VCRs. TVs, and ste
reos at data transfer rates of up to 400 
Mbps. The standard is being developed by 
a committee wi thin the fEEE. Companies 
receiving the award that participated in 
Pl 394 development included Adaptec, Ap
ple, IBM's PC Company, Maxtor, Texas 
Instruments. and Western Digi tal. 

F ina li sts in thi s category were µP ol 
(pronounced micropol), from VRex (Haw
thorne. Y); and Raven, from Intergraph 
(H untsv ille, AL) . The VRex technology 
includes hardware and software for inex
pensively displaying 3-D stereo ·copic im
ages. Raven . a software/hardware combi
natio n, is designed to bring hi gh- speed 
audio and video lo Windows NT. 
Best Portable: Simon won Wis. Finalists in
cluded the highly expandab le, lu ggable 
PAC-586 Pentium system from Dolch (see 
the re lated stol)' in th is section), and Irvine, 
Cali fo rnia-based Toshiba's Ponege T3400 
and T3400CT subnotebooks. 
Best System: The Quadra 6 10 wit h its 
DOS-compatible card took top honors (see 
Lhe January News&Views). Finalists were 
the Express RISC server from NEC Tech
no log ies (Boxborough, MA ), a dual
processor system that' s based on NEC's 
VR4400MC Mips processor; and DEC 
(May nard, MA), which has introduced its 
DECpc XL series of modular 486- and 
Penti um-based PCs that wi ll let you up
grade to the company 's Alpha AX P CPU 
technology via a daughtercard. 
Best Connectivity/Hardware: Largo, Flori
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da-based AT&T Paradyne' s Da taPort 
200 1 Multimedia Communicator, a mo
dem-size box with bundled modem/fax 
software and Data Beam's FarSite shared 
whiteboard program, lets you s imulta
neously talk and send and receive still im
ages, graphics, and data on the same reg
ul ar te lephone line. Fina li sts inc luded 
So lfl ower Computer (Sa n Jose , CA) , 
which developed a multihost cont ro ll er 
that lets up to 16 Sun workstations share 
information at 8.3 MBps. Artisoft's (Tuc
son, AZ) Simply LANtastic, the other fi
nali st, includes a sca led-down, simpli fied 
version of LANtastic 5.0 and ingenious 
self-tenninati ng Ethernet adapters that can 
be daisy-chained and disconnected without 
interrupting the network. 
Best Peripheral: SyQuest 's SQI080 of
fers the first PCMClA removable hard disk 
cartridge drive. Finalists were DSP Solu
tions' (Palo A lto. CA) portable 16-bit 
PCMCIA sound card and Philips Con
sumer Electronics' Brilliance 2 130, a 2 1
inch digital monitor. 
Best Connectivity/Software: DEC ' s 
Link Works software lets workgroups share 
infonnation and collaborate over networks. 
Finali sts were Visual Voice, a Visual Ba
sic custom control from Stylus Innovation 
(Cambridge, MA), and BW-Server, from 
Rale igh, North Carolina- based Beame & 
Whiteside. BW-Server provides NFS ( et
work File System) functionality to an Intel
based PC without requiring a Unix-based 
machine lo act as an NFS server. 
Best Multimedia Hardware: Austek Mi
crosystems' A I 060 was named the wi n
ner (see the re lated story on page 28). Fi
nalis ts inc luded Fast E lec tronic U.S. 
(Natick, MA), which offers a video over
lay, frame grabber, TV tuner, and video
editing system on one card with software 
for $549, and Microfield Graphics' (Bea
verton, OR) Softboard. 
Best Multimedia Software: Ultimedia 
Video IN/2 ($ 199) for OS/2 2.1 from I BM 
Personal Software Products converts video 
input to lndeo or IBM Ultimoti on formal. 
Fi nali s ts were Lotus Deve lop me nt ' s 
ScreenCam (see the story on page 28), and 
Tem pra Producer Pro, a $99 Windows
based modeler and renderin g program 
from Mathematica ( Lakeland, FL). 
Best Printer. QMS ( Mobile, AL) and its 

Microlield Graphics' Softboard Is a $2995 peripheral 
that looks like an everyday whiteboard but displays in
fonnation that you write simultaneously to a Mac or 
PC connected via a modem and phone lines. Softboard 
can greatly enhance a remote audioconference. 

When system manufac
turers Include the drive 
In their desktop and 
notebook computers, 
SyQuest (Fremont, CAI 
expects the price for 
end users to be less 
than $1 per megabyte. 
The drive accepts 
rugged, removable 60
and 80-MB cartridges. 

Kai's Power Tools, which wortis with any Windows 
application that supports Adobe Photoshop plug-in 
extensions, slmplifies many of the complex operations 
In applying special effects to an image. The Texture 
Explorer lets you generate textures that go far beyond 
traditional textures like marble or wood. 

200 I Knowledge System ($3999) took the 
top award in this category. QMS's system 
is based on Windows 3.1, and it combines 
a copier, fax , scanner, and laser printe r. 
Finalists were the 360-dpi Canon (Costa 
Mesa, CA) $649 BJC-600 color ink-jet 
and LaserMaster ' s (Minneapo lis, MN) 
$ 19,995 Digital Color Printer. 
Best Software: Kai's Power Tools from 
HSC Software (Sant a Monica, CA) won. 
Finalists were WizRul e, a program devel
oped by Rati ona l of Tel Aviv that discov
ers excepti ons and unk nown rul es in a 
database, and IBM 's Personal Dictation 
System, which can hand le up to 70 spo
ken words per minute. 

-Dave Andrews 



Visual Development Environment For OS/2 RExx 

WATCOM VX•REXX is an easy to use visual development environment 
for creating applications that leverage the capabilities of OS/2 2.x and 
exploit the Presentation Manager graphical user interface. VX•REXX 
combines a project management facility, visual designer and an 
interactive source-level debugger to deliver a very approachable and 
highly productive visual development environment. 

Design Applications Visually Create rich graphical applications quickly and 
easily using the visual design enviroriment. With the visual designer, you can graphically create 
Presentation Manager interface objects, quickly customize their properties, and easily attach 
RExx procedures using powerful drag-and-drop programming techniques. 

Integrated Development Environment Build, test and debug your application 
without leaving the development environment. Then package your application as an EXE file or 
PM macro for royalty-free redistribution. The power of the integrated development environment 
and debugger can also be used with your existing REXX applications. 

Powerful Open Environment Enjoy the simplicity of event-driven 
programming together with the global editing capabilities essential for professional project 
management. WATCOM VX•REXX is open and extensible through IBM 's ; tf. 
object oriented System Object Model (SOM) technology. You 
can access alJ standard RExx API's including DB2/2, 
because VX•REXX is based on the OS/2 2.x 
standard system REXX . 

Interactive Debugging 
If an error occurs at run-time, VX•REXX will 
display a traceback pinpointing the source 
line where the error occurred. A simple click 
of the mouse will return you to the source edit 
window to correct the error. The built-in 
interactive source-level debugger lets you set 
breakpoints, step through code and watch 
variables to track down complex problems. 

Build Professional Applications 
WATCOM VX•REXX allows you to leverage key 
OS/2 features to create professional applications. 
Build applications that dynamically create and modify 
CUA '9 I screen objects at both edit and run-time, and 
include OS/2 style help and hints. 

Create Multi·Threaded Applications 

WATCOM International 
Every VX•REXX application contains multiple threads. One thread 
remains responsive to user input while others continue processing. 

Highlights 
• Easy to use visual development environment 
• Drag-and-drop programming 
• Create and modify objects dynamlGally at 


both edit and run time 

• Powerful project management facility 
• Advanced interactive source-level debugger 
• Package your applications as EXE files or 


PM macros 

• Access to standard Rexx APl's including 


06212 

• System Object Model (SOM) based object 


manager 

• Support for multi-threaded applications 
• Include OS/2 style helpand hints in your 


applications 

• Supports SAA CUA'91 objects 
• 	Integrated console window support for 


existing RE.XX programs 

• Royalty-free run-time 
• Multiple modeless window support 
• Create PM macros for applications 

supporting RE.XX as a macro language 

Suggested Retail: $199* 

Call Toll Free 
1-800-265-4555 

In addition, VX•RExx provides the ability for advanced 415 Phillip Street, Waterloo, Ontario, Canada, N2L 3X2 
applications to easily use additional threads. Phone: (519) 886-3700 Fax: (519) 747-4971 

Circle 152 on Inquiry Card. 

'Prices and specl1ication are subject to change without notice. Price does not include freight and taxeswhere applicable. Prices quoted in US dollars. WATCOM, the Lightning Oevice, and VX•Rexx are trademarks of 
WATCOM International Corporation. Other trademarks are the propert ies of their respective owners. © Copyright t993 WATCOM International Corporation. 



You need a system flexible 
enough to handle any application. 

The RISC System/6000. 
You know that in today's business 
environment if you can't bend 
you're liable to break. You have to 
be flexible enough to handle what-

ages. Applications as far-reaching 
as fourth-generation languages, 
warehouse management, job cost
ing, insurance agency management, 
the most powerful CAD applica
tions, and there's much, 
much more. In 

In business yo 

ever the world can throw at you. 

So we built the RISC 
System/6000(/) to give you more 
than just speed and power 
but also an unparalleled 
flexibility of applications. 
To run more than 6,500 
different applications to 
fit any industry, any busi
ness need. Everything from 
software development 
tools to accounts re
ceivable. From pay
roll to the leading 
database pack-

fac~our 
Business 

Partners are 
bringing 

innovative 
new 

applications to the 
RISC System/6000 

every day. All of this 
greater flexibility 
is made possible 

IBM and RISC System/6000 are registered trademarks and AIX/6000 is a trademark of ln1ernational 
Business Machines Corporation.UNIX is a registered trademark of UNIX Systems Laboratories. 
© 1993 IBM Corp. 
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by AIX/6000~ IBM's industrial
strength version of the UNIX® oper
ating system. AIX/ 6000 opens up 
a world of possibilities, without 

upsetting your existing 
equipment and 

network links, 

whether they're 
from IBM or not. And 
because AIX/6000 com
plies with all relevant UNIX 
industry standards, includ
ing the new DCE from OSF, 
you can take advantage 
of the newest client/ server 
applications. 

IBM backs all of this 
up with total installation sup
port, system customization 

and consulting services. If you 
need it, we'll bend over backwards 
to get it to you. In fact, there's 
only one thing we're inflexible 
about: the superiority of IBM's 
service and support. 24 hours 
a day, 7 days a week, 365 days a 

year. To get a complete listing 
of the thousands of appli
cations available to you, call 
I 800 IBM-6676, ext. 676 
for your copy of the 
AIX Solutions Catalog. 

Or to get informa
tion by fax, call 

I 800 IBM-4FAX. 
We'11 give you 

all the power, 
speed and flexi
bility you'll need 

to go straight 
to the top. 

=~=-==® 

-. --_-_...._ ,_ 
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News&Views 

BUSIN E SS MULTIMEDIA Ji 

1111!ScreenCam, Lotus's On-Screen 
~ 1f Ji 

'94 G1oup Budget How to U;e@ 
P1e;entation Function; "Tape Recorder" 

T oo much technobabble and 
too heavy a re liance on video: 
Steve Barlow. the product man
ager for multi media at Lotu 
Develop ment (Cambr idge. 
MA). beli eves that these two 
obstac les have cont ributed 10 

the perception by business th at 
multimed ia doesn "t make you 
productive and isn · t worth the 
cost. Barlow says if Lotus had 
originally marketed its fl agship 

SIMON SAYS: COMMUNICATE 

IBM and part
ner BellSouth 
have introduced 
a personal com
munication de
vice that com
bines a cellular 
phone, fax, E
mail, cellular 
paging, and sev
eral personal productivity applica
tions in a system that weighs just 18 
ounces. 

BellSouth, which is distributing 
the product for IBM, will introduce 
Simon ($899, call (800) 746-66721 
first to the central Aorida region and 
then to other markets in the U.S. 
Nicole Lipson, manager of media re
lations at BellSouth Cellular, says 
the company expects that Simon will 
be available nationwide by April. IBM 
is evaluating whether it will release 
Simon to international markets. 

BellSouth quotes a batterY life of 
about 8 hours while in standby mode 
and about 1 hour during continuous 
talking or data transmission. A back· 
lit LCD lets you access Simon's com
munications, calendar, appointment, 
calculator, paperless notepad, key
board, and address book applica
tions using a plastic pen or your fin
ger. A built-in 9600-bps fax modem 
lets you send or receive faxes of up 
to three pages. An optional PCMCIA 
pager card will let you receive al
phanumeric pages. 

-D.A. 

Lotus 1-2-3 in th e same way 
mult imedi a is be ing promoted 
today , th e compa ny wo uld 
have pointed at the spreadsheet 
program and said, "Look at this 
great techno logy ... look at this 
great cell engine." ' 

As part o f its strategy LO de
liver business-practica l mu lti 
media into the hands of nov ice 
computer users. Lotus has in
troduced ScreenCam. a pro
gram for Windows that lets you 
capture screen ac ti vity. cursor 
movements. and sound in to a 
fi le that can be integrated as a 
stand-alone executable fi le or 
w ith any Windows program 
that supports OLE. 

To create a ScreenCam fil e, 
you click on a record icon to 

· begin the recordi ng session. As 
you move the mouse and enter 
keys trokes, you narrate your 
. cree n ac ti vit y as you spea k 
into a mi crophone. To play a 
ScreenCam file, you don' L need 
ScreenCam or the appli cat ion 
that created it. ScreenCam docs 
not require a video-capture card 
(a lt ho ug h it does require a 
sound card). It can create ru ll
screen, full -motion fi les that 
can play on a 386-based o r 
highe r machine. 

Lotus says that ScreenCam 
is a natural for letting people 
di stribute fi les th at ex plai n a 

new foa ture in a program or an
notate a word process ing o r 
spreadsheet fil e. A I-minute 
ScreenCam fil e will typica ll y 
consume about 1 MB, most of 
which is due to the sound, Bar
low says. Lotu s is investigat
ing several compress ion a lter
nati ves. 

ScreenCam will be bundled 
first in Lotus 1-2-3 relea e 4/ 
Multimedi a Edition, but Bar
low says the company plans to 
release it with fut ure versions 
of Lotus Note and SmartSuite. 
A stand-alone version expected 
in the fi rst quarter will probably 
sell fo r under $ 100. 

- D.A. 

GRAPHICS / ENTERTAINMENT 

High-Performance 3-D Coming to PCs 
A ppli cat ions like 3- D model animati on, lows the easy porting of high-end applications to 
stock-market visualization, and other high-end higher-volume platforms. Such graphics accel
programs usually found only on expensive work erators can off-l oad the cent ra l CPU from hav
stations should start appearing this year on less ing to write pi xels to a fra me buffer and shade 
expensive 80x86-based PCs. Thanks Lo board them and let the main CPU and FPU concen
leve l Ope nGL g raphics acce le rat o rs coming trate on true math operations (e.g., matrix trans
soon fro m companies li ke Austek Microsystems formations). 
and DuPont Pi xel, system vendors will be able DuPo nt Pixe l' s Glint chip will acce lerate 
to build re lati vely inexpen ive PCs capable of OpenGL 3-D graphics runn ing under Windows 
deli ·Jering workstation- like pe1formance on ap NT and Unix. Osman Kent , execut ive vice pres
plications running atop OpenGL. ident or R&D at DuPont Pi xel (San Jose, CA, 

Si licon Graphics' OpenGL API makes it eas and Egham, U.K.) says the G lint chip will de
ier fo r developers to program such application · li ver adva nced graphics perfo rmance on ma
and creates the hook for hardware acce lerators. c hin e ra ng ing in pr ice fro m $3 500 up to 
These inexpensive graphics accelerators, when $35.000. Glin t is not expected to start sampling 
working side by side with CISC or RISC proces unti I the middle of the year. 
sors and OpenGL-based applicati ons, wi ll make Austek's Russell cautions that these new 3-D 
it possible to de li ver a 3-D processing platform platforms are not restricted to the technica l mar
at an affordable price. ke t. " Develope rs of enterta inment and educa

At Comdex , Au tek Microsystems (Fremont , tion applications may also see th is platfo rm as a 
CA) int roduced its A 1060 graphics acce lerator, very attracti ve one LO write 3-D programs," he 
whi ch the company ex pects to beg in produc says. " As board- leve l products begi n to emerge 
ti on on in the first qua rte r and se ll fo r about based on our technology and Sili con Graphics' 
$ I 00 each to OEMs in "moderate., volume. The OpenGL, th en the e nte rta inme nt deve lope rs 
goal or the company, according to Chris Russell. would see thi s as a very att racti ve combination 
marketing manager of graphics products at Aus to w1ite high-perfomrnnce, low-cost 3-D games." 
tek . is to prov ide a low-co ·t platform that al- -Dave Andrews and Dom Pancuccl 
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3.11 by Ziff-Davis Labs 

Tests Remote Windows"' Speed 

This graph shows thespeed of tire three leadingremote control 

programs wlre11 tra11sferri11g Wi11dowsscree11s. As you cnn see, 

Close-Up handles more pixels, faster, meani11gyou spe11d 

less time waiti11g for Wi11dows scree11s. 


Tire industry standard test, Wi118e11clr 3.11, is perfect for 
testi11g tire speedof remotes. It is a11 accurate 111eas11re of video 
througlrp11t. Video tlrrouglrp11t is tire limiti11g factor in remote 
operations, because remote programs must tra11smit Wi11dows 
video fimctions from one PC to tireother. 

New Remote S~ftware S~ts 
Windows Speed Record 

1,600, 

1,400, 

1,200, 

1.000, 

800, 

600, 

400, 

200, 

WinBench™ 

Communicate 
Faster & Easier 
Close-Up" lets you 
communicate faster & 
easier with five 
exciting tech
nology firsts. 

Close-Up is 
the only remote 
communica
tions software 
that won both 
PC Magazine's coveted 
"Editors Choice" and PC 
World's "Best Buy" 
awards. 
has a new faster & easier 
version that allows you 
to view and control 
another PC by modem 
as if you were there! 

Why Is Gose-Up So Fast? 
Close-Up learns as it works. It uses AI 
(Artificial Intelligence) to compress all 
Windows video function calls. That's why 
Close-Up does so well in Windows 

Benchmark tests (seeTechnology Firsts WinBench 3.11 chart). 
1. AI Video Compression Close-Up uses its 
2. Photographic Memory revolutionary Photo
3. Non-Intrusive Technology graphic Memory"' so 
4. Expert System that once Close-Up 
~5. V.idieo Tirans!.ation__~____________ has seen all or part of 

Now Close-Up 

Wi11Bench scores 
(awrageofJOnms): 
C~Up 1,613,118 
1KA11y-.vl1erE 194J)93 
CammCgpy168,397 

a Windows screen, it's memorized. Then 
as screens change, Close-Up only transmits 
new unmemorized data. Incredibly, with 
this technology Close-Up gets faster & 
faster the longer you use it. 

What Remote Companies 
Haven't Told You 
Other remote programs permanently slow 
Windows and usually reduce your video 
resolution and depth of color, even when 
they are not in memory. That's because 
they permanently change your system.ini 
file. Close-Up's breakthrough Non
Intrusive Technology does not modify any 
of your sensitive Windows files including 
the system.ini. Gose-Up is the only remote 
that when not in use, allows Windows and 
your PC to run at normal optimal levels. 

~ert System Makes 
Communications Easy 
You don't have to be a communications 
expert to get the results of one. Close-Up 
has an Expert System that automatically 
analyzes system components and config
ures your system for optimal speed. 

Video Translation 
With Close-Up, dissimilar PCs can easily 
connect, because Close-Up senses the 
video capabilities of both PCs and 
automatically displays Windows 
in a video mode compatible 
with both sides. ~X~~ 

Risk-Free Offer! ~ 
Try Close-Up. If you're ~..f.E[ :<f
not absolutely convinced that NO 

Close-Up 5.0 is the fastest remote 
program, we'll give you your money back!* 

tt1 

Order Close-Up Host & Remote, a 
complete system, for only $199.95 

Upgrade your current or competitive 
remote program to new Close-Up 5.0. Get 
both sides, Host & Remote, for only $69.95 

Order Today 805-964-6767 

Norton-Lambert· 

We invitr yco Ill r<producr this test. We u,..f two idenlical Gatrwiy 10X2.(i6\l's with 61>-MHz Intel 186DX2-66 a>Ui, 16 MB Wt 256KB RAM ache, 310 MB HD, IDE cnn!rOIJer, no h.udwttt disk ache. Vidoo: Local 


lfus ATI Ultra Prowith2MB VRAM,610by480 piuls.16rolon, VGADRV dli.<13/10/CJ'l. Monitor72Hz. M>OC65.0,SMAR'IDRV 2MBache. Modems: two 11,400boud VJ2bio. 

Test perfonned without mification by Ziff. All products.,. shipping vmions. Winller<h tndemuk of Ziff Communications Co. IV"mdows tndemuk of Mkro5olt Corp. 


'60 dly money-bad guarant.e if ptudwed dittct!y &om Nortnn-1.amherl Offu expitts 6/'!IJ/9l.. All prices in US Dollars. Prices exclude shipping. 
e 19'>1 Nor1Dn-Wnbcrt Corp., P.O. Box 1(1!5, Sonta Bubira, CA 93140 USA Plmne (805) 91MJ767 Fax (805) ~79 
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The PowerPC"' 
is coming soon to a 

Buckle up and 

hang on tight. 

Personal computers 

based on 

Power PC 

micropro-

Motorola are 


And when 


they arrive, 


they're going to be the fastest, 


most powerful personal 


computers you've ever seen. 


Computers based on PowerPC 

microprocessors will 

run circles around 

machines based on 

the Intel486" 

DX2 micro

processor. 

They'll whip 

those based on 

the Pentium· 

microprocessor, 

too, especially in 

crucial floating 

point performance. And they'll 

cost no more than today's PCs. 

Right out of the gate, computers 

based on Power PC microprocessors 

will be able to run the most popular 

software opera ting systems, including 

Aix; Macintosh" System 7, MS-oos;· 

Novell NetWare 4, OS/2~ the 

PowerOpen· Environment, Solaris• 

and Windows NT: 

You'll be able to choose application 

software from leading vendors like 

Adobe; Aldus; Autodesk~ Banyan: 

Claris; Frame; Informix~ Ingres; 

...., 

.... ......... - rio.~ Poirit· sr:tC111t2 
- 1...r· SPEC..m 

P-9C ~~'llDCI 
~cm.: ""Pft.IO:ll\ 

M 4 ~ M ~ 1 ~ l~ 

Com1tutns /1t1t«rtd by Motorola's Pou¥rPC mirropro<tssors 

u·ill run ti t'W grnn'Olicn sc{lwou a grrot tltal fas trr 


tha n computm pcrwtTed by lrrtrl's Prntium mirrvproasscrs . 


PowerPC microprocessors. Changing 

Y..a8'1Uim5"""1~t1CrtS•1~11XtJtn:SSl((lOIUtll*ftyi»taOlrit f{IJlt ~rJh~~HtM36DX21ftCOOlaceMOll~~D!r.I Cll~MoD'Oll.~ McCt'l<""~N ¥t1f9:"A!j'ell~1Jrrt..Ud t.•DU.lrc. ~ 
1rmro11' ctlt.! Co?or*"' Mx:lrtlll!flc:ia1lQ$D'"allra:lll"".-ttJ~CorQMr.trlt.Uo.l5G/'IMldMS-DOS"''~t:Jna.t:MUW11W.rc:t11JG P/I a 1 ~1'Uictmol\CQ!fl0:1x:n '111Mmnlf'1rwn•rll'~ntllttl'i:s a NQCSttrllltl~ cilll:el 



•microprocessor 
computer near you. 

Microsoft, Oracle; 

Sybase; Symantec· and 

WordPerfect~ And with 

the superior floating 

point performance of 

computers based on 

PowerPC micropro

cessors, you'll run that 

software faster and 
Choose tht 

op<rntingsysttm 

tliat mrrrsyour 


11ud5. TI1rrr i•·ill be 
 more efficiently than 
co m1111tus bast"d 

0 11 Pow~rPC 
micro1,rocessors will those based onto nm ll:t'lnall . 

Intel" microprocessors. 

Also, you can expect the performance 

advantage of computers based on 

PowerPC microprocessors to increase 

.. ..... 
"Tlte PowerPC microprocessor changes tlte rules 
of litegame. Historically, graphics applications 

have doue as much as possible in integer arithmclic 
because previous processors have /tad better 

performance there. What we're seei11g witlt tlte 
Power PC is a move to floating point for our graphics 

1111p/ic11tio11s and getti11g /Jetter performance." 

- Jerry Barber, 
Chief Technica l Offic-er, AJdus Corporation 

..... ..... 
over time. Because while the Pentium 

microprocessor is bumping the limits 

of its 15-year-old architecture, the 

streamlined PowerPC Architecture· 

Power PC 603 .. microprocessor . 

Now we can't tell you exactly 

when the new computers based on 

PowerPC microprocessors will be 

available, but your computer com

pany probably can. So call them. 

Or for a copy of our latest PowerPC 

Microprocessor Update, call 

is just getting started. 1-800-845-MOTO. 

As 1994 unfolds, you'll see Power PC micro-

new workstations and desk- processors from 

top computers based on the Motorola. The 

Power PC 601" microprocessor as fas test computers you can buy 

well as notebooks and low-cost are fast approaching. 

desktop computers based on the 
@MOTOROLA 

the course of computing. For the better. 

..sanot'V'<JhP__,Cotr.Al.SQCilt:in ~PC l'ltPtw.f'CJOQG l'tl'!Ot:lf'CArthl«lllt,PoMrPC 601 .n:1Po..f'Cro3nnl11"nM' s~Allat1:11Qc:m~~ Cll lBM ~rd•e~t,U;jO'(!~ul'Clfl ~11.,.,IBMCorp:ribO'\ ~ 15~1~~ 
Cuv.rTAI SoilrGOl~t.:J~rJSitlM~Corr!Wl'C«p:rnkW'I Noro"dl...CtM'IOt~tl~lllhOll:l'.lrt1QI~ tric: JJlb<'Jt\1trp:Q)Jcl~~~l!~lllrtt>:ttf~Cfn!r;m1'!tJOsr_.rbdl'W~t'cb!r1. 4.llrrja~ 
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News&Views 

NEW TECHNOLOGY 

Liquid-Cooled PCs: The Next 

Hot Thing? 

W ith chips like the Pe n
tium and DEC' s A lpha, the 
power of the mainframe has in
deed arrived o n th e desktop, 
but you probably didn ' t expect 
the mainframe ' s cool ing sys
tem to come along for the ride. 
However, that ' s exactl y what 
a New Hampsh ire company is 
working on: liquid-cooling sys
tems for desktop PCs and even 
laptops and notebooks. Unli ke 
the fans c urrently used to cool 
desktop PCs. the liquid-cool 
ing syste m doesn ' t draw any 
power and can have a lower 
profile than a metal heat sink. 

The li quid-coo ling system 
developed by Aavid Engineer
ing (Laconia, NH) works much 
li ke an ai r conditi oner or a re
frigerator and use a refriger
ant fluid called Fluorinert. Un
1 i ke Dolch"s liquid -cooling 
technique, Aav id does not u e 
a heat si nk . Aavid ' s system 
cons is ts of a n evapora to r, 
which si ts on top of the mi cro
processor, and a co ndenser, 
which can be as sma ll as 6 by 
3 inc hes . The ent ire system 
weighs about 75 grams. The 
fluid in the evaporator draws 
the heat from the microproces
sor and flows to the condenser, 
where the heat is dissipated. 

According to Gary Kuzmin , 
Aavid's digital product direc-

Liquid 
supply 

High-powered 
chip 

tor, the first application of the 
liquid-cooli ng system wil l be 
in desktop machines, because 
it will be easy to incorporate 
the system into ex isting form 
factors. Laptop and notebook 
computers wou ld have to be re
designed to accommodate the 
cooling system, particu larly the 
condenser. Kuzmin says that 
the condenser can be built into 
the back of a laptop' s display. 

Not all CPUs require thi s 
much cooling, however. The 
Powe rPC 603 , due thi s year. 

DOLCH ANNOUNCES LIQUID -COOLED PENTIUM PORTABLE 

Dolch Computer Systems' (Milpitas, CAI PAC-586, a 
Pentium-based portable, uses a liquid-cooling tech· 
nique to eliminate the need for large cooling fans 
and big heat sinks. Dolch's liquid-cooling technique, 
which the company uses in its Mach portable com
puters, uses a combination of a fluorocarbon gel 
and a heat sink, according to Steve Fritz, spokesman 
for the company. As the Pentium chip gets hot, heat 
is conducted through the gel to a heat sink that 
transfers the heat throughout the metal skin of the 
portable's inner chassis. The PAC-586, which starts 

at about $6000, is designed for people who need a highly expandable, lug
gable PC. -0. A. 

wi ll likely offer Pentium per
fom1ance while drawing just I 
to 1.5 W, compared to the 66
M Hz Pentium 's 16-W power 
consumption. 

Aavid's goa l is to produce 

Aavid's liquid-i:ooling 
scheme uses Fluorinert, a 
material that has a boiling 
point of about so·c. Once the 
Fluorinert reaches its boiling 
point, it forces open a valve 
that leads to the condenser. 
There, the vapor is cooled 
and returned to the 
evaporator unit. 

cooling units priced at around 
$20 in high-volume quantities. 
Look for computers using the 
liquid-cooling system to appear 
in the second quarter. 

-Nicholas Baran 

Superservers Everywhere 

C ompanies like ALR, AST. Compaq, and De ll , a long with 
IBM , NetFrame, Sequent, and Tricord, are a ll selling super
servers, machines that often differ widely in terms of supported 
opera1ing systems and max imum number of CPUs. What about 
Cray Research? A company known better for ilS supercomputers 
than for scalable servers is actua ll y the company that holds the 
trademark on the name srtperse111er. Yet it wasn' t until last fall that 
Cray's subsidi ary, Cray Research Superservers ( Beaverton. OR), 
released a SPARC-based superserver called the CS6400 that will 
compete with its superserver riva ls in commercial markets. 

Christopher Willard, manager of hi gh-performance technolo
g ies at LDC in Mounta in View, Ca li fornia , says that " this system 
wi ll compete in two areas. One is for technical computers with 
RISC processors that can run the same software you can run on 
the desktop. That market includes IBM, Digi tal, Silicon Graph
ics, and HP. The other market is the Unix database market. which 
includes, on the commercial side, Sequent, Pyramid, and others." 
The new system can have up to 64 CPUs and will be priced start
ing at $335,000. -Anne Fischer lent 
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I Four Pounds of Colorful Computing. 

I 




FEATHERWEIGHT AND FULL FORCE. 

Frequent flyers and life-on -the-road types take note: New lightweight 486SX 

notebooks from AMBRA"' combine 25 MHz speed with first-class computing 

capabilities 

including color-

yet tip the scales 

at a mere 

four 

pounds! 

DAUNTLESS POWER 

BEYOND OFFICE DOORS. 

W ith new high-speed, high-performance AMBRA 

notebooks, no application is too demanding. 

You have the power to do it all! At 6.6 pounds, 

these machines are as trim as they are fast 

33 or 50 MHz. B esides 486SX or DX2 

p rocessing c lout , they 

come with a full a rray of 

desktop-level features . and 

high-volume hard disk 

capacity. 

.. .Comfortable keyboard9, I I ~"':"i~· ~ , 

Some notebook keyboards feel cramped 
and shallow . with pointing devices that 
are unwieldy or easily lost. Not ours . 
Here ' s why : 

• 86 keys . including 12 function keys 
• Standard keyspacing 
• 3mm key travel (strike depth) 
•Integrated 16mm trackball 

AMBRA 

~····· ....{; I mono 

·~otcolor 


From clean-edged 

-.:..o1•+"1J...:""• images t~ easy 
cursor tracking , 

AMBRA lightweight 
notebooks' STN 
color and mono 
screens are the 
picture of price/ 
performance. Our 
larger notebooks' 
STN color screens 
offer the added 
benefits of extra
generous viewing 
area and dual-scan 
technology. 

PC Computing calls 
active matrix color 
"beautiful to behold."1 

One glance at the 
uniformly brilliant, 

fast-refresh , I 
glare-free • L • 
screen of our 
premium notebook, 
and you're sure ,. 
to agree! 



Fax figures 

to far.away 

colleagues! 

Tie into 

an onsite 

network! 

Download 

data from 

your host's 
host! 

When you __ 

return, 

be instantly 

at home! 

' 

,, SMAll OPTIONS. 

016 OPPORTUNITIES

0 EVERYWHERE YOU 60. 
AMBRA mobile systems 

make room for your pick of 

credit-card-size PCMCIA 

options, providing 

everything from fax/modem0 
function to on-the-spot 

mainframe connectivity!-
• 9.6 kbps fax/modem 

• 14.4 kbps fax/modem 

•Token-Ring adapter 

• Ethernet adapter (1 OBaseT) 

• 3270 adapter 

"ROAD WARRIOR" OPTION BUNDLE: $386 

For SN-Series: Includes PCMCIA 2.419.6 kbps fax/ 
modem, extra battery, battery charger. canying case 

"TRAVELER"OPTION BUNDLE: $288 

For N-Series: Includes PCMCIA 2.4/9.6 kbps 
fax/modem and extra battery 

r------ - -----, 
I I 

I "INSTANT OFFICE" I 
I 

I OPTION BUNDLE: 

$927 
I 

T OACK AT YOUR DESK: CONVENIENT 00[KIN6.: For N-Series: 

: Includes docking station. 

With an optional docking station . your AMBRA mobile system
: 15" FST color monitor, 
I can be instantly plugged into extra storage . extra peripherals . 

full-size keyboard 1 networks and resources throughout your company! 

I " QUICK DOCK" 

I 


I OPTION BUNDLE: 
 • N - Series • SN- Series • SN-Series 
I 

Docking S t ation Docking Station Port Replicator
I 5417 
I 4 ISA slo ts (2 VESA on local bus} 2 ISA slots 2 serial ports 
: For SN-Sefies: 2 drive bays (5.25" and 3.5") 2 serial ports 1 parallel port 

2 internal speakers 1 parallel port 1 video port: Includes port replicator, 
2 serial ports 1 video port 1 keyboard port 

: 14" UVGA color monitor, 1 parallel port 1 keyboard port $89 
I 1 video port
1 full-size keyboard $249 
I I 1 keyboard port 
L_ - - - _.J $499 



TN-Series 

N450T 
• 486DX2, 50 MHz 
• 8MB RAM, max: 12MB 
• 3.5' 1.44MB diskette drive 
• 200MB hard disk 
• 9.5' TFT active matrix color screen 
• 1 PCMCIA slot, Type Ill 
• Integrated 16mm trackball 
• MS-DOS~ Windows'" 3.1 
• Carrying case 
• 6.6 lbs, including battery 

$3,999 

N450C 
• 486DX2, 50 MHz 
• 4MB RAM, max: 12MB 
• 3.5 ' 1.44MB diskette drive 
• 200MB hard disk 
• 9.5' STN dual-scan color screen 
• 1 PCMCIA slot, Type Ill 
• Integrated 16mm trackball 
• MS-DOS, Windows 3.1 
• Carrying case 
• 6.6 lbs, including battery 

$2,699 

N433C 
• 486SX, 33 MHz 
• 4MB RAM, max: 12MB 
• 3.5" 1.44MB diskette drive 
• 120MB hard disk 
• 9 .5" STN dual-scan color screen 
• 1 PCMCIA slot, Type Ill 
• Integrated 16mm trackball 
• MS-DOS, Windows 3.1 
• Carrying case 
• 6.6 lbs, including battery 

$2,299 

LIGHTWEIGHT 
NOTEBOOKS 

T SN-Series 

SN425C 
• 486SX, 25 MHz, SL-Enhanced 
• 4MB RAM, max: 20MB 
• 1 ?0MB removable hard disk 
• 7 .8" STN color screen 
• 1 PCMCIA slot, Type II 
•Integrated 16mm trackball 
• Suspend/Resume 
• MS-DOS, Windows 3.1 
• Slip case 
• 4 lbs. including battery 

$1,899 
(With external 3.5" 

1.44MB diskette drive, add $99.) flRM CONflOfNCL 
AM BRA covers every mobile 

SN425 
system with a 30-day money

• 486SX, 25 MHz, SL-Enhanced 

• 4MB RAM, max: 20MB back guarantee and a one-year 
• BOMB removable hard disk 

limited warranty. For just $99.• 8.2' monochrome LCD 

• 1 PCMCIA slot, Type II an optional Executive warranty is 
• Integrated 16mm trackball 

available~ With either warranty. • Suspend/Resume 

• MS-DOS, Windows 3.1 
you can rely on toll-free technical

• Slip case 
• 4 lbs. including battery support around the clock ! 

$1,399 
(With 170MB hard drive, add $150. 

With external 3.5" 1.44MB diskette drive, 

add$99.) 

m 
FULL C:C>NVENIENC:E. 

To place an order or get more information, just call 
weekdays 8 am to 11 pm , weekends 10 am to 
7 pm (ET). We accept Visa~ MasterCard~ 
Discover®and American Express® - and purchase AM RA 
orders from qualifying businesses . Pick up the B 
phone today! 

In Canada~ call 1-800-363-0066, Ext. 5739 

1-000-239-5739 

-1Ron WMe. 1n Seartll of U.. Ullma1e Nolelloo - PC Con¥Ulnfl. July 1993. ' Please call lor details IOQilldilg AMBRA's rooney-bacl< guaran:ee, llmr.lld wairanlyard Eual1ive warranty Re!um shlpplng and ilsurance c!lalges al! U.. l?SIJ(lnSibllJy 

al Ille CUSlOl!l!r. 3Offerings rray diff<f in C3nada 
C l9'J4 AIABRA Computer Corpoialion. MISRA is a lra<i!rnalk ol ICPI lld. and used undet llCUISe therefrom. The AIABRA kl90 and loOOlype are ua<lemarM of AMB'lA Compule! Corporation Intel Is a reoiswed lradem!rk of Intel Corporation. 

MS-DOS Is a registesed tradimar1< and W'mdows Is a lr.demalk ol Microsoft Corporation. All other orOdl.CI names are trademalks or reg~tesed uadesnarks of theu respect"" suppliers Oflerlflll', p1rces and orodl.Cls are StJbject 10 change without p1 ror 
nollce. Prices do nol include shipping 

http:orOdl.CI
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The HP lOOLX palmtop PC keeps 
you in touch wherever you go. 
Itpacks cutting-edge computing and 
communications features. All wrapped 
up in a sleek 11-ounce package. Includ
ing one-key access to: 
~ cc:Mail" Mobile, the market-
m==l Ieading e-mail software. 
Today's new card modems fit neatly 
into our PCMCIA 2.0 slot, connecting 
you to your corporate or office systems. 
1:=1 Take your office with you. 
l!!!!J Built-in MS DOS" 5.0 means 
you can run optional PC software. 
With the new 2-MB memory,you can 
add even larger applications, such as 
Quicken and ACT!. 

Use the built-in applications to create 
custom databases. And sort through a 
list ofcustomer billing profiles or your 

_ favorite restaurants. 
~ Keep running numbers on 
IMl£il the run. One touch brings up 
Lotus" 1-2-3~ Rel.2.4. You're in spread
sheetheaven! 
The features keep coming. Like our 
appointment book to keep you on top 
ofyour schedule, with week- and month
at-a-glance. Notetaker to capture ideas. 
Powerful analysis on the HP financial 
calculat01: Flexible phone book. 
All this and much, much more. Now for 
much less. The 1-MB HP lOOLX is just 
$549: The new 2-MB version only $749.' 

For more information and the name of 
your nearest HP lOOLX dealer, call us at 
1-800-443-1254, Dept 785.1Then hit the 
road armed with all the right answers. 

F//'09 HEWLETT® 
a!~ PACKARD 

•u.S. lln prict.11n Can1d1, l·ll»-311 °38&7. cc :Mail Mabll1 ls1 ttad1m1rkaf cc: 
Miil 1Wholtyowntd S11bs:id11ryof Lotus D.velo;Jment Corpot1tion. Mictmcrh and 
MS-DOS 111 U.S. r191su1ed uldem&1b af l.ticrosoh Corpor1tion. Lotus ud 1-2-3 
1t1t U.S.,1~rdtra:!tmarboflotu1D1¥dopmtTr.CorpotROn. 
Cl~H~·P1cUrd~rty PGl?J»A 



'P~i 

Doc-To-Help 
by WexTech Systems 
TI1e world's best documentation and help
authoring tool j ust got better, and now 
supports all Windows 3 .1 features . New 
features of version 1.5 Include an lnterac
Uve help window editor. an Interactive help 
macro editor. support for segmented 
hypergraphlcs and the ablllty to Import 
existing help source Illes and convert them 
Into documentation. 

List: $295 Ours: $236 FAXutera #: 1000· 1901 

WindowsMAKER ~~ 
Professional 5.0 ~~ 
by Blue Sky Software ~04", 
Next generation of the mos t power ful 
C/C++ Code Generator and Prototy per for 
Windows 3. 1. NT & Win32s . The fastest 
way to create full -featu red Windows apps. 
This product stands out, does every
thing-even a toolbar can be created with 

1 cllckl Test run your design. make changes interactively. gen 
~rate code for multiple platforms-ANS) C. MFC . OWL, etc .: 
wtdest complier support In Industry. TrueCode technology
user code is 100% preserved. Highly recommended! 

List: $ 1096 Ours: $875 FAXutero # : 2602-0003 

c-tree Plus~ 


byFairCom 

DOS • WINDOWS • NT • UNIX • OS2 • SUN 
• RS6000 • HP9000 • MAC • QNX • 
BANYAN • SCO. This welJ known . highly 
portable data management package has 
become estab1lshed as the tool of choice for FAIRCOM• 
commercial development. OITertng u nprece- s1noe 1919 

dented data control. programmers may 
choose from direct low level access. ISAM level convenience. or 
SQL access with the FalrCom Server. Single User. MultJUser. or 
Client/Server. ANSI Standard. 

List: $595 Ours: $505 FAXuura #: 1381-0008 
Call Programmer's Paradise• Italia for special pricing in Europe. 

Network C Library h.~ 
by Au tomation Software ~~o:~: Consultants, lnc. :i.o, I\> 

,~, 
The most comprehensive library availab le 

, , , , ,, ", for NetWare software development. s upport
,, ing a ll versions of advanced NelWare. Over 

450 C funcUons. Include any fea tures from ,, ,, 
ASCJ the NetWa re command line uU l!lles a nd 

' · menu ullliUes In your C or BASIC programs 
for Windows or DOS. No licensing hassles. 

C library source code available. 

List: $395 Ours: $355 FAXutero. #: 1004-9201 

TNT DOS-Extender 6.0 
by Pbar Lap Softwar-e ,_.. j!!liJJi1 
GET NT power undeF 32-blt DOSI 
Microsoft Visual C++ 32· blt Edition and 
Pbar Lap TNT now brings Windows NT '1''.. 'fJ' 

power to DOSI Phar Lap's new TNT DOS. I: 
Extender lets you break the 640K DOS ' I 

I;i )\·'.·\I' :, '\!)·\· 
. 1... 1·11 .. · .barrier. build multl-megabyte DOS appli


cations and take advantage of powerful 

NT features. Including threads. DLLs and multitasking! 


Uat: $495 Ours: $420 FAXceurn t : 1490-0009 

CA-Clipper 5.2 and 
CA-Clipper/Exospace 
by Computer Associates 
Buy CA-Clipper 5.2 or the Cornpet!Uve 
Upgrade, the premier A'ppllcatlon 
Development System. and take advantage of 
CA·Cllpper[Elxospace, which Includes virtu 
al memory manager and allows you to run 
CA-Clipper Applications In protected mode. 

CA-Clipper Comp. Upg.: List: $199 Ours: $149' 

CA-Cllpper/Emspace: List: $ 99 Ours: $ 85 

FAXu1m1 I: 1004-0017 

"While supplies lalt. 


Symantec C++ 

I Professional 6.0 


by Symantec 

Reach new levels of progra m m ing 
power with Symantec C+ + fo r 

Bl Windows , DOS. and Wln32 s . 
Breakthrough new [DOE revolution 

izes the way you work. Includes opUmizations and too ls . 
OPTUnk linker and Blue Sky Visual tools, with MFC 2.0 a nd 
Wln32s, and 8000 pages of documentation. 

Competitive Upgrade for Borland or Microsoft custom.era $189. 

List: $499 Ours: $299 
Comp. Upgrade: List: $199 Ours: $189 
J.l'AXu ttra I: 2132-0038 



IntegrAda for Windows 
by Aetech Inc. 
A complete Ada Programmtng Support 
En\llronment (APSEJ for Windows. adding 
a language sens!Uve editor. automatic code 
generation & error checking: Interactive 
error correction: pop-up menus to com
pletely customize the environment to the 
standard Wlndow11 features. Allows you to 
quicldy code. correct, compile. and link 

your Windows programs ustng Ada. Includes environmen t. 

libraries, validated Ada compiler. Ada Windows Libraries. 

Header Files. Resource and Help compilers. and Microsoft 

Unker. (ACVC 1.11 validation -pending) No Runtime Royalties! 


List: $995 Ours: $895 FAXcmm #: 2358-0003 

WATCOM VX•RExx 
by WATCOM Int'l Corp. 
WATCOM VX•RExx Js an easy to use visual 
development environment fo.r creating 
appllcatlons that leverage the capabilities of 
0$/2 2.x and exploit the Presentation 
Manager graphical user tnterfil.ce. VX•RE.xx 
combines a project management facility. 
visual designer and an Interactive source-
level debugger to deliver a very approachable and highly pro
ducttve visual development environment. 

List: $199 Ours: $99° FAXcetera #: 1683-0016 
•Prfafng uaHd while supplies last. 

MetaWare High C/C++ 
by MetaWare, Inc. 
NEW :REI;EASEI High C/ C++ version 3. 1. 
MetaWare's 32-blt compiler Is shipping. 
Includes a 32-blt source-level debugger. 
and a..32-blt Application Developer's 
Kit for Windows. The "Incremental 
Slrengths" feature enables gradual 

migration from C to C++ one block at a time. High C/C++ pro 
vides optional ANSI conformance. eight levels of global optimiza
tion and a full Implementation o( C++ templates. 

List: $795 Ours: $669 FAXcetera #: 1590-0008 

Ci rcle 1.15 on Inquiry Card. 

Integra VDB ~ 

Coromandel Industries, Inc. INTEGRA voo· ·---- 
lntegra VDB Is a Visual database builder 
for use by Visual C++. Visual Basic. and 
Borland C++ developers In building 
ODBC compliant Windows database 
solutions easily. quickly. and often w.Jth 
virtually no code. It consists of database 
custom controls. functions and classes 
that are seamlessly Integrated wit h 
these tools, a vtsuaJ query bullder. a vtsual data manager, and 
an ODBC compliant SQL engine based on ANSI 92 standard. 

List: $499 Ours: $449 FAXutera #: 3004-0003 

RoboHEL~ 2.0 
by Blue Sky Software 
RoboHELP 2 .0 , the premier Help 
Authorlng Tool for Windows & Wtndows 
NT. offers full document to help system 
conversion and vice versa. Tums Microsoft 
Word for Wtndows Into a fully functional 
hypertext authoring system capable of 
producing Windows Help files as easily as 
It does plain text. Just nu In the actual help text when prompt
ed. RoboHELP takes care of generating the RTF. HPJ and 
H files. Link tester allows you to s imula te your design before 
you compile. f'ul l support of all features tn Windows 3.1 Help 
Engine, such as macros . secondary windows. and multiple 
hotspot graphics. 

List: $495 Ours: $439 FAXcttera #: 2602-0005 

WATCOM™ C/C++32 v9.5 
by 'WATCOM 
C/C++32 Is a profess ional. multl 
platfom1 C and C++ development 
system supporting 32-blt e.xtended 
DOS. OS/2 2 .x. Windows 3 .x. 
Windows NT. Wln32s , and AutoCAD 
ADS/ ADI. The complete toolset 
Includes: C and C++ optlmlzlng 
compilers. royalty-free DOS exten
der with VMM support. licensed components from the MS 
Wtndows 3 .x SDK. Interactive source-level debugger, linker , 
pronler. Supervisor for executing 32-bU applications and DLLs 
under Windows 3.x. 32-blt run-time libraries for extended DOS. 
OS/2 2.x. Windows 3.x and Windows NT. and more. 

$599 Ours: $349 FAXcetua #: 1683-0003 

http:VX�RE.xx
http:tnterfil.ce
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DEVELOPERS ANNOUNCE 
POWERPC MAC APPLICATIONS 

Apple has distributed kits for developers 
who want to write applications for System 
7 on the Powerf'C. Numerous developers
both small and large-are announcing sup· 
port for the Mac PowerPC platfonn. Apple's 
PowerPC Macs will run the many current 
Mac applications, but native applications 
will feature exceptional performance, ac· 
cording to developers. For example, Fractal 
Design says its earty version of Painter, when 
running native on a PowerPC, showed speed 
improvements of two to four times versus 
the Windows version of Painter running on a 
Pentium. 

The following companies are developing native Mac applications for the Powerf'C. 
Information was obtained from company announcements or independent sources. 

ACI US 4th Dimension, 4D Server 

Adobe Systems Adobe Photoshop and 
other programs 

Aldus PageMaker, Persuasion, FreeHand, 
Digital Darkroom. Fetch. and others 

Artwork Systems (Belgium) Vectorization 
and Postscript editing applications for 
high-end labeling and packaging 
applications 

Apple says that it will release its first Mac 
PowerPCs in the first half of this year, and 
sources say the first systems could ship as 
ear1y as March 14. System 7 for the Power
PC is now undergoing final testing.-D. A. 

Canto Software Cumulus image database 

Claris ClarisWorks and other applications 

Deneba Canvas precision-drawing program 

Fractal Design Fractal Design Painter, 
Fractal Design PainterX2, and other 
applications 

Frame Technology FrameMaker for 
Macintosh 

Graphisoft Software Development ArchiCAD 
architectural building modeler 

Great Plains Dynamics 2.0 and Dynamics 
C/ S+ accounting software 

HSC Software Kai's Power Tools image. 
editing application 

Insignia Solutions SoftWindows for the Mac 
with PowerPC 

ltedo Software (Cennany) lsoDraw 2-D 
graphics 

Metrowerks (Canada) Compilers 

Microsoft Exce l, Word, Works, Ma il , 
Project, Schedule+ . and PowerPoint 

Specular International lnfini-D, BackBurner. 
and other applications 

Wolfram Research Mathematica 

WordPerfect WordPerfect, WordPerfect 
Works, and probably WordPerfect Office 

10 processing/ 
credit card 

13% 

Moblle 
office 

Wireless Data over the 
GSM Voice Channel 
M UNICH-For many users in Eu
rope, mobile wireless modem are sti ll 
a thing of the future. But an inventive 
German company called TLK Computer 
( Mun ich) has a modem that, in connec
tion wit h a digita l mobi le phone, is able 
to transmi t data across Europe over a net
work that is currently used for voice traf
fic, no matter what your location. TLK' s 
tran s mitt i ng sys te m wo rk s o ve r th e 
GSM-Network (Groupe Specia le Mo
bi le), which is a dig ital cellular mobile 
telecommunications service. 

Ini tially, the D-net, which is the GSM
Network's digi tal cellular network, was 
de igned for speech transmission only. 
Both te lecommunications compani es in 
Germany, Teleko m (i.e., German PTf) 
and Mannesmann, have stated that it is 
impossible to transmit data via the voice 
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channel of the D-net. But thanks to a pe
cial error-correction method and modu
lat ion scheme, TLK has achieved what 
those companies said couldn't be done. 

Due to TLK's modulation sc heme, to 
transmi t data over the D-cha nnel, you 
need a TLK GSM modem on both ends 
of the connection. But it make no dif
ference if the connection is es tablished 
between a GSM phone and a regular one. 
The modems will cost about $ 1600. 

Presently, the modems transmi t at ap
prox imate ly IOOO bps. Thi s is because 
they must share s lices of time with other 
users o n the D-ne t. TLK (+49 89 45 
85670; fax +49 89 44 86297) i inve li
gating vari ous compression techniq ues 
that it w ill u e in the next \ ersion of the 
mode m (due sometime this year). 

-Bernhard M. Bradatsch 

CELLULAR DATA MARKET SEGMENTATION 
The first CDPD cellular·data networks were slated to IJ&. 
gjn operating In select cities early this year, and CDPD cel
llllar carrien are cumntl)' negotiating agreements that wil 
let usen transparently roam from one area to another 
without dropping their connedlon. At press time, Mc· 
Caw Cellular Communications' new Airtlata CDP!> net· 
wod! was slated to begin operating in Las Vegas, whle Gn: 
Mobilnet planned to take CDPD commercial In San Fran
cisco and Houston In the second quarter. GTE forecasts 
that by the end of the year, CDPD will be available In 
about five dozen metropolitan areas in the U.S. 

Emerging Wireless-Data Market Segments 
Fixed location/ 
telemetryPersonal 

communications 5% 201 Transaction 

Corporate applications 
extension/access 

SOurco: l\lct.Jlughhn & Associates (Schaumburg, ILJ, 1993 
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POOR OLD MOUSE. 


Most of the time all mice are nice and fine for pointing around. But when it 

comes to inputting graphics or logos into any application or any CAO package, 

they are hopeless. They just can't- and so you can't. No way. 

Problem? Yes and no. It depends - you may shrug your shoulders and say 
 PROBLEM
"Well, I'II never do CAO and Ijust never want to input any sketches, logos, or 

photos into my computer anyway." Or - you feel that isn't good enough after SOLVED. 

all the money you have invested and all the nice things you know you could 

do today with your own graphics once they were in the computer. 


AR IST0 Coll(f/e----
North America: United Kingdom: Head Office: 

ARISTO Graphic Systems ARISTO UK LIMITED ARISTO Graphic SystemeGmbH &Co. KG. 

ADivision of KOH+NOOR Inc. ros House Schnockenburgollee 117 

100 North Street, P.O. Box 68, Terroce Rood South, Binfield 0 • 22525 Homburg 

Bloomsbury, NJ 08804 •0068 Bracknell RG 12 5BH (Germany) 
 ALL IN ONE. 
Tel: (800) 631 · 7646 Tel: (0344) 306 936 Tel: (040) 54 7 47-226 
Fax: (908) 479 - 1513 fox: (0344) 306 936 Fax: (040) 547 47-1 11 Mouse, Digitizer Tablet, Drawing Board 

Circle 172 on Inquiry Card (RESELLERS: 173). 
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SUPERCONDUCTIVITY 


You're Getting Warm if You're 

Thinking Cool 
 Typical HTS MCM 

You won' t be working at a 
cryogenic workstation this year 
or next. But before the tum of 
the century, you may be. Re 
cent advances in the fi e ld of 
cryoeleCLronics, which involves 
computing at ve ry low tem
peratures, mean scienti sts can 
now evaluate superconductiv 
ity at the relatively high tem
perature range of 77 K (i. e ., 
-356°F) to 135 K. Previous ex
periments in thi s area involved 
working at temperatures in the 
range of I 0 K to 15 K. or about 
-443°F. By the year 2000, sys
tem could be avai lable that use 
the foll o wing types of HTS 
{high-te mperature supercon
ducti ve) devices: semiconduc
tors; interconnections between 
processors, chips, and boards; 
DRAM chips; and even MCMs 
(multichip modules). 

The bene fits of these HTS 
systems include increases in 
speed (10 to 100 times) , re
ductions in power (90 percent 
or more) and reliability (due to 
their operati on with little re 
sistance). According to Joseph 
Warner, materials e lectronics 

engineer at the NASA Lewis 
Research Center (Cleve land , 
OH), a refrigerator the size of 
a Coca-Cola can that can cool 
these HTS components has al
ready been developed for the 
. pace effort . 

Sc ienti sts have produced 
successful experiment al (and 
so me proto typical ) HTS de 
vices for s ignal process ing , 
ADCs (AID converters), opti
cal sensors, logic, and memory. 
Also analog HTS arrays have 
been developed for microwave 
communications and telemetry 
applications. 

The U.S . gove rnm e nt ' s 
ARPA has a program to devel
op HTS dev ices. Among the 
20 parti cipating firms are Su 
percondu ctor Techno log ies, 
Inc. (Santa Barbara, CA), Con
ductus (Sunnyvale, CA), and 
E-Systems (Dall as. TX). Jo
seph M. Madden, manager of 
applicati o ns engineerin g for 
STJ, is one o f many who be
lieve that an HTS computing 
environment is a must. 

" HTS interconnects, for ex
ample," Madden says, " have 

Bottom edge of flip-chip-mounted CMOS die 

~----------------.........,... 

Dielectric-layer, :::::~~g;;~~=~r.:::~ground plane f 
Ground plane 

Power plane 

HTS substrate 

Courtesy Superconductor Technologies, Inc., San1a Barbara, CA 

In KTS MCMs, line widths In transmission li1es can be very narrow (I.e., 2 microns), 
allowing a higher packing density and improved signal transmission over conventional 
MCMs. Shown here ls the module that wires multiple chips together while providing 
their ground plane and power source. 

GEEK OF THE WEEK ON TAPE 


Ever listen to one of those 5-minute-long news 
pieces being broadcast on National Public Ra
dio's All Things Considered and wish they were 
doing an in-depth story on new technology? Well, 
your wishes are answered. 

Each week, Internet Talk Radio offers a 30
minute audio interview with a notable member of 
the Internet community under the tongue-in-cheek 
name of "Geek of the Week." You can download 
this file and play it at your worttstation. But Hyou 

don't want to download the 45 MB or so of data that is associated with 
each interview, O'Reilly & Associates sells cassette versions of the interview 
for $9.95 each. For more information on the radio program over the Inter
net, send mail to info@radio.com. For information on the tapes, call O'Reil
ly & Associates at 18001 998-9938 or (7071 829-0515 or send mail to 
audlo@ora.com. -D. A. 
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demonstrated the abili ty to pass 
s ig na ls with much g reater 
speed than normal metal inter
connects.' ' Madden says that 
tests perfom1ed at STI on a I 0
centi meter, 3-micron copper 
line and an HTS transmiss ion 
line showed that the HTS line 
can operate at least twice as 
fast as an identical copper line. 

Claude Hilbert , a member of 
the technica l staff a l Micro
e lectroni cs and Co mputer 
Technology (Au. tin , TX), be
lieves that the gap between mi
croprocessor and memory is 
where we need HTS technolo
gy . He is close to assembling 
and testing a second-genera
tion HTS hybrid memory (i.e., 
fas t RAM). The ultimate goal 
of hi s project is to c rea te a 
mo no lithi c hybrid chip-a 
chip with both HTS and semi
conductor devices- to be used 
in high-performance cryogenic 
workstations. 

As if it were no t to ug h 
enough to develop HTS chips, 
a number o f resea rche rs are 
working on an even more chal
lenging undertaki ng--creating 
an HTS MC M . A po pular 
packag ing techn o logy , a n 
MCM prov ides shorter inte r
connections, high chip densi

ties, and improved IC system 
perfo rman ce. HTS MCM s 
would magnify these benefits. 

During the first quarter of 
1993, Conductus and STI sci
enti sts de monstra ted th at it 
is poss ible to produce a hybrid 
struc ture combining active 
semico nductor and HTS de 
vices on the same substrate. 
They believe that the succe.5sful 
integration of these disparate 
yet complementary technolo
gies paves the way for the de
ve lopment o f true semi con
ductive-superconductive hyb1id 
ICs capable of combining the 
best of both worlds. 

Althoug h the be nefit s of 
HTS are eagerl y awa ited by 
many, not everyone sees HTS 
devices as to morrow ' s tech
nology of choice. The technol
ogy has many challenges to 
o ve rco me . So me co mputer 
manufac turers are skeptical that 
success ful so luti o ns will be 
reac hed in a time ly enoug h 
manner to bring relief for some 
of the difficulties fac ing the in 
dustry. Others have decided to 
continue us ing conventi onal 
semiconductor devices because 
of their already outstanding ca
pabilities. 

-Janet J. Bam>n 

mailto:audlo@ora.com
mailto:info@radio.com


The Genesis of the Mac 

TOM THOMPSON 

I t seems like only ye terday when I 
bought my 128-KB Macintosh, earl y 

in 1984. Today , it 's hard to believe the 
Mac is I 0 years old. Insanely Grear by 
Steven Levy both describes and celebrates 
the Mac's birth. 

Levy's book does a good job in two ar
eas. First, it presents a brief hi story of the 
Mac 's tec hn ology roots. Much of what 
became the Mac evolved out of research 
by Doug Engelbart and Xerox PARC s 

The Life and Times of (Palo Alto Research Center) work on 
Macintosh,the Compnter GUis . Thi s work wa appli ed by Apple 

That Changed Everything engineers to the now-defunct Lisa com
puter. Much of what made the Li sa a good 

STEVEN LEVY machine in turn found its way into the 
Au t b a ,. u/ JIAC•EJlJ Mac. 

Second, Insanely Great chronicles the personalities of the design team and the 
pressure-cooker environment under which all such teams labor. You discover that 
the Mac ' s genesis was a tumultuous one. It started out as a skunk-works project 
by Jef Raskin to build a low-cost computer and was actually canceled several 
times. We get glimpses of the technical hardware wizardry of Burrell Smith , 
and of Andy Hertzfeld 's and Bill Atkinson's inspired software craftwork . Of 
course, the book also documents working for the mercurial Steve Jobs, who 
took the project over after winning the political infi ghting with Raskin . 

While Levy does a commendable job covering the people, he goes astray with 
the technology. Perhaps in targeting a general audience, some of the technical 
points he tries to make are mudd led at best. Some are downright wrong. 

For example, Levy dismisses NASA's space program because its" main ben
efi ts seem to have been Teflon , Tang, and a stack of very cool photographs." He 
credits ARPA funding wi th promoting the growth of soft.ware technologies that 
evolved into word processors, spreadsheets, and the like. The point he misses is 
that the space program required contractors to cram lots of e lectronics and ma
chinery into small spaces. These effort accelerated- by a decade or more
the fabrication techniques used to produce microelectronics. In tum. this sired mi
croprocessors, RAM, and hard dri ves much mail er than a washing machine. 
While ARPA funds might have spaw ned practi cal software, NASA funds ulti
mately created the hardware that runs thi s software, while fittin g it a ll on a desk
top and without req uiring a governme nt grant to own it. 

Sorry. Steven: The original LascrWri ter u ed a 68000 processor, not a 68020. 
In documenting the start of desktop publishing, he's correct that Aldus Page
Maker was the crucial software component. But his mention of the LaserWriter 
seems merely coincidental to desktop publishing, not crucial to it (w hich it was). 
And he fail s to mention the comribution of AppleTalk (now LocalTalk), a plug
and-play network that justified the purchase of the expensive LaserWriter for desk
top publishing because it allowed several people lo share it. (A serious omission. ) 

Insanely Grear makes for great reading and document<> the 
happenstance creation of one of the decade· s most in nova- INSANELY GREAT 
tive computers. However. marred as it is by technical in

Steven LeyY
accuracies, the book is only decent , not in sanely great.• Viking Press 

ISBN 0-670-85244-9 

To111 Tho111pso11. a senior technical editvr at large. speciali:es in S19.95 
Macimosh covemge. Yo11 can co111ac1 hi111 011 the lntem et or BIX at 
10111_tho111pso11 @bix. co111. 

PLANETARIUM IN ABOX 

REDSHIFT Maris Multimedia, Ltd., 

99 Monsell St., London E1 SAX, U.K., 

+44 71 488 1566; fax +44 71 702 OS34, S99 

T ime and again, I'm impressed with the 
ingenuity of programmers, especially 

when they' re given free reign with the huge 
amount of storage provided by a CD-ROM. 
Maris Multimedia has devised a CD-ROM 
(Mac and Windows versions are avai lable) 
that functions as a planetarium-cum- ky chart
cum-sky atlas-cum-dictionary. When Red
hift starts, it presents you with a realistic 

map of the night sky, keyed to the computer's 
clock and date. The program uses a catalog of 
250,000 stars to accurately reproduce each 
one ' s color and pos ition . In for mation on 
40,000 deep-sky objects is also prov ided. 

C li cking on a star gives yo u its SAO 
(S mithsoni an Astrophysical Observatory) 
number, proper name, Bayer name, Flam
steed name, right a cension , declination, and 
a host of other information. Clickjng on a 
button overlays the view with the constella
tions. An orbital mechanics engine positions 
the planets fo r anytime between 4000 B.C. 
and A.O . 1 1.000, usi ng data from the Jet 
Propulsion Laboratory. A menu choice gives 
you access to digitized photos of the planets, 
their moons, and interesting deep-sky objects 
(e.g., the Pleiades and the Orion nebula). Hy
pertext links in the photo gallery connect to 
entries in the Penguin Dictio11a ry ofAstron 
omy. A movie ga llery has footage of note
worthy events, such as when the Lunar Ex
cursion Module touched down on the moon. 

One neat feature is the program '.s ability 
to place you in the vicinity of any planet in the 
solar system. You can zoom in or out, hang 
out around a planet' s equatorial plane, or 
sweep up fo r a view over the polar regions. 
The 3-D planetary images are created from 
photo images returned by the Voyager space
craft. It 's awe-inspiring to watch Jupiter's 
Great Red Spot crawl across the planet, and 
abruptly one of the moons-lo-floats aero s 
the scene. Redshift is a technical achieve
ment, serving up impressive views of the sky 
with mnazing accuracy. Amateur astronomers 
will love thi s program. 

-Tom Tlto111pso11 
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/\?!<~ 7100 Northland Orcle, Suite 401 
• Mlnneapolls, MN 55428 

PAX (612} 531-0645 

mM 
1-800-879-7899 

Ever seen a grown pirate cry ? 
Just plug this in ... and watch 

MEMOPLUGTll 
The amazing Software protection system based on a 
hardware plug. Contains read-write programmable 
memory. This system is prnctical and easy to use for 
both programmer and end-user. Suppons various 
programming languages, operating systems and 
types of computers. ~ -U-PLUGTll 

The premiere protection plug for UNIX systems 

that connects the standard serial pon of computers 

and workstations. 


LANPLUGTll 
0 

Comprehensive network protection stans with ~ a single plug. The LANPlug lets you operate 
protected software from any workstation on the 1 
network, while supervising a number of ~ 
authorized imultaneous operation applications. ·~ 

CLOCKPLUGTll 
This unique Time-limited software protection system is 
based on a plug containing a real-time Glock. It allows 
users limited execution times for leasing and demon tration 
applications. 
A password system allows you to rewind the clock by telephone 

U.S. office: Tel! 1(800)677 1587 
Tei : (401i 682 1s81 Fax: (407> 869 1409 

South Africa: LionSoft Tel: 011 640 6002 
Holland: M.H.P !fcl : (31 )4"0612916 MICR OCOMP U TERS LIO 
France: C.T.I Tel: ( I ) 47 38 16 17 5 Hogonim, l'.O, Box 691 
Spain: Economic Data Tel: (34) I 442 28 00 1io; r. 1so22 1$RAEL 
Czcck Republic: PC Kompas Fax: (42 1 43 11 88 Tel : 971...S-516 111. F= 972-1·528613 

Currently looking for international distributors 

Books &CD-ROMs 


LEGAL ADVICE 
THE SOFTWARE DEVELOPER'S AND MARKETER'S LEGAL 
COMPANION: PROTECT YOUR sonwARE AND YOUR BUSINESS 
by Gene K. Landy Addison-Wesley, ISBN 0-201-62276-9, S34.9S (with diskl 

I f you 're in business, you must be aware of certain legal re
quirements. The Software Developer 's and Marketer's Legal 

Companion by Gene K. Landy is a step-by-step guide tlu·ough the 
most frequent ly encountered legaliti es. 

Landy translates some typica lly terse lega lese into simple, 
easily readable explanations. Each chapter covers a specific issue: 
copyrights, trade secre ts, noncompete 
agreements, software development agree
ments, shrink-wrap licenses, trademarks, 
and more. Landy even covers situations 
such as ens uring that a potential em
ployee leaves hi s or her previous em
ployer properly, so no one can raise is
sues about stealing company secrets. The 
last third of the book (and accompanying 
disk) contains templates for drafting your 
own lega l documents. 

Of course, Landy's book will not sup
plant your own legal adv iser. But it will 

provide you with suffic ient background to create your own first

drafl documents and lo be aware of the legal implications asso

ciated with your agreeme nts. 


- Raymond GA Core 

LAPTOP REPAIR 
MAINTAIN AND REPAIR YOUR NOTEBOOK, PALMTOP, OR PEN 
COMPUTER by Stephen J. Bigelow Windcrest/McGraw-Hill, 
ISBN 0-8306-4-455-5, $18.95 

R epairing small computers is not a task fo r the fai nthea11ed. 
The e lectronics arc highly integrated and tightly packed 

within the case. Expensive tools are often required to troubleshoot 
tile problem and perform the repair. Yet, you can easi ly diag

nose and fix many problems yourse lf 
with just a few common tools. 

Maintain and Repair Your No re
book. Palmrop, or Pen Comp11rer cov
ers both the hard and easy problems in 
a clear, methodical manner. With nerve 
and a we ll -stocked workshop, you can 
avo id ca lling fo r he lp in many cases. 
The author takes you as far as you want 
to go and doe n' t hesi tate to tell you 
when you should get professional help. 

What I found even more va luable 
than the repair tips, however, was the excel lent material on how 
components of smal I computers work-everything from batler
ies to storage devices lo mice. As a reference alone, this book is 
worth the $ 18.95 price. • 

-Michael Nadeau 
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"You asked for apowerful and affordable 
tool to develop client/server applications. That's 
why Ideveloped System Architect 3.0." ;~~~~;~~~;~~~~~:S. INC 
Developers and project teams looking 
for a CASE-based rool for client! 
server applicuion development will find 
the answer in System Architect"' 3.0. 
This latest version of the CASE 
price/performance leader includes 
the features of expensive tools for a 
fraction of the cost. 

System Architect 3.0. 
SA 3.0 simplifies the development of 
client/server applications by support
ing multiple methodologies including 
Information Engineering, Gane & 
Sarson, Yourdon, IOEF, OOA&D, 
SSADM IV, Shlaer/Mellor, and 
Ward & Mellor. It also features an 
imegrared data reposirory you can 
cusromize. And it runs under MS 
Windows"' or IBM's OS/2 PM."' 

Flexibility And 
Functionality. Choose Your Development sharing the SA Repository by locking diagram 

The ideal combination of flexibi lity and func Environment. and data dicrionaiy records. 

:::::l!J ti~nality has made SA the undisputed SA/PowerBuilder Link: Allows the 
Network Security: Allows Project Managers 

to uniquely identify and classify personnel with:::::~ pnce/performance leader. As the needs exchange of design information between SA 
appropriate levels ofauthorization.~~ of developers have changed, so has the and PowerBuilder for the development of 

Accm Control· Allows ream members toWINDOWS. scope ofSA's features and options: more robust client/server applications. 
check-out, dleck-in, or freeze encyclopediaSA Screen Painter: AJlows repository SA!SQL Windows Link: Works with 
objects wicl1 de6ned authorization. based development ofGU1 screens and menus Gupta's SQL Windows. 

or cl1aracter-based screens. 
SA Object-Oriented Version: Supports 

Booch '91 and Coad/Yourdon. 
SA Reverse Data Engineer: Reverse engi

neers SQL darabases, including SQL Server, 
SYBASE, DB2, lnformix, and Oracle. 

SA Schema Generator: Generates DDL 
and SQL triggers &om entity models for 
Oracle, Informix, Ingres, PROGRESS, 
Paradox, dBASE Ill, DB2, SQL Server, 
SYBASE, and other SQL and 4GLdatabases. 

SA Project Documentation Facility: 
Enables the aucomauc generation of 

deliverables 
with desk
rop publish 
ing qualiry 

Vinion Con1:1v!: Allows project encydope
dias, and their related files, to be saved and stored 
with appropriate version-identifying data. 
(Available in version 3.1) 

Call Us Today At 
800-REAL-CASE, X158. 

To fi nd out how ro qualify for your free 
30-day evaluation copy, call us today, or fux 
us ar 212-571-3436. 

R[QUI E V E~I S SYSTEMm. 
" Syium Archiuct 3.0 cover:s you/' developme111 liftcycle 

with 11 complete range ojftamrei 1111d op1io11s. ARCHITECTE.TM 
Popkin Software & Systems, Inc.,Put Yorn· Project Team In 

11 Park Place, New York, NY 10007 A Class Of Its Own. 
from SA 	 System Arcl1irect 3.0 makes your project tean1 England 44-926-88 11 86; Bendux 31-3406-65530; 

more productive wich a range of capabilities Germany 49-6 151 -82077; Iraly39-49-8700366;Encyclopedia. 
including: Switzerland 4 I -61-6922()66; Denmark 45-45-823200;• Pn;,u GUI 

Jcreensfro111 Network Vnrion:Allows multiple ream mem Auscralia 61·02-346499; Sw.den 46-8-626-8100;
dat11 i11 
repoiitory. 	 bers to work concurrently on a project while Ekcwhcre 1-212-571-3434 

C> 1994 Popkin Sof1w:uc &. Syncm1, Inc. The Syncm Arrl111 c-c1 loso is .;;1 1u.dC"m.ulrc of roplcin of1w.uc e.'. S)"Jtt'm.S , Inc. AU 01hrr hr.a11J :11nd prndun n;amn are 1n.dcm.ulu or rr-i;im:rc:d tndC"nnrlu of 1lidr IUJ>C'ClivC" holden . 
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M0 B I L E ~ENTIUM AND 
S Y S T E M S ~):; !°ECHNOL06YI

SN425C 
DP60/PCI• 486SX, 25 MHz, 

SL-Enhanced • Intel Pentium processor, 
60MHz• 4MB RAM 

• 170MB hard disk • 64-bit data path 
• 7.8" STN color screen • 8MB RAM 
• 1 PCMCIA slot, Type II ...... • 256KB processor cache 
• 86-key keyboard ,..... • 3.5" 1.44MB diskette drive 
• Integrated 16m~..1rl3ckball • 340MB hard disk 
• Suspend/ Res\)r1'1e 

• 4 ISA, 2 PCI, 
• MS-DOS" aEJ;·Windows'" 3:1 1 PCl/ISA slot 
• Slip caSJa.... 

• 6 drive bays
• 4 lb~,.iiicluding battery 

• PCI graphics accelerator, 
$.1·;S99 2MB DRAM 
.(Nlonoc/Jrome models available at 


./ $1,399. With external 3.5' 1.44MB 
 • 15" Flat Square color 
./ diskette drive, add $99.) monitor, LR , NI 

....··· • MS-DOS 6.0, Windows 3.1 
• MouseN450C 

• 486DX2, 50 MHz $2,889 
• 4MB RAM 
• 3.5" 1.44MB diskette drive DP60/PCI 
• 200MB hard disk D466BL D466DXA D466DXA • Intel Pentium processor, 
• 9.5" STN dual-scan 60MHz• 486 Blue Lightning;" • 486DX2, 66 MHz • 486DX2, 66 MHzcolor screen 

66MHz • 64-bit data path • 8MB RAM • 8MBRAM• 1 PCMCIA slot, Type 11 1 
• Upgradeable to Intel .. • 16MBRAM• 86-key keyboard • 128KB processor cache • 128KB processor cache 

Pentium'" technology • 256KB processor cache • Integrated 16mm trackball • 3.5" 1.44MB diskette drive • 3.5" 1.44MB diskette drive 
• 4MB RAM • 3.5" 1.44MB diskette drive • MS-DOS 6.0, Windows 3.1 • 440MB hard disk • 440MB hard disk 

• Carrying case • 256KB processor cache • 440MB hard disk • 5 ISAslots • 5 ISAslots
• 3.5' 1.44MB diskette drive • 6.6 lbs, Including battery • 4 ISA, 2 PCI, • 5 drive bays • 5 drive bays 
• 340MB hard disk 1 PCl/ISA slot $2,699 • Windows accelerator, • Windows accelerator, 
• Onboard SCSI • 6 drive bays 1 MB video memory 1MB video memory 
• 5 16-bit !SA slots • PCI graphics • 2X CD-ROM drive • 2X CD-ROM drive N450T (2 VESA on local bus) accelerator, 

• 15" Flat Square color • 486DX2. 50 MHz • 17" Flat Square • 2MBDRAM• 5 drive bays monitor. LR. NI color monitor, I• 8MB RAM • 2X CD-ROM drive • Windows accelerator, LR , NI• MS-DOS 6.0, Windows 3:1• 3.5" 1.44MB diskette drive 1 MB video memory • 17" Flat Square color• MS-DOS 6.0,• 200MB hard disk • Mouse monitor, LR , NI • 15' Flat Square color Windows3.1
• 9.5" TFT active matrix monitor, LR , NI $2,439 • MS-DOS 6.0, Windows 3.1 

A 
• Mousecolor screen 

• Network-ready • Mouse 
• 1 PCMCIA slot, Type Ill $2,769(Ethernet 10BaseT)
• 86-key keyboard $4,140 

• MS-DOS 6.0, Windows 3 :1
• Integrated 16mm trackball 

• Mouse • MS-DOS 6.0, Windows 3.1 
• Carrying case $1,908 ~ • 6.6 lbs, including battery (For Bx 6 

minJtower,
$3,999 add$75.) lii 
SLIMLINES 

S450DX 
• 486DX2, 50 MHz 
• 4MB RAM 

Free customization .• 128KB processor cache 
AMBRA custom-configures to your exact specs - with no extra service charge and no delay. • 3.5" 1.44MB diskette drive 

• 340MB hard disk F i rm confidence. 
• 3 !SA slots (2 VESA Each AMBRA comes with a 30-day money-back guarantee and a one-year limited warranty. 

on local bus) Optional IBM® one-year onsite warranty and Executive warranty (for mobile systems) also 
• 3 drive bays available~ With every warranty, you can rely on toll-free technical support around the clock. 
• Windows accelerator, 


1MB video memory Full convenience. 

• 14" SVGA color monitor, LR To place an order or get more information, just call - weekdays 8 am to 11 pm, 
• MS-DOS 6.0, Windows 3.1 weekends 1 Oam to 7 pm (ET) . We accept Visa~ MasterCard::' Discover® and 
• Mouse American Express® - as well as purchase orders from qualifying businesses. 

$1 ,699 Pick up the phone today! 
 AMBRA 
In Canada~ call 1-800-363-0066, Ext. 5740 

1 - 0 0 0 - 2 3 g - 5 7 4 0 

1 Please call for details regarding AMBRA's money-b<cic gtJa1anlee and limiled warranty. IBM onsile wairanly and Executive warranly.Return shipping and insurance charges are the rosponsibilily ol lhe custome<. Onsite service may not be availabll in 

rertain localions. 2Ollerings may ditter In Canada. 
© 1994 AMBRA Computer Corporation.AMBRA is atrademark ol ICPt Ltd. and used under license theretrom. The AMBRA logo and logotype are Uademarks of AMBRA Computer Corporation. IBMis aregistered lrademacl< and Blue lightning is a 

trademark ol lnternatlonar Business Machines Corporation.MS·OOS is aregistered trademark and Windows is a tradema1k ol Microsolt Corporation. Inlet is aregistered lrademark and Pentium is ctrademark of Intel Corporation. All olher prodoct 
names are trademarks or registered trademarks ol ltoir respective suppliers. Ollerings, prioes and products are subject to change withoul prior notice. Prices do n01 include shipping. 



S
even years of experience in developing powerful SCSI software, a commitment to our 
customers ' needs and our all-in-one philosophy have made us a leader in SCSI software 
products. By listening to your needs, we have created a complete solution that has the 

power to meet the demands of MIS managers now and in the future . New CorelSCSt"Network 
Manager is the best way to connect CD-RO M, WORM, rewritable and multifunction optical 
drives andjukeboxes to your NetWare'"file server, and features: 

S eed '· capaCl""'' 11
J. 

p High Performance CD-ROM Server Software Advanced J ukebox Suppor t 
Core/SCSI Network Manager includes Users will find increased storage capacities 
optimized CD- ROM Server software with and enhanced pe1forma11ce as Core/SCSI 
caching to give i11dust1y-leading pe1fon11ance. Network Manager transparently i111egrates 
Also includes support for multi-session and 
Kodak Photo CD forma ts, as well as device 
drivers for the Pioneer multi-disc 111zi1. 

"hi'
secttfl"..Y. 

RAID Levels 4 and 5 Software 
Core/SCSI Network Manager also includes 

Core/RA! D~ which allows users to customize 
 "bilicy ! 
RA ID level 4 and 5 arrays with any .rnpporred 

ASPf-compatib/e SCSI controller(s) and 3 or 
 coniPati 
more SCSI Compatible with Leading Host Adapters 
hard dri ves. Core/SCSI Network Manager includes ASP! 
Stafl/s screens Managersfor Always Technology, Future 
allow the Domain, and DPT. and supporrs a variel)• of 
system lwsr adapters including various models from: 
administrator 
to easily 
troubleshoot any porentia/ problems. +°""""'* I SUSl861C ~ Q -~ Core/RAID lets users build arrays rhcll 

provide high fa ult tolerance while imp1vving 
 CfuOdaptGc QR llDPT 1'\ litraStor

pe1formance. With Core/RA/ D rhere is 110 


down time. By using hot-swap or hor-srandby 

features, server down

• 
,,. 


time is eliminared. 


Core!SCS I works wi lh hundreds of 

lcadin£ manufac1urers' SCSI devices. 

Corel ~nsurcs thi s with our in -house 

Corc lSCSI Producl Ccnirica1ion 

Program. Our listing or supportc<l 


WllFJ.SCSI! devices is updalcd rnonlhly and is 

APPROVED available through our fax back sys1cm. 

PR O DUCT 

BBS. and customer service dcpartmenL 

•Nctv.bro 
i.s..dond 
Appn>YO<l 

~ 

,ff;,... 

' ~ 
L 

~ 17 

' ~ 1' 

~ 
~For upgrade information or to order, call Corel : ext. 2 8 

1-800-772-6735 
OEM Sales (613) 728·0826 ext.1051 

optical jukeboxes with NetWarefile servers. 
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The Macintosh at 10 

Regarded initially 
as a "toy," it's obvious 
today that the Mac 
changed the direction 
of computing for the 
better 

TOM THOMPSON 

T 
his month marks the tenth 

ann iversary of the Apple 

Macintosh line. Although 

few took it seriously during 

the early years, in many ways the Mac 
defined what a desktop computer 
should be. Apple pioneered many con
cepts that users now take for granted. 

The ideas of cut-and-paste, undo, point-and-shoot menu se
lection, picking the best typeface for a document, dropping a 
graphic into a page, and other common operations were first 
promoted by the Mac lO years ago. While many of these ideas 
drew on work done at Xerox PARC (Palo Alto Research Center), 
Apple refined and popularized them. The Mac also ushered in new 
technologies and new expectations that go beyond ease of use, 
such as plug-and-play expansion boards and networks, remote ac
cess, and 24-bit color editing and printing. 

The Mac's trendsetting days are not over. Today , the AV
series Macs are the first mainstream desktop systems to offer 
video capability and voice control as standard equipment. The 
PowerBook line of notebooks brings a new level of usability to 
portable computing. And Apple continues to be a driving inno
vative force in building systems for the graphic arts. 

Today Apple is at a crossroads. It is in the process of moving 
the Mac from its traditional Motorola 680x0 processor to the 
new PowerPC that the company codeveloped with IBM and Mo
torola. Apple is also a pioneer in the emerging PDA (personal dig
ital assistant) category with its Newton line. So now is a good time 
to look back at the Macintosh milestones and place their signif
icance in perspective. 

Descended from Lisa 
ln 1983, Apple introduced the Lisa, its successor to the compa
ny ' s aging Apple II line. The Lisa' s most innovative aspect was 
its GUI-based operating system, with windows, icons, and menus. 
The system' s consistent interface with data-as-a-concrete-object 
metaphor promised ease of use for the office worker. However, 
its hefty price tag of$ I 0,000 was hard to handle. 

A year later, Apple brought out the Macintosh. It was smaller, 
faster. and-most important--cost $2495. It borrowed a lot from 
the Lisa, including the GUI and mouse. The Lisa was di scontin
ued in 1985, but its influence lives on inside the Mac, which has 

The original Macintosh design team. Left to right: Andy Hertzfeld, Chris Espinosa, Joanna 
Hoffman, George Crowe, Bill Atkinson, and Jeny Manock. The Mac's high-quality WYSIWYG 
output was possible because evef}lhing on-screen-including text-as a bit-mapped graphic. 

gone from a sma ll closed system to a variety of fonns: tower 
systems, small desktop units, and notebooks . Most PCs sold to
day offer a mouse and run Windows-a tacit approval of the 
concept of a consistent, user-friendly interface that the Lisa and 
the Mac pioneered. 

Compared with other personal computers of its time, the orig
inal Mac was a bit anemic in some ways while excelling in oth
ers. For example, few personal computers offered even one built
in serial port, yet the Mac had two of them. More significant 
was how Apple made use of the system ROMs. The Mac' s ROMs 
were downright massive compared to those of other personal 
computers. While the IBM XT had 48-KB ROMs, they con
tained mostly BASIC. Much of the Mac ROM code came from 
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T he Memory Manage r 
1984: The first Macintosh borrows the might also shuftlc crucial 
Lisa's mouse and GUI. Other features data s trucrures around in 
included a 7.83-MHz 68000 processor, memory to make an open
a single-sided 31/.-inch floppy drive that ing for a code segment. 

could hold 400 KB of data, 64-KB The proper way to ad

ROMs, and 128 KB Of RAM. Price was dress these structures was 

$2495. 

the Lisa and 
was di stilled 
dow n in to 
tight assem

bly code by Bill At
kinson (who wrote the Lisa's 

graph ics engine) and Andy Hertzfeld. 
These ROMs supplied an array of rou

tines known as the Mac Too lbox. Re lat
ed Toolbox routines were collected into 
groups called Managers, such as Qu ick
Draw (the graph ics engine) , the Dev ice 
Manager (which dealt with hardware at a 
hig h leve l), the Window Manager, the 
Menu Manager, and the Font Manager. 
These Managers supplied hardware-inde
pendent func tions that programmers used 
to communicate wi th devices, create win
dows, handle a menu selection , change a 
font, or esrablish a network session. 

In short , the Mac Toolbox defi ned an 
AP! years befo re the term was co ined . 

owadays, programmers are familiar wi th 
an army of compe ting APls: W indows, 
NextStep and Moti f. Howeve r, the Mac 
does a better job of integrating the vari
ous service , such as memory and print
ers, and it places most of tl1e AP! in ROM. 
There the Mac API makes fewer demands 
on memory and disk space. However, its 
entry points are located in RAM. so that 
RAM patches can fix bugs or enhance cer
ta in services in the APL 

In re tro ·pee l the 128 KB of RAM was 
inadequate fo r the memory-intensive G UI. 
It was assumed that s ince Mac appl ica
ti ons woul d be making heavy use of the 
RO M-based Too lbox, less RAM wou ld 
be needed for actual user code. To make 
the bes t use of the limi ted me mo ry. a 
Memory M<mager could load or purge sec
ti ons of program code on demand. This 
had important consequences fo r both pro
grammers and users. 

For the Mac programmer. it mea nt that 
code had to be wri tten using PC-re lat ive 
addresses . That ·s because the Memory 
Manager might reload the code into dif
ferent areas of RAM. On the 68000 proces
so r, PC-re lative di sp lacements we re re
stricted to 15 bits (the 16th bit was a si!!n 
bit , used to determine the direction of the 
jump), so these ch unks of code--ca lled 
code segmems-were limi ted to 32 KB . 
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thro ug h ha ndl es. Pro 
g rammers who . fo r per
fo rm ance reasons, used 

these handles just to set up pointers to these 
da ta structure got a rude surprise when 
the Memory Manage r, going about its du
ties, rendered the po inrer use less by relo
cating the dara structure e lsewhere. For 
progra mme rs used to the abso lute ad
dress ing schemes of earlier personal com
pute rs, this sort o f behavior was madden
ing. Lr d idn't he lp that you had to learn 
about an event-dri ven interface that let the 
user do anything in any order, or that you 
needed a Lisa to develop code. 

The use of PC-relative code design was 
presc ient , s ince it a ll ows app licati ons to 
function in a mul ti tasking or virtual mem
ory environment. The 15-bit branch dis
placement limit was expanded to 32 bits in 
the 680x0 processors; th is implifies code 
design unless the application ha to run on 
the older 68000 Macs. And the Mac has a 
wide variety of nati ve deve lopment tools, 
wi th lm1guage from BASIC to C to Fonh. 
Several vendors offer tools with vi ·ual pro
gramming interfaces, such as Mainstay's 
Visua l C. Zedcor 's Future 
Basic, and Prograph Inter
nationals' Prograph. 

Users eventu all y sav; a 
s ilver lin ing, too. The com
bin at io n of th e Me mory 
Manage r and PC- re lati ve 
code enables the Mac envi
ronment to run effic ientl y 
in for less me mory th an 
Windows needs. 

One s ide no te on th e 
original design is that Apple 
used the top 2 bits of the 
68000 processor's 24-b it 
address lines as chip selects 
fo r RAM. ROM , 1/0 . and 
the fl oppy d ri ve subsys 
tems. Thi s trick partiti oned 
the Mac's 16-MB address 
s pace inro fo ur sec t ions: 
T he lower 4 M B was fo r 
RAM addresses, the nex t 4 
MB was fo r RO M add ress
es, the nex t 4 MB was for 
1/0 hardware . and so on. 
T herefore, the RO Ms were 
located just above 4 MB. 
T his location blocked mem
o ry ex pans io n beyond 4 

MB in the Mac Plus and Mac SE. How
ever, fo r roughly the same reasons, the PC 
des ign suffe red the same proble m. T he 
PC's ROM , 1/0 , and video memory were 
mapped into the upper 384 KB of the Inte l 
8088's I-MB addre. s space, so that avail 
able RA M topped out at 640 KB. This cre
ated the "640-KB b<mier" thai plagued PC 
so ft ware design fo r years. 

Networking 
In January 1985 , Apple introduced the 
Macintosh Office. This consisted of a low
cos t LAN and a LaserWri te r la er print
er. At $6995, the LaserWriter cost more 
than severa l Macs, but its price was a lot 
better th an the $50,000 commanded by 
commerc ial laser pri nters at the time. The 
App leTa lk LAN a llowed you to j ustify 
such a printe r because you could eas il y 
share it among several Macs. 

T his 203.4- Kbps LA was late r re
muned Loca!Talk, and its strength was that 
it used low-cost components and featured 
a plug-and-play e tup-necessary s ince 
the Mac was a c losed system. You sim
ply plugged the network connectors into 
each Mac 's printer port and into a Laser
Writer. ran cable between the connectors. 
and yo u we re done. LocalTa lk used a 
CSM A/CA cheme to att ach and map the 
computers into the network . The network 
connector. were self- tcrn1inating, so you 
could add or remove Macs from the setup 

Famous Mac Firsts 
The Apple Macintosh pioneered the use of many features on desktop 
and portable computers that people now take for granted. 

• Cut-and-paste 

•Undo 

• Point-and-shoot menu selection 

• Built-in video 

• Voice control 

•The API 

• Built-in networking capability 

• Built-in SCSI 

• Plug-and-play design philosophy 

• Dynamic memory allocation 

•Hypertext 

• 24-bit color capability 
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Chris Espinosa: uApple would have 

been caught in a bruising price war in 

1987 instead of in 1992 if we'd have 

licensed the ROMs freely. We would 

have had to cut our margins and 

expenses earlier and wouldn't have 

been able to fund a lot of development 

that brought us to where we are today-such as System 7, 

the Powerbooks, and the AV technology." 

without bringing the network down. 
Apple further refined the plug-and-play 

network concept in 199 1 with the intro
duction of elf-tenninating Ethernet mod
ules for tJ1ick. thin, and IOBase-T cables. In 
many cases, you could set up a high-speed 
Ethernet network for an office of Macs in 
minutes , without getting invol ved with 
hardware configuration or lP addresses. 
Also, System 7's built-in peer-to-peer net
working servi ces meant you could create 
workgroups instantly by setting passwords 
and access privileges with a few clicks in 
a Control Panel on each Mac. 

While plug-and-pl ay is touted as the 
Nex r Big Thing in the PC world, the Mac 
embraced the concept as its basic design 
philosophy and has been providing it to 
users for year ·. This i · ev ident in the Mac's 
networking se rvi ces and in other areas. 

The Genesis of Desktop Publishing 
l.n early 1985, many people considered the 
Mac a curiosity. It was easy to use, but 
otherwise it offered no compelling advan
tage over a faster. if arcane, PC. That atti
tude changed in the summer wi th the ar
rival of Aldus PageMaker. It was the first 
successful page-layout program, and it let 
you quickly flow tex t and add graphics to 
"virtual pasteboards" for designing a news
letlcr. Furthermore, it let you do this with
out rocket science or knowing too much of 
tJ1e conventional production detail s. 

The troika or PageMaker an easy-to
connect LA , and a 'hareable la er print
er that could chum out camera-ready copy 
suitable for newsletters and other low-cost 
publications gave the Mac a unique capa
bility. There were workstations that could 
manage the same feat , but not with the 
Mac 's ease of use and penclnnt for visual 
fide lity between the screen and output. 

The Mac was hardly two years old when 
it gave birth to desktop publishing. Today, 
DTP is a huge, multimillion-dollar indus
try, no longer limited to newsletters. News
papers rely on it to add late-break ing news 
to their front pages. Magazines use DTP to 

SCSI. However. Apple goofed in its SCSI 
driver implementati on. In a SCSI transac
tion, an initiator (usually the computer) i 
sues a request to a target SCSI device. The 
target then issues subsequent SCSI com
mands to tJ1e initiator. completing the in i
tiator's request. In other words, the 1arget 
drives the u·ansaction. Apple got it back
ward , having the initiator drive the trans
action. This caused problems with early 
SCSI periphera ls , but Apple can be ex
cused as a pioneer here: scsr itself wasn't 
formally adopted as an ANSI standard un 
tiJ June 1986. It didn ' t he.Ip that third-par
ty vendors had different interpretations of 
the standard. 

SCSI's high-speed interface and sim
ple-to-configure des ign 
made it a natura l fit to Ap
ple ' s plug-and-play phi
losophy. Desp it e initial 
problems during 1986 the 
Mac's SCSI capability fos
tered development of easy
to-connect SCSJ peripher
als, such as third-party hard 
drives and scanners. The 
Mac is responsible for the 
wide acceptance of SCSI 
in the comput er 
industry today , in 
pa rt because it 
proved scsrs ver
ati Iit y as a low

cost peripheral ex
pansion bus. but 
also because 01J1er 
computer vendors 
wanted to tap into 
th e ready-made 
market of Mac 
SCSI peripherals . 
Today, SCSI per
vades the industry, 
se rving as a pe
ri phera l bus for 
PCs and worksta
tions . Many hard 
drives and C D-ROM 

expedite the cre
ation of the mag
azine, dropping 
in text , artwork , 
and scanned im
ages from a med
ley of sources. 

A SCSI Pioneer 
The Mac Plus, 
introduced in Jan
uary 1986, was 
the first personal 
computer to pro
vide em bedded 

dri ves use SCSJ because it allows them to 
connect to an y hardware platform. 

Bringing Color to the Desktop 
1n 1987, Apple botJi boosted the power of 
the Mac and discarded the closed-system 
concept with the introduction of the Mac Il 
and Mac SE. The Mac II featured 256-KB 
ROMs that added more text-handling ca
pabilities, plug-and-play configuration soft
ware for the NuBus boards called the Slot 
Manager, and Color QuickDraw. Sudden
ly, the Mac became respectable: Storage 
problems w re a nonis ue due to internal or 
external SCSI drives; you could expand 
the systems easil y usi ng plug-in board ; 
and the Mac [[ 's color capabilities easil y 
blew away those of ex isting PCs. 

The Mac U fo tered the growth of color
output devices, since many users wanted 
to ge t on paper what they saw on their 
screens. Within a year, QMS provided a 
desktop solution with the ColorScript 100. 
a PostScript-clone thermal-wax color print
er. lt was a tad pricey, but for some cmi1
panies the printer could pay for itse lf in a 
year by eliminating the costly errors that 
occurred when complex color files were 
sent to a typesetting service. 

The stampede of color printers that fo l
lowed- ranging from high-end PostScript 
printers to low-cost ink-jets-expanded 

1987: The Mac II used an irtema1 SCSI hard drive, a 16-MHz 
68020 processor, and a 68881 FPU as standanl equipment. It 
had eight SIMM sockets that allowed RAM expansion to 128 MB. 
It also had six NuBus slots for expansion boards. AMac II with 
a 40-MB hanl drive cost $5498. The Mac SE kept the com
pact form of the original Mac but added 
a SCSI hanl drive and an expansion slot 
called the Processor Direct Slot IPDSJ. A 
Mac SE with a 20-MB hard drive cost 
$3698. 

FE l1R U ARY 1994 BYT E 49
PHOTO OF CHRIS ESPINOSA BY PETER STEMBER, COURTESY OF APPLE COMPUTER. INC. 0 1994 



1988: Apple migrated the Mac to the 68030 processor, by 
introducing first the Mac llx ($77691 and then, in January 

1989, the Mac SE/30 ($43691. These com· 

SEs could up· 
grade to the new 
machines with a 
floppy drive and 
main logic board 
swap. 

puters featured the SuperOrlve, a high· 
density (1.44-MBJ floppy drive that could 
read and write DOS or OS/2 floppy disks, 

and a 68882 FPU. Owners of Mac lls and 

the Mac' s ability to supply color in DTP 
output and helped make the Mac a seri
ous replacement for the artist ' s traditional 
palette and paint. It helped that the Mac's 
plug-and-play Slot Manager made adding 
expansion boards a snap . Most profes
sional mtists liked the Mac's set-up-and-go 
design, since they would rather start draw
ing than uy to figure out how to set up a 
high-reso lution board ' s jumpers for a PC. 
And if their moni tor proved too small for 
their work , they could expand the total 
screen size by simply plugging in another 
display board and monitor. 

Software Strides 
The original Mac could use 128 KB of 
RAM because as the software engineers 
moved Lisa software components to the 
Mac, they .stripped out the multitasking 
features. Only one application ran at a time 
on the Mac, except for Desk Accessories, 
small "applets" that ran concurrently be
cause they masqueraded as drivers. How
ever, as memory became more plentiful , 
the multitasking issue resurfaced. 

The answer was MultiFinder, written 
by Erich Ringewald and Phil Goldman. 
Thi s ingenious bit of software provided 
cooperative multitasking by patching cer
tain Toolbox routines in the Mac OS, and 
the MultiFinder application managed load
ing and context switching of applications. 

The reasons MultiFinder worked at all 
are several-fold: First, because Mac ap
plications frequently called the Toolbox 
even t handlers, these handler erved as 
doorways by which the thread of execution 
could be passed to other applications. Sec
ond, as execution moved to another ap
plication via the modified event handler, 
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a natural-language programming script 
called HyperTalk. With these tools and 
HyperTalk, the average user could collect, 
organize, and store informat ion in Hyper
Card stacks in any fashi on. 

HyperCard and MultiFinder were in
troduced in August l 987 and were bun
dled with every Mac shipped. In a demon
strat ion of its robust design, HyperCard 
was used to operate information kiosks 
that supplied show information. It intro
duced ease-of-programming to the aver
age Mac user and promoted to computer 
users the concept of hypertext links. Now
adays , computer users understand that 
phrases that stand out in a document (per
haps by being in a different co lor or un
derlined) serve as a hypertext link to ad
ditional information. HyperCard educated 
the user on this " intuitive" concept. 

32-Bit QuickDraw Arrives 
For fo lks doing serious image and graph
ics work, the 256 colors displayed by Col
or QuickDraw's 8-bit color were simply 
inadequate. Clever display-board vendors 
such as SuperMac Technologies managed 
to coerce 24-bit data onto the screen by 
successively assembling an image' s three
color components in a display board 's 

Multi Finder took notice of 
thi s and preserved ce1tain 
non-reentrant system glob
als used to maintain the ap
plication 's e nvironment. 
These values were restored 
when control returned to the 
application. Finally , the 
same PC-relative code that 
initially gave programmers 
fits meant an application 
could be loaded anywhere 
in memory and sti ll run. 

The icing on the cake 
was that Multi Finder retro
fitted this capability on ex
isting Macs back to the Mac 

Plus-no additional hardware was required 
other than a minimum of 2 MB of RAM. 
While numerous GUis for PCs and work
stations have appeared since then, none 
offers the seamless level of integration for 
copying information between applications 

1989: The Mac SE/30 was the first high· 
perfonnance compact Mac design. It had a 
16-MHz 68030 processor and a 68882 FPU. 
Because the screen display used separate 
VRAM rather than main memory as in the 

frame buffer. 
Apple came out with a revised 

original design, bet· 
ter bus throughput 

version of Color QuickDraw inwas achieved. 
April 1989. Called 32-Bit Quick
Draw, it was a patch fi le that retro
actively implemented 24-bit color 

and the easy abi lity capabilities on existing color Mac . 
to select system re (The 32-Bit term in the name came 
sources such as net about because pixel data was stored 
worked printers. as 32 bits even though on ly 24 of 

them actually contained color in
HyperCard: 

GUI Programming for the Masses 

The Mac was hard to program. Bill Atkin
son crafted HyperCard, which he called 
"a software erector set," to eliminate this 
hurdle. It implemented a card-stack meta
phor that enabled users to browse through 
and manipulate information . HyperCard 
provided a set of built-in editing tools and 

1989: The Mac llcl, Apple's first 25·MHz 
68030-based computer, featured built-in video. 
It cost $6969 with a 40-MB hard drive and used 
512-KB ROMs that were "32·bit clean" (I.e., the 
code was designed to operate in a new 32-bit 
address space, although It could also operate in 
the old 24-bit address mode for software com
patibility). This ROM code has become the "uni-. 
versal ROM" code used in every 68030-/68040· 
based Mac since then. 

formation .) It also let you switch 
on the fl y between 24-bit color (millions of 
hues), which is uitable for photo-realistic 
editing, to 16-bit color (thousands of hues), 
uitable for handling digital video for mul

timedia. This lets you pick the screen depth 

- -
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Power Packed Upgrades. 

POWER SUPPLIES SOLID-STEEL CASES OVER-TEMP ALARM 


"The premier power-supply maker'' 

John Dvorak, PC Mngnzi11e, March 30, 1993 

"The only company to go to for a power supply'' 

Jerry Pournelle, Byte, April 1993 


STANDARD UNITS 
These UUCSA approved, ful ly tested power 
supplies are the best basic units available. 
STANDARD 205 SLIM ............................ $89 
STANDARD 220 DESK!fOWER ........... $89 

ULTRA-QUIET UNITS 
Unrattle your nerves with 

NOISE LEVELS (db) an ultra-quiet Silencer 
,, """ power supply. Appreciated ,...., 

~-- ,., by users since 1986, their 
" ,.....,....,.1- ,.,. high-effi ciency fans and " 

°"""""'v '"""''" low-turbulence circuitry 
POWERSUPPLY Pal/ER StJPPo· reduce noise by up to 84%! 

Amust for home office or 11111/timedin applications. 
SILENCER 205 SLIM ............................ $119 
SILENCER 220 DESK!fOWER ........... $129 
SILENCER 270 DESK!fO'WER ........... SI79 

.."\;. ;. . . 
~~1 
~~ 

' • SLL\ I 

Upgrade your computer \\~th one of our prem.iwn 
Turbo-Cool power supplies-the choice of PC 
professionals. You'U get 50%- 100% more power, 
built-in Line conditioning, super-right regulation, 
ultra-clean output, a high-capacity cooLing fan, 
UL/CSA!TIJV, a 2-year warranty for 300W 
models, and a 5-year warranty for the450! Ideal 
for high-end workstations and network file servers. 
TURBO-COOL 300 SLIM/BABY ......... $169 
TURBO-COOL 300 DESK!fOWER ... $189 
TURBO-COOL 450 DESK!fOWER ... $349 

Gi1•e your computer a 
professional, high-tech 
look with one of our 
premium-quali ty, 
USA-made, all-steel 
ca es. They're rigid
unLike Light-weight 
import5-5o the PC's 
components arc always 

properly aligned and grounded. 
You'll enjoy easysystem access, and 11~th room for 
up to 18 drives, there's real expandabili ty! 

Desktop Tower Monster 
E.ljlOSed Drive Ba)'S: 5 6 n 
Tomi Drive Bays: 7 8 18 
Mmherhoard Capacity: z 
Power Suppl)•Cap:iciry: z 
Cooling Fan Capacity: 6 
Filtered Air Inlet Yes Yes Yes 
Lockable ftront Door: Yes No Yes 
Beige or Black F'mish: Ye Yes Yes 
Meets FCC-B Specs Ye Yes Yes 
t\lade in USA Yes Yes Yes 

SOLID-STEEL DESKTOP CASE ......... $175 
SOLID-STEEL TO\VER CASE ............ $295 
SOLID-STEEL MONSTER CASE........ $895 

REDUNDANT POWER 
Eliminate the risk of network downtimeor data loss 
due to power supply fuilure \l~th die T winPower 900 
redundant power system. It delivers high-capacity, 
fault-tolerant power to your entire network crver. 
Consists of twoTurbo-Cool 450 power supplies 
in parallel, utilizing a special power-management 
interface module. A must for 111issio11 critical LAN . 
• 900 watts peak power ,,.._ ..... 
• IOOX more reliable 

than a single-unit 
• load-sharing design 
• hot-swap capability 
• 5-year warranty 
• monster-case compatible 
TWIN-POWER 900 ............... ................ $995 

Don't wait for the acrid smeU of 
burnt components! With our 
new IIO Alert, you'll know 
if your PC is overheating 
before damage occurs. 
Should tl1e computer's 
temperarure reach 11 O"F, a loud 
alarm warnsyouthat a fan has fa iled or that the 
cooling system is inadequate to handle that extra 
hard drive or other peripheral you may have added. 
Compatible 11~th an} computer, the inexpensive 
IIO Alert is compact, easy to .install,and so reliable, 
it carries a Lifetime warranty. 
119 ALERT ............................................. $29 

CPU COOLERS 

It's a fact. 486 d1ips run hot, often exceeding I 85°F! 
row, youcan cool your 486 to asafe 85°-95"F witl1 

our popular CPU-Cool. It prevents randomsystem 
errors and other heat-related problems. Consists of 
a mini -fan embedded in a die-cast heat sink that 
easily mounts on the CPU. Powered by a spare 
drive connector. Effective, inexpensive insurance! 
• cools CPU 70°- IOO"F 

CPU IDIP('f) 

• prevents system errors : 
• adds years to CPU life .,...... 
• thinner, quieter, and ,,,,. 

better-built than cheap ·: 
imported imitations. 

• safe, simple installation ~= c~ 
CPU-COOL (FOR 486s) .. .. ......................... $29 
PENTACOOL (FOR PENTIUMs) ............ $39 

/Ill /lllWER & 11/llll/Nli, /NII. 
5995 Avenida Encinas, Carlsbad, CA 92008 • (619) 931-5700 • (800) 722-6555 • Fax (619) 931-6988 

We accept foa, MC, COD, or PO on approved credit. Warr.inty period: foe yt.lrs for Twin Power and Turlio-Cool 450. Two years for Tnrbo-Cool (except 450), Silenm, ind CPU coolers. One )'e:lr for all others (excep1 110 Alert). 

Hours: 7 a.m. - i p.m. (PT) Mon.· Fri. Silencer, Turbo-Cool, TwinPower, CPU-Cool, Pen1aCool, and 110 Alen are irademarks or registered 1ndemorks of PC Power & Cooling, Inc. ©1993 PC Power & Cooling, Inc. 


Circle 125 on Inquiry Card (RESELLERS: 126). 
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1990: Apple changed its direction and in
~uced the "cheap Macs": the Mac Clas
sic (basically a revised Mac SE), the Mac 
LC (a Mac II in a svelte housing), and the 20
MHz 68030-based Mac llsi. These machines 
represented Apple's Intent to expand market 
share by producing systems priced compet
itiYely with PCs. The Mac Classic cost $999, 
the Mac LC cost $2499 with a 40-MB hard 
drive, and a similarly equipped Mac Hsi cost 
$3769. 

that is suitable fo r the job at hand. 
This support of high-resolution color 

accelerated the Mac's use a · a di gital-im
age ed itor. ow, not only could the Mac 
lay out the text of magazine pages, it could 
also ed it the high-quality images that went 
into them. It also let the Mac function as a 
data visualization tool in scientific and en
gineering applicmions. 

Again, 24-bit color manipulat ion wasn't 
a new concept, but the custom high-end 
workstations with similar capabilities cost 
$30,000 or more. The Mac's new capabil 
ity raised expectations in the PC world: 
At that ti me, you typica lly had onl y 15 or 
possibly 256 colors on the screen; today, 
you can shop for a PC di splay board thal 
supports thousands or million · of colors. 

Portable Lessons and Power 
One of the glaring defi ciencies in the Mac 
product line was the lack or a notebook 
computer. In September 1989, the com
pany introduced the Mac Portable to plug 
this gap. Unfortunately, the computer b<ue
ly earned Lhe label "portable," we ighing 
17 pounds and be ing the size of a small 
brie fcase. Three things in it s favo r we re 
the sharp active-matrix di splay, an inte
grated trackball. and an 8-hour battery li fe , 
thanks to the heavy lead-acid battery. 

The Mac Port ab le turned out to be a 
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dud, sales-wise. However, Apple leitrned a 
valuable lesson from it. Two years later, in 
October 1990, the PowcrBooks showed 
that Apple could pack a Mac into a light, 7
pound notebook fo rm fac tor. These sys
tems came equipped with a practical set 
of fea tures, such as a 25-MHz 68030 pro
cessor (in the Powe rBook 170) and fax 
and remote-access software. 

Nor was the Mac Portable's design ef
fort a total waste: Much of its power con
servation so ft ware, and hard ware tricks 

such as slowing the processor clock 
and ·witching off idle subsystems, 
found their way into the PowerBook 
designs. The Apple Remote Access 
software bundled with PowerBooks 
let users connect as a remote node to 
the AppleTalk network in their of
fice. Thi s let them tra nsfe r fi les, 
print doc uments. and access data
bases or schedules the same way 
they did in the office. The Power
Books let the on-the-go office work
er contact anyone by E-mail , fax , 
or remote access. 

Today. m<my PC notebook com
pute rs imitate the PowerBooks' 
phys ical layout , includ ing the inte
grated trackball. Still , most of them 

can 't match the PowerBook!i in the level of 
soft ware integration. 

New Software, New Processors 
Al the May 1988 Developer's Conference, 
Apple talked about System 7, the succes
sor to System 6.0.x. It would be a 32-bi t 
operating system offering significant foa
turcs, such as a new SCS I driver, drag
and-drop printing, a new graphics engine, 
and built- in cooperative multitasking. 

Apple had hoped to illl roduce System 
7 about two years after its announcement 
in 1988. It didn ' t turn out that way; it ar
rived in May 1991 - a year late. System 
7 im proved the user interface in several 
subtle and effecti ve ways, such as 
by prov iding a built -in find fun c
tion that locates a file on your hard 
drive or on a network. And while 
multit aski ng under System 6.0.x 
was someth ing of a kludge, a Pro
cess Manager in System 7 managed 
the multitask ing environment by 
handling the creation of memory 
partitions and loading the applica
ti ons. 

A 7. 1 rev ision of the operating 
system conso lidated fon ts into a 
separate fo lder, where you installed 
or removed them by simply clicking 
on and dragg ing fi les. System 7.1 
also int rod uced the concept of a 
System Enabler-a '111all file of hardware-

spec ific code- that at boot time sets up 
the low- level environment so System 7. I 
can operate. This lets System 7.1 function 
without modifi cation even if the hardware 
changes. This seems like a minor poi nt 
unle ·s you' ve tried to install Windows on 
different machines with di ffe rent hard 
ware. Whereas a new Mac simply requires 
a new System Enabler, a Windows user 
can spend hours trying to massage Win
dows and DOS driver to get a combina
tion that works. 

Video Killed the Radio Star 
Introduced with System 7 was QuickTime, 
which gave the Mac the ability to control 
time-based data. For example, QuickTime 
handled the display of digital video clips 
and sound, ensuri ng that both the pixe ls 
and sound were synchronized and deli v
ered to the screen at the constant rate de
manded by ·uch media. An important point 
is that QuickTime is a cross-platfonn tech
nology: A Windows version is avai lab le, 
and Silicon Graphics has adopted Quick
Time as a digital fo rmat. This lets multi 
media applications developers store digi
tal video and sound as QuickTime movies 
and count on them to function as expected 
on any platform . 

1991: Along with the PowerBooks, Apple 
also presented its first 68040-based Macs-
the Quadra llne. The Quadras started out 
as 25-MHz 68040-based systems with 1

MB ROMs, 24-bit on-board video, and built
In Ethernet capabilities. The Quadra 700 
used a llci·stYle form factor, and the Quadra 
900 used a tower design. A Quadra 700 
with 4 MB of RAM and an 80-MB hard drive 
cost $6399, while a Quadra 900 with 4 MB 
of RAM and a 160-MB hard drive was priced 
at $8499. The latest offering Is the 25-MHz 
Quadra 605, which comes In a slim pizza-box 
housing and costs up to $1269. 



Sooner or later, ~u'll get ail_. our patent-pending 'Stealth' tech
"Out of Memory" messag·e.~ .. n_


Whether you have 
.• 

< ~, • No orie. bas·
 
1megabyte or 16. 


TSRs and network utilities need memory right all the others put togeth~·. 


where your programs need i~ too. Its called QEMM~· 

'lower' or 'conventional' memory. 


Adding RAM to your PC just givesyou 
more expanded or extended memory
~cce&Sible .t? .some P.rogra?1s, but not to TSRs 
like fax utilities, device drivers or network 
utilities like Novell NetWare. Fortunately, memory' problemsor conflicts. That keeps ,.,1
there's an easy software solu tion your PC running smoothly and performance Windows; one.megabyte.~{eight:~6~~ . .£~ 
to "out of memory" problems. ~VAChNCY at its best. fice; don't compromise; dqnf risf!~~g~~"~'PJ~~'i·i·~;·:Sl~il: 

Have your cake and eat it, too. Protect your productivity; . . · ~~~~.t?Nf~fo(i~~~~~~r 
The more memory you have, the more flexi- keep your work safe. : " ?1Y ~0 ' :~~~j}_;r::. ,).;S_f-;~'.::I '5~t -1.11:5 way•l' a:i."lwc .• ,1··.. ,.,,._1~.,. 

bility and reliability you can enjoy. Thanks to Any task, fron_1programming to w~iting the . ~. ;y~~h'~~~.~~~!}i:~~~~.:··~ .. )~_~··fr~: 
__.0056w/oMemMaker company business plan to composing a QEMMromes with the hwaste:-,,!. ;·1' ".,:1',;;. ~{:t .. <' :· )\

: : ::::::: :. ••~ personal letter, takes time and tliought. Your · newversionofJ:'l~' ·--:QENf~cVe~ld~tJt·<'.::;;\_: . theaw.url-wmnmg "· "·' \: .,..·;01,,,;.~,.- ,;,, .. , •· ., ·"-:.-: 
/ ' PC IS suppo ed to make that process memoryanalywthat the most;po~~@;~~,~"'/.;;:h{.i 

' / . easier;your output better.When you can't ' . helpsyou see howyour flexible mell\9_~K·~;?,: '/).. ·~.;:~: 
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Digital movies, however, require ton s 

of storage. In an ticipation of these storage 
demands, Apple has heavily promoted the 
adoption of CD-ROM as a storage medium 
by offering built- in CD-ROM drive in 
many of its systems. These drives are dual
speed, multisession drives, unlike the sin
g le-speed , s ingle-session drives found in 
most MPC systems. Apple also supports 
Kodak 's Photo CD digital-image standard 
and provides a driver that tran sparentl y 
reads Photo CD fi les. Consumers might 
not be e namored of dig ita l photography, 
but businesses that do a lot of image work 
(e.g., mak ing and printi ng catalogs) find 
Photo CDs to be the ideal storage/retrieval 
format. 

Due to the Mac s push on co lor tech
nology and the avai lability of dual-speed 
CD-ROM drives, roday you have a choice 
of interactive CD-ROM titles that can play 
16-bit digital video clips. With low-cost 
MPEG encoders from C-Cube and others 
appearing, you can ex pec t 10 ee full
screen (640 by 480 pixe ls), full-motion 
(30 frames per second) digital movies on 
CD-ROM soon. 

With its A Y line of Macs, Apple blurs 
the boundarie between TY and the com
puter. Out of the box, A Y Macs can drop 
NTSC, PAL, or SECAM live video into 
a window on the desktop. Fu rthermore, 
wit h the appropriate software yo u can 
snatch a fra me of video, or capture video 

1993: The video Macs arrive. The Quadra 840AV comes in a 
wi th low fabrication costs 

short tower design and has 2-MB ROMs and a 68040 proces
combined wi th RISC's high

sor clocked at 40 MHz. A Quadra 840AV with 8 MB of RAM 
performance.

and a 230-MB hard drive costs $4069. It has built-In live video Apple is bas ing a line of 
capture and presentation hardware, and a DSP (digital signal Macs o n the processor. A 
processor) that handles voice recognition and CD-quality stereo low-co. t PowerPC Mac, 
sound, plus fax and modem functions. combined with IBM 

PowerPC offerings, 
co ul d pu s h RISC 
into the mainstream 
of persona l comput
ing. With the proper 
System Enabler and 
a 680x0 em ul a tor , 
System 7.1 actuall y 
runs on a PowerPC
based system . 

Apple also contin
ues to work toward 
replacing its low
leve l s ingle-threaded 
operating-system . er
v ices wi th a mi cro
kerne l. T he mi cro 
kemel wou ld provide 
memory protecti on, 
multiple threads, re 

entrant drivers , and preemp

into a QuickTime clip. You can also eas i tive multitasking. This makes for a more 
ly "print" a screen or a running demon robust environment and lets the operating 
stration to a VCR tape. While these capa syste m manage its resources more effec
bilities don ' t come c lose to those offered tively. Apple is attempting to do this while 
by profess iona l eq uipment , it 's the start s imultaneously preservi ng the ex is tin g 
of the Mac breaki ng 
trad iti o nal bound

"We used HyperCard to design the 
ari es, transforming Newton interface. We'd sit down with
itself from a s imple HyperCard and use 
personal computer the drawing tools 
into a commun ica to sketch out 
ti ons device . Thi s something. We'd 
wi ll acce le rate th e tinker with it until 
in tegrat ion of TY we got wh'at we 
and infomrntion ser wanted." 
vices into the desk
top computer. - Steve Capps, 

While the original Distinguished Engineer 
Mac was to uted as 
an '' in fo rmation ap
pliance," after a decade it ' s clear that the 

Mac has yet to reach that lofty goal. How

ever, it ' s wel l on it way. 


The Future 
Where does Apple go in the furure? It con
tinues to push the boundary on technical 
innovation. In 199 1 it forged strategic al
liances with Motorola and IBM to share 
various hardware and software technolo 
g ies. The first result of this a lliance is the 
PowerPC RISC proce ·or. RISC systems, 
though powerful, were imply too expen
sive for the personal computer market until 

the Powe rPC arrived . The 
PowerPC bucks thi s trend 

Mac users be able to use such an operating 
system on ex isting hardware? It 's possi
ble : Since the Mac SE/30, a ll 68030-/ 
68040-based Mac ha ve a SIMM ROM 
socket at the ready. Although most of these 
Macs have I MB of ROM or less, they 
can addres 8 MB (except fo r the Mac 
SE/30, which can addre s only 2 MB). Ap
ple isn' t talking about it plans in this area. 

Apple has also a ttempted to jump-start 
the PDA industry wi th the MessagePad , 
the first imple me ntat ion of its ewton 
Technology . ewton Technology is a 
multitasking, object-based operating sys
tem . Apple has li censed it to a number 
of vendors fo r use in diffe rent products, 
di spe lling the techno logy's proprie tary 
label. 

More important, ewton Technology 
is an information-ce ntric, not document
centric, operating system. Put another way, 
with Newton Technology you simply deal 
with information; you don t get caught in 
the mechan ics of hand ling the in fo rma
tion. For example, with the proper appli
cation on a MessagePad, you can jot. "Cab 
$ 1 O." The Newton operating y tern in
terprets the com mand, starts an Expense 
Report application. and drops the value of 
$ I 0 i1110 a travel expense cell dated for to
day. On a desktop system, you'd have to 
launch the appropriate app lication , locate 
the proper cell . enter the value, and then at
tach a date to the va lue. 

Whethe r or not the MessagePad suc 
ceeds, Newto n Techno logy will be a suc
cess because it shows us an even bette r 
way 10 work wi th our computers. That 's 
something that the Mac did only 10 years 
before. • 

Tvm T/111111pso11 i., a BYTE .1e11ior technical editor 
at large. a long-time Mac user. a11d a certified 
Apple de1 •el11per. You ca11 rl'ach him 011 1111: lnter
11e1or 1111 8/X at to111_thomp.w 11 n /Jix. co111. 

software base by add
ing portions of the mi
crokernel piecemeal. 

For exampl e, the 
Quadra 840AY uses a 
new SCSI Manager 
4.3 th at not on ly im
ple me nts SCSI cor
rect ly but is a reen 
trant driver. Likewise, 
the ROMs in the Pow
erPC Mac implement 
Toolbox rou tines as 
DLLs; this will a llow 
multiple thread . Will 
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Watch AMac Compatible Monitor Fro1n CTX 


SIJow11: crx1785GM 

As a prominent 

leader in today's display 
technology, crx proudly 
intr.oduces its new GM 
Series of Macintosh compat
ible products that may change 
the way you think of monitors. 

In sizes from 14" to 17", 

the GM Series provide features 
and capabilities that meet 
virtually any user's requirements 
for performance, resolution and 
price. Low Radiation (MPR U) 

and Power Saving Management 
are standard. As you may 
know, crx monitors are built 
through stringent internationally 
recognized quality standards, 
such as IS0-9000. They offer 
crisp, steady and brilliant 
images as well as advanced 
features, while maintaining 
superb reliabil.ity and 
affordability. 

To get a closer look at 
these true quality world
standard monitors, contact your 
nearest crx dealer today. 

Technical Support 
1-800-888-2012 

BBS: (909) 594-8973 
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TOM R. HALFHILL 

o paraphrase Aesop, neces ity is the 
mother of compression. If it weren ' t 
for the explosive growth in the size of 
operating systems, applications so ft
ware, and data fi les, today'. hard disks 
would be cavernous warehouses with 

acre of megabytes to spare. In just a few short years, 
desktop PCs with 40-MB hard drives have g iven way to 
systems that rival network servers: 200-, 400-, and even 
I-GB hard drives aren ' t uncommon. 

Yet despite the rapidly risi ng capacities and falling 
prices of hard disks, not everyone can afford the latest 
hardware, and some systems can ' t be upgraded. So it 's no 
surprise that millions of PC use rs who bought MS-DOS 
6.0 last year quickly embraced a new feature ca lled Dou
bleSpace. Merely by installing some free compression 
software that ran invi sibly in the background. they could 
virtually double the size of the ir ex isting hard disks. 

But it wasn ' t that s imple. Almost immediately , Mi
crosoft was besieged by complaints about a myriad of 
problems, and some users reported catastrophic losses 
of data. Other people had no trouble at all and enthus i
astically endorsed DoubleSpace. The controversy raged 
on BBSes and on-line services for mon th s, while Mi
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crosoft steadfas tly denied that DoubleSpace 
was buggy. Finally , last ovember, Micro. oft relea ed 
DOS 6.2 with severa l new safeguards. 

Nevertheless many users remai n spooked about real
time data compression . Their fear is fed by persistent 
horror storie. of users who have trashed megabytes of 
valuable fi les while using DoubleSpace and other on
the-lly disk compressors. Although in many cases the 
compres ion software is an incidental player, the asso
ciation has been made: Compression is unrel iable. 

The real problem isn't data compression. though; it ' s 
how we ll the techno logy is implemented in the operating 
envi ronment. And no environment is more hostile than 
that of DO -based PCs. 

PCs arc pl agued by dozens of ' 'standards" covering 
everything from video cards to 1/0 buses. The memory 
layout resemb les a map of the Balkans. TS Rs and de
vice drivers light territorial ballles over disputed memory 
blocks and interrupts. Applications think nothing of by
passi ng the ROM BIOS to save a few microseconds, and 
there are a number of versions of the BIOS from differ
ent vendors. Software in sta llation progrnm · au tomati
call y rewrite critica l configuration files such as AUTO
EXEC.BAT and CONFIG .SYS, often without noti fy ing 
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MS-DOS 6.0 with DoubleSpace raised real-time data compression 

to a new level of visibility. As controversy raged over its 

reliability, some concerned users retreated from the technology. 

But the real issue isn't data compression at all; it's how 

compression is integrated into the operating environment. 

New approaches promise to make this technology much more foolproof. 

the oblivious user. Window 3. 1 layers a multitask ing 
GUI atop a s ingle-tasking, charac te r-based operating 
system and contributes addi tional configuration files: 
SYSTEM.INT, WIN.INT, CO TROL.TNT, and more. Dif
ferent version · of DOS are avai lable from three major 
companies . Most important, the DOS fi le sys tem was 
simply not designed wi th real-time compression in mind . 

Nearly all the troubles that users experienced can be 
traced to confu sion or to odd interactions between the 
compression software and other parts of the system. That 
doesn ' t make the complaint any les serious, of cour e, 
but it does mean that the future of data compression i 
tightl y bound to the continuing evolution of PCs. As PCs 
mature, become eas ier to use, and consolidate around 
better standards, data compression will steadi ly gain in 
popu larity. 

Transparency is the key: Data compression works be ·t 
when ii ' s complete ly transparent to both users and soft
ware. Today 's compress ion software tries to keep a low 

profile, but it is frequently shoved into the open by forces 
beyond its control. 

One lasting effect of the DoubleSpace debate is that all 
makers of compress ion software are paying even close r 
attention to safety issues. Current products wi ll continue 
to improve, and new approaches are being explored. 

For instance, some companies are working to move 
compression into hardware . By integrating the technology 
wi th the CPU's 1/0 bus-and, perhaps, even in the CPU 
it self-data compress ion could become as tran parent 
a. floating-point math . The goal is not only to conserve 
hard disk space but also to significantly improve system 
performance by keeping the data compressed wh ile it 
moves over the bus to periphera ls and networks, and 
maybe even to main memory. 

Compression Goes Prime-Time 
The basic concept of data compression is at least as an
cient as the Romans, who figured out that the Roman 
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With lossy compression techniques such as JPEG, Image qualify declines as the compression ratio goes up. This Is because files are compressed by th.-lng out data. 
The first Image Is uncompressed. Maximum compression was Used for the last Image. The remaining image represents the middle gniund between the two. 

numera l V required les space on a stone 
tablet than did I/Ill . Modern compression 
techniques are widely used to shrink huge 
graphics, video, and sou nd files down to 
manageable size. 

But those types of compre sion-JPEG, 
MPEG, lndeo, and the compressors in
cluded with QuickTime and Video for 
Windows-are so-ca lled lossy methods; 
some data is irretrievably discarded when 
the files are compres ed. Lossy compres
sion i unacceptable for critical data, such 
as spread heets, databases, and text. For 
those types of file only lossless com
pression will do: ot a ingle bit of valu
able infom1ation can be lost during com
pression or decompression. 

Before DoubleSpace, the most popular 
lossless compression products were the 
fil e-level utiliti es for archiving data on 
floppy disks and aving time during down
loads. One of the leading file compressors 
for PCs i Phil Katz' PKZip, a shareware 
program so effective, it can queeze the 
complete text of NAFfA (North American 
Free Trade Agreement) from its normal 
bureaucratic bulk of 3.3 MB down to a 
mere 568 KB- an impressive compres
sion ratio of nearly 6 to I. The resulting 
file is small enough to fit on a floppy disk 
or to download from a BBS. Similar util
ities are avai lable for Unix and the Mac
into h ( ee the text box "Data Compression 
on the Macintosh' ). 

But file-level utilities require users to 
run a program to compress and decom
press the file . Some utilities can make self
extracting archives-a single executable 
file that encapsulates both the compressed 
data and the decompression program
but it ' s till not simple enough for casual 
users. For them. real -time, on-the-fly data 
compre sion is a better olution. 

Real-time compressors run in the back
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ground, automatically shrinking files when 
they're saved on disk and expanding them 
when they're loaded. Most real-time com
pressors set up a compressed virtual drive 
on the uncompre sed host drive, so com
pre ing a file i as easy a saving or copy
ing a file onto the new virtual drive. 

For PCs. examples include DoubleSpace 
from Microsoft; Stacker from Stac Elec
tronics (Carlsbad, CA); XtraDrive from In
tegrated lnfonm1tion Technology (IIT) (San
ta Clara, CA); SuperStor Pro from AddStor 
(Men lo Park, CA); and DoubleDisk Gold 
from Verti oft System (San Francisco. 
CA), which supplied Microsoft with com
pression technology for DoubleSpace. 

In 199 1, DR-DOS 6.0 from Digital Re
search was bundled with SuperStor, thus 
becoming the first version of DOS to in
clude real-time data compression. Until 
DoubleSpace came along, however, real
time compressors were mainly confined 
to a relatively small market of power users. 
With the relea e of MS-DOS 6.0, millions 
of casua l users who barely knew the dif
ference bet ween a physical drive and a 
logica l drive were suddenly creating com
pressed volumes on their hard disks with 
nary a second thought-some with disas
trou re ult . 

Trouble with DoubleSpace? 
Data-loss problems are always difficult to 
trace, and the natural tendency .is to blame 
the last thing installed. With DoubleSpace, 
most problems see med to fall into three 
categories: ( I) file corruption caused by 
bad sectors on the hard disk; (2) puzzling 
disk-full errnrs caused by badly fragmented 
compre ·sect drives or lower-than-expected 
compres ·ion ratios; and (3) subtle inter
action with other soft ware, including the 
SmartDrive disk caching in DOS 6.0. 

Micro. oft responded by adding several 

safeguards to DOS 6.2 and DoubleSpace. 
ScanDisk, a new diagnostic/repair utility, 
fixes damaged files and automaticall y 
scans the hard disk for surface errors before 
DoubleSpace is installed. DoubleGuard, 
a new protection option , alerts u ers if 
another program or TSR corrupts the 
RAM-res ident portions of DoubleSpace. 
SmartDrive no longer turns on writeback 
caching by default. And Microsoft also 
made it easier to remove DoubleSpace al
together-a paradoxical but popular fea
ture in other compression products. 

Despite the safeguarding efforts of Mi
crosoft and others, some users have simply 
reached the end of thei r ropes . Steven 
Polinsky. a lawyer in Ridgefield, New Jer
sey, ays he removed Stacker from the 40
MB hard drive of his desktop PC after ex
periencing mysterious errors, even though 
he 's not sure Stacker was to blame. Next, 
he in tailed DoubleSpace on his laptop 
computer's 60-MB hard drive but imme
diately ran into video initialization trou
ble with Windows. Now, he ' s reluctant to 
put either Stacker or DoubleSpace on his 
desktop PC. 

"Overall. I'm a believer in DoubleSpace 
and in data compression in general ," says 
Polinsky. ·'But this is my mission-critical 
computer. It ' my billing, my accou nting, 
my research too l, my everything. I can't 
live wit hout it." 

However, most users are so hungry for 
hard disk pace that they're willing to take 
a little misfortune in stride. Chris Cooper, 
a software engineer working in Pforzheim, 
Germany , was not deterred even after 
CHKDSK failed to fLx an error on his Dou
bleSpace drive: " I backed up, reformat
ted , and reinstalled everything, and that 
certain ly fixed the problem." 

The irony is that data compression is a 
rock-solid techn ology. There's no magic 

http:tendency.is


Modem. 

Do you feel the need, the need for 

speed? You're why there's the new 

standard of high speed modems 

called V32terbo. Unlike 

ordinary V32 bis 

n1odems, which run at 

14.4 Kbps,V32terbo 

runs at 19.2 Kbps, one 

third faster. (Think of the difference 

between a regular sportscar and a 

turbo sportscai:) 

But, best of all,V32terbo is an 

open standard. Which means that it's 

the fastest modem standard there is 

that can talk to other nonproprietary 

brands. It can also talk to less speedy 

n1odems like V32bis via Automode. 

© 1994 AT&T 

V.32terbo modem. 

Is V32terbo the wave of the future? 

Over forty manufacturers seem to 

think so. Which is in1portant if you 

want to make a 19.2 Kbps connection. 

So look for the V32terbo 

symbol at the left. It doesn't cost a 

whole lot 1nore. 

So why would you even think of 

buying anything else? 

V.32terbo modems. 
The open standard offast. 

Call 1-800-372-2447, extension 920. 

We'll tell you inore. 

- AT&T 

Microelectronics 
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TRAPPED IN THE BODY OF THIS TINY SEI 

Th is is a srory abo uc a small compur.er cn9ineered 

w be so dependable, you ll"on 'r chink cwice about 

truscin9 ir ll'i th your mission-critica l applica

c.ions. :lnd co be chis 1ri1hout filli n9 a closec, 

much less a roo m. !Jyou hai•en't 

thou9hc efCompaq as an enr.erprise

cric ical plaiform before, we inl'iCC 

you to 9 rab your bifoca ls and 

be9in. (I JI? 'I/ be crammin9 a lot ef irformation 

inro this ad, ll'hich, 9iren how much n•c mana9ed 

Lo f it into our new sc n•ers, only makes se nse.) 

!Jrhcre's one thing 11 ·e're lea rned ll'orkin9 with our 

cmtomers, ii sthat you 're ru nnin9 more and more 

mission-critical applicarions 011 )"Our necwork. And 

!Jyour ner ll'ork 9oes down , your business 9ocs 

down. All <j' 11 ·hich makes the inuodua ion ef the 

new Compaq ProLianr Scrrcr cl'en more timely. 

Th e Proliant is a newjamilj•ef<dfordable, hi9h

pedormancc , easy-10-mana9e senws cn9ineered 

specificallj· ro proi·ide the hi9h al'Oi lability you 

need.for mission-crir.i cal netirorks. Wc'"e desi9ned 

Prol ianc in three d!lfercnr models, ran9in9Jrom 

a sing le- processo r conji9 uraii on 10 a jo ur

Penci um processo r model . 

No 11 ', holl' can you be m re our serrer is rrulj• a 

miracle and noc a mira9e? To be9in 

ll'i th, there 's Full Spect rum Foulr 

tllanagemem. pro11ided b;1 Co mpaq 

lnsi9ht tllana9e r Lechnoloay and 

efr1rarc that co nt inuallj· moni tors Ol'er 800 

aspecr.~ <!f th e serre r's opcrat i119 sta w s. (Fo r 

exa mple, Drii·e Parameter Tracki119 checks 15 

hard-dril'e para meters.) All ef chis i1!formali on 

is co nsLa nt ly 9a1 here.I, analyzed and then used LO 

prereni, r.olcratc or rcco rer from system problems. 

if' the peiform ancc ~j' a monit.orcd co mponent Sti ll, no network 's peifea. In the unlikely Cl'ent aucoma1icallj1LO a second processor). And, most 

drops bcloll' o specified le1·el, our un iq ue Pre problems occur, our ser.,er e.Yhibics remarkable notably, t.he Compaq Smar£ SCS I Array Con
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1ER Is A MAINFRAME WITH AN ATTITUDE. 

Netware and other major operatin9 systems. To 

9et hooked up to your network operatin9 system, 

For example, Automatic Server Recovery 2 

uses a historical record ef scrl'er status and 

performance to perform an astonishin9 array 

ef iasks. Like incelli9ently resiartin9 the server, 

automal.ically correctin9 a variety ef problems, 

and accessin9 a telephone pa9er to contact 

network administrators. 

By now you 'd expect us to hm•e rethou9ht 

sener setup, cor!}i9uration and OS insta lla

tion, but you mi9h1 be surprised by th e 

results. lncroducin9 SmartStart, a CD-ROM 

sysrem that takes the headache out ef9ettin9 

your server up and runnin9. Proliant includes a 

CD-ROM drive and bundled CDs ef opiimized 

simp!J1 ca ll your dealer for an 

access code, encer it, answer a 

Jew questions, and leave. Minutes 

later- say, efteryou've enjoyed a 

cup efcc?fJee and a jelly donut- you'll return to 

.find an inte9ra1ed OS fully insralled and opti

mized for increased peiformance and improved 

mana9emen1. And we 'll keep you updaced via 

CD when new operatin9 syscem versions appear. 

• 
And finally, to accompany our new line ef 
mission -crilical servers, we're inuoducin9 

mission-critical support. With 

Proliant, we now c?fJer extensive 

analysis, installacion and ser

vice throu11h our CompaqCare 

System Partners, a select 9roup efhi9hly trained 

systems experLS backed by Compaq en9ineers. You 

can now choose 4 -hour on-sice 1rarranty response 

up9rade" direct from Compaq. A9ain, there's 

our unique Pre-Failure Warranty. And, efcourse, 

all Compaq servers come wirh a 3-ycar on-site' 

warranry , and 7-day-a- week, 24-hour-a-day 

technical mpport. 

All in a surprisin9{y small box.for not a whole lac 

ef money. In fact , a DX2 I 66 Compaq Proliant 

/000 swrcs at abouc $6000 1• 

All ef which may help to explain the look your 

boss 9ives you when he hears about how much 

money yo u saved: stunned admi

ration. Bur don 't worry, you' ll 

9et used co rhat. It 9oes with the 

territory. For more ir!}ormacion 

on the new Compaq Proliant servers. orfor che 

location ef an aur.horized Compaq reseller 

chat 's nea ry ou, just 9ive us a call w ll j ree ar 

1-800-345 - 15 18. lfyou'd l ike to receive 

model, featu re and specification ir!}ormation 

immediately via fax , select the PaqFax opeion. 

COMPAQ 
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ln~u lc logo is a rcgbtcn:J tncknw-k of I.he Intel Corporation. !! For QWckSptts inform.u.lon, cm.h:r document numbers 400S , §001, .and ~I . 
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or voodoo; it 's as straightforward and re
liable as 2+2 = 4. The comparison is apt 
because virtua lly all loss le s data-com
pression products are derived from prin
ciples of information theory that were for
mulated in the 1940s and later refined in 
the 1970s and 1980s. At its roots, the ba
sic technology of data compression may 

be the levele t playing field in the com
puter industry. It is how various compa
nies use compression that makes the dif
ference. 

Not Rocket Science 
Typically, loss less data compression is 
based on some variation of the LZ (Lem-

pel-Ziv) or LZW (Lempel-Ziv-Welch) 
methods, named after Abraham Lempel , 
Jacob Ziv, and Terry Welch. When adapt
ed for real-time compres ion, LZ/LZW 
strikes a reasonable compromise between 
efficiency and speed. On average, it 
achieves a compression ra ti o of about 2 
to 1. Compare that to lossy methods such 

Data Compression on the Macintosh 


M acintosh users have thus far escaped most of the con
troversy over disk compression that haunts PC users. 

For one thing, disk compression isn't a standard feature of 
the Mac operating system as it is with the latest versions of 
DOS. It' s like the PC world before DoubleSpace: You have to 
buy a third-party product to get compression, so it tends to at
tract users who are more aware of the trade-offs. 

Also, for various reasons, Mac software doesn't require as 
much di k space as Windows software. Many Macs are still 
sold with 80-MB hard drives-woefully small by today's PC 
standards but plenty large for the average Mac user. 

Nevertheles , data compression is very much in demand. 
High-end Mac user tend to be graphic artist professionals 
who handle truly huge files: A single scanned photograph 
might easily require 50 MB. File-level compressors have been 
popular for years, and the Mac counterparts of PKZip include 
Stufflt Deluxe and Stufflt SpaceSaver from Aladdin Systems 
(Watsonvill e, CA); Di kDoubler and AutoDoubler from 
Symantec (Cupertino, CA); More Disk Space from Alysis 
Software (San Francisco, CA); Now Compress from Now 
Software (Portland, OR); and Compact Pro, a shareware pro
gram by Bill Goodman from Cyclos (San Francisco, CA). 

Unlike PKZip however, most file-level compressors on 
the Macinto h can work transparently, automatically com
pressing and decompressing fLles as they' re opened and closed. 
In fact , some of the e programs constantly scan the disk for un
compressed files and automatically compress them during 
idle times. Control panels let you decide whether all files on 
a disk should be compres ed or only certain files and folders . 

Real-ti me disk compre sors are fairly new on the Mac. Un
like file-level compressors, they install themselves at the de
vice-driver level, similar to disk compressors on the PC. 
There's one important difference, however: On the Mac, de
vice drivers automatically load into memory from all storage 
media on the SCSI chain during startup or when a removable 
disk is mounted . In other words, the compression software is 
tied to the media, not 10 the machine. So a service bureau, 
for example, can read a compressed Syquest di sk without in
stalling the compression software on its system. 

There are three driver-level products available for the Mac
intosh: eDisk from Alysis Software; Stacker from Stac Elec
tronic (Carlsbad, CA); and TimesTwo from Golden Trian
gle Computers (San Diego, CA). T imesTwo replaces the 
disk's existing SCSI driver with a custom driver that han
dles compression. Both Stacker and eDisk work with the ex
isting SCSI driver, wedging themselves between the driver 
and the operating system. 

The main advantages of driver-level compressors are that 
they ' re less likely to conflict with system extensions (a l o 
called INITs), and they're capable of compressing more kinds 
of files-even the non-ROM portions of tlle Mac operating 
system in the System Folder. On the downside, driver-level 
compressors may be incompatible with other SCSI device 
drivers. 

Macintosh compressors use the same ba ic compression 
methods as those on the PC, achieving the same average com
pression ratio of about 2 to I. However, the Mac file system 
shares a limitation of DOS that prevents either platform from 
exceeding that ratio on large hard drives, even with files that 
are highly compressible. 

The problem is that both DOS and the Mac address their a.1
location blocks (called clusters on the PC) with a 16-bit num
ber, so the maximum number of blocks on a drive-regardless 
of its capacity-is 65,536. Therefore, drives larger than 512 
MB cannot use a minimum block size of 8 KB or less, be
cause there aren ' t enough addresses. On a l-GB drive, the 
block size grows to 16 KB; on a 2-GB drive, it ex pands to 
32 KB . 

This results in wasted pace on large drives, becau ea 
block can ' t hold more than one file, so even a tiny file re
quires a whole block. One solution is to partition large dri ves 
into smaller logical drives. Each logical drive can address 
65 ,536 blocks, so the blocks can be smaller. 

On a compressed drive, block sizes are variable, so less 
space is wasted. However, it's possible to run out of allocation 
blocks before running out of actual physical pace. This hap
pens when the overall compression ratio on a large drive 
exceeds 2 to I. Individual files can be compressed at much 
higher ratios, of course, but the average compress ion ratio 
across the entire disk cannot exceed tlrnt limit. 

For example, let's say you compress a 512-MB drive. Its vir
tual size (based on an average 2-to-l compre sion ratio) is 
1024 MB or I GB with 16-KB blocks. Now you start filling 
the drive with highly compressible files that achieve a ratio of 
4 to l. There's enough physical space on the drive to store 
2-GB worth of those files, but you'll get a surprising di sk
full error after I GB. Why? Because the drive is limited to 
65,536 allocation blocks, and it would need 13 1,072 of those 
16 KB blocks to store 2 GB. 

In practice, this barrier is not a serious problem because 
the average compression ratio for a typical mix of files rarely 
exceeds 2 to I. But as drive capacities continue to climb and 
compression software keeps improving, this limitation is sure 
to be removed in future versions of DOS and the Mac OS. 
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With OnView.™ 

Introducing the ViewSonic 17G - the first in our "Graphics" 
line of monitors. It's unique! It's powerful! And it's affordable! 

Th.is unbeatablemonitor features tl1e OnView"' control system, an 
innovative technology that displays the status of each adjustment and 
function on the screen. Yes, OnView does make it very easy to adjust 
controls with precise accuracy.1\vo of the "hottest" controls are: 
ViewMeter"' ,which shows the current refresh rate and scanning 
frequency of themonitor, and ViewMatch"' , that adjusts screen 
colors to closelymatch printer output. 

And it's "green"! Powering down to under five watts when inactive, 
the Viewsonic l 7G supports the EPA's Energy Star program, and is 
compliant with MPR-II standards for low radiation. 

If that isn't enough, the Viewsonic l7G has aspecial ARAG "' anti
reflection coating, lnvar shadow mask and aspecially-designed 
dynamic beam focus gun which provides a sharp, crisp screen image. 

Thjs feature-rich 17-inch monitor beats the competition - and 
the suggested retaH price is only S999! 

COMPARITIVE CHART 

Screen Size 
VlewSonlc l 7G 

17" 
NEC 5FGc 

17" 
NEC 5FGp 

17" 

Dot Pitch (mm) 0.28 0.28 0.28 

Maxi mum Resolution I280x 102 1024 x 768 1280 x 1024 

Maximum Refresh Rate (Hz) 
Non-lnterlac.ed 160 90 90 

OnView Control Yes No No 

Color Matching Yes 'o Yes 

Power Sm~ng Yes No Yes 

Non-Glare Screen Yes Additional Cost Yes 

Price S999 $1,155 $1 ,455 

Viewsonic® 

See The Differencer· 

20480 Business Parkway Walnut,CA 91789 
Tel: (800) 888-8583 or (909) 869-7976 Fax: (909) 869-7958 
All pm!ucis :ll1d br.ird rumes 11? ~ ullmail:s dlhoirlbf>'dl"'~"" 
n.. EPA oo~ pmm115 ""'l.' etfoci<ncy znd ib::s "" """""!Jl)'plJUCUWmmponyor prol1Xt 

OnView~ Menu ViewftfafdJ~ ViewMeter~ lntl;ltCOUr1t!)' Q~!Otll\1!~1 1$. 
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as JPEG, which deliver compression ratios 
as high as 100 to 1, if you aren ' t too picky 
about quality. 

Compression works better on some 
types of files than on others, and some 
files cannot be compressed at all. Com
pression algorithms depend on repeating 
patterns of data, so they don ' t work on 
files consisting of random data. Typical 
examples include encrypted files (the bet
ter the encryption , the more random the 
data) and files that have already been com
pressed (because randomization is a 
byproduct of compression; otherwise, you 
could repeatedly compress a file until it 
was squeezed down to a single byte). 

Compress ion algorithms can be opti
mized for different data types. One 
method, RLE (run length encoding), works 
well on files with long strings of repeating 

bytes. For example, if a ponion of a graph
ics file has 100 white pixels in a row, an 
RLE compressor might save 1 byte that 
indicates "white" and another byte that in
dicates " 100." The decompressor knows 
that the first byte represents the color and 
that the second byte tells how many pixels 
of that color will follow. Even though RLE 
is a good choice for compressing a graph
ics file, it would be a poor choice for a 
text file. 

For that reason , some compressors an
·,alyze the uncompressed data to choose the 
optimal compression method. However, 
none of the real-time disk compressors, 
such as DoubleSpace, does this. Analysis 
takes time, and the extra compression isn ' t 
worth the performance hit. 

Instead , DoubleSpace and other real 
time disk compressors use a sliding die

rionary form of LZ compression, no mat
ter what kind of data the file contains. To 
shrink a file, the compressor looks for re
peating patterns. It then replaces each pat
tern with a pointer that refers back to an 
earlier occurrence of the same pa!lern, as 
well as a token that specifies the length of 
the pattern. Later, when the file is decom
pressed, the pointers and tokens are re
placed with the original patterns. 

Microsoft cites this example: "the rain in 
Spain falls mainly on the plain." Count
ing spaces and the period, this phrase nor
mally requires 44 bytes. But it contains 
several repeating patterns, including ain 
and the·. DoubleSpace would encode the 
phrase as follows: 

t hera i n [3 , 3 ]Sp( 9 , 4]falls 
m ( 11 , 3 J l y on ( 3 4 , 4 J pl ( 15 , 3 ] . 

con1in11ed 

Data Loss: A Cautionary Tale 

HOWARD EGLOWSTEIN 

Catastrophic data losses caused by 
disk compression are rare, but def

initely happen. Usually, it' s not directly 
the fault of the compression software, 
but rather is caused by an unexpected 
interaction between various components 
of the system. A typical example is my 
recent experience with Microsoft' s Dou
bleSpace and AddStor' s DoubleTools 
running on a Toshiba T4600C laptop 
computer . 

.DoubleTools seemed like an interest
ing product-it provides finer control 
over the internal workings of DOS 6's 
compressed volumes and promises bet
ter disk repair capability than the stan
dard utilities included with DOS. f'm 
not a fan of disk compression in gener
al, but I make regular backups of my 
data and had nothing to lose. 

1 installed DoubleSpace on the Toshi
ba T4600C'. s 200-MB hard drive, then 
proceeded to iustall DoubleTools. As 
pa.it of the installation procedure, you're 
given the option of sticking with the 
standard Microsoft DBLSPACE.BIN 
driver or replacing it with AddStor' s en
hanced driver. The enhanced driver gives 
DoubleTools better access to the internal 
guts of the compressed volume and al
lows it to analyze things more thor
oughly. The AddStor manual recom

mends using it, so I did. After installa
tion, you must reboot to load the new 
driver. 

Until this point, everything had gone 
well . As the Toshiba rebooted, however, 
the AddStor driver tried to examine my 
hard drives. It found drive C and then 
looked at drive D, which was actually 
Toshiba's PCMCIA driver for a fax mo
dem card. Because the Toshiba driver 
also supports PCMCIA hard drives, it 
has to load as if it were a disk drive. I 
didn't have the PCMClA drive installed, 
so accessing drive D cau ed a " Not 
ready reading drive D:" error. The Dou
bleSpace driver paused for quite a while 
during bootup as it dealt with this nonex
istent drive. 

1 started Windows and loaded the 
DoubleTools configuration utility to tell 
it not to bother dealing with drive D. 
The utility 's pick list recognized the two 
removable drives on the Toshiba (the 
floppy at drive A and the PCMCIA chive 
D). I selected drive D from the list. The 
screen went blank, but then di splayed 
the following message: "Serious error 
occurred reading drive H:. Press any key 
to continue." The machine froze, and 
cycling the power was the only way to 
get it back. 

When the machine rebooted, the Dou
bleSpace compres ed volume was bad
ly corrupted; no standard recovery tools 
could read it. The only fix was to refor

mat the drive and reload everything. Just 
to make sure this wasn ' t a fluke, I tTied 
the whole exercise again and got tbe 
same failure. 

What happened? It's not exactly Dou
bleSpace's fault, and it is not really 
AddStor's fault, either. (DoubleTools 
did not expect to find a valid yet non
existent drive. ) Is Toshiba to blame? 
That depends on whether the problem 
was caused by the driver or the ap
plication 's inability to handle a serious 
error. At press time, this issue was still 
uncertain. 

Any way you look at it, the failure 
was catastrophic. If this hadn 't been a 
review machine (and backed up at that), 
1 could have lost <t great deal of work 
simply by installing a tool designed to 
make using my disk safer. That' s pretty 
scary. 

There were at least three ways to re
solve the problem: remove the fax mo
dem and PCMCTA device driver; unin
stall DoubleTools; or jt1st give up on 
DoubleSpace altogether. Because the 
modem is handy , and using Double
Space without decent recovery tools 
seemed foolhardy , 1 decided to unin
stall both DoubleSpace and Double
Tools. 

Howard Eglowsrei11 is a resting editor for tire 
BYTE lab. You ca11 reach him on tire /memer or 
BlX at heglowsrei11 @bix.com. 
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do they
call it adongle? 
He wasn't famous. He 

didn't drive a fancy car, 
but dressed in his favorite 
Comdex T-shirt and faded 

smoking 
• 'cartons of 

cigarettes, 
he'd write pages 

It took time. Years in fact. 
But he did it. He wrote the 
most powerful computer 
program in the world. Now 
came the hard part. Selling it. 

The Most Powerful 
Program In the WOrld 

Determined to make those 
long years pay off. he called 
on every distribu tor. VAR and 
dealer in the world. He drove 
from Beantown to San Diego. 
Flew from Dublin to Borneo. 
Everyone loved the program. 

So he sold a few. Only 
a few. 

Back in Boston he 
waited. After a long year 

of code. 

with only 13 orders he set 
out to see what happened. 
As he drove across the 

country and 
flew around 

_ the world he 
discovered everyone 

knew about his program. 
Everyone had it too. 

The Global Marketplace 
From Paris to Prague, his 
program was everywhere in 
Europe. When he got off the 
plane in Hong Kong he found 
his program stacked to the 
ceiling in every computer 
store. Amazed in disbelief, he 
bought a hundred cartons 
of cigarettes and a hundred 
pounds of Indonesian 
coffee and Dew 
back LO Boston. 

Beaten, bartered 
and bruised he went 
back to the drawing 
board. This time he 
would really 
change the face of 
the software industry. 
He would develop a device 
tha t would prevent 
unauthorized distribution of 
software programs. 

Call It What You Like 
He developed a hardware 
key. His peers applauded his 
efforts. Finally, a solid solution 
for revenue protection. 

But he didn't know 
what to call it. He thought 
of naming it after an exotic 
place he visited in his travels. 
Madagascar was a bit LOO 
long, though. 

"Name it after you, 
Don!", urged his peers. 
So he did. Soon 
everyone was callli1g 
the key a dongle, 
after Don Gall 
the lonely software 
developer who did 
what he had to do. 

You've Come 

ALong way, Baby 


Today, dongles are different. 
Fact is. they've come a long 

way. Leading the 
, industry with 

,) security solutions, 
Rainbow Tedmologies 

has changed the face of 
hardware keys. They work 
with multiple applications, 
are programmable and 
network versions control 

concurrent usage. And 
they're always transparent 
to the end-user. 

Sentinel Family 
from Rainbow 

Truth is, more and more 
developers are using keys. 
And the Sentinel Family is 
the most widely used in the 
world. ln fact, over 6,000 

developers use Sentinel [rom 
Ra inbow. Why? They are 
simply the most ef!ective, 
reliable and easy to implement 
keys on the market. 

Learn more about securing 
your sofrware 

and how keys 
provide developers 
with extra value. 
Call for a free copy 

of "The Sentinel 
Guide to Securing 

Software." And see 
just how easy it is to 

install a hardware 
key into your 
application in just 
minutes. Try it 
with our low cost 
Sentinel 
Evaluation Kit. 
Order one for 
your DOS, OS/2, Windows. 
Macintosh or UNIX based 
application. 

And remember, when 
you need a dongle. you need 
Sentinel - the only dongle 
Don Gall would use. 

CALL 

800/ 852-8569 
FOR YOUR FREE GUIDE 


TO SECURING SOFTWARE 


;en11na

Securing the future of software 

Some call it adongle. Those who know, call it Sentinel. 


9292 JERONIMO ROAD, IRVINE, CALIFORNIA 92718 • 7141454-21 00 • fax i l4/ 454-8557 
International offices are located in the United Kingdom, Germany and France. 
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Bracketed numbers rep
resent pointers and tokens, 
so (9,4] tells DoubleSpace 
to replace the pointer (9) 
and token (4) with the 
four-character pattern that 
begins nine characters be
fore the pointer. 

The result: The com
pressed version requires 
37 bytes instead of 44. 
That's not an enormous 
saving, but the method 
works much better on 
database fi Jes, whose 
fields are padded with lots 
of spaces, and on graph
ics files that have large 
areas of solid color. (The 
algorithm does not care 
whether the patterns of 
bytes represent ASCII 
characters or any other 
kind of data.) 

This method is known 
as sliding dictionary be~ 
cause the compressed data 
itself contains the "dictio
nary" of patterns that 's lat

TSRs competing for the 
same territory. 

Preloaded Drivers 
Digital Research' s DR 
DOS 6.0 offered a novel 
so lut ion: A new system 
file cal led DCONFIG . 
SYS that booted before 
CO FIG.SYS. Supe r
Stor· s device driver could 
load from DCONFIG. 
SYS immediately after the 
memory manager, mount 
the compressed drive, and 
then chai n to CONFIG. 
SYS on the compressed 
drive before any o th e r 
TSRs or drivers tri ed to 
grab memory. In other 
words. th e compression 
software got a head start. 

With th e re lease ofBefore the release of version 6.0, MS-DOS loaded all de1•ice drivers from CONFIG.. WS. 811t 
MS-DOS 6.0, MicrosoftDOS 6.0 has a modified JO.SYS file tluu a111011wtical/y loads a device driver called 

DBLSPACE.8/N, which. in 111m, calls a new ca11fig11ra1iu11jile 1u1111ed D8LSPACl;"./N I. achieved bas ically the 
Only /hen does CONFIG.SYS execute. loadi11x 011y miler device drivers. as well m· 11 short same result with a some
program called D/JLSPACE.SYS thm rdoca/es the DoubleSpace driver intu upper what different approach. 
memory. Stacker 3. 1 is the onlv mher real-time disk compre.uor tlta1 preloads in this Previous versions of MS-
fashion 1111der MS-DOS. 

er used to reconstruct the file and because 
the compressor works its way through the 
file using a fixed-size sliding window. In 
other words, the compressor will not scan 
backward through the entire file to locate 
a matching pattern; it searches only a win
dow of bytes that slides through the file 
during compression. The size of that win
dow usually ranges from 2 to 8 KB. (Dou
bleSpace' sl iding window is about 4 KB.) 

These and other variables allow for 
some product differentiation, but in truth , 
no lossless disk compressor enjoys a 
knockout advantage in terms of compres
sion efficiency or speed. Much more im
portant is how the compression software 
interfaces with the operating system, how 
the compressed volumes are structured , 
and the quality of their diagnostic and re
pair utilities. 

Implementing Compression 
To keep data compression a~ transparent as 
possible to the user (and to applications), 
it's best implemented as a background 
process that hooks into the normal file sys
tem and automatically compres es and de
compresses files as they 're saved on disk . 
If the compression software installs itself 
as a virtual drive on the system (similar 
to a logical partition), it can recede even 
further into the background. On PCs, how
ever, that requires finding room in memory 
for yet another device driver and then pro
tecting it from other drivers, rogue pro
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grams, and territorial TSRs. 
File-level compressors (e.g., PKZip) 

don ' t test the fragility of the DOS envi
ronment because they don ' t run in the 
background , and their compressed file s 
don't appear any different to the system 
than do ordinary files. But real -time com
pressors must re ly on a device driver to 
reroute all file 1/0 through their compres
sion routines. 

Before MS-DOS 6.0. most third-party 
compressors used the same method em
ployed for years by RAM disks, which are 
also virtual drives: They loaded th e de
vice dri:ver from the CONFIG.SYS file 
during bootup. Howe ver, this approach 
has a few disadvantages. To swap drive 
letters so that the compressed drive ap
pears as drive C, both the virtual drive and 
the physical drive need duplicate copies 
ofCONFIG.SYS, AUTOEXEC.BAT, and 
all files they reference. This, in turn , leads 
to synchronization probl ems when yo u 
make any changes to the files. 

Another potential problem is the com
petition for memory . If too many device 
drivers and TSRs load into conventional 
memory (i .e., the first 640 KB of RAM ), 
some MS-DOS programs-particularly 
games-will not have enough memory to 
run . If you modify the CONFIG.SYS file 
to load the co mpressed drive's device 
driver into upper memory (i.e., the area 
above 640 KB and below 1024 KB ), it 
may conflict with other device drivers or 

DOS couldn ' t load a de
vice driver before CON FIG.SYS, but MS
DOS 6 has a modifi ed IO.SYS boot file 
that automatically preloads a device dri
ver ca lled DBLSPACE.B IN before CON
FIG.SYS execute . 

DBLSPACE.Bf reads a new configu
ration fil e called DBLSPACE.fNI , mounts 
any compressed drives it finds listed there, 
assigns the appropriate drive letters, and 
only then passes control to CONFIG.SYS. 
Thi happens before any other device driv
ers or TSR get a chance to load from 
CONFIG.SYS or AUTOEXEC.BAT. The 
CONFIG.SYS file still needs to run a pro
gram called DBLSPACE.SYS th at re lo
cates DBLSPACE.BIN from convention
al memory to upper memory. Even if 
DBLSPACE.SYS doesn ' t run , or if the 
entire CONF!G.SYS fil e is tra hed, DBL
SPACE.BIN still preloads and mounts the 
DoubleSpace drive. 

Once the compressed drive is mounted , 
it appear to the system a a virtua l drive. 
All file 1/0 happens normally , except the 
dev ice driver intercepts the l/O to com
press and decompress files as they ' re saved 
and loaded from the new drive. 

Besides DoubleSpace, Stacker 3.1 is the 
only other compressed-drive product for 
MS-DOS that pre load" its driver before 
CON FIG.SYS. Earlier versions of Stacker 
used the former method of loading th e 
device driver w ithin CONFIG.SYS. 
SuperStor and Verti so ft System' s Dou
bleDisk Gold still load the ir drivers from 
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CONFIG.SYS when running under DOS. 
However. SuperStor/DS- a new Dou

bleSpace-compatible version of SuperStor 
included wi th IBM" PC-DOS 6.1 (which 
will oon be the only version of SuperStor 
avai lablc)- preloads its dri ver before 
CONFIG.SYS when running under IBM's 
PC-DOS 6.1. which has the same preload 
capability as MS-DOS 6.0. And the latest 
version of DR-DOS- now called Novell 
DOS 7 after Nove ll" s acq uisition of Digi 
tal Research- comes wi th Stacker 3.1 in
stead of SuperStor and also adopts the pre
load technology. 

llT's Xt.raDrive adds sti ll another twist. 
Although XtraDrive loads a device dri ver 
from CONFIG .SYS li ke SuperStor and 
DoubleDisk Gold, it handles file 110 a bit 
different ly . When you install Xtra Dri ve 
on a hard di sk. it relocates the DOS boot 
fi le elsewhere on the drive and substi
tutes its own custom boot files in the boot 
sector. As a result, XtraD1ive boots firs t 
when you switch on the machine. and DOS 
boots immediately afterward. That allows 
XtraDrive to intercept call s to BIOS INT 
13 (disk 1/0) and redirect the 1/0 to its 
own compression routines. 

Because XtraDrive still relies on CON
FIG .SYS to load its device dri ver, it is as 
vulnerable as SuperStor and DoubleDisk 
Gold to CONFIG.SYS problems. If the 
criti ca l command in CON FIG.SYS is ac
cidenta ll y deleted or the CONFTG .SYS 
ti le is trashed or the device driver is some
how com1pted, the compressed drive won' t 
mount. Users have not lost any data at that 
point. but they wi II probably be alarmed 
that the ir compressed 
clri ve seems to have van
ished. 

The compressed d1ive is 
still there. of course. bu t 
it·s not recognized by DOS 
until the problem is cor
rected. In a worst-case sce
muio, an un. uspecting user 
might panic and do some
thing that actually destroys 
the data (e.g .. assume the 
data is already lost, refor
mat the hard di sk, and re
i nstal I the compression 
software). For these rea
sons the abili ty to pre load 
a device driver indepen
dently of CO 1FIG.SYS is 
con iclered an i mponant 
safety feature of real-time 

driver load into memory , and DOS 
mount the compressed drive. Compres
sion products take significantly different 
approaches in the way they simulate a vir
tual drive and organize their internal struc
ture . 

For example, DoubleSpace, Stacker, 
SuperStor, and DoubleDisk Gold all sim
ulate a virtual drive by creating a . ingle, 
large file on the uncompressed host drive. 
(Microsoft ca ll s it a compressed volume 
file, or CVF.) In other words, the hundreds 
of files stored on your compressed drive 
actually appear on the physical drive as a 
single tile. 

It is not just an enormous jumble of 
data, of course - the file mapping is han
dled internally by the compression soft
ware. (XtraDrive, again , is the exception; 
it stores compressed files in the normal 
fas hi on. ) 

Some people fear that storing every
thing in one massive fi le comprom ises 
data integrity. However, a number of 
safeguards and cross-checks are built into 
the compression arch itec ture. to prevent 
you fro m losi ng info rmati on even if the 
CYF is corrupted. What ' s most impor
tant is not whether compressed data is 
stored in a CVF or in di screte tiles, but 
rather the integrit y of the compress ion 
architecture and how read il y you can di
agnose and repair common problems with 
disk utilities. 

This is the main battleground on which 
compress ion vendors are waging waifare. 
It also accou nts for much of the contro
versy over DoubleSpace. 

Cluster Bombs 
For instance , a significan t difference 
among DoubleSpace, SuperStor, Dou
bleDisk Gold. and Stacker 3.1 is how they 
store compres ed data. All handle data in 
8-KB chunks that are compressed to fit 
variable-size clusters. A cluster may con
tain I to 16 sector , each 5 12 bytes long. 
But only Stacker can subdivide a cluster 
and store the pieces in scattered locations 
on the disk. The others must store a cluster 
in sectors that are contiguous. 

This can lead to problems if the com
pressed drive becomes badly fragmented. 
Fragmentation inevi tab ly happens over 
time as you save, delete, and resave files on 
a disk. It happens faster under certain con
ditions, but graduall y all disks become 
fragmented, especia ll y if they're nearly 
full. Eventually, there' s not enough con
tiguous free space to save an entire file , 
so DOS has to split up the file and store the 
clusters in various places around the disk. 

Other than slowing clown disk 1/0, frag
mentation isn't a serious problem on an 
uncompressed drive, because the clusters 
are always a fixed size. As long as DOS 
can find enough free clusters, no matter 
where they're located, it can save the file. 
If there aren' t enough free clusters, DOS 
returns a disk-full error. 

On a compressed drive, however, things 
are a little more complicated. (Well , a lot 
more complicated.) To begin with, the ac
tual size of a cluster varies in direct pro
portion to the compression ratio. The goal 
is to more efficiently use the disk space 
that DOS often wastes. 

Because uncompres ed 
DOS di sks have fixed
size cl u ters (usually 8 
KB), a ti ny five-l ine batch 
file would still occupy a 
whole cluster. On a com
pressed dri vc, that file 
could be stored in a one
sector cluster (5 12 bytes), 
thu s sav in g 7.5 KB of 
disk space. If you save an 
8- KB fi le on a co m
pressed drive and if the 
compressor achieves a 2
to- l compression ratio , 
the resulting file needs 
only 4 KB and occupies 
a cluster of eight sectors 
(8 times 512 bytes equals 
4 KB ). The best possible 
case i a 16-to- l com 

When acompressed drive becomes b11dly fragme11ted. it may cause p11::.ling diskfull errors. disk compressors. pression ra ti o (yield ing a 
e1·e11 when there is e11011gh f ree space to store the fil e. 7'l1i.1· happens when a piece of daw 

one-secto r cluster, 512 11"011 "tjit i1110 any of1he free b11t 11011co11tig11011s variable-size c/11s1ers. In this case. an 8·
Data Integrity K13 chunk of 1111compressible data ca11 "t be w ved 011 the drive. eve11 !hough there "s 16 K/3 bytes). The worst case is a 
Other safe ty factors come ofspace available. The PC version of Stacker ca11 <ll'oid this dilemma by subdividing 1he I -to- I ratio- no co m
into play after the device cluster and storing the pieces i11 11011co111i11uous /ocmio11s. pression (y ielding a 16
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1bis offer really staclIB up. 

lB 1 TCP/IP is a robust implementation of 
this standard protocol stack. And it's the per
fect building block for creating client/server 
environments linking a wide number of both 
TBM and non- IBM platform . 1ow iJ you 
order hefore Feb. 17, 1994, you ' ll get the IBM 
TCP/JP 2.0 Buse Kit for OS/2® or the IBM 
TCP/IP 2.1 Bo c Kit for DOS/ Windowsrn for 
just $150 (regular price is $230) and addi
tional copies for $130. 

The DOS/Windows Base Kit incorporates 
all standard appli cation (Telnet., Mai l, FTP, 
LPR, S MP) with ea ·y-to-use G Is. Other 
kits include NFS,llb NETBIOS and program 
development support including the Windows 
Sockets APL The OS/2 Base Kit also offer alJ 
th e tandard appli cations a we ll as new 

features like Network New , CJD support for 
remote instalJation, and ~ orkplace She JITM 
Integration. Additiona l kits are available for 
X Window System,rn DOS/Windows Sockets 
applications support, 1l•S, ETBIOS and 
program development support. 

Power, !lexib ility and va lue. The reasons 
for buying IBM TCP/ IP h ep stacking up. 
So call 1 800 IBM-CALL, ext. S83, and 
order today! It's a smart way to spell inter
operability. 

Making networks work 
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Uncompressed DOS drives 11orma/ly store data i11fixed-size clusters of8 KB. (Maci111osh c/11sters 
are also fixed size. b111 rhe size varies depe11di11g 011 rhe drive capacity.) Compressed drives store 
data i11 clusters that vmy i11 size according to the compression ratio. A cl11ster may be as small as 512 
byres (assuming a 16-ro- I compression ratio) or as large a.1· 8 KB (if the data is uncompressed). The 
average is abo11t 4 KB (2- to- I compressio11). 

sector cluster, 8 KB). 
OK, so far. But what ifthe compressed 

drive is badly fragmented and DOS can' t 
find enough contiguous sectors to store a 
cluster? Stacker 3.1 will break up the clus
ter into smaller pieces (known a extents) 
and fill in the holes. DoubleSpace, Super
Stor, and DoubleDisk Gold can· t do this. 
Instead, they return a disk-full erTOr-even 
if there's actually enough free space on 
disk to save the file. 

The problem gets worse if you' re trying 
to save data that can' t be compressed. Per
haps the file is encrypted or has already 
been compressed with PKZip or is being 
downloaded as a GIF (CompuServe s 
compressed file fom1at for graphics). The 
8-KB cluster can't be com pre ·sed any fur
ther, so. it needs 16 contiguous sectors (16 
times 512 bytes equals 8 KB ). Even if the 
compressed drive has megabytes to spare. 
DoubleSpace, SuperStor, and DoubleDisk 
Gold can't save the file if they can't find 8 
KB of contiguous free sectors. 

In theory, the compressed drive could 
have hundreds of megabytes free and st ill 
return a disk-full erTor because of a sin
gle cluster that won't fit in the holes. In 
reality, could a drive actually become that 
severely fragmented? Not likely , in nor
mal use. But B lossom Software (Cam
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bridge, MA), which sells a diagnostic utiJ
i ty called DoubleCheck, gives away a 
small program called Bust that demon
trates the problem. 

Bust deliberately fragments a Double
Space drive and then attempts to save a 
file that won't fit within the clusters. (Don't 
try this on a drive wi th important data.) 
According to Alan Feuer, director of soft
ware development at Blossom, DOS 6 
ometimes won't return a disk-full error 

but, instead, reports that the file was suc
cessfully saved. Result: a tra shed file. 
Feuer says Microsoft fixed the problem in 
DOS 6.2. 

Microsoft denies such a bug exists, but 
those who are curious can find Bust in the 
IBM Forum on CompuServe. (Microsoft 
removed it from the MSDOS Forum.) 

Of course, you can avoid all these prob
lems by defragmenting the compressed 
drive (e.g., using either DOS's DEFRAG 
or a third-party utility) on a regular basi ; 
however, some users are not very atten
tive to system maintenance. What they 
need is some kind of background defrag
gi ng that functio ns as transparently as 
background compression. AddStor sell s a 
product called DoubleTools for Double
Space that-among other things-pro
vide thi s important function. 

FAT Structures 
Stacker drives get fragmented just as eas
ily as other compre sed drives, but since 
they can subdivide clusters, there ' s less 
chance you' ll encounter a mysterious disk
fu ll error. The PC version of Stacker (but 
not the Macintosh version) can do this be
cause it has an addi ti onal mapping table 
that keeps track of the scattered exten ts. 
The extra table is an extension of the FAT 
(fi le allocation table), which DOS uses to 
allocate clusters. 

Here's yet another area where com
pression products differ. They each take 
a slightly different approach to how they 
organize and verify the integrity of the 
FAT and related mapping structures. Nat
ura lly, each vendor c laims its approach is 
the most reliable. 

If a disk 's FAT gets corrupted, DOS 
won't know which clusters of data belong 
to which files. If you can ' t repair the dam
age, the result could be lost data. For safe
ty , therefore, DOS normally keeps two 
copies of the FAT on an uncompressed 
disk. Stacker and XtraDrive also keep two 
FATs on their compressed disks. Double
Space, SuperStor, and DoubleDisk Gold 
keep on ly one FAT. 

The argument for keeping two FA Ts is 
redundancy: Ifone FAT gets trashed, a re
pair util ity can try to restore it with infor
mation from the second FAT. The argu
ment for keeping one FAT is simplicity: If 
two FATs somehow get out of synchro
nization, which one is correct? 

This could happen if your computer 
crashes or the power fails while saving a 
fi le on a compressed drive. The disk 1/0 
might be interrupted after DOS has up
dated only one copy of the FAT. h 's even 
more likely if you're using writeback disk 
caching, because the FAT update cou ld 
be de layed a few seconds. (One of the 
change between MS-DOS 6.0 and 6.2 is 
that SmartDrive's writeback caching is 
now turned off by default.) 

Microsoft contends that not on ly are 
two FATs unnecessary. but that the extra 
mapping table Stacker uses to subdivide 
clusters adds yet another layer of com
plexity to an already complex scheme. In 
fact, compressed drives from a ll vendors 
have internal mapping structures that are 
much more complex than ordinary drives 
becau e they have to keep track of uch 
things as variable-size clusters and com
pression ratios . DoubleSpace, for exam
ple, supplement the normal FAT with a 
BitFAT and an MDFAT. Stacker's map
ping table for extents adds a third leve l of 
indirection beyond the FAT and the vari
able-size cluster mapping. 

That' too complicated, ays Benjamin 



Sqmnlxr "· '""'Fb:Smn FSSOi-W 

1 t 9 J 

ANNUAL 

WIN AWARD 


l'lo:Sran FSSOi 

anao, the ta:hnical leader in monitors has done it 
again. In addition to being the top choice of 
today's CAD/CAM, D1P and Wmdows users, 
Nanao's award-winning FlexScan monitors 

now have a remarkable energy-saving system -
PowerManager. 

PowerManager works with all green oompurer 
systems including VE.SA DPMS (Display Power 
Management Signaling). But users don't have to 
own a new green computer in order to take 
advantage of the PowerManager to save energy. Our 
PowerManager works with any existing PCs with a screen 
saver software, including Windows 3.1 and After Dark. 
Activating when the blank screen of the screen saver appears, 
PowerManager cuts operating power to less than 8% of total 
ronsumptiOIL It also automatically powers the monitor down 

to a stand-by mode when the romputer is turned off. The 
PowerManager can save users as much as $63 per year 
on utility bills (Source: ESource). PowerManager has 
placed Nanao at the forefront of the Environmental 

Protection Agency's Energy Star Program. 
PowerManager is now the standard feature 
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Shadow Mask and Trinitron CRTs with non-Bicker 
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PC DISK-COMPRESSION SORWARECOMPARISON 

PRODUCT PRELOADED COMPRESSED DIVISIBLE COMPRESSED 
DRIVER' VOLUMEFILE' CL USTERS' FATS' 

Vertisoft DoubleDisk Gold No Yes No 

Micr.osoft Double~ace Yes Yes No 

Stac Electronics Stacker 
~ddStor ~uperStor OS 

Yes 
Yes• 

Yes 
Yes 

Yes 
No 

2 ,, 
AddS tor Superstar Pro No Yes 
llT XtraDrive No No 

• The device driver for the compressed drive loads during boolup before CONFIG.SYS 
• The compressed virtual drive appears on uncompressed host drive as a large, single file 
J Compression software can subdivide a cluster to store data in noncontiguous sectors 
• Number of file allocation tables on lhe compressed drive 
' PC-DOS 6. t only 

W. Slivka, development leader for MS
DOS. Slivka says third-party tool vendors 
complain that Stacker 's architectu re is 
more difficult to support. Whi le true, that 
hasn't stopped the tool vendors. Most of 
the major diagnosti c a nd repair utilities 
support both DoubleSpace and Stacker, 
although there 's less support for Super
Stor, DoubleDisk Gold , and XtraDrive, 
which don ' t command as much market 
share. 

All disk compressors also come with 
their own ut il iti es, and these too ls are 
tailored for their unique compression ar
chitectures. Ofte n, they try to turn com
plexity in to an advantage by performing 
extensive cross-checks between the vaiious 
mapping structures. X1raD1ive, for exam
ple , compares both cop ies of the com
pressed drive's FAT during bootup. If they 
don' t match, the u er is advi ed to run a 
program called VMU (Volume Mainte
nance Utility). VMU tries to figure out 
which FAT is correc t by checking file 
links, mapping tables, and free clusters. 

Strange Interactions 
Anytime something as co mplex as real
time disk compression is introduced into an 
environment as unrul y as DOS, there are 
bound to be unforeseen consequences. 
When a mysterious problem can be traced 
at all, often it ' s not direc1 ly caused by the 
compression software itself. but rather by 
interacti o ns among va ri o us e le ments of 
the system (see the text box "Data Lo s: A 
Cautionary Tale" on page 64). 

Microsoft has compiled a li st of soft 
ware that may not work on a DoubleSpace 
drive, includ ing protected copies of Lotus 
1-2-3 release 2.0 l , Inform ix re lational data
base, Multi Mate 3.3/4.0, the DOS version 
of Quicken, Movie Ma. ter 4.0, Tony La 
Russa Baseball U, Empire Deluxe. Links. 
Ultima. and others. Some of these progmms 
won ' t run on any compressed dri ve. and 
the reasons vary widel y, rangin g from 
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tri c ky copy-protection schemes to their 
handling of te mporary files . 

Different versions of the ROM BIOS 
are known to cause problems, too. Some 
BIOS chip sets don ' t properly handle an in
terrupt call made by DBL.SPACE.BIN dur
ing boolllp. resu lting in stack corruption. 
The DOS 6.2 version ofDBLSPAC E. BIN 
doesn' t call this interrupt. 

Writeback disk cach ing has also been 
singled out for blame. Some user are in 
the habit of switching off their computers 
immediately after quitting an application or 
even without quitt ing. If the di sk cache 
isn' t flushed before the power goes down, 
open files may not be closed properly, and 
the FAT may not be updated . It 's a small 
problem that can snowball, eventua lly cor
rupting multiple files. DOS 6.2 now makes 
sure the cache is flushed before redi play
ing the DOS prompt o n the scree n, but 
what DOS really needs is a controlled shut
down procedure li ke that of Windows NT, 
Unix , and the Mac. 

Another interaction is possible with the 
MS-DOS FORMAT co mmand. Many 
users scan their hard disks wi th uti lities 
that check the media for surface errors and 
then mark those bad sectors so that they' ll 
never be allocated to fi les. The bad sec
tors are dea ll ocated in the FAT. But what 
most people don' t know is that FORMAT 
rewrites the FAT and may reset the bad
sector flags, thus freeing those sectors for 
allocation to files. 

Thi s litt le detai l stumped so me users 
who backed up and reformatted their hard 
driyes before instal ling MS-DOS 6 and 
Doubl eSpace. Their idea was to clean off 
the di s k and reduce th e considerab le 
amount of time it can take to compress a 
crowded drive. Ironica lly, it 's the kind o f 
thing only a powe r user would think of; it 
probably wouldn ' t occur to a casual user. 

But if they didn ' t immediate ly fo ll ow 
the refo1mat with another disk scan, there's 
a chance at least one fi le would end up in 

a sector previous ly marked as bad. Some
times that file happened to be the Double
Space CVF. And what happened next de
pended on the kind of data stored in that 
sector. lf it was part of an executable file, 
the program would probably crash. If it 
wa<; pan of a data ft le, information could be 
lost. Either way, the hapless user was in 
the dark. 

Why wasn ' t thi s proble m di scovered 
before MS-DOS 6 and DoubleSpace? Af
te r a ll the FORMAT command has 
worked the same for years . But apparent
ly, it wasn't noticed or considered impor
tant until data compression made the en
vironment more precarious. 

Fortunate ly, Microsoft says it has 
changed the FORMAT command in DOS 
6 .2 o it doesn ' t reallocate bad sectors 
marked in the FAT. Also, a new uti lity in 
DOS 6.2 (ScanDisk) automatically checks 
the drive for bad sectors before installing 
DoubleSpace. 

Only a tiny minority of users would be 
affected by something like this, but that ' 
potentially a lot of people when mul tiplied 
across the huge installed base of MS-DOS. 
ln fac t, MS-DOS 6 .0 and DoubleSpace 
have inspired a whole cottage industry of 
diagnostic programs, fix-it too ls, and free 
advice on public networks. 

Touchstone Software (Huntington 
Beach, CA), w hi c h sell s a di s k utility 
ca lled Checklt Pro , inadvertently upset 
Microsoft by posti ng a free program o n 
CompuServe last summer that scans a hai·d 
di k for bad sectors. Touc hstone was 
among the first to identify the FORMAT 
prob lem. Company pres ident Shann on 
Jenkins says her small company got in hot 
water with Microsoft, bu t she added, " I 
think the relea e of DOS 6 .2 has borne us 
out... the things we talked abou t back in 
June have now shown up in DOS 6.2." 

Microsoft was the first com pany to e n
courage users to install data compression 
without taking security measures. "Just 
press Re turn, and you' ll get data com
press ion and wri teback caching and lots 
of other stuff," says Jenkin s. " Microsoft 
should have encouraged user to take a 
more cauti ous approach." 

Hardware Compression: Full Circle? 
. Microsoft has a go lden opportunity to 
clean house with the upcoming re lease of 
Windows 4.0 (code-named Chicago). As a 
major revam ping of the PC e nvironment, 
Windows 4,0 could sweep away years of 
old code and build a new foundation that 's 
des ig ned from the ground up to accom
modate such features as data compression. 

However, there's another possibi lity: 
By submerging compression even deeper 





than lhe operating system, it could be made 
even more tra nsparent and foolproof. 
What's deeper lhan lhe operating system? 
The hardware. 

Once again, hardware-based data com
pression is an old idea. Back in lhe days 
when 8086- and 286-based PC were the 
norm, there was a market for plug-in ISA 
boards that sat on the 1/0 bus, compressing 
and decompressing data on its way to and 
from the hard drive. The compression al
gori thms were hard-wired into high-speed 
chips. Real-time compression couldn' t be 
done in software back then because CPUs 
weren't fa t enough. ot until speedy 386 
microprocessors became avai lab le could 
software-based compressors work in rea l 
time without noticeably affecting system 
performance. And the plug-in boards be
came obso lete because they were con
strained by the slow speed of the ISA bus. 

Hardware-ha ed compres ion ti ll sur
vives in tape backup uni ts, where it's so re
liable and transparent that users scarcely 
know it ' s there. In fact, the widespread 
QIC (quarter-inch cartridge) compression 
standard for tape backup origi nated al Stac 
in the mid- I 980s. 

Now Stac and other companie are tak
ing another look at hardware compression. 
The potential advantage are many: Better 
integration with the sy tern ; more tran 
parency 10 users; greater compression ra
tio ; improved system performance; and , 
perhaps, fas ter networking. 

Speedy local buses such as VL-Bus and 
PCI (Peripheral Componenl Interconnect) 
are appearing in more new PCs, thu solv
ing the JSA constraint. Hardware com
pre. sion would require little or no instal
lation or intervention by the user. Greater 
compression ra tios are possible because 
hi g h-speed compre s ion chips can use 
more complex algori thms. They al o free 
the CPU for other tasks and don't occupy 
memory, as software-based compressor 
do. Fina ll y, by keeping the data com
pressed as it moves through the computer 
and over networks, hardware-based solu
tions can dramatically improve overall sys
tem performance. 

The Future of Compression 
What kind of performance gains are pos
sib le? Stac says it already has a prototype 
VL-Bus card that compre ses data 20 per
cent to 50 percent faster than software
based compres. ors and uncompresses 10 
percent to 30 percent faster. But that's just 
a SlaI1. 

Software compressors currently work at 
about 1 MBps on a 66-MHz 486, and about 
2 MBps on a Pentium. By next year, Stac 
says it wi ll have compression chips capable 
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Safe ti sfor Disk Com ression 

• 	If you're using MS.DOS 6.0, you should 

upgrade to 6.2. 


• 	Before installing compression, prepare 
your hard disk by cleaning off all unwanted 
files and then running a defragmenter and 
a thorough surface test. (This may take a 
few hours.) 

• Back up the hard disk, just In case. 

• 	Read the installation instructions carefully, 
especially any warnings about disabling In
compatible TSRs or other programs. 

• 	After installing compression, be consclen· 
tious about system maintenance. Regularly 
run a defragger and any diagnostic utilities 
that came with the product. 

• Consider buying a good third-party 

diagnostic/repair utility to supplement 

the standard utilities. 


• 	Try to avoid completely filling the ' 

compressed drive. 


• 	Avoid saving encrypted files or files that 

are already compressed (e.g., ZIP, ARC, 

and GIFI on the compressed drive. They 

can't be compressed any further, and 

they'll load faster from an uncompressed 

drive. 


• Hard disk space currently costs about a 

dollar per megabyte; if you can afford to 

upgrade and your system has room to 

expand, it's still the best solution. 


of 10 to 20 MBps; in two or lhree years, 
50 to 60 MBps. Of course, CPU will get 
faster, too, but not anywhere near that pace. 

The compression chips could be built 
right onto the motherboard and wou ld add 
about $100 to the street price of a com
puter according to Stac. They'll probably 
show up first in hi gh-end systems. 

Last year, Stac made a dea l with Nov
ell to license the Stacker compre sion 
technology for use in Novell DOS 7 and 
all networking software. "Stac 's vision is 
that data should need to be compres ed 
only once," says John Bromhead, Stac's 
vice president for marketing. "After it's 
compressed, it should stay compressed 
whether it's transferred to disk or tape or 
across a network or through the system 
or whatever." 

That's also IBM ' s vision. IHM Micro
electronics is inlroducing a series of com
pression chips that couple directly to the 
CPU. According to Ted Lattrell, develop
ment manager the first chip already com
presses data at 40 MBps, and future ver
sions cou ld hit 100 MBps. Lattrell says 
the chips have already attracted interest 
from PC and workstati on vendors , who 
are planning to inu·oduce systems later this 
year or in early 1995. 

"Once it happens-once compression 

is hard-wired into the first system-theres 
no going back," says Lattrell. "A system 
without built-in compression would be at 
a di advantage in the marketplace. I think 
hardware compression will alter the way 
data is represented in ide computers for 
years to come." 

Indeed, IBM is researching the possi
bility of putting ultraspeed compression 
chips on the CPU ' s memory bus . That 
would do for RAM what disk compre 
sors do for hard drives-effectively dou
ble the computer's main memory. 

Beyond that, it 's possible that com
pression chips will eventually be integrat
ed within the CPU itself, just as math co
processors migrated to CPUs on the 
486DX and 68040. Today 's 0.8-micron 
process technology makes about 625,000 
gates avai lable on a chip, and IBM 's com
pression engine requires only 75,000 gates. 
Soon, 0.5-micron processes will enable 
about 1.3 million gates, and IBM hopes 
to shrink the compression engine down to 
only 40,000 gates. That makes built-in 
compression a real possibility for high
end microprocessors, such as the PowerPC 
620 under development by IBM, Motoro
la, and Apple. 

One drawback to hardware compres
sion is that it creates a problem when you 
transfer files over a network or by re
movable di sks to systems that don ' t have 
the same compression hardware. A simi
lar problem exists with software com
pression, and it 's usually solved by in
cluding a decompression dri ver with the 
file or the media. 

A more important consideration is that 
hardware compression , although an old 
idea, will nevenheless be as new to most of 
today' s users as software compression wa 
before DoubleSpace. 

"When you stick this hardware com
pression into the system, people are go
ing to wonder how it affects their soft
ware-based compression," says Phil Devin, 
vice president of storage technologies for 
Dataquest (San Jose. CA). ' 'Do their com
pressed fi les get compressed again? Is there 
a conflict? Here comes one more level of 
uncenainty that 's going to be an inhibiting 
factor at first." 

Devin recently wrote a newsletter de
bunking the idea that data compression of 
any kind is a free lunch-an idea that par
ticularly caught hold when Microsoft sca11
ed bundling DoubleSpace with DOS 6. 
"It's not something for nothing," he says. 
"It 's something that takes work." • 

Tom R. Halfhill is a BYTE senior news editor 
based in Son Mateo. California. You ca11 reach 
him on 1he l111eme1 or BIX at 1halfhill@bix. co111. 



In eveiy successful software product 
there is a spark of magic.That magic 
brings together the ingenuity, skill and 
years of hard work you've invested 
in developing something unique and 
valuable. 

Trouble is the worldwide epidemic of 
software piracy threatens your 
investment. By dmining potential 
revenues, the illegal use of software 
dramaticallyreduces your profit margins. 

Aladdin 's business is helping software 
companies protect their products - and 
their profits. 

Since 1984, over 8,000 developers in more 
than 60 countries have chosen HASP®
the Professional Software Protection 
System - to increase their revenues. 

HASP®delivers tl1e highest level of 
security for developers, witl1out 
inconveniencing legitimate users. 
fa']Jerts recognize its design as Lhe most 
technologicallyadvanced software 
protection product on tl1e market. 

That' 011r 

magic. 

Call now for your 
HASP®evaluation kit. 

ALADDIN 

SOFTWARE SECURITY INC 
North 111c Empire Srntc Building 
America 3;o Fiftl1 Arenue. Suite 72!>4 

New York, NY 10118, USA 
Tel: (800) 223 4277 

212-564 5678 
Fax: 212-564 33 

International Aladdin 
Office Knowledge Systems Ltd. 

15 Beil Chm St., Tel 1\1fr. Israel 
P.O.llox 111 I. Tel A1il' 61110 
Tel: 972-3-5375795 
fax: 972-3-53 5796 
ApplcLlnk: A!ADDIN.KNOW 
ComptJSCl\'I!: 100274,434 

France Aladdin France SA 
Tel: 33 I40 85 9S 85 
Fax: 33 1 1219056• r'QS2 --.,,@• memberof Aus1r:tlia Crnli.1h 3 8%'6.'I> • Belgium Akkem1:1n< 3 2:1;1&'l!6 • Czl'<:b A"ll.AS 2 7('6o8" • Chile ~tirmtogio 2 22! 1388 
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TODAY'S OMPILERS 
It's a brave new world for compiler makers. New CPUs, new operating systems, and demands for 

programmer productivity call for compilers that produce faster code-and produce code faster. 

FRANK HAYES 



A few years ago, compilers seemed 
simple enough. Steadily improving 

optimization techn ique meant tha1 each 
year's compilers would generate code just 
a little bit faster than last year 's models. 
Most companies making compilers, and 
most programmers us ing them, focused 
on a single computing platform-PCs. 
Macs, Unix work tations, or IBM main 
frames . And to a large degree, a compiler 
was jusl a compiler. 

Those days are now gone. New CPUs 
inc luding the Inte l Pe ntium, the IBM/ 
Apple/Motorola PowerPC, and the DEC 
Alpha are suddenly major targets for soft
ware development. Software deve lopers 
now need easier ways to write fo r DOS, 
Windows , Mac , OS/2, Windo ws NT , 
Unix, and other operating systems-if pos
sible, all at the same time. 

And the compiler is now just one part of 
a complete development environment de
signed to he lp create c lean, fa st code. 
" Managing the sheer complexity of the 
development process is a big problem," 
says Michael Hyman , business unit man
ager for languages at Borland Intern ation 
al. Management today must coordinate the 
efforts of multiple, large, perhap geo
graphically dispersed project teams, when 
one group may be working on a feature 
upgrade and another doing a cross-p lat
fonn port of the same application. Code 
test ing, source code control and limita
tions of development tools must be ad 
dressed head-on . 

Compiler vendors say they ' re up to the 
challenge. They have sophi sticated prod
ucts today and even more complex plans 
for the future, all aimed at improving pro
grammer productivity on <ITT ever-widening 
selection of platfom1s. In the world of soft
ware development, programming demands 
are becoming more complicated and pro
gramming schedules sho1ter. Programmers 
need all the he lp they can get. 

Shock Wave 
The biggest shock for most programmers 
is the sudden requirement that they suppon 
a wave of new processors. For nearly a 
decade, two CPUs dominated mass-mar
ket software: the Intel 80x86 family for the 
PC and the Motorola 680x0 for the Mac. 
Expen programmers could line-tune code at 
the assembler level to optimize code. 

No more. Apple ' s nex t generati on of 
Macs will use the IBM/Apple /Mo1oro la 
PowerPC CP . but Apple wi ll still offer 
680x0-based Macs. Microsoft has already 
provided its NT operatin g system with 
compiler support for the Alpha and Silicon 
Graphics' Mips R4000 CPUs. NT is also 
reportedly being ported to other proces
sors, inc luding SPARC (by Inte rgraph) 
and PowerPC (by Motorola). 

Jt 's not just the CPU population that 's 
exploding. ei ther. Where once DOS, Win
dows, <md the Mac re igned supreme, there 
is current ly a dizzy ing array o r systems to 
writ e to , includin g OS/2, NextStep, 
Win 16, Win32s. Win32c, a more uni fied 
Unix . and forthcoming systems such as 
Taligcnt and IBM 's Workplace OS. Most 
developers will eventuall y need to sup 
port them a ll. 

Personality emulator· that run off- the
she lf software handle only pan of this new 
multiplatfonn requirement. Most new ap 
plications will have to be recompiled for 
severa l different platfonns. The choice of 
too ls and procedures is cri tical, for ii may 
be necessary to provide capabiliti es th at 
are not native to the tm·get platform. 

Major compiler makers have a lready 
leaped to fill the cross-platfonn gap-each 
with a different strategy. For example, Mi 
crosoft no longer supports OS/2 with its 
comp ile rs. But Microsoft full y supporl s 
Windows on multiple CPUs, and it plans to 
support Mac development from the same 
code base on both 680x0 and PowerPC
bascd Macs, starling sometime thi s year. 

In contrnst, Borland suppo1ts OS/2, DOS, 
and seve ral vari eties of Windows-but 
only on 80x86-basecl PCs. However, Bor
land also claims belier comp I iance with in
dustry language standards. Its C++ devel
opment system inc ludes cla~s libraries from 
Rogue Wave Software that all ow much 
easier poning of code to Unix workstations. 

Symantec supports PC and Mac devel
opment with separate compiler products, 
although the company clai ms that both 
products use its common-core compi ler 
technology. which makes porting eas ier. 
Symantec licenses class libraries from Mi
crosoft and is Apple's official partner in 
creating compilers for the PowerPC Macs. 

Watcom Internationa l support s DOS, 
OS/2, and 80x86-based Windows plat 
fom1s, as well as NLMs (NetWare load
able modules) for ovell networks. Other 
vendors. such a MetaWare and Liant, 
span the PC and Un ix worlds. And even 
Unix-on ly compiler makers (e.g., SunPro) 
are targeting SPARC, 80x86, and Power
PCs (see " Developing for Multiple Plat
forms" on page 9 1 ). 

To C or Not to C 

To suppon such a wide range of platfonns, 

C++ h;L~ emerged as the programming lan

guage of choice. "C++ brings the benefits 

of OOP 1ogether with the power and flex

ibility of C. which gives you explicit con

trol over what the machine's doing," ex 

plains Dave Boswe ll , vice president of 

marketing and sa les at Watcom. 


Although C++ supports C programming 
constructs, it is decidedly a di fferent lan 
guage that requires its own techniques and 
supporting tools. But C++ ' s object-ori 
ented nature, along with its abi lity to use 
class libraries that simplify portability to 
d ifferent CPUs and operating systems, put 
it at 1he center of the compiler strategies of 
Microsoft , Borland , and other vendors. 

Still , C++ isn' t alone as a development 

Today's Compilers Optimizing for Developingfor Compilers for 
Compilers have to support Today's CPUs Multiple Platforms Parallel CPUs 
new CPUs and operating Fonn doesn't always follow Designing applications for Taaoring tools to machine 
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language. FO RTR AN is sLill in demand 
for scientific appl ications. Ada, after near
ly a decade of development in primari ly 
mil itary environments. has come into its 
own fo r applications rcqu i1ing hi gh relia 
bility and code reuse. And older languages 
such as Pascal and especially COBOL arc 
sti ll in wide use. Indeed, COBOL remains 
the most widely used programming lan
guage fo r mainframe and other transac
tion-oriented business applications. 

To meet the demand for multiple lan
guages. compiler vendors increasingly use 
the same core com pi !er for severa l lan
guages. Even full y integrated compilers 
first parse the source code into an inter
nal code that can then be used to generate 
optimized code for the target plat form. By 
changing only the source code parser, com
piler vendors can get severa l compiler 
products from a single code-generating 
''back end." For programmers, a common 
back end means it 's eas ier to combine 
modules written in different programming 
languages into a single fi nal application. 

The Productivity Challenge 
There's also a renewed demand for faster 
development. ISVs (independent software 
ve ndors) and programmers in corporate 
MIS departments arc under increas ing 
pressure to turn out better programs faster. 

For JSVs. the issue is simple competi
ti on. Time-to-market and software quality 
have become crucial; a few months' de
lay or serious flaws in a product can cost a 
major vendor millions of dollars in sales
or even its existence. One-time software 
giants (e.g., Ashton-Tate, whose dBase IV 
was fi rst delayed and then buggy) are tes
timony to what can happen when software 

products are late or less than perfect. 
Corporate MIS departments face differ

ent business demands, but the goa l is the 
same: They, too, need to complete appli 
cations fas ter and without bugs to gain an 
edge over the competition. Although the 
newest compilers often come with tools for 
generating GUis, many corporate develop
ers are opting for 4GLs (fourth-generat ion 
languages) and other rapid , hi gh-level 
applications development tools for simple 
app licati ons. In many cases , corporate 
developers may use traditional compilers 
only for their most demanding projects. 

For Professionals Only 

Because of the challenges of graphical en

vironments and multiple platforms, profes

. ional developers- not casual or occasion

al programmers-are the chief market for 

top-flight development too ls. As a resu lt, 

both compi lers and the tools programmers 

use wi th them are more sophisti cated. 


The goal is improved producti vity. One 
solution wi ll always be fas ter compi lers 
that produce reliable, efficient code. De
li veri ng thi s requ ires ever more sophisti 
cated optimization and scheduling strate
gies. Another emerging key lo programmer 
productivity is improved links between 
the compiler and other development tools, 
including debuggers, profilers, browsers, 
and even editors. "The days are gone when 
people would just buy stand -a lone com
mand-line compilers," says Gene Wang, 
executi ve vice president for applications 
and development tool at Symantec. 

Development tools generate in forma
tion about the code they process. Past tools 
were independent, unaware of one another, 
and they discarded much of the in form a

tion they generated. As a result , compi lers 
duplicated the work of syntax-checking 
edi tors and couldn ' t use the information 
that profi lers and debuggers produced to 
optimize the code. Tools that continually 
re-created informalion about code cost pro
grammers time-and producti vity. 

Today, sets of completely independent 
tools are rarer. Instead, an IDE (Integrated 
Development Environment) links compil 
ers, ed itors, class browsers, and sourcc
levcl debuggers. Borland, which popular
ized integrated development in the 1980s 
wi th Turbo Pascal. is still a leader, but Mi
crosoft and Symantec have joined it with 
Yi . ual C++ and Integrated Development 
and Debugging Envi ronment, respective
ly. as have other compiler makers. 

Tools that communicate with each other 
can dramatically reduce the time it takes to 
create and debug code. Once, such inte
grated tool sets would have been ca lled 
CASE ystems; today, they' re just stale-of
the-art compiler products. But there's still 
room for progress . 

Compiler-generated information is rou
tinely avai lab le to other too ls, but the in 
formation produced by those tools is rarely 
availab le to the compi ler. For example. 
compi lers still cannot automatical ly use 
test results to further optimize code. That 
requires full- scale development databases 
that store everything from symbol tables to 
profile and test results, givi ng the compil 
er a wide range of information lo improve 
optimization. 

Putting It all Together 
Improvi ng programmer productivity is not 
just in the hands or programmers or com
piler makers. Modern operating systems 

MAJOR C++ COMPILERS 
Aroundup of C++ compilers used for desktop development. 

CLASS DEVELOPMENT 
VENDOR COMPILER LIBRARIES ENVIRONMENT DOS W"lldows 

Borland 
lntemalional 

Borland C++, 
TurboC++ 

Object 
Windows 

lnlegrated 
Development • • 

Library Environment 

Microsolt Visual C++ Microsoft 
Foundation 

Visual C++ • • 
Class 

Symanlee Symantec 
C++ 

Microsoft 
Foundation 

Integrated 
Development and • • 

Class Debugging 
Environment 

Wacom 
l~temational 

C/C++-32 Available but 
not included 

Yes • • 
• =supported 0 = not supported • = luture 

. ' 

PLATFORMS SUPPORTED SINGLE COMPILER/ 
OS/2 W"nlows NT/lrl132 MK PowtrPC NetWare NIM Unix SOURCE BASE? NOTES 
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No 
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Mac and PowerPC 
support based on MFC 
and Win32 libraries 
for the Mac 

Symantec and Apple lo 
codevelop compilers for 
the PowerPC Mac 

Recently merged with 
Powersofl 

• I I• = some 
.! I 
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STATISTICA/W'" (for Windows) Complete Statistical Sys
tem 1~ilh thousands of on-screen customizable, presentation-quality 
graphs fully integrated wi~1 all procedures • Complete Windows 3.1 
suppon, DDE, OIJl, Tf-fonL~, multiple toolbars, righl mouse !muon 
sup(lOn • Unlimited numbers of data-, results-, and gmph-windows 
• lmcr-window integration: data, results, and grJphs can be treated 
as objects and converted inlo one another in a number of ways • 
The largest selection of statistics and graphs in a single system; 
comprehensi1•e implementations of: Exploratory lt'Chniqucs; multi
way tables with banners (presentation-quality repons); nonpam
metrics; distribution fitting; multiple regression; general nonlinear 
estimation; stepwise logii/probit; general ANCOVAIMANCOVA; step
wise discriminant analysis; log-linear analysis; factor analysis; clus
ter analysis; multidimensional scaling; canonical correlation; item 
analysi!'Jreliability; survival analysis; time series modeling; forecast
ing; lags anal)~is; quality control; process analysis; experimental de
sign (with Taguchi) ; and much more • Manuals wilh comprehen
sive in1roductions to each procedure and exan1ples • Hypertexl
based Stats Advisor expert system • F.xtensil'e data managen1ent fa
cilities (spreadsheet with Jong fonnulas, block operations, ad
vanced Clipboard sup(lOrt, DDE hot links, relational merge, data 
verification, powerful progrJOlllling language) • Batch command 
language and macros also supponed, "turn-kt'Y ~y.;tem" options • 
All output displayed in ScrollshceL5'" (dynamic, customizable, pres
entation-quality tables with toollr.irs, pop-up windows, and instanl 
2D, 3D and multiple graphs) • Extremely large analysis designs 
(e.g., correlation matrices up to 32,000x32,000, unlimited ANOVA 
designs) • Mega.file Manager with up 10 32,000 variables (8 Mb) 
per record • Unlimited size of ftles; extended ("quadruple") preci
sion; unma1ched speed • Exchanges data and grJphs with other ap
plications via DOE or an extensive selection of file impon/expon fa
cilities • Hundreds of types of gmphs, including calcgorized multi
ple 2D and 3D graphs, matrix plots, icons, and unique multivariate 
(e.g., 4D) graphs • Facilities to custom design new gmphs and add 
them permanently to menu • On-screen graph customization with 
advanced drawing 1ools, intemctive strelching and resizing of com
ple.x objccL~ , interactive embedding of graphs and artwork, special 
effl'Cts, icons, maps, multi-graphics managemenl, page layou1 con
trol for slides and printouts; unmatched speed of grnph redrJw • 
lnlemctive rotation, perspective and cross-sections of all 3D and 4D 
graphs • Extensive selection of lools for gmphical explomtion of 
data: fitting, smoothing, overlaying, spectral planes, projections, lay
ered compressions, marked subsets • Price $995. 

Quick STATISTICA/W'" (for Windows) Acomprehen
sive selection of basic slatistics and the full grJphks capabilities of 
STATISTIO\/W • Price $495. 

STATISTICA/DOS'" (for DOS) A STATI!>TIC.VW-compat
ible data analysis system • Price $795. 

Quick STATISTICA/DOS'" (for DOS) Asubse1 of 1>'TA
TISTICA/oos statistics and graphics • Price $295. 

Domestic sh/h $10 per produc1; 14-day money back guaran1ee. 

Circle 141 on Inquiry Card . 

MStatSoftT~ 
2325 E. 13th St.• Tulsa, OK 74104 • 1918) 583-4149 
Fax: 19181 583-4376 

STATISTICA/Mac™ (for Macintosh) A SIATI ;TJCAllV-compatible, ~;ii~~;~~
comprehensi\'e da!a anal}sls and graphics S}i;tem designed for lhe Macintosh • 
laIJlC sclcaion of stalistlc-.d method~ fully integrated 11ith prescnla1ion-<jl1'1lity 
graphics (Incl. EDA, multiplots, a \\ide selection o[ intcractll'cly rot:Uahle 3D 
gmphSI MacDraw-Sl)fo tools) • Unlimited size of files • Full suppon for System 
7, Incl. "Publis~ .and Sub~cribe" • Price $695. 

Quick STATISTICA/Mac•• (for Macinlosh) Asubset ofSIATIS- """"-"= 
Overseas Offices: Statsoft of Europe (Hamburg, FAG). ph: 040/ TICAIM1e: a comprehensi•c selection of lrJSic statistics and lhe foll graphics·ca· .. =-
4200347, fax : 040/4911310: StatSort UK (London, UK). ph: 04621482822. pabiliUesorsrmsn~1:tc • Price $395 
fax : 0462/482855; StatSolt Pacific (Melbourne, Australia), ph : (03) 663 · · 
6580. fax: (03) 663 6117; StatSolt Canada-CCO (Onlario). ph: 416·849-0737, fax : 416-849-0918. Available From: CORPORATE SOFTWARE and olher Authorized Represenlatives Worldwide: Hol
land: MAB Julsing. 071-230410; France: Version US (1) 40590913; Sweden: AkademlDala 018-240035; Hungary: Dagent Ktt 186-5782; Belgium: TEXMA 10 61 16 28; South Africa: Osiris 12 663-4500; 
Japan (Macintosh): Three 's Company, Inc.. 03-3n0-7600; Japan (DOS and Windows): Design Technologies, Inc.. 03-3667-1110. 
StnlSof'I, STATISTICAM', Ouc:1i: STATISTICAIW, STATISTICA!Mac, Ovdl SlATISTICA/Mac. STATISTICNOOS, Ouldc STATISTICAIOOS, and Sctolbheel are b'3CMm3l'ks of Sta!Sotl.. Inc:. 



are doi ng more for the programmer than 
ever before. Progressively more function 
ali ty is being bui lt into operati ng systems 
like Unix, OS/2, and NT- not just GUJs 
but also networking, security, and object 
management. 

Operat ing-system vendors estimate that 
anywhere from 50 percent to 90 percent 
of a typical application's time is spent with
in the operating system, ra ther than exe
cuting application-specilic code. Of course, 
as programmers let the operating system 
do more of the work, there 's less opportu
ni ty for the compi ler to improve speed by 
optimizing raw code. But a sophisticated 
compiler can also optimize in terms of the 
operating-system programmi ng interfaces. 

Two programming approaches are help
ing to li ft programmers' workloads. One 
is the use of class libraries-a step made 
possible by the popul arity of C++. Class 
libraries such as MFC (Microsoft Founda
tion Class) and Borland'. Object Windows 
Library are more than the object-oriented 
equivalent of fu nction libraries. Instead, 
they insulate the programmer almost com
pletely from the operating-system depen
de ncies that make it diffic ul t to p01:t soft
ware from one platfonn to another. In fact, 
Microsoft plans to use the MFC libraries to 
let programs written for the Win32s pro
gramm ing interface be recompiled, without 
change, to run on the Mac. 

The other approac h that's helping pro
grammers is the dynamic shared librmy
bettcr known in the Windows environment 
as a DLL. In the past. when app lications 
were compiled, all library function code 
had to be incorporated into the applica
tion . But in modern operating ystems. 
ranging from Windows to Unix versions 
(e.g., Sun's Solaris) , it ' s possible to call 
shared libraries instead. What ' s the ad
vantage? Shared libraries can be upgraded 
independently. And since several applica
tions may share the library, they ' re all im 
proved at once-in theory. But one prob
lem with shared libraries rears its head 
among Windows DLLs- the case where 
a DLL is " improved" in such a way that it 
benefits one pa11icular application but can 
break other software that uses the DLL. 

Class libraries, DLLs, integrated tool 
et , and other features of the latest gen

eration of compi lers make them far more 
complex than past compi lers-both for 
the vendors who make them and the pro
grammer who use them. But strange as 
it sounds, these complex approaches ac
tua lly make it easier, not harder, for pro
grammers to do the things they need to do 
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Co1npiler Benchmarks: HowUseful? IL 
·~1.

•.,...,I 
ALLEN I. HOLUB " . 

Benchmarks offer an ea y way to quanti fy compiler perfor
mance, making lots of spiffy tables. Unfqrtunately, those ta

bles are often not the best way to evaluate a cqmpiler' s perfor
mance. Here are a few issues you should consider when looking at 

a benchmark-based compiler comp rison. 
Do run-ti me benchmark · say anything useful about a real application? For example. 

Dhrystone is a collection of sma ll code fragments that exercise various language fea
tures. There's probably no relationshi between the frequency ofa rragment in the 
benchmark and che frequency of similar co& in one ()f your programs. 

A cest that uses array indexing is not helpful ir you use pointers. For a run-time 
benchmark to be meaningfu l, you 'd have to do a statistical analysis of your wn code 
and adjust the benchmark to match your coding. tyle. A benchmark developed in this 
way will have no meaning when applied to a different coding style. The only wa to i:e

,, 
I 

ally judge is to compile several real applicati9ns. not arbi trary benchmark~. Even then 
compi lers that perfonn better with some applications will perfoon worse with others. 

Match the benchmark ro the language. For C++ compilers for exa mple. te t the 
eCliciency of tbe in-lining process, the mechani ms that a binary-operator overload -1 

function uses for return statements, the way that virtual-fun ction di patchin and 
virtual-base classes are handled. The e concerns often outweigh the efficiency of a 
switch statement. 

The range in effici ency of various compilers is usually insignificant when compared 
to the, speed and size improvements that you can get by editing your code and rework
ing your algorithms. Most programs are 50 percent larger and 30 percent slower than ,I 
nece · ·ary. Algori thmic changes e.g., using a shell ort instead of a bubble sort can 
improve perfo rmance by a fac tor or two or more. Even small code improvements (e.g., 
using pointers to go through arrays can give you a measurable benefi t. 

Compile-time benchmarks ar worthless. You' re really interested in the develop
ment time of a large project over the complete development cycle. Time staring at the 
screen while the compiler works is indeed a factor, but so is the quality of the run-time 
library (a well-writ ten library can save you month ), the development environment, 
and the documentation I0 hours spent searching for critical in fonnation in badly 
written documentat ion is not offset by saving 2 or even 20 seconds in a compile). To 
evaluate productivity. you need many teams ?f quali fied programmers developing 
ident ical projects over many months but with different compilers. 

Even when a compile- time benchmark is meaningful , you must evaluate the com
plete build system. Saving 2 seconds in a compile doesn' t help if the make utility 
~pend an extra I0 seconds doing_ its work. Also remember to look at the numbers as 
percentages when comparing two compilers. A 2-second di fference between two com
pile times doe. n' t much matter if the overall compile takes 10 minutes. 

Yes. quantitative benchmarks can be useful. but it' s the qual ity of the overall com I, 
piler package that is mo~t important. • 

Al/e11 l . Holub teaches C+ + and compiler design at tile University ofCalifomia- Berke/ey Exten
sion. You can reach him 011 1he /11 tem et at ho/11b @l'iOlet.berkeley.ed 11 or011 8 /X do "'editors." 

today. Thanks to the increasi ng sophisti er appli cations and dist rib uted objects. 

cation of the avai Iable tools. the program Tool sets arc becoming more tight ly in

mer can focus on what the application is tegrated. And every year. compilers gen

supposed to do, leav ing to the compi ler erate code that· s a lot faster than the year 

the thorny issue · of how to optimize the before. • 

code and how to support an ever-growing 

variety of CPUs and operating systems. 
 Fmnk Hayes i.1· a fo rmer /JYTE West Coast news 

Ironica lly, there 's no end in sight to the editor and a c11111rib11ti11g editor/or tile Client/Serv
sophistication of compilers. Vendors have er Tool Watch 11e111sletter. You can reach him 011 tile 
just bcgun to suppo11 fu ll-scale client/serv- lntcmet or 8/X (I( fra nklwyes @bix.com. 
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OPTIMIZING FOR TODAY'S CPUS 

Modem compilers employ a full bag of tricks to make programs execute efficiently and to take 
full advantage of the special abilities of the new superscalar processors 

ALEX LANE 

T radilionally, oplirnizing code has been 
straighLforward. Compilers improved 

oftware efficiency by reducing the num
ber of instruclions executed, making belier 
use of the CPU' s instruction set, maxi
mizing the use of registers , minimi zi ng 
memory references, and eliminating un 
used or redundant code. Currently, deve l
opers aJe creating optimizati on techniques 
to take max imum advantage of new pro
cessor fea tures, such as on-chip caches, 
pipelining, and superscalar chip archi 
tecture. 

The newest round of advanced micro
processors presents special challenges to 
compi ler deve lope rs. For processor ar
chitectures built around two integer pipe
lines- such as Inte l' s Pentium, DEC's 
Alpha AXP, and Hewlett-Packard ' s PA
RISC- Lhe compiler must schedul e in
structions to keep both pipelines full. Mips 
Technologies ' Mips III (as implemented 
on the R4000 and R4400 chips) uses a 
number of greater parallel operations, so 
compilers for it mu st keep th e super
pipelines fro m sta lling. With the IBM/ 
Apple/Motorola PowerPC, the principal 
challenge is to get the maxim um number 
of free instructions per clock cycle, and 
with the PowerPC 601 in part icul ar, to 
give branch-pred iction hints. 

Goals of Optimization 
Compilers generate code in a fairly me
chanical way ; a specific syntax generates 
a spec ific series of instructions. Unfortu
nately , thi s mechanical mapping process 
frequently generates sequences of assem
bly language in struc t ions that contain 
redundant instructi ons or tha t pe rform 
simple operations in an effic ient and time
consuming way. 

Enterprising writers of early compilers 
incorporated so-called peephole routines 
that examined generated code as it was 
written to an output file , replac ing awk
ward seq uences with more effic ient in
structions. These techniques are known as 
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Optimi~ing with Pre- and Post-Compilers 

People tal about' compjlation as if it 
were a single process. ln fact, every 

programming environment has other forms 
ofpreprocessors and postproce.')sors-pro
grams that do something to your code be
fore and after compilation, respectively. 

The preprocessor may set compile-time 
variables, expand other code inline, or 
condi tionally delete sec ions of the input 
program. One well-known example is the
e preprocessor or cpp ' which is part 
of all Cprogramming environments. The 
cpp can process 11i. nclude, J! de · ne. 
and 1 £def statements be(ore passing.._C• 

source code-on to the compiler. 
Other kinds of prepcooessors transl at 

macro languages (e.g., m4, ratfor, and 
R..ECS). check for correctness (e.g., lint 
and ftncheck) modify ~ource program 
so ~at they can be P.rofiled, translate be
tween languages e.g., f2c and FOR
".[RAN 90 preprocessors), or place error-
checking code in line. 

Likewise, postprocessor~ are programs 
that do something to a piece o code>after 
compilarjon-perhaps even after it has 
been linked into an executable file. Again, 
the goal may be ro collect profiling sri_i
tisrics (e .g. Silicon Graphics ' pixie i 
monitor memory activity for illegal ref
erences as ure Software's (Sunnyvale, 
CA) Purify does; or translate binaries 
from one brand of processor/operating
system combination to another:, like Quo
ru171 So(tware System's (Menlo Park, CA 
Equal AppJic ti on · Ada ter, DEC's 
YEST (YA Executable 
Solhvare Trnnslator), and 
Echo Logic' s (Holmdel 
NJ) FlashPon. Also, each 
class of tools-prepro
cessors and postproces
sors-include pro ram 
that can hel p optimize 
performance both before 
and after compilation. 

Optimizing Preprocessors 
Preprocessors are usual
ly targeted ara particular 
application area or pro-

The Compiler/Processor Sandwich 

Profile 
data 

Compiler 

Postprocessor Profile 
data 

Pre- and postprocessors aid Qptimi;Olion. 

gramming language. For numerically in
tensive applications, there are varieties of 
optimizing preproce.~sors that can either 
restructure loop constnicts into more e 
ficient form~ or match them to optimized 
subroutine library routines. he dotprod
uct or inner product is an example of a 
common vector arithmetic construct: 

do i =1 , n 
s =s +a ( i ) *b ( · J 

enddo 

A vectorizing preprocessor such as 
Kuck and Associates ' (Champaign, il.L) 
KAl'/C, Pacific-Sierra Research 's (Los 
Angeles, CA Vast, or Numerical Algo
rithms Groups (Downers Grove, IL) 
Yecpar can recognize the dot product and 

~------------------------~ 

Locality of Reference in Memory-Access Patterns 

More efficient access pattern 
(higher locality of reference) 

a[ i] a ( i + 1) a ( i + 2) 

a ( i + 5] a[ i + 6)a [ i + 4) 

a[ i +8) a [ i + 9) a [ i + 10 ) 

...... 
-

A vectorizing preprocessor can increase cnche hit rates. 

replace it with a subroutine call or per
haps modify it inline for more.efficiency. 
As a simple example, the. following loop 
produces the same result as above, ex
cept it exposes more p~ral le l ism: 

s 0=0 _, 
s =0 
do i ='l,n , 2 

sO=sO+a {'i> J *b {i) 

s l 
enddo 
S=SO+sl 

o 

grams will ask for pieces o

and in time. But a program that accesses 
memory withoutrregard to locality of re 
erencemay perform poorly due-to a high 
degree of cache misses. A vectorizing 
preprocessor can often reduce data-cache 
misses by interchanging loops or by tiling 

Jiii.: r ..,. "..ii•·c.'\: :.L ~ 
.a 1-i.\ t 

..,. 

=sl+a ( i +l) *b( . +1 ) 

Two loop iterations are visible aM time, 
thereby reducing loop overhead and im-
proving oppo1turuties for i.nstmction over-
lap. !Larger constructs. such as matrix 
multiplies, may be replaced with more 
efficient forms as well. In some cases, a 
preprocessor can use information that a 
profiler utili ty provides to help it choose 
where optimizati ons should be applied . 

Exposing more parallelism is impor
tant, but perhaps a more important feature 

vecto1izi.ng preprocessors is theiability 
to reduce certain types oti memory system 
activity, particularly data-cache.misses. 

AU caches are designed wi th the as-
sumQtion that programs will exhibit some 
degree of locality of reference-that pro-

~ data that are 
··near" already-requested data, in space 

a [ i + 3) 
Cache 

a[ i +7) entries 
a [ i + 11) 

or blocking loop nest 
so that data is con
sumed more efficient
ly, in neighborhoods. 

Optimizing 
Postprocessors 
Because they work on 
compi led output, ob
ject-code postproces
sors are generally not 
specific to particular 
types of IWPlications . 
As you can imagine 
however. an object
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code postprocessor is usually closely 
ti ed to the arohirecture of its ta rget 
computers. For perfonnance, a common 
use of postpwcessing is instruction
cache optimization (e.g., cord, which is 
part of the M ips software development 
tools); an executable fi le can be rewrit
ten so that its subroutines share the in
st~uction cache more efficiently . Often , 
this means.n:ordering the relationships of 
heavily traveled sections of code so that 
they map side by side in the executable 
fi le's address spaceLreducing contention 
for paiticular po~ons off the cache. A 
P,OStprocessor determi nes the best sub-
1'6utine ordering by examining the re
sults of an execution profile e.g., those 
produced by p~x ie, gprof, prof, and Sun's 
SparcWorks Analyzer). 

Another potential target for postp ro
cessing i$ branch optimization. Many 
RISC processors use static branch-pre
diction; the compiler guesses which way 
a conditional branch is likely to go at 

I",. compi le, time, using some simple heuris,.• 	 tibs. In some cases, s tatic prediction is 
backed by branch-target bufifers-hard
ware that holds a few instruction from 

i 	 most recently executed branch instruc
l. tions. To im(>rove the performance of 

newly e ncountered branches, a post
processor (with the help of a profi ler) 
can rewrite the branch instructions i 
executable files so that they reflect th~ r ac tual measured run-t ime behavior of 
the branches in question. 

Postprocessors may also be written 
to tweak previously compi led programs 
fo r better performance or ro make< it 
pos ible to po binaries to other pl at
fo rms. A vendor providing a new gen

~ 	 eration of processor for in tance, may . 
wish to take advantage of additional .' 

~ in struc tions c hanges in pipeline re
strictions, or an expanded register set. 
In these cases, a postprocessor provides 
a path to increased perfom1ance without 
the need to re-portrold programs. • 

Kevin Doll'd of Wetlrersjield. Co1111eatic111. is 
tire 0111/tor of High Performance Compu1ing 
(O "Re,illy and Associotes 1993). H~can be 
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optimizations. 
Whil e th e goa l of 

o ptimi za ti o n is to 
make code more com
pac t , run fas te r, or 
bo th , o ptimi zati o n 
techniques can do only 
so mu c h in the fa ce 
o r poo rl y o rg ani zed 
programs or inherently 
slo w al go rithm s. T o 
address these p ro b
le ms , yo u c an use a 
pro fil e r utilit y th a t 
s hows w hi c h pa rt s 
o f the code the C PU 
spends the most time 
executing. Thi s ide n
tifi es codin g bo tll e 
nec ks th a t yo u can 
o ft e n fi x by us in g a 
di ffe re nt tas k o rg a
ni za ti o n. codin g ap
proach. o r a lgo rithm. 
Beginning deve lopers 
ofte n wo nd e r w hy 
they need lo use a pro
fil er utility if they use 
a code optimizer, and 
vice versa. In fact, the 

Optimization Techniques 

Machine-dependent 
• Global register allocation 
• Register parameter passing 
• Loop compaction 
• Statement reordering 
• Strip mining 
• Instruction scheduling 

Machine-independent 
• Constant propagation 

(also known as copy propagation! 
• Common subexpression elimination 
• Invariant code motion 
• Dead code elimination 
•Dead store elimination 
•Redundant load suppression 
• Variable induction 
• Loop jamming 

(often called loop fusion I 
• Loop unrolling 
• Loop rerolling 
• lnlining 
•Loop peeling 

In typical cases, the 
g reate r th e scope o f 
optimization, the long
er a compiler will take 
to generate code. Peep
hole optimizations use 
re lati vel y liule in for
mation and operate on 
a sta tement-by-state
me nt leve l. You can 
get more in fo rmati on 
by examinin g blocks 
of code and identi fy ing 
re lationships between 
variables and ex prcs
s i o ns, altho ug h thi s 
takes lo nger. Gl obal 
optimization looks al 
procedures and loops, 
and takes eve n more 
time. 

T he complex it y of 
the optimizati o n also 
a ffec ts o ve ra ll codc
ge ne rati on speed. Jn 
any particular situation. 
it takes fa r less time to 
determine where to use 
arithmetic simplifica
ti o n-a tec hnique in 

two tools perform different and co mpl e
mentary functions. 

A bene fi c ial side effect of optimization 
is the ability to write more n:adable code. 
Before the wi despread use of optimi zing 
compilers, experienced programmers often 
ado pted coding styles that favored better 
machine code generation over source code 
reada bility and ma intainability. For ex 
ample. multiplying a variable by a power 
of 2 in C might be coded as var<<= 3 in
stead of var * 8. Alternati vely. you could 
manua ll y in sert values for constants and 
express ions containin g constants or use 
additional temporary vari ables to take cal
culations out of loops . Optimizers make 
such tac ti cs unnecessary, freeing the de
ve lo pe r to write more natu ra l. readabl e 
code. 

O pt imizati on is an analyti ca l process. 
Afte r be ing parsed and analyzed , code is 
examined to extract the maximum amoum 
of infm mati on. whi ch can then be used to 
improve the code while preserving the pro
grammer' s ori g ina l inte nt. Anal ys is an 
swers the fo llowing questi ons: Docs an 
ex pression inside a loop ever change du r
ing the loop" s lifetime? Are there particu
lar section s of code that will never be ex 
ecuted '? Does th is va ri able's va lue eve r 
change? ls it ever used? 

which certain ex press io ns are replaced by 
s impl e r equi va le nt s-th a n to anal yze 
whether ad vanced optimizations. such as 
interchanging nested loops or reordering 
statements, can be used. 

Some o ptimizati ons can be used with 
an y processor, whil e others are tail ored to 
specific chips. Machine-independent op
timi zati o ns foc us o n ge neri c code im
provements. such as e liminati ng common 
subexpress io ns. making loops more e f
fi c ient. and getting rid of dead code and 
uneeded va riabl es . These ge ne ri c o pti
mizati on techniques need no knowledge 
o f the hard ware . Nearl y all industri al
strength compilers today o ffer a full suite 
o f such optimizations. 

Machine-Dependent Optimizations 
Unlike the optimiza tio ns discussed so fa r. 
machine-dependent optimizations take ad
vantage of processor-specific knowledge to 
improve execution time and reduce over
head. They are particularly important for 
the new ge ncr<1ti on of processors . where 
new arc hit ec tures require spec ific new 
approaches for optimi za tion. For the most 
part . these kinds o f optimizatio ns repre
se nt improve me nt s th at are beyo nd th e 
contro l of a developer who codes in a high
lcvc l language. co11ti1111ed 
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Finally, an Xrated P,roduct 

you can use anywhere. 


eXceed/Xpress PC X connectivity software from Hummingbird. 

Now that home and mobi le com
puting are firmly established, there is a 
strong demand for access to corporate 
networks from remote locations. 

Until now, remote connection to 
gra/Jhics oriented, X Windows based 
applications posed a erious cha llenge: 
The existing on-line protocols (SLI P, 
CSLIP, PPP) have not provided 
acceptable perfo rmance for effective 
use of these graphical applications from 
remote sites. 

Hummingbird Communications 
Ltd., the PC X W indows connectivity 
specialist, has addressed th is issue with 
eXceed/Xpress, a PC X server for serial 
connection, ba ed on eXceed/W, the 
world's best selling X server for PC 
running MS-Windows. 

Util iz ing an innovative combina
tion of compre sion and decompression 

techniques inherent in the Xpress pro
tocol, eXceed/Xpress gives you 
unprecedented performance. While 
accessing X appl ications runn ing on 
UN IX or VMS hosts, you may also run 
local MS-W indows applications at the 
same time. And, since you can ea ily 
copy and paste text and graphics 
between remote X environments and 
local MS-Windows applications, 
eXceed/Xpre s becomes a powerful 
integration tool. 

So, wherever you go, go with 
eXceed/Xpress. Hummingbird's products 
are sold and supported in over 40 coun
tries around the world . 

Other Hummingbird PC X servers: 

eXceed/W for MS-W indows 
eXceed/NT for Wi ndows NT 
eXceed/OS2 for IBM OS/2 
eXceed/DOS for OOS 

Other Hummingbird Products: 

eXceed/NT-XDK to port and develop 
X applications 
eXceed/W-MDK OSF/Motif toolkit for 
MS-Windows 
eXtend Host-based PC to UNIX file 
management system. 

Contact us for more information, or for 
the Hummingbird reseller nearest you. 

2900 John Sneer, Markham, O n rnrio. Canada LJR 5GJ In Europe: 
Telephone: (905) 470-1203 Fax: (905) 470-1207 37 rue de Vermont, 1202 Geneva Swirzerland 
e-mail: salcs@hcl.com Telephone: 41 (22) 733 18 58 Fax: 41 (22) 733 64 OJ-..UMMINGBIRD
~MMUNICATIONS LTD. All trademarks and registered trademarks are the property of their respective companies. Circle 101 on Inquiry Card. 
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One key to generating good code is 
keeping CPU registers filled with needed 
va lues, as opposed to ·huttl ing the values 
between memory and the CPU. This is the 
idea behind global register a/loca tion, 
whi ch is a size and speed optimi zation that 
figures out what values should be stored in 
registers. The longer you can keep values 
in registers and prevent them from being 
written out to on-chip cache memory or, 
worse, to external memory, the better per
formance you get. 

Register optimizations are particularly 
valuable in RIS C arc hitectures , which 
typica lly provide a large number of reg
isters in the CPU. A simi lar optimization 
technique is register parameter passing, 
which bypasses the need to pu h function 
parameters onto the stack before the func
tion call is made, by making sure that all 
needed parameters are preloaded into CPU 
registers. 

Unfortunately, these techniques are of 
limited va lue in processors that have only 
a few registers. In the case of register pa
rameter passi ng, if the function call does 
not result in direct execution of the func
tion (a typical situation in environment 
like Windows), the technique cannot be 
used. 

Loop co111pacrio11 on most 80x86 pro
cessors is a machine-dependent optimi za

,....................................................,. 


Loop Compaction 

for {i :O ; i<l O:i+~) 

>:[iJ=i+k; 

.............................................. 


mov ex , 10 ;load ex wt no . of iterations 
lea di,word p r lbp-1081 ; load di with adr of x[OJ 
push ds 
pop es ; load es with da a segment 
mov ax . word ptr lbp-6J ;ge value of n 
add a~. word ptr lbp-8] ;e1dd value of m 
rep st:osw ; ZOOM ! 

rnov .iord ptcr (bp-/.].10 ; set i to 10 

- -

1ion that takes adva ntage of hig hl y effi
cient su·ing-move instructions. A typical 
example with both C source code and the 
resulting assembly language instruct.ions is 
shown in the listing "Loop Compaction." 
Surprisingly, the s tosw instruction that 
improves 386 code wi ll execute signifi
cantly more slowly on 486 and Pentium 
processors. 

In pipelined and supersca lar proces 
sors, techniques that keep instructi ons ex
ecuting while minimizing memory pag
ing and register swapping operations are 

important. For example, consider a loop in 
C written as 

int x[ROW] [COL] ; 
for (j=O ; j<ROW ; i++) 

for (i=O ; i<COL ; j++) 
x[i] [j]=foo(bar) ; 

For sufficiently large values of ROWand 
COL, thi s suffers from wide ly separated 
addresses-called a stride in some c ir
cles-for successive values of x [ i] [ j] . 
Running thi s code will like ly result in a 
lot of memory paging. However, just by 
interchanging these nested loops, succes
s ive values of x [ i J [ j J will be near one 
ano ther and will reduce the number of 
paging operati ons necessary to run the 
code. 

Another commonly used optimization 
is statement reordering. Here, computa
tions are done in a different sequence than 
spec ified in the source code. When ap
plied to fl oating-point calcul ations, thi s 
optimization is like ly to produce slightly 
different results than the originally speci
fi ed code. This is clue to the accumulation 
of round-off errors that differ from those 
you would obtain using the original code. 

An interesting technique called strip 
mining isn' t an opti mization in itself, but it 
can be used with other techniques to boost 

performance. The 
termistakenfron1a 

technique used with 
supercomputers. 

Strip mining is 
particularly useful 
for opt im izing ma
tri x multipli cati o n 
on cache-based, su 
per calar processors 
such as the Alpha, 
Pentium, PowerPC, 
o r PA-RISC chips . 
The key lies in trans

forming the ponder
ous row-column al

gorithm, whi ch (if matrix C is an n x n 
product of matrices) looks like this: 

for (i=O ; i<n ; i +) 
for (j=O ; j<n ; j++) 

for (k=O , C[i , j]=O ; k <n ; k++) 
C[i] [j] += A[i] [k]*B[k] [j] ; 

into one that effectively multiplies sq uare 
ubbl ocks o f the matri ces. The li s tin g 

"Strip Mining" shows what the optimized 
code might look like. 

In the sample code, blk_Eactor is a 



processor-dependent number selected to 
make best use of the cru·s cache that , in 
effect, causes the matrices to be multiplied 
in blocks of bl k_ factor size. (The vmi
able init strip_ sz is used to multi 
ply a smaller block if the size of the ma
trices being multiplied is no t eve nl y 
divi sible by blk_ factor .) 

In creating this code. the optimizer strip
mined each of the origi nal loops to create 
block loops and srrip loops. The block 
loops, which cause blocks of memory to be 
paged into and out of the cache, were in
terchanged to move them to the "outside .. 
of the nest of loops. The suip loops, which 
perform calcu lations within each block. 
were moved to the inside of the nested 
loops . 

Arranged in this way, the computation 
makes best use of the processor and mem
ory system, si nce you can use cached ma
trix blocks repeatedly before di scarding 
them and intermediate results can be en
registered longer than othe1wise possible. 
The result is nearly an order of magni
tud e im provement in performance fo r 
n>l50. 

However, the opt imized code is obvi
ously muc h more compli ca ted than the 

Strip Mining 
int init_strip_sz = (n-1)%blk_ facto ~ l ; 
int i _blk. i_strip_sz , i_strip_ lb , 
int j _blk. j _strip_sz , j_strip_lb , 
int k_blk, k_strip_sz , k_strip_ lb , 

i _std.p_lb = O; 

i _strip_sz = init_strip_sz : 


for (i_blk = l ; i _blk <= n ; i _
i _ strip_ub = i_strip_ub + i 
k_Strip_lb = O; 
k_strip_sz = init_strip_sz ; 
tor (k_blk = l ; k_blk <= n ; 

~-strip_ub ~ k_strip_ub 
Lstrip_lb = O; 

When Watcom International revamped its CIC++ compilers to take advantage of 

the Pentium's superscalar architecture, the company got an unintended bonus: 
integer code that executes substantially faster on 486s. Even though the 486 

doesn't have a true superscalar architecture like the Pentium, its pipeline stages 

can overlap a lot more than Watcom's 486 code could achieve. "Two years ago, 

we introduced 486 optimizations, and I think the performance benefit was about 
5 percent," says Dave Boswell, Watcom's vice president of marketing and sales. 

"We thought we were really doing something swell. But with Pentium optimiza· 
lions, we got an average of 30 percent to 40 percent improvement on a 486." 

01iginal. Funher, the sizeof blk_ factor 
and the ordering of the loops can vary from 
processor to processor. (In thi s example, 
the transformed code was generated for 
an IBM RS/6000, whic h has a 64-KB 
cache and four-way set associati vity. usi ng 
KAP/C from Kuck and Associa tes of 
Champa ign. Illinois.) For thi s reason
and from a readability standpoint- devel 

blk ~= blk_factor 
_strip_sz - 1 : 

k_bl k = blk_fac tor 
+ k_strip_s z - l ; 

j_strip_sz = init_stri.p_sz ; 
for tj_b k = l ; j_blk <= n; j_blk = b k_factor ) 

j _strip_u = j_strip_ub • j _stri p_sz - 1 ; 
for t i = i_strip_lb; i <= i_strip_ub ; L l 

for ( j = j_s r ip_ lb ; j <= j'_strip_ub ; j++l 
for lk = k_strip_ lb; 

C[ l] lj J = A[i] [k1 
j _strip_lb += j_strip_ sz : 
j_stri.p_sz = blk_factor ; 

k_strip_lb = k_strip_sz ; 
k_strip_sz = blk_factor; 

i _strip_ lb T= i _strip_sz; 
i_st:rip_sz ~ blk_factor ; 

k <= k_s ~ip_ub ; k+~J 

* Blkl [j]; 

oper should write code as shown in the 
origina l and let the optimizer take care of 
the detail s. 

Another important optimi zatio n for 
pipelined •u-chitectures is i11srrucrio11 sched
11/i11g. This he lps prevent processor pipe
lines from stalling. In Pentium and 486 
processors, for example, if an address or 
register needed by a particul ar instruction 
is not avai Iable because a previous in
st ruction has not finished processi ng. an 
AG I (Address Generation Interlock) oc
curs. In the following code example. an 
AG I occurs after the second instruction 
because the first has not completed exe
cution: 

inc eax 
mov ebx , [eax] stalled owing 

to AGI 
inc ecx 

A good instruction scheduler would rc
mrnnge the inst111ctions as fo llows, to allow 
uninterrupted execution : 

inc eax 
inc ecx 
mov ebx , [ea x] 

AGis an: particu larl y troublesome for 
Pentium processors. si nce two instructions 
can execu te in paral le l in the fina l three 
stages or the integer pipe line, in separate 
U- and V-pipcs, creating more stalling op
portunities in longer instruction sequences. 
In the following example. 

; U-pipe V-pipe 
inc ebx i n c ecx 
inc edx mov eax , [ebx] 
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Introducing C Set ++ FirstStep for OS/2. 

·ect 
oriente 

a ications
Now everything 
you need to begin 
writing CIC++ applications is at your fingertips 
and well within your budget. C Set++ FirstStep 
is a state-of-the-art, CIC++ development 
environment. It includes: •An ANSI standard 
conforming compiler for CIC++ ·A visual tool for 
debugging •C++ Collection Class Libraries •A 
comprehensive Developer's Toolkit (Version 2.1) 

with all necessa1.·y programming too ls, and t t
•WorkFramel2 : which provides an 

integrating en vi ronment that s ar 
increases the effectiveness of those tools. 

In short, with C Set ++ FirstStep for 
OSl2 from IBM Software Solutions, you can e 
launch yourself right into writing high quality 
object-oriented applications. 

C++ Colleetion Class Libraries. 

Developer's ToolKit new V2.1. 

WorkFrame/2 (supports DOS, Windows and OS/2 tools). 

Open. imd configurable integration framework. 

Seamless integration of multiple edit.compile & debug tools. 

ere. 
To order C Set ++ di, 

FirstStep for OSl2, or for 2-)·· 
further information call 

I ~800-342-6672 c + + " 
(U.S.A.) or 

Prr!fi>.<Si111111/ dcvelop<'r.< 11111y " '<Jllire the arldi1io11al.fi'11t11res of C Set ++ V2.l , 1-800-465-7999, ext. 670 (Canada).
our pnf'ssio1111/ dcvelop,.r's p(l('/mge i11c/11di11g liigli-n1d tool.<, opti111izatiu11 

11111/ f11/I suppurt and ,,,,,., .;,.,,_ Or contact your local IBM software dealer. 


==..::::. .::® 
IBM and OS/2 are registered trademarks and C Set ++ is a trademark of International Business Machines Corporation. - - 
Windows is a registered trademark of Microsoft Corporation. - 
© 1993 IBM Corp. ----
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; stal led owing to AG I 
mov esi , [mem] 

an AG I occ urs after the second instruc
tion is encounte red in the V-pipc. Thi s 
halls execution in both pipes for one clock 
cycle until the first instructi on completes. 
Properly chcduled, the code would look as 
follows: 

; LI-pipe V-p~pe 

inc ebx inc ecx 
inc edx mov esi , [mem) 
mov eax , [ ebx) 

To Optimize or Not to Optimize? 
There are two good reasons why you might 
not want lo al ways rnn the optimizer when 
compiling code. The first is time. It ' s not 
unusual fo r compilers with aggressive op
timizers lo increase code ge neration time 
by 200 percent to 300 percent , and thi s 
figure may ri se fo r compilers that imple
ment advanced, machine-dependent opti
mizations. 

The second reason concerns debugging. 
Traditional source-leve l debuggers rely on 
a correspondence between the source code 
and the object code. When you introduce 
moved code, compacted (or worse, inter
changed) loops, e liminated variables, in
lining, and so on, optimized code often 
bears little resemblance to the source code 
from which it came. Thi s makes debug
ging optimi zed code nearly impossible, 
except at the asse mbly language level. 

Various approaches to de bugging opti
mized code have been tried. such a noting 
what line of original source code generated 
particular instructions, and others arc under 
development. Cu1Tently, though, the stan
dard approach to software development is 
to debug using unoptimized code, and only 
then to run the optimizer to generate the 
final executable. Any bugs that are intro
duced during optimization must be chased 
down at the assembly language leve l. 

As the complexity of processors in
creases, today·s optimizing compile rs are 
becoming more complex. In addi tion to 
providing the traditi onal machine-i nde
pendent optimizalion thal mimic what a 
cleterminecl developer mighl do 10 make 
code faster or smaller, the co mpilers are 
beginning 10 perform machine-dependent 
optimizations Lhal promise quantum boosls 
in performance. • 

Alex Lane is o Co/orado-ba .~ed writl'r. speaker. 
and co11s11/ta111. I-le f'llll be reacltetl 011 1/1e lntem et 
or BIX at a./011e@bix.co111. 

mailto:a./011e@bix.co111




Now more than ever, we 're 
giving power to the people. 
Our Pentium-based PC/ 
systems arepriced /11111drl!(/S, 
sometimes thousands of 
dollars less than competitors' 
comparably configured 
Pentium sys1e1m. Thar 's PC 
poll'er ere1)'011e can afford! 

~ 
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By the Time We Get to Woodstock 
When historianswrite the history of the personal computer industry 

years from now, they'll remember Gateway 2ooor· as the radical PC 

manufacturer that gave power to the people by selling the highest-
quality, latest-technology computers at affordable prices. By 
showing PC buyers a level of service they thought was a 

throwback to the peace and love era. By giving real meaning ~~1::1!'~ 
to the tattered, worn-out tenn "value." 

When Gateway 2000 came onto the scene, the 
establishment computer companies were charging 
whatever they wanted for technology. 
Gateway was a real downer to them 

because we began selling the same 
technology for a whole lot less. And 
the buyers were very smart. They 
shouted "Hell no, we won 't go," to 
the big companies, and took achance 
on the revolutionary Midwest company 
called Gateway 2000. Soon agreat legion of people - even more 
than Woodstock attracted - was buying Gateway PCs. 

Today, Gateway 2000 is bigger than many of the companies for 
which it was an alternative. So why should you buy a Gateway 
computer today? Same reasons as in the beginning. You still get the 
best price, quality and service from us. 

Demonstrations 
That 's why, for the third consecutive year, we swept Computer 

Shopper's Best Buy Awards, winning every product award we were 
eligible for and being chosen as the Best Overall Systems Supplier. 
(Thanks, Shopper readers!) That's why we took five top honors in PC 
World's World Class Awards, including Best Mail Order Company 
and Best Service and Support. (Thanks, PC World readers!) And 
even though we' re now a Fortune 500 company, we still champion 
anti-establishment thinking. Check it out. You'll find GW2K is far
·out, groovy and totally unreal! 

We dedicate this ad to the memory of Sol Pessin, one of our special customers who 

believed in 11s d11ri11g the early days. We'/I miss you, Sol. 
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The Eagle has Landed 
When Gateway introduced a Pentium"'-based system - loaded 

for under $4,000, everybody in the industry knew the Eagle had 
landed. The best PC value on the planet had arrived! The editors of 
PC/Compuling heralded the accomplishment by naming it Best 
Desktop of 1993. 

Then we topped our achievement by offeringjour Pentium 
processor-based systems, including anew 66MHz model, priced from 
$2,49S to $3,99S. Now that's a giant leap in value for one of the 
higbest-perfonnance PCs on earth. These systems are tomorrow's 
technology available today at affordable prices - only from Gateway. 

Our PS systems include Intel 's 64-bit Pentium processor, which 
moves instructions and data twice as fast as a486 system. The PS 

PCs get another performance boost from a PCI local bus. The 
PCl bus can operate 10 to 1S% faster than a VESA local bus. 
The PCl bus' "plug and play" feature makes your PC easier to 
use, too, by automatically configuring peripherals. 

Space-Age Video 
The PC! bus is coupled with a space-age video system, 

with 2MB standard video memory giving you 64,000 colors 
at 1024 x768 resolutions. The PCJ-based video system uses 
a high-perfonnance 64-bit interface to video memory that 
achieves 16 million colors, true 24-bit, in VGA and SVGA 
resolutions. Our standard video system gives you the best 
overall performance on the market. 

The net effect of the PC! local bus and this video system 
is perfonnance that will send you into orbit. lt's definitely 
far-out! 

486 PCI Local Bus System is A-OK 
The PCl local bus and PCI video system are also 

available in a66MHz 486DX2 system, lntel®verified to be 
Pentium upgradable. Another A-OK value in a high

perfonnance system from Gateway! 

Photo courtesy ofNASA. Thank~! 
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Our P5-60 was named Best Desktop of1993 
~)' tlte editors ofPCfComputing. "(It) is 
nearly twice as fast as its nearest competitor 
al Windoll's operations. Wiren ii comes to 
lop-of the-line desktop systems, yo11 can't 
beat high pe1formance for a low price," 
states the editorial. 

New this monllt is our 
66MNz Pentium-based 
system for only $3.995. 

!Jest Desktop 
of 1993 



Our 4DX2-66V model has 
to be 011e ofthe most highly 
decorated PCs i11 the 
hist01y ofthe i11dust1y. For 
good reaso11/ like other 
Gateway VESA a11d 
integrated systems, it 's a 
very a/tractive value. 

Poumcllc 
~ ~r:1 EIVTE El\ITE 
~ =~ <=IE.I ~ =- =

4DX2·66V 4DX2-66V 4DX2-66V 4DX2-66V 4DX2-66V 4DX2-66V 
Desi Dcs~1op Best Windows PC 



Our Family PC comes with CD-ROM, sound card, 
speakers, joystick,far/modem and multimedia software. 
Yo11 choose one soflWare option from five great Family PC 
multi-title packages. Some ofthe 0111standi11g titles you can 
get are: Microsoft Works,"' Dinosaurs and Encarta,"' 
Ci11emania," Time Almanac, links GolfCollecrio11, The 
Animals, MicroProse'" Game Pack. MECC Elementary 
Ed11cario11 Pack - and more! 

You 'II be a trend-setter in your office or neighborhood if you 
choose aGateway VESA®or integrated system because there's 

nothing more fashionable than a great buy. Everybody wants one! 

VESA aGo-Go 
Our VESA local bus machines give you go-go performance at a 

fab price. VESA, which stands for Video Electronics 

Standards Association, assures you of compatibility 
with any VESA peripheral. These systems are also 
upgradable to a Pentium'" OverDrive"' Processor if 

you need more processor power in the future. 

Integrated PCs Sock it to 'Em 
Our integrated systems definitely sock it to the 

competition. Offered in space-saving mini desktop 
cases, our local-bus integrated PCs give you twice the 

video perfonnance available in many standard 
desktop machines. In fact video perfonnance in 

our integrated systems is similar to, or better than, 
that found in many of our competitors' high-end systems. 

Of course these machines are also upgradable to a Pentium 
OverDrive Processor. 

Our special Family PC, with full multimedia capabilities and some 
exciting software choices is priced at only $1,995. Ask us for details. 

If you want a mod PC for the fewe t dollars possible, you want an 
integrated system from Gateway. You can bet your bippy on that! 

Energy Stardom 
All Gateway 2000"' VESA local bus and integrated systems wear 

the Energy Star seal to show they comply with energy-saving 

guidelines established by the EPA. Our commitment to the Energy 
Star program is just one of the ways we're working to help the 

environment - and to help yousave money! 



Whether you trayel constantly from continent to continent or 
occasionally from office to home, Gateway has the perfect portable 
PC to keep you roUin' on down the highway. 

Easy Rider 
The revolutionary HandBoo 486 gives you more MIPS per 

pound than any other PC! Plus, the HandBook is t~e answer to the 
most common question seasoned portable users ask themselves: 
should l take my portable or not? ls it worth the hassel? With a 
HandBook, you'll never ask yourself that question again. It's so small 
and light, it's effortless to carry. The decision js autoipatic: of course 
you'll take your HanclBook. You'll never want to be without it! The 
HandBook is a truly extraordinary product that will forever change the 
way you use a PC. 

The HandBook has all the features that matter to you, too, 
including: ideal weight and size (less than 3pounds, about the size of 
a day-planner); plenty of power (genuine Intel SL Enhanced 486 
processor); great screen (bright, 7.9-itJch backlit VGA display); 

· .. ., , • comfortable 78-key keyboard; EZ Point integrated 
W ;j '..: 

·: pointer (no need to carry a clumsy mouse); 
~1ff.. ' excellent battery life (up to four hours); 

suspend/resume (a handy feature that allows 
you to stop work any time and resume later 

without losing data or restarting the system). 

Psychedelic Day-Tripper 
Psychedelic color for flower chiidren·ofaU ages. That's 

the Gateway 2000'"ColorBook~". The ColorBook includes: 
abrilliant, 9.4-inch VGA color screen (dual-scan STN color 

is the latest technology in color displays); 486 performance 
(genuine Intel SL.Enhanced 486 processor); excellent portability 
(weighs less than 5.7 pounds and is ultra•thin - just 1.77 inches); 
simultaneous video up to I024 x768 resolutio~; a buitt.:(n trackball 
(very easy to use); two PCMCIA Type If slots (can also be µs~d for 
one Type Ill PCMCIA card); great battery life (up to four hours); 
suspend/resume feature. 

If you want dazzling color at a mono price, look no further than 
the ColorBook. 
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011 your11ert trip, be s11re to take along agood book. 
That 's aHandBook or a ColorBookfrom Gateway 2000! 

~ ~ 

ll\ITE 
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HundBook lfandhook HnndBook 
Oost Subnotebook Best Subnotcbuok Best Hund· l leltVPalmtop 



Shown here is our 4DX2-66V model loaded with op/ions including a 17-inch Clys1alScan 111011itor, 
combo floppy drive, mul1imedia kit wi1h optional Yamaha speakers, Colorado Memory Systems 
tape backup unit, FlightStick and Epson Stylus 800 printer. With multimedia, the sights and sounds 
ofa11y era arc available to you with a click of your mouse. Right on! 



486 POR TABLE OPTIONS 
• 	 Weight: 2.94 Lbs. 
• 	 Dimensions: 9. 75" x 5.9" x 1.6" 
• 	 SL Enhanced Intel' 486 

Processor 
• 	 4MB RAM (expands to 8M Bor 

20MB) 
• 	 80 to 130MB IDE Hard Drive 
• 	 7.9" Backlit VGA Display 
• 	 NiMH Battery & AC Pack 
• 	 Suspend/Resume Feature 
• 	 I PCMCIA Type ff Slot 
• 	 EZ Point'" Integrated Pointer 
• 	 78-Key Keyboard 
• 	 Parallel , Serial & PS/2 Ports 
• 	 MS-DOS~' Windows'" & 

Serial Transfer Cable 

HANDBOOK 486SX-25 
With 25MHz 486SX CPU and 
80M B Hard Drive 

$1495 
HANDBOOK 486DX2-40 
With 40MHz 486DX2 CPU and 
130MB Hard Dri ve 

$1995 

Tral'eler's Packs: 
• 	 Microso ft Works for Windows, 

case, extra battery & PCMC IA 
9600/2400 fax/modem. $369 

• 	 Microsoft Works for Windows, 
case, extra battery & PCMCIA 
TelePath'" fax/modem. $489 

Prese111er 's Pack: 
• PCMCIA VGA adapter, 

Asymetrix' Compel & case. 
$319 

• 	 Weight: Under 5. 7 Lbs. 
• 	 Dimensions: 11 .7" x 8.5'' x I. 77" 
• 	 SL Enhanced Intel 486 

Processor 
• 	 4MB RAM (expands to 8, 12 or 

20MB) 
• 	 3.5'' I .44M BDiskette Drive 
• 	 Removable 80 to 250MB IDE 

Drive 
• 	 9.4" VGA Dual-Scan STN 

Color Display 
• 	 NiMH Battery & AC Pack 
• 	 Suspend/Resume Feature 
• 	 2 PCMCIA Type ff Slots 
• 	 Integrated Trackball (2 buttons) 
• 	 85-Kcy Keyboard 
• 	 Parallel, Serial & PS/2" Ports 
• 	 External VGAPort 
• 	 MS Works for Windows"' 
• 	 MS-DOS and Windows 

MULTIMEDIA KIT 
Herc 's everyth ing you need to add 
multimed ia to any Gateway desktop 
PC. You won 't find a better holiday 
price anywhere! 
• 	 Gateway 2000 16-Bit Sound 

Card, Sound Blastcr-BCompatible 
• 	 Double-Speed CD-ROM 
• 	 2 Labtec" Speakers 
• 	 Microsoft Encarta & Corel Photo 

CD Software 
• 	 Gateway System CO 

$299 
For system configurations that 
include a CD-ROM dri ve: $132 
Only with system purchase. 

Gateway!{)()() i.s a 
rorporote Jporuor of 

GL~Bt\L 
Pnn tl'rl on rcc)'cled ~L[Al."p:1pcr "ith soy inn . 

COLORBOOK 486SX-25 
With 25M Hz 486SX CPU and 
BOMBHard Drive 

$1995 

COLORBOOK 486SX-33 
With 33MHz 486SX CPU and 
I70MB Hard Drive 

$2395 

COLORBOOK 486DX-33 
With 33 MHz 486DX CPU and 
250M B Hard Drive 

$2795 

Traveler's Packs: 
•	 Case, extra battery & PCMCIA 

9600/2400 fa x/modem. $329 
• 	Case, extra battery & PCMCIA 

TclcPath fax/modem. $449 

SOFTWARE & EXTRAS 

If a system comes with "choice of 
application software," choose one 
of the fol lowing packages: 
• 	 Microsoft Excel for Windows'" 
• 	 Microsoft Word for Windows"' 
• 	 Microsoft Word and Bookshelf 

'92 ~ CD-ROM Edition 
• 	 Microsoft PowerPoint for 

Windows'" 
• 	 Microsoft Project for Windows'" 
• 	 The Entrepreneur Pack (Works,~ 

Publisher," Money'" & games) 
• 	 Borland Paradox®database and 

Quattro~ Pro for Windows 
spreadsheet 

• 	 Microsoft Access'" for Windows 

With desktop and selected portables 
you also get the fo llowing software 
and extras at no addi tional charge: 
• 	 MS-DOS 6.2 & Windows for 

W orkgroups 3. 11 
• 	 CoSession" Host Remote 

Diagnostics (with all modems) 
• 	 Kiplinger' s'" CA-Simply'" 

Money 
• 	 QAPlus Diagnostics 
• 	 Gateway Computer Glossary 
• Gateway Mouse Pad 
Systems with CDs also inc lude: 
• 	 Gateway System CD with 

Microsoft Multimedia Pack'" 
• 	 Multimedia On-Linc User' s 

Guide 
• 	 Gateway Mall On-Linc Catalog 

PCMCIA Cards: 
• 	 TelePath 14400114400 fax/ 

modem. $319 
I 9600/2400 fax/modem. $199 
• 	 Ethernet adapter. SI 89 
• 	 Token Ring adapter. $449 
• 	 HandBook VGA adapter. $229 
Baueries: 
• 	 2.2Ah NiMH batteries. $89 
• 	 Alkaline battery pack. $29 
Diskelle Drive: 
• 	HandBook external I .44MB. $99 
Cases: 
I 	 ColorBook $49 HandBook $55 
Extended VIP Warranty: 
• 	We' ll ship a replacement 

within 24 hoursduring warranty. 
Point of sale only. $100 

NOMAD 450DXC 
• 	 Weight: 6.2 Lbs. 
• 	 Dimensions: 8.5'' x 11 " x 2.2" 
• 	 50MHz lntel 486DX2 CPU 
• 	 8MBRAM 
• 	 3.5" l.44MB Diskette Drive 
• 	 200MB IDE Hard Drive 
• 	 8.4" Color Active Matrix Screen 
• 	 NiMH Battery & AC Pack 
• 	 Simultaneous Video with I MB 
• 	 79-Key Keyboard & Mouse 
• 	 9600/2400 Fax/Modem 
• 	 I Parallel, I Serial Port 
• 	 MS-DOS, Windows& Works 

$3995 

SERJ'ICE 
Every Gateway system is backed by: 
• 	 30-Day Money-Back Guarantee 
• 	 One-Year Limited Warranty 
• 	 Lifetime Toll-Free Technical 

Support 
• 	 On-Site Service Available To 

Most Locations 
• 	 Lifetime BBS Membership 
• 	 Fax.Back Automated Fax Service 

Our money-back guarantee does 1101 
include shipping. On-site service is 
provided at 110 charge during 
warrallly ifour tech11icia11s 
determine it is necessmy lfyou 'd 
like lo read our 
warra111y a11d 
guarantee 
policies. 
please call 
fora free 
copy. 



When you 've picked the PC you want, take a look at the options listed 

here to make your system as productive and fun as possible. Sorry, the 

peripherals listed here are sold only with the purchase of a system. For details 

on our complete line of extras for Gateway customers, ask for our special add

on components division when you call. 

Multimedia 
Multimedia Kit 
Here's everything you need to add multimedia to your Gateway PC: 

I Gateway 2000'" 16-bit CD-quality sound card, compatible with Sound 
Blaster"' cards, with.MIDI/game port, mic in, stereo line in/out 

I Double-speed CD-ROM drive, tray-loading, compatible with music 

CDs, muJtisession photo CDs and CD-ROM titles 
I 2 Labtec® speakers that attach to your PC monitor 

I Microsoft®Encarta & Corel Photo CD software 
I Gateway 2000 System CD with Microsoft Multimedia Pack'" 

$299 

For system configurations that include a CD-ROM drive, get 

the multimedia kit without CD-ROM drive for: $132 

Yamaha®YST-MlO Multimedia Speakers 
New! The small speakers that sound big. And come with a tiny price. This 
free-standing, self-powered speaker set is a great value! $75 

Altec Lansing Multimedia Speakers 
Get superior stereo sound with these top-rated AJtec Lansing ACS-300 

speakers with separate powered subwoofer. $219 

CH FlightStick 
The joystick that's recommended by our kids! With a sensational "feel" and 

rugged construction, this is the last joystick you'll ever have to buy! $35 

Communications &Storage 
TelePath"'11 Fax/Modem 
Internal fax/modem, 14,400bps modem, V.32bis, with 14,400bps fax 

capability. Package includes data and fax communication software, plus a 
CompuServe®trial membership. $159 

Cardinal 2400 Fax/Modem 
Internal fax/modem, 2,400bps modem, V.22bis, with 9,600bps fax capability. 
Package includes data and fax communication software. $49 

Colorado Memory Systems®TBU 
250MB internal automatic tape backup unit copies up to 9.5MB per minute. 

Comes with Windows and DOS software, one tape and cable. $159 



Networking 
Intel EtherExpressrn 
A 16-bit Ethernet adapter from a world leader in 
networking. $105 Twisted Pair or BNC Kit (BNC kit 
includes cable, connector, terminator and card). 

Ethernet Adapter from 3Com® 

Manufactured by 3Com for Gateway. Features parallel 

tasking architecture with ahigh level of integration. $105 


Twisted Pair. $125 BNC Kit (includes cable, connector, 

terminator and card). 


Monitors 
CrystalScan®17-Inch Monitor 
Non-interlaced color monitor, .26mm dot 
pitch. If your system comes with a 14-inch 
monitor, you can upgrade to this monitor for 

$430. If your system comes with a 15-inch 

monitor, you can upgrade for $350. (Prices good 
only for upgrades at the time of system purchase.) 

Printers 
Epson®1070+ Printer 
Here's a value-priced, wide-carriage dot matrix printer 
that gives you 225cpi in draft mode, I 0 letter-quality fonts 
and 4scalable fonts. Quiet, too (46.5db)! $359 

Panasonic Color-Capable Printer 
Add color to your documents with this 24-pin dot matrix 
printer. Includes Adobe Type Manager~ KX-P2123 
$259; Color Option $50 

Epson Stylus 800 Ink Jet Printer 
Great laser quality at an even greater value. Measuring 
only 17 inches by 10.5 inches, the Stylus 800 has seven 
different typefaces and prints an extra-quiet 150 characters 
per second at 360dpi. Parallel cable included. $289 

Epson ActionLaser 1500 Laser Printer 
The ActionLaser delivers professional-quality printouts 
with crisp, sharp images, black.blacks and smooth, "jag
free" lines. It also features a fast six-page per minute print 
speed, 14 resident fonts, 300 x300dpi, and !MB memory 
expandable to SMB. Parallel cable included. $669 

TI MicroLasern• Pro 600 
This Texas Instruments laser printer 

redefines value in high-performance / ~ 
printing with 6MB RAM 
standard, a fast eight pages
per-minute print rate, 500
sheet capacity and true 
·600dpi quality. 
With 23 PostScrip Fonts: $1,449 

With 65 PostScript Fonts: $1,629 

Lexmark 4039 lOR 
The printer for tomorrow's technology! Featuring a fast, 
RISC processor it switches between PostScript and PCL5 
printer languages automatically and prints at a remarkable 
I 0 pages per minute at true 600dpi. $1,399 

Easy Payment Options 
We make it easy for you to buy a Gateway PC, 

too! We accept most major credits cards 
and C.O.D. terms, with net 30-day 
terms and leasing options available 
to qualified commercial customers. 

You can also apply for our new 

Gateway 2000'" DuoLine"' MasterCard®Card, 


issued by Dial National Bank, which lets you make 

purchases from Gateway and anywhere else 

MasterCard is accepted by giving you two lines of 

credit - one for Gateway purchases and one for all 

other purchases. For Gateway purchases, the card 

has no annual fee and a low variable interest rate of 

just 12.9% APR. For other transactions, you get a 

variable interest rate of 13.9%APR and a low $18 

annual fee.* 


*Caslr advance fee is$/ plus 2% oft/re amount oft/re caslr 

advance, but not less than $5 nor more tlran $I 0. Financing is 

available on approved credit with the Gateway Duoline 

MasterCard, issued by Dial National Bank, Des Moines, Iowa. 
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Our '60s models are all Gateway 2000 employees and their clrildren wlro relived tireflower-power era for tlris ad. 
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INTEGRATED & VESA SYSTEMS--------------------

4SX-33!4DX-33 4DX2-50!4DX2-66 4SX-33V 4DX2-50 FAMILY PC 
• 	 Intel33MHz 486SX or DX CPU • Intel 50 or 66M Hz486DX2 CPU • lntelt 33MHz 486SX CPU • Intel SOMHz 486DX2 CPU 
• 	 4MB RAM • 4MB RAM, 128KBCache • 4MBRAM • 8M BRAM, 128KB Cache 
• 	 212MB 13ms IDEHard Drive • 424MB 13ms IDEHard Drive • 212MB 13ms IDE Hard Drive • 212MB 13ms IDEHard Dri ve 
• 	 Local Bus Graphics with 512K B • Local Bus Graphics wi th IMB • VLB'" Graphics with IMB • Local Bus Graphics with IMB 
• 	 3.5" Diskette Drive • 3.5" Diskette Drive • Local Bus IDE Interface • Double-Speed CD-ROM, 16-Bit 
• 	 14" ColorCrystalScan'· 1024N I • 14" Color CrystalScan 1024NI • 5.25" & 3.5" Combo Drive Sound Card & Speakers 
• 	 Mini DesktopCase • Mini Desktop Case • 14" Color CrystalScan• I024NI • 2400/9600 Data/Fax Modem 
• 	 5 16-Bit ISA Slots • 5 16-Bit ISA Slots • Baby AT Case • 3.5" Diskette Drive 
• 	 101-Key Keyb-Oard & MS Mouse • AnyKeyl Kcyb-Oard & MS Mouse • 5 ISA & 2 VESA•f! SA Slots • 14" Color CrystalScan 1024NI 
• 	 MS-DOS' 6.2 & WFW™3.11 • MS-DOS 6.2 &\VFW 3. 11 • AnyKey~ Keyb-Oard & MS Mouse • Mini Desktop Case 
• 	 MS Works for Windows'" • Choice of Application Software • MS-Dos• 6.2 & \VFW'" 3. 11 • 5 16-Bit ISASlots 
• 	 EPA Energy Star Compliant • EPAEnergy Star Compliant • Choice of Application Software • IOI-Key Keyboard, MS Mouse & 

• 	 EPA Energy Star Compliant Joystick4SX-33 - $1295 4DX2-50 - $1795 
• 	 Choice of Family PC Software$14954DX-33 - $1495 4DX2-66 - $1995 	 • EPA Energy Star Compliant 

$1995 
VESA & PC/ SYSTEMS ________________________ 

4DX-33V/4DX2-50V 4DX2-66V BEST BUY P4D-66 	 4DX2-66V 
• 	 Intel 33MHz 486DX or 50M Hz • Intel 66MHz486DX2 CPU • Intel 66MHz 486DX2 CPU • Intel 66MHz 486DX2 CPU 

DX2 CPU • 8MB RAM. 128KB Cache • 8M BRAM. 256KB Cache • 16MB RAM, 128KB Cache 
• 	 8MB RAM, 128KB Cache • 424MB 13ms IDEHard Dri ve • 424MB 13ms IDE Hard Drive • 424MB 13ms IDEHard Drive 
• 	 424MB I3ms IDE Hard Drive • VLB Graphics with IMB • PCI Local Bus Graphics with 2MB • VLB Graphics with 2MB 
• 	 VLB Graphics with IMB • Double-Speed CD-ROM • Double-Speed CD-ROM • Double-Speed CD-ROM 
• 	 Local Bus IDE Interface • Local Bus IDEInterface • 3.5'' Diskette Drive • Local Bus IDE Interface 
• 	 5.25" & 3.5" Comb-0 Drive • 3.5" Diskette Drive • 15" Color CrystalScan I572FS • 3.5" Diskette Drive 
• 	 14" Color CrystalScan 1024NI • 15" Color CrystalScan I572FS • Baby AT Ca.e • 15" Color CrystalScan I572FS 
• 	 Baby AT Case • Baby AT Case • 4 ISA, 2 PCI& I PCl/ISA Slots • Baby AT Case 
• 	 5 ISA & 2 VESA/ISA Slots • 5 ISA & 2 VESA/ISA Slots • Any Key Keyboard & MS Mouse • 5 ISA & 2 VESAflSA Slots 
• 	 AnyKcy Keyboard & MS Mouse • AnyKey Keyboard & MS Mouse • MS-DOS 6.2& \VFW 3. 11 • AnyKey Keyboard & MS Mouse 
• 	 MS-DOS 6.2 & WFW 3. 11 • MS-DOS 6.2 & WFW 3. 11 • Choice of Application Software • MS-DOS 6.2& \VFW 3. 11 
• 	 Choice of ApplicationSoftware • Choice of Application Software • Choice of Application Software$2495• 	 EPA Energy Star Compliant • EPA Energy Star Compliant • EPA Energy Star Compliant 

4DX-33V - $1975 $2295 $2795 

4DX2-50V- $1995 


PENTIUM SYSTEMS________________________ 

P5-60 , P5-60 BEST BUY PS-60 	 P5-66 
• 	 Intel60MHz Pentium'" CPU • Intel 60MHz Pentium CPU • Intel 60M Hz Pentium CPU • Intel 66MHz Pentium CPU 
• 	 8M BRAM, 256KB Cache • 8MB RAM. 256KB Cache • 16MB RAM, 256KB Cache • 16MB RAM, 256KB Cache 
• 	 424MB 13ms !DE Hard Dri ve • 424MB 13ms IDE Hard Dri ve • 540MB 13ms IDE Hard Drive • 540MB 13ms IDEHard Drive 
• 	 PCI Local Bus Graphics with 2MB • PC! Local Bus Graphics with 2MB • PCI Local Bus Graphics with 2MB • PCI Local Bus Graphics with2M B 
• 	 3.5" Diskette Dri ve • Double-Speed CD-ROM • Double-Speed CD-ROM • Double-Speed CD-ROM 
• 	 14" Color CrystalScan 1024NI • 3.5'' Diskette Drive • 3.5" Diskcllc Dri ve • 16-Bit Sound Card & Speakers 
• 	 Baby AT Case • 15" ColorCrystal Scan I572FS • 15" Color CrystalScan 1572FS • 3.5" Diskette Drive 
• 	 4 ISA, 2 PCJ & I PCl/ISA Slots • Baby AT Case • Baby AT Case • 17" Color CrystalScan I776LE 
• 	 AnyKcy Keyboard & MS Mouse • 4 ISA, 2 PCI& I PCl/ISASlots • 4 ISA, 2 PCI& I PCl/ISA Slots • Tower Case, 300\V Power Supply 
• 	 MS- DOS 6.2 & \VFW 3. 11 • AnyKey Keyboard & MS Mouse • Any Key Kcyb-Oard & MS Mouse • 4 ISA, 2 PCI & I PCl/ISASlots 
• 	 MS Works for Windows • MS-DOS 6.2 & \VFW 3.11 • MS-DOS6.2 & \VFW 3. 11 • AnyKcy Keyb-Oard & MS Mouse 

• 	 Choice of Appl ication Software • Choice of ApplicationSoftware • MS-DOS 6.2& WFW 3.11$2495 • 	 Choice of Application Software$2795 	 $3295 
$3995 
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~ Phone605-232-2000 • TDD 800-846-1778 • Fax 605-232-2023 • FaxBack605-232-2561• Add-On Sales 800-846-2080 
~ Toll free fromCanada and Pueno Rico 800-846-3609 · Sales Hours: 7am-10pm Weekdays, 9am-4pm Saturdays(CST) 

\'. 1993Gatr'>u y 2000. loc. AnyKe)'. Crysu lSc111. hbck.:rnd.v. hi1c spot ~igr.. ..Ci" logo lltld MYou \ ·c got s friend in the busincsf' ~log:i.n arc rcgisscrcd tradcmads. and Gale-A'l)' 2000. ColorBool:. l>uolinc. EZ Point and TdcPa.lh art 1rudcm11b 
of Ga1e~ 11y 2000. Jnc . The Intel Inside Logo, Imel, Pentium nnd On~rDri,·c ar.o tr.ukm:uts or registered tt11dc111:11b of Intel Corpor3tion. All other brands and producl oamc:s are lrademarL:.s or registered 1r.ldcmarb of their rcspccti \·c com(l3Ilics. 

1\ll prices and con fi gurJtions arc subjec t to change without notice or ohligalion. Prices do nnt includeshipping. Energy Stu compli11111systt'nl'i may not rcnuin within EPA guiJclincs ifupgrJdrd toa Prntium processor. 

http:TdcPa.lh




XVision 5·· 

Workstation Functionality 

The market-lead ing Microsor Window ·· PC X Server, i 
packed with smart features that make it your best connectivity 
. o lution for running and displaying X Window and Vf320 
applications. 

XVision 5 adds to X Server capability by including 
Desktop Command Center bi-directional file transfer, local PC printing of 
Nav igate through the whole range of UNIX files, keyboard mapping and VT320 
enterprise-wide operating environments. terminal emulation. 
Networked host connection , log-on 

Easy-to-Useprocedures and application launching are 
quick and imple icon movement . Extensive on-line help and new mart 

interactive diagno tic make XVision 5 
Smart Installation and Configuration the easiest PC X crver to use. 
Installat ion is automatic with XVision 5. 
Bui lt-in system intelligence detects underl ying 
network tran port and configure itself accordingly. 

Automatic Graphics Speed Optimization 
XVi ion 5 dynamically adjusts to take best <1dvantage 

Automatic Font Substitution 
Expert system technology locates the "be t match" whenever 
a font reque red by an application is unavailable on your PC. 

XVision 5rn 
The Smart PC X Server 

from Vision Ware!" 

of your graphics hardware. US Headquarters 

1-800-949-847 4 
4500 Bohannon Drive, "2 0 • Menlo Park, CA 94025-1029 
Tel : (415) 325-2113 • FAX: (415) 325-8710 

\ 'uwn\trmc• and W Vuion\Vare lngo au rcgt.Ht-"fl°d cra.k'l'Tlal"l.s and Corporate H eadquarters:\Vi.mm and X\11.sum 5 an· rrnde-rntrrks o{Visic.n \Vur~ Ltd Xffrmolt' 
u t1 n.•·gt.srt'T. id tmfemcrrk of Niruork Compuong Oc."t1a.s, Inc All or111'T.. 57 arJ igan Lane • Leeds LS4 2LE • United Kingdom 
1wtfonu1rks ar~ Tt'Cugttctitl ns JmJJ>1.'Try of WiT rl'..iJ>CCflW companu:.s .. VI IO N WARE Tel: +44 532 788858 • FAX: +44 532 304676 
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DEVELOPING FOR MULTIPLE PLATFORMS 

Businesses expect software to run on Macintosh, DOS, Windows, and Unix. Moving an application to 
another platform is a daunting task that can change a developer's approach to writing software. 

DOUGLAS K. OLSON 

B usinesses today expect the same ap
plications 10 be available for Win

dows, DOS , and Macintosh compu1ers. 
Con equently. engi neers are finding ways 
to susta in and codify cross-platform de
velopment efforts. Thei.r strategies are var
ied , and the process remains highly sub
jective, but new tools and techniques are 
gradually beginning to speed and implify 
cross-platfonn development. 

One simplification has come with ANSI 
C and C++. which freed developer from 
compiler-specific design. By adhering 10 
ANSI C syntax, for example, deve lopers 
can create code !hat comes. closer than ever 
before to being compatible with compi lers 
for multiple platforms. In effect, applica
tions are moving toward real portabiliry. 

Toward Compiler Independence 
Many i ues sti ll stand in the way of com
piler independence. For one thing, de. pite 
the ANSI standard , va.rious compilers in
terpre t C syntax differently. The rea lity is 
that deve lopers must sti ll write C code for 
specific, indi vidual compilers . 

For example, A SI C does not defi ne 
the size of all data types. Integer ize can 
be e ither 16 or 32 bit -whichever i op
ti mal for a given plarfonn. Developers of
ten make the mistake of depending on the 
s ize of thi s variable in their code. And 
compilers on the same platform implement 
th is data type different ly. 

Deve lopers al ·o need to be awa re of 
processor-based restrictions. For example, 
compilers must a li gn data structures on 
short- or long-word boundaries. accord
ing to the memory-addressing rules of var
ious processors. Trouble can result when 
code makes different assumptions about 
such alignment. 

Platfo1m conventions also define com
pilers. For example. the Mac environment 
groups and identifies resources by fou r
character constants. such as !CO for an ! icon resource or PICT for a picture re

ffi source. Most Mac compilers let you <L~s i gn 
~ these four-charac te r constants to 32-bit 

"'a: 
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I· Porting Adobe Photoshop: ACase Study ~l~~~-~·.-·..;;,,1:· .. ~ 

~·-::..,... ' 1 :111 

In the course of developing and porting Adobe 
Photoshop, a package for edltJng Images, Adobe 
engineers have learned a number of lessons. 

When Photoshop was conceived In 1988, the 
Mac was the only affonlable desktop system with 
the needed horsepower. Adobe developed the 
application In MacApp, an object-oriented frame
work using Object Pascal. At that time, Windows 
was not a significant factor for graphics appli· 
cations, and the Mac was clearty the plaHorm 
of choice for graphics and desktop publishing. 

By late 1990, It was clear that the Windows 

graphics and desktop publishing software. And it 
seemed unwise to tie up the highly successful 
Mac version of Photoshop while engineers re· 

worked the application to sustain future cross· 

plaHorm development efforts. 

EMULATING MACAPP 

In the end, Adobe opted for a sustained approach, 

hoping to avoid an endless pattern of releasing 

different plaHorm versions with leapfrogging fea. 


ture sets. Adobe decided to do a bulk transla· 

tion of Photoshop from Object Pascal to C++ 


plaHorm would become a major mar· and to restructure the application into 
ket, and Adobe began planning Its first separate core and i!dge code. Hwould 
Windows port. The company faced a also create Its own framework for Win· 
difficult task. Understandably, It had dows that emulated MacApp. 
not taken enough of the precaution· The first step was to form separate 
ary and preparatory steps that are rou· Mac and Windows development teams. 
tine today. Adobe had created a base of Engineers on the Mac side would re

source code for which there were very structure the prod'r. to separate core 
few tools. Windows compilers existed code and APl-relatlid code. They would 

Doug Olson (lower left)
for C, C++, and Pascal, but not for Ob use MacApp 3.0, written in C++. Theirwith Adobe Photoshop team 
ject Pascal, which was little known out· membm. 

side of Apple. 
MacApp itself presented a serioos porting chal· 

lenge. To port Photoshop, not only the application 

code would have to move but also the entire 
MacApp framework. 

While planning this first Windows port, Adobe 

was also mapping out new features for the next 
major upgrade. Clearty, if Adobe engineers opt· 
ed to take a "snapshot" of the existing Photoshop 
code and then embark on a complex port to Win· 
dows while simultaneously bringing major new 

features to the Mac side, the two versions would 
be hopelessly out of sync. 

Still, market conditions favored the snapshot 
approach. No one was certain that Windows 
would become a popular, viable plaHorm for 

variables. But this is not strictly legal A NS I 
C behav io r and will fai l on plat fo rm s that 
don ' t obse rve thi s convention. 

T he ANS I standard o ffe rs a mechanism 
fo r dev iating from its imposed uni formity. 
Fo r example . 10 te ll a compile r to gene rate 
code for a specific processor. deve lope rs 
use lipr agma s. C words that govern plat 
fo rm- and compile r-spec ific d irec ti ves. 

W he n groups of people p rog ram to
ge the r. source code management too ls arc 
esse ntial. The clange r is that two pcopk: 
w ill modify the same code a t the same 

92 HVTE F E B R UARY 1994 

goal was not to port code but to struc
ture It property. At the same time, the 

Mac team was working on new features for the 
next major revision. 

Meanwhile, the Windows team began build· 
ing an emulation of MacApp. They looked at the 
existing Photoshop and emulated only the re· 
quired portions of MacApp-those relating to 
the user interface. Their goal was to bring Mac· 
App functionality to Windows and thus ensure 
that Mac code would compile under Windows. 

At that time, It was unclear whether the Win· 
dows team would be licensed to use MacApp 
source code, so they worked without it, using 
headers that described the MacApp API and 
building their own analogs. As a result of their ef. 

forts, it is possible, using emulated portions of 

time , de st roy in g eac h o the r ' s c ha nges. 
A lso, it is o ften necessary lo trac k code 
changes and sto re iterations. Unfo11unate
ly . until recentl y, most vendors o f vers ion
cont ro l software built th e ir produc ts for 
one line of plat fo rm s. 

One common soluti on is to establi sh a 
syste m that ac ts as a neutral third party. 
For exa mple . teams targe ting W indows 
and the Mac could choose a source code 
contro l package on a Unix machine. An
o the r s trategy is to standard ize on a ver
sion-cont ro l sys te m fo r a g ive n plat form. 

MacApp, to translate the Mac GUI Into a Win· 

dows GUI. Adobe developed its own tool that con
verts Mac view resources-which describe In· 

terface elements such as dialog boxes and 
buttons-for use by the emulated MacApp. 

This effort was so successful that, to this day, 

as Adobe's developers continue to Improve Phe> 1. 

toshop, their code for new features usually com
piles without modification under " either plaHorm. 
Aside from the usual compiler independence is· 
sues, little hampers this process. Now, when de
velopers complete new Photoshop features for 
either platform, the same features can be running 

on the other platform in short onler. Mac and 
Windows versions of Photoshop ship within weeks 
of each other. 

NEW PLATFORMS-UNIX, POWERPC, AND NT 
Encouraged by the successful Windows port and 
market forces, Adobe decided to develop Unix 
versions of Photoshop, including Sun Microsys
tems and Siiicon Graphics. BY leveraging fast l/O 

bandwidth and RISC processors, Photoshop will 
get a big performance boost. 

To bring Photoshop to Unix platforms, Adobe 

is using Latitude, an emulated API system from 
Quorum Software Systems. Because the Quorum 
system emulates the Macintosh API, MacApp 
ported directly. Ahigh percentage of Photoshop's 

Mac source code, running against Latitude's 
Unix libraries, has compiled without change. 

Adobe is currently porting Photoshop to the 
Powerf'C Mac and Windows NT. While it is too 

earty to discuss either port in much detail, the ba· 
sic approaches are clear. 

In porting Photoshop to the PowerPC, the 
quirks of MacApp proved to be the major obsta· 
cle. Apple's compilers for the Powerf'C, which 
were written by IBM, were not geared to certain 

such as Projecto r. part o f the MPW. Herc. 
the entire c ross-plat fo rm team would have 
access lo Mac machines and would chec k 
the ir code in and out o f the M ac. 

This picture is chang ing as ve ndors de
sign source code management p roducts fo r 
multi ple plat fo rms. One Tree Software's 
(Ra le igh. NC) SourccSafe maintains com
pal i blc tools and source code database fi !es 
th at run on the Mac, W indows , and Uni x. 
lnte rso lv's (Rockville. MD) PVCS Ver
s ion Manage r is a vers ion-cont ro l product 
for W indows. NT. DOS . OS/2, and Uni x. 
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The :cree,11s show how ivell the Windows and 
Mac versions ofJ'hotoshop correspond. 

peculiarities of Object Pascal. For example, 
one Involves the use of objects based on han· 
dies rather than pointers-a distinctive as· 
pect of Macintosh memory management. Sup
porting such Object Pascal-based objects and 
calling sequences was too much for the Pow· 
erPC compiler. To get around this, Adobe and 
Apple jointly developed a new version of 
MacApp that compiles under PowerPC. 

PowerPC and NT bring important changes 
to APls and raise the usual issues of compiler 
independence. With NT, for example, the target 
machine may be using any of a number of dif· 
ferent processors from Intel, Mips, and DEC. 

NT brings important benefits to applications 
like Photoshop. For example, image-processing 
applications need large data structures. To run 
under Windows, these had to be broken into 64
KB units-a requirement that NT eliminates 
because it relies on a 32-bit flat-memory mod· 
el, just like the Mac. Thus, NT removes the per· 

formance constraints that compromise the per· 
formance of Photoshop under Windows. 

H turns out that, wHh the MacApp emula· 
lion well established on the Windows side, the 
Photoshop Windows source code contains no 
attributes that do not easily compile. There
fore, the Adobe team was able to move Photo· 
shop easily to NT. 

.-_ 

Debugging is an inherentl y low-leve l. 
platform-clepenclent task. Now, no debug
gers work the same way or present the same 
interface fro m platform to platform. The 
id iosyncratic nature of debuggers makes 
it a challenge for developers to acquire ex
penise in more than one platfom1. 

Objec t-oriented fra meworks, such as 
Apple' s MacApp and Microsoft 's Foun
dation Classes, provide a generic applica
tion to which developers need onl y acid 
spec ific behavior. For example. MacApp 
has a class library that implements a stan-

Windows menu 

cla rcl Mac applicati on- it handles menu 
commands, updates windows, di spatches 
events. deals with the Cli pboard, and so 
on. The class library handles all the general 
items. and the developer provides the ap
plicati on-spec ifi c behav ior. 

Such frameworks can be a boon to d..:
ve lopment but, unless they target multi ple 
platfo rms, can seri ously hamper future 
ports. For example. Adobe ori ginally de
ve loped Photoshop fo r the Mac using the 
MacA pp fra mework and then decided to 
p011 thc product to Windows. There was no 
abstracted, portable API into MacApp
and certainly no corresponding Windows 
version-so developers faced an unusual 
challenge (see the text box "Porting Adobe 
Photoshop: A Case Study"). 

Code Issues 
To ga in perfo rmance, virtuall y all com
mercial deve lopers write key port ions of 
applicati on code in assembly language. 
By hand-assembling performance-sensi
tive components. the developer will gen
erate more effi cient code than the compiler 
and se lecti vely give a boost to import ant 
operations. For example, pai nting with a 
mouse in a Photoshop document is a wel l
clefinecl , highly performance-sensit ive task. 
Because Adobe didn ' t want to compromise 
performance here. it wrote the inner loops 
of that hmction in assembly language . 

The problem is that processor-specific 
assembly code is inherently not po11ablc: to 
fac ilitate the porting process. developers 
have learned to maimain high-leve l lan
guage analogs of assem bly language com
ponents. Now. when deve lopers rewrite 
critical C code in asse mbly. they retain the 
original C code as we ll. With these C ana
logs, engineers can quickl y move a pack
age fro m one platfo rm to the nex t. They 
can get a C version running on the new 
platform and onl y then dec ide whether to 
aga in rewrite spec ific sections of code in 
the new platform· s assembler. 

Mac menu 

As RISC-based systems account for a 
larger share of the desktop market, future 
applications will use less asse mbly lan
guage. With RISC, assembling code by 
hand is dauntingly complex, and a com
piler can almost al ways do a better job. 

The move to RISC processors will pre
sent other challenges as well. Because it 
relies on a small and relative ly simple in
stmction set, a RISC machine needs many 
more insuuctions than a CISC processor to 
represe nt a high-leve l function. For ex
ample, some Mac applications may double 
in size as they move from 680x0- to Pow
erPC-based platforms. 

Like a Family Reunion 
Historically. po11ing strategies can be com
pared to certain aspects of a fa mily re
un ion. A defining moment of either is a 
famil y port rait-a snapshot documenting 
the state of application code for a particu
lar platform at a given moment. In a real 
famil y, once the photo has been taken , 
members begin to move around; similarly, 
having recorded the code at an instant in 
time, deve lopers begin changing it. 

On the one hand , the application code 
for the original platfonn is modified as it is 
maintained and upgraded. At the same 
time, another team of developers is mi 
grating the code, as recorded in the snap
shot. to a new platform. So at a definable 
instant in time, one set of code begins head
ing in two directions, changing in various 
ways for different reasons. 

Typica lly. once the port is completed, 
developers return to the first platform and 
begi n pl anning the next major rev ision. 
But what should they upgrade? The orig
inal snapshot ve rsion has changed a lot, 
and in porting to the second platform, de
velopers invariably acid new features and 
fun ctions. So where do developers start? 

The usual answer lies in the fa mily re
union. The latest versions for both plat
forms must somehow be reunited and rec
onci lecl to provide a basis for the revision. 
Like famil y members who have not seen 
one another for many years, the two sets of 
code do not easil y recombine. Develop
ers do their best to re-create a common 
code base that incorporates desirable fea
tures from both vers ions. But this process 
can become so di ffic ult that it is often eas
ier to port just the applicati on in reverse 
order, from the second platfom1 to the first. 

Virtual APls 
One improvement over the family-snap
shot approach is to emulate the original 
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platform's API on the new platform. This 
is the next logical evolutionary tep in de
velopment strategy. 

Products are offering these emulated 
APis and cross-platform code libraries. 
Examples are Quorum Software Systems' 
(Menlo Park, CA) Latitude, a Mac-to-Unix 
product, and Altura Software' s (Pacific 
Grove, CA) Mac2Win, a Mac-to-Windows 
product. In theory, about 80 percent of the 
source code in a standard high-level lan
guage shou ld compile. 

However, emulated APls and their li
braries invariably trade performance for 
speed of development. One problem is that 
different APls do not map precisely to one 
another. The extra code required to com
pi le di sparate operations from one graph
ics model to another can significantly slow 
application performance. One answer is 
to write platform-specific code here, reach
ing through the emulation and writing di
rectly to the target API. This effectively 
trade portability for efficiency. 

One way around fundamental differ
ences is to create a virtual API that repre
sents no single platform but embraces stan

dard function.s of many. This generi c API 
runs on many platform APls. When a de
veloper builds a window, for example, this 
virtual API would call NewWindow () 
on the Mac side and Crea teWindow ( ) 
on the Windows side. One commercial 
product of this type is XVT (Extendable 
Virtual Too lkit) from XVT Software 
(Boulder, CO). 

Unfortunately, these generic APls of
ten produce bland software. Such appli
cations are unlikely to consistently lever
age Windows or Mac GUls in ways that 
users like. For this reason, virtual APis 
are less attractive to commercial develop
ers. These AP!s are more practical for, say, 
vertical-market software developers or 
MIS departments that need to target an in
house application to multiple systems. 

Successful Approaches 
Today, one popular way to speed the port
ing process is to separate core code from 
edge code. Core code includes the basic 
operations that are common across all plat
forms . A spreadsheet performs calcu la
tions and manages data in ee l ls; a word 

processor form ats text : and image-pro
cessing so ftware blurs and sharpens 
these operations run more or less the same 
on all platforms. Edge code includes those 
parts of a program that deal with platform
speci fic issues, such as human-interface 
function s. 

Engineering platform-independent code 
in one large effort and optimizing plat 
form specifics in parallel, smaller efforts 
produces major efficiencies. Th.is approach 
is popular with many commercial devel
opers because it does not compromise the 
product's "platform flavor." Microsoft es
timated that 90 percent of the then-unre
leased Microsoft Word 6.0 would be based 
on common code. 

Today 's most widely used object-ori
ented development environments take 
advantage of core-ledge-code separation . 
One new cross- pl atform deve lopment 
framework from Borland is OWL (Object 
Windows Library) . Another object-ori
ented framework, Bedrock, is being de
veloped by Apple and Symantec. Bedrock 
will give developers a somewhat abstracted 
API that controls two separate frameworks: 

Introducing the $139 investment no 
computer user can afford to be without... 

"Don't rake chances ... Get the 
ultimate protecti~n ... Back-
UPS from APC." 

IiiI . Back-UPS 

Blackouts, brownouts, sags... if you use 
computers, your bottom line is directly linked 
to your power line. The fact is, your data and 
hardware are vulnerable to problems that surge 
suppressors and powei: directors jus aren't 
equipped to handle. 

Call for your 
FREE 60 page 

PC power 
protection 
handbook! 

Now there's an Uninterruptible Power Supply (UPS) to suit 
any budget. Back-UJ>S<!> are perfect prorection for LAN servers, 
personal computers, phone/fax system , POS equipment, or any 
other device that can go down w.hen the pow~ does. I£Jigbrning 
is a concern, Back-UPS are even backed by a $25,000.,:insurance 
policy against surge damage to your equipment (see ae.rails). 

So don'r wai for the inevitable power problem to rol5 our 
business. Protect y0ur Qroductivity with Baek-UPS, ava1lab e 
where quality computer 
producrs are old. 

APC Back-UPS prm1ide 
i11stanpnzeous battery power 

during pou;er disturbances 
so your data and hardware 

are safe! 

AMERICAN POWER CONVERSION 

800-800-4APC, dept. A2 
Busin~"ttlt"s #1 Ho1 Cm i 

0 
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NoMORE EXCUSES. 

Now TIIERE'S A16-BIT SOUND BLASTER FOR EVERY APPLICATION AND BUDGET. 

Every day, more people buy Sound 
Blasters than any other PC audio 
card. Except for a few of you. You 
know who you are. 

But now there's a 16-bit Sound 
· f IiBlaster · or every app ·cation and 

budget ... and no more excuses for 
owning anything less. 

II 

Boosts CPU 
efficienClJ by 11p 
to 65%with a11
Adrnnced Signal 
Processing 
upgrade. 

SOUND BLASTER"16 BASIC EDITION: 

MORE VALUE. 

16-bit performance at an 8-bit price. Same great 
hardware as our premium models, but 

in a no-frills $199.95* package. 

softwareand 111icrop/1011c 
prvvicle /11111ds-f ree 
Windows control for 
Sound Blaster Mu//iCD 
and SCSI-2 packages. 

Same Wave BlasterNSampled 

Wave Synthesis and Advanced 

Signal Processing options, too. 


SOUND BLASTER 16 Mumco: 

MORE CD-ROM Orno •s. 


lf you've got another manufac
turer's CD-ROM drive, take heart. Here's a Sound 
Blaster 16 that's 100%compatible with best-selling 
drives from Sony, Mitsumi, and Panasonic. 
'All prices listed "" m.inufuctum's suggested retail 

It can even run two different drives at the same 
time. Which only makes sense, considering our 
$249.95* price wi ll save you enough money to buy 
the second one. 

Sou D BLASTER 16 scs1.2: 

MORE SCSI COMPATIBILITY. 


Waiting for full SCSI compatibility in a Sound 
Blaster? Wait no longer. 

Sound Blaster 16 SCSI-2 meets 
the new, more comprehensive Upgrade 
SCSI standards that other cards MIDI applica

tions and soundtracks
don't. And runs the complete 10 Sampled wave 
battery of SCSI peripherals, not Synthesis witli a Wa ve 
just CD-ROM. Blaster da11gliter board. 

Best of all, it's got a dynamite software bundle 
and a remarkable $279.95* price. 

JUST WHEN You THOUGHT YOU'D 

HEARD EVERYTHl G... 

... Along comes Sound Blaster 16.The no-more
excuses sound card. Exactly what you'd expect from 
Creative Labs, developers of the industry standard 
16-bit audio platfom1. 

~~;;.@1f 1HE 16-BIT SOUND STANDARD. CR :::::: TIV:::::: 
CREATIVE LABS, INC. 

1l3 W ii!M] U.S. inquiris: Cn ..111w L.1b, l.S00.99S-5227ur l-~28-66CXl. lntcm.1tiorul inquiritS:(rcatl\'CTechnolosY l.ld., Sinsap.>n' TEL~i73-02l3 fAX65-i73-0J;J.Sound Obster,CreJtivcVoiccAssist, 
h.\:~ ""'JI "'-i W.wt' Blaster .md the Sound Blaster .md Creati\-e logt.b Ml' trnd\.om.ub of Creatfrl' TL'Chnolt>g}' Ltd . i\11 other tr.1dLmuks an: the property of thdr n.~pt."C'th-e holdm. CCoppight 1993 Creati\''C 
r.-....,,.. Mulllmedm PC T('(hnology Lid. All rip.his n"'.Sf.,-,.·cd:SRP. Note: Sound Ul.1stcr 16 t\.foltiCD works wi th Sony CDUJIA; Mitsuml KMC·l.UOOS and ·FXOOI ;and CrcJtivc Lnbs / PanasonicCR-521 ilnd ·563. 
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one for Windows and one for the Mac. Microsoft is eager to introduce the newest 
This provides some of the benefit s of a version of OLE to the Mac, and why Apple 
virtual API while letting developers sepa has made its QuickTime video technology 
rately refine edge code for each platform. available to Windows. Developers want 

to know about a feature's cross-platform 
Trade-Offs potential before they incorporate it. 
Today, market realities dictate that major On the other hand, if developers decide 
appli cati ons must run on all mainstream not to target single-platfonn technologies, 
platforms. Developers are reluctant to in their applications tend to reflect the lowest 
vest in technologies and feature set. that common denominator. Such software may 
exist on only one platform. Thi is why be workgroup-friendly, but if it lacks plat-

NEW FACE ON YOUR HOST DATA... 
KEAterm 42~ powerful link to 
your VAX and UNIX text 

A A FACELIFT-THE WINDOWS 	 applications. 
KEAterm 340-tor applications 
requuing ReG!S. Tektionlx. or sixel 
graphics. 

VT EMULATION GIVES YOUR 

Be ore term. host data was dull. 
KEAterm- tor Windows NT 

colorless. and limited by aging host available soon' 


applications. KEAterm transforms your host 
 Empower your desktop nowt 
data-making it better looking, and more Call 1-800-663-8 702 
useable. 

KEA Systems Ltd. 

3738 North Fraser Woy, Unit 10 1 
Apply the power and ease of WLri.dows 
Bwnaby, B.C. Canada V5J 5GI 

tools. like Excel, 1-2-3. WordPerfect. Visual Phone: (604) 431-0727 
FCDC: (604) 431-0818 Basic ... to your host data uc;ing KEAterm's 


DDE. hot links. file bansfer. and user-defined 

menus and dialog boxes. And you'll get 

more done faster with multiple KEAterm 

sessions. 


Advanced features include a powerful 
macro language and definable on-screen 
button pads. to make your work even 
easier. KEAterm speeds your work with high 
throughput over your serial }::X)rt or installed ~~~=:!"ci::;:.c°:: 
TCP/ IP or LAT network. • ~"'ni;;~SV:t~~,:;: 

form flavor, it can disappoint individual 
customers . Developers face an ongoing 
challenge to maintain a balance of features 
between platforms without compromising 
the unique fla vor of each. 

Developers must also decide just how 
much alike the same application should 
look on different platforms. They know 
that users tend to have a favorite platform 
and expect applications to reflect certain 
platform characteristics. Again, in stri v
ing for middle-of-the-road commonality, 
an application can fail to leverage the best 
attributes of either platform. 

A related issue is the timing of releases. 
However methodical and even-handed en
gineers try to be in cross-platform devel
opment. they usually favor one platform 
over another, so the second version tends 
to lag. A company determined to release 
versions for different platfonns at the same 
time invariably compromises perfonnance, 
features. or time-to-market in one ver. ion. 

Managing cross-platfom1 development 
teams involves different trade-off.. The 
cha llenge is to sustain work on two plat 
forms, while chall enging the imaginations 
of all developers. It 's important to ensure 
that no one team gets stuck with too much 
drudgery for too long. One solution is to 
assign platform experts to developing edge 
code and put generali sts to work on core 
code. Another is to have one team working 
on new features for one platform, while a 
different team ports a "snapshot" from that 
first platform to a second. 

This latter approach can be effective in 
bringing software to market, but it really 
isn't sustainable for long, because it fails to 
efficient ly leverage the teams' overall ef
fort. This means products will be slow to 
market, and companies will incur high en
gineering expense 

Here to Stay 
New operating systems are becoming in
creasingly portable. Users will soon be 
able to choose hardware and sy tem so ft 
ware indepe ndently of each other. As a 
consequence, cross-platform development 
is here to stay. For developers, the ability 
to write portable code using techniques 
such as core-ledge-code segregation and 
object-oriented methodologies i becoming 
a key competiti ve advantage. • 

Douglas K. O/sou is 11w1wger of eugiueeriug f or 
imagiug aud video applicatious, Applicariou Prod
ucts Di1•isin11. Adobe Systems. You Cl/ll reach /rim 
au tire /11ten1<'/ l// dolsou@111 v.11s.adnbe.co111 or 
011 BIX clo "edirors. " 
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Multimedia without the mumbo jumbo. 

And we'll deliver it loaded, tested 


}olr11 Crnig 
PC Com11 /rn111 

Get the ri ,,h t 1111swcrs. 
Right uwny. 
W/1e11 ro11 cnll /JJM PC 
Di1n ·1'"·yuu. ·11 ger 
experr advice ru help 
yo11 p111 rug<• ll1t•r Pxact/y 
the riglu 11111/timedia 
system. u·lre1/1er it 's for 
lwsiness prese11w1ions, 
_rn11r home nfjirP or 
yo11rfo111i(\·. 

Call 1 800 426·7731 
Sam-midnighl M-F. EST 
8am-7pm Sat.. EST 
Purchase order available for qualifying customers. 

and ready to run. 
You\·c hea rd enough cyberspeak. You want 

straiuht an-wer . from an expert. about 
putting multimedia to work right 

away. That"s why you houlrl C<Jll 11 ~ 

aboul this eye-popping offer. 

IL' · our Hcfcrcnce Pat:kagc, a 
warehouse of information Lo help 

yo u work smarter and more pro
du lively. I nLeraeti\·e ioht and 

sound ar built in and ready to go. 

It's a 111ulli111 ,diu - and business- PC 
you can use today. It" s prcconfigu red al 
a price th at's hard to beaL And it's only 
a phone c<i ll away. 

The lBl\l l\l ultimedia Reference Packaac 
• i486T.ll X/251\1Hz Processor 
• \"EW IBM 14\i borde rle-s. energy

eC£icient olor J\lonitor 
• ] 70 MB Hard Drive 
• 4MB HAM 
• I MB Vicleo Mf'mory 
• 1. 44M 13 Di k •tt.e Drive 
• Double-speed. multi-sess ion

compatible CO-HOJ\I drive 
• ound BlasterT.11 16-bit audio card 
• External pcakers and mjcrophone 
• IBJ\ I 101-Key 13n ic Key board and 

IBM Mou e 
• Conform~ wit h Multimedia PC Marketing 

Council's I. ·vcl 2 specifi cation for 
maximum compatibility 

• Kodak 	 Photo corn Access Software 
and Ph oto ampler 

• Software Toolwork-TM Encyclopedia 
• Mi cro-oft® I.look h lfrM 
• HSC 1 nt rAcl ive Pr . en talion Tool TM 

• Microso ft Works' 1~1 for Windows 
• IBM DOS 6. 1 and ~ li croso ft WindowsTM 

We'll con£gure any of our newest Valu Pointrn PCsIBM PC Direct the way you like. See the next page now! 
We're putting the personal 
in personal computing. 

http:BlasterT.11
http:i486T.ll


Instant Gratification. Wemakt 

priced right ano 

What's new? The "Y" series bo rd erless, 
c11 crgy-savLng monitors.' Ami Soft 
SclcctTM preinstall e<l software. 

You want it all. right now. (That" · O.K.. 
people cxpPct 1non· from IBi\ I.) For instance. 
you wan t th l' lates t dazzling monitors. 

. 'owe crcatt:d tllf• new ··v-- seric monitors 
with a ~ h a rp. lw rdf' rlcss image. And they" re 
su Pnergy-dfi ci1 ·nt they've qm1lif icrl for an 
l~ PA Enngy Star rating.' 

Yo11 aid, .. Installing :;oflwarc takes up too 
n1u f'h tim r... So now we can do it fo r you at 
th fa tory wi th Soft SclceL We test and 
optim izf' each uppli r·ation to work on yuur 
parti (' 11l ar PC. And we give you r·111;tomizcd 
cn nfigurat i o n ~. plus the quality and support 
you l'Xp<:ct from tlw world's lar"CSLcom
puter company. 

. 'o go ah1·ml. be demanding. \Ve' re rrady 
f r an tlti1w. Call us now. 

Va l uePoint Si. 

Conserve space and money. 

• :3 cxpan ion lots, 3 bays 
• VE 'A Local Bus Vi deo 
• l'cntium'-upgradablc (except 425. ·x; i) 
• 	113i\I Basic 101-K K yboard and 

1131\I !\louse 
• IJO.· and Windows preinstall f' d 
• 5 I 2KB Video Memory 
• Choose your lBi\I Color i\ lonitor: 14L8. 

14 V (a rlrl $ 100 to base model pric ), 
15\1 (add $250). 17\I (add $670) 

'1·25SX/ Si 
i1W6 'X/25i\'Lllz.120Ml3 HD.4MB Hi\M 
ltlLB (llHI Crc<litl.cusc:$50/mo.** ) $ 1,:169 * 

4~~:i DX/Si 
<J.86 0X/3:~M 117"1 I 20M 13 HD, 4i\m Hi\1\I 
141.8 (llW Cro ·clitl .1 ·11>1·:S62/ rnfl.) .'' l.7 19* 

43;rnX/Si 
486DX/33\ 1H z.t 212\1 13 l lDA~IB H .\I 
141.8 ( 11!~1 Cn·cli1 I ""'"c:, 66/ rn ... ) $ I .82t) * 

1J.6<JDX2/ Si 
i,186DX2/66M I J7, 2J 2M13 I I0.4MB H/\M 

ValuePoint De kTop. 

The modern-clay workhorse. 

• 5 expa nsion slots. S bays 
• VE A Local Bu Vi clr ·o 
• Pcntiu m3-upgradable 
• IBi\I Enhanced 101-K"y Keyboard and 

IBM \ 'louse 
• DO and Window· pn:inRta llcd 
• 1~113 Video M rnory 
• Choo e your 18~1 Color ~ l o nito r : I '~LB, 

14 (add SlOO to hasc model pri c). 
15 (add $250), 17\1 (add $6 70) 

'1-25SX/D 
i486 X/25M 1-17- 2 12!\ IB HD. 4M 13 RAM 
111Ul (lll\I Credit Leu'"' '.i i'/rrro. **) $ 1.589* 

4~3:mX/D 

'1 86DX/33 ~ lll z.1 2 1 2~ 1B ll lJ. 4~ 1H HMI 
14L8 ( lll ~ I Cr,.cl it l.o ·u;c: $70/ rno.) $ 1.9.39* 

4-.50DX2/D 
i ,rn6DX2/50~1H z, 340i\IB IID, 4 I B Hi\i\ I 
I 41.8 ( IB~ I Cr ..clit l.«11••': SH I/ 1110.) $2.259* 

'1-06DX2/D 
i486 DX2/66MI Ii, 340M l3 HD. 8M B HAM 

141.8 (111,\I Cr«ilit l...a,c: SBO/ nr o.) $2.229* 141.8 (113,\I Credit Lo•use: $100/mo.) $2.769* IBM PC Direct 
11/e're putting the p ersonal 
in personal computing. 

http:186DX/33~lllz.12


t easy to get the PC you wan~ 
.'eady to go to worl(. 

ValuePoint lini:rower. 
With room lo grow. 
• 8 cxpan io n . lots, 6 liay 
• VE. A Loca l R11 s irl ' o 
• Pcntium'-upgr::idnbl C' 
• 11:3.\ I Enhanc d IOI-Key Keyboa rd 

and llH I Mou c 
• DOS and Wind ows pre install ed 
• IM BVideo Memo ry 
• Choo e your IBM Color Moni tor: ] 4 L8, 

14V (add."' I 00 to ha e model price), 
15\1 (add $250). I 7V (add $670) 

433 DX/T 
486DX/33M L-J z,t :340~1B HD, 4Ml3 RA 11 
14L8 (Jin! Crcdi1 l.cu•C': $80/1110. **) $2.2 19* 

4500 2/T 
i486DX2/50M l-ld4m!B I ID. 8~ID RA I 
141.8 (I 13~ 1 Cr,.di1 L''"'"'. 93/ 1110.) • 2,569* 

466DX2/T 
i4861JX2/66\ ll11-424lllB HD.8MB RAM 
l4L8 (IB.\I Credi! Lco>i ·: 108/mo.) 2.989* 

466DX2/T 
i486D 2/66M I l:r. 527MH HD, 8M B HAM 
14-L8 (ll3MCmli1Lc11oe: 11 3/mo.) $3. 129* 

Soft elect preinslalled oftware let · yo u 
hit the gro und running. 
We c;111 prcin tall many of you r favorite 
applications. then tho rou"hly le t and 
optimize them - all for only a SIO flat fee. 
\'\"hen your new ValucPoint arrive . ju t 
plug it in and go. Of cou1--c. we al ogive 
you the diskettes, ma nua l and documenta
ti on. 1nstalling soft wa r doesn' t get any 
easier - or faster. 

Here's just a sampling of 
IBM Soft Select appllcatlons. 
Col~fi•r 1J111·lflll'Sl ndd1iit~k•' 

Microsoft· Office (WIN) 

lnWil Quicken™ (WIN} 

Borland Quattro Pro (WIN} 

Microsoft Powe1Polnt (WI~) 


WinFax™ Pro (WIN) 

WordPertect (DOS) 

IBM VoiceType™ Control (WIN) 


Sa /ii ,\/1111111 . 

llelpCe11t<•r 
. pe,.in/i$t 

With I l elpWarc~ yo u' re covered by the 
best s upport people in the business. 
IBM Hclp\Va re goe beyo nd ValuePoint' 
one-year wa rranty <1 ncl 011r ~0-day, ha sic
free moneyback guarant ·e: HelpWa re i 
tech ·upport people who ar · always there 
when you need them, 24 hou rs a day, 7 
days a week. J\ n<l it's one ycnr of free onsite 
se rvice provided by thou and of dedicat
ed I B~ I crvi e rep who mak house call · 
anvwhcre in th . , no matt r how 
remote."· 

Call 1 800 426-7731 
Bam-midnighl M-F. EST 
8am-7pm Sat., EST 
Purchaseorderavailable lor qualifying customers. 
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==..::::. ~® 	 Don Williams, Jr. When Don Williams, Jr. saw the new IBM 

PC Consultant - ---	 monitors, he couldn' t believe his eyes. He --- ---. - ----~-__,..._ · or any of our other PC consultants can't 

wait to give you the details. These moni· 
tor are ava ilable separately, or as part of 
an IBM ValuePoint we'll custom build for 
you. At a price that's easy on the eyes, too. 

Call today. 

Our newest monitors are even easier on your eyes. 

Not to mention your electric bill. 


Who say yo u can't have it both ways? 
These advanced high·resol ution moni
tors clelive1· a brighter , bolder, crisper, 
bordcrless image that's flicker free. 

But when you' re not using them, they' ll 
automatically power down2 to mi se rly 
energy consumption levels. When you 

resume work, just touch a key or the mouse 

and they'll power up instantly, right where 
you left off. 

Add a CD-RO!\I drive and find out what 
you've been missing. 
Practical ly all multim ·dia application 

and mor · and more regular software title 
are avai lable in CD-ROM format. This inter· 
nal ISA int rface ver ion has a 300KB/Sec 
maximum sustained data transfer rate with 

The "V" series: for new system and 


upgrades, too. 

Cross-platform compatibility i built in. 

You can plug it right into almost any IBM· 

compatible system and run most popular 

software. These monitors are ava ilabl e in 

14'', 15"and l 7" scree n sizes. 


So, see the light. And save energy. 

Call IBM PC Direct today. 


multi-session CD-ROM technology. includ

ing full Kodak CD compatibility. We can 

install it for you at the factory so it 's ready 

lo go when your 

IBM ValuePoi nt 

arrives. 


ISA lnternal 
CD-ROM Drive 
(32G2961)........ ..................... .. .... ..... $24-.5* 

Complimentary! 
It 's the lat est edition of 

the IBM PC Direct 

cata log. Valu ePoints, 

Thi11./1Pads®, printers, 

111 011itors, multimedia., soft wa re, 

and more. To get your copy, 

ca l/ IBM PC DIRECT today. 


' IBMPC DIRECTprm ooly The off~ings. Dikes and producls are Slbjea 10 cflal>Qo QI 

witlldritlo'a1without prio1notice. P1ooi.as )t'u acquire imy not be 00U1led un6e1 any 
e>l~ l"l Volt.me P..chase AQ!eement. The same •~•nnos aro prodOOs may be avaloble 
ltrlll.<lh IEM All!l'o<ized -...... Rtnl21te!er prices may v>J'i SlipplNJ and llandllNJ 
charges are extra ··1SM Credrt Le3S! ~k:es ae QOOted k>r 36-morttl t?ml$. lmt rL-s 
CJJO!Ol "'QOOd 11r..q, 21ZB19J. mr W:tr time ""' .., ...o;.a "'Cll2"l' .-JllOLI 
nooc:e.l.asea>-ailable10~ corrm>ltiJlo.sst,.,...sonl)'. 1Sorr•'li60Xf.l31J.Hz 
Pl'oc:es.soo ma)' be marUactured by iSM. 1. rG a!I V-.series moMro aeC001),Jlib:e • i!h 

all ValueP~rl PCs  call your 1811 PC OlRECT sales '<!l llll w-.. ""°'""'"" 
2. ~res vtSA·DPMSaimp.iib~ S)>tem "'1r!A'ir! ard !0~•11« 10 enoao< 
3 LIPOrJO.Jblt with trlll ..sMl.lft OverOI ~ni p1oces.scw Da:sed on Pe:11iun technoklOY 
' Copies >I •army ard JO.Oil)' "'°""fbacl<- lnlonna!.i!llt >"'labl< llvtu;t IBM 
ard !SAi """'"1!d Dea1<r1 Pie.st call 1EOO425-2968"' d!2ils ~IBM's 
l110!1')t.lc>.-ardlin~-. 5. ~rc-~tUINJ""'rt/ 
penod ()r/.! servi:z a-railii* Mol'Wy·Fnd?/ 6.nrSpn tr1 yM tlTlf lOl! I S~_. 
ThinlJ'aO. Mori·!°"?<, H.!!oClfW ard Ho!!pl\'3re ar! IOQ'5lt!Ol """""1'<s, ard 
VaJuePout aoo Solt Selea are trademar'a of lrtetn<lknl! Busl1le53 M!cn!nts Corporation 
All ~ tJ3005 and produd naries a;e reQislered tradematks, lrademllis or seMce 1Tl31ks 
ol lhelr "'l)edl,. l'okle!s PC Oirea Isa II>lenW'< ol M Conm.<liatiOM Company and 
•SUStllb)'IBM IJllletl"'°" 

Cl199' - ......1e........ h\adlinos C<:<l!Q!Zion 


Call 1 800 426-7731 
Sam-midnight M·F, EST 
Sam·7pmSat., EST 
Purchase order available for qualifying customers. 

IBM PC Direct 

We're putting the personal 

Clrcle 102 on Inquiry Card. in personal computing. 
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COMPILERS FOR PARALLEL CPUS 

New computers using multiple CPUs may increase throughput considerably-providing the 
compiler understands how to build code for the specific machine 

OLIVER SHARP 

T wo heads are better than one--0r at 
least they can be. With this in mind, 

computer designers and programmers have 
long sought to harness processors togeth
er so that time-consuming applications will 
execute faster. During the past few dec
ades, researchers and manufacturers have 
created wildly different panulel-processing 
architectures. This has kepi life interest
ing for applications developers, who must 
learn how to use the new machines. TI1e 
prin1ary burden, however, falls on systems 
developers and compiler makers to create 
tools that exploit the new capabilities. 

Four main types of parallel machines 
are VUW (very long instruction word), 
distributed-memory, shared-memory, and 
data-parallel (see the text box " Types of 
Parallel Machines"). Each type has its 
own set of implications for compiler de
sign and use. 

A variety of programming models have 
been proposed for building parallel appli
cations. In some cases, the programmer 
does all the hard work, while in others, the 
compiler is responsible. Some mode ls 
leave the paralleli sm exposed and obvi
ous, some force the programmer to ex
press it manually, and others require the 
compiler to dig it out. The same holds for 
scheduling onto the available processors. 

Dusty Deck Model 
The simplest solution is 1he dusty deck 
model , the one programmers like best It 
provides a - par a l le 1 option on the 
compiler. If you feed an existing program 
through the compi ler, efficient 
code pops out for your 
parallel machine. This 
idea is the holy grail of par
a I le i compilation and has 
been enthusiastically pursued 
by the research community. Unfortunate
ly, the results have not been encouraging. 

i; 	(1l1e tenn dusty deck is a rueful homage to 
the thousands of huge, time-consuming 
applications, written on punched cards in 
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Disbibuted-Memory Architecture 

Types of Parallel Machines 

DISTRIBUTED-MEMORY ARCHITECTlJRE 


Acomputer network is one form of distribated


memory machine. Abetter approach uses a sin


gle box for up to 1000 processors, with hard

ware for fast communication. Key issues include 


bandwidth, latency, topology, network interface, 


and communications/computation over1ap. 


This is the most popular approach. Thinking 

Machines' CMS Connection Machine has a net
work of SPARC processors that can theoretical
ly yield 100-plus MROPS perfonnance. Others in-
elude the Cray T3D, with DEC Alpha processors, 

and the Intel Paragon, with 860s. 

VllW MACHINES 

VUW (very long instruction wordl machines have 
many functional units (e.g., floating-point adders 
and multipiersl. Where superscalar chips have a 

couple of these units, VLIW machines have 

Veiy Simple VUW 

.- -----,,--
• IALU I§] : I 

32-bit I I I 
processor : I Register file I I : .. J .. 

languages such as FORTRAN, which have 
been running for decades.) 

Recompiling these dusty decks is hard 
because it is di fficult to figure out what they 
do, how to transfom1 lhem, and how to de
compose them for good parallel perfor
mance. Before lhe compiler can exploit par
allelism, it needs to know how the ex isting 
code behaves. This is a major problem with 
most languages now in use. It ' s easy to 
translate array operati ons into correct exe
cutable code but much harder to summa
rize array behavior at a higher level. 

In a complicated loop. fo r example, the 
compiler is faced with dozens of lines of 
code that invoke procedures, walk over ar
rays, and jump around unpredictably. What 
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dozens. Each insbuction can have up to 1024 

bits, with many small subfields that tell a unit 

what to do. It's up to the compiler to keep all 

the unis busy. Multiftow CClmputer buit and mar

keted a major VllW design in 1988. The com
pany developed many interesting compiler tech

niques, but it went out of 

business in 1991. 

SHARED-MEMORY 

ARCHITECTlJRE 

Attaching al processors and 

memof)' to a shared bus cre
ates a single address space. 

Memory location 1000 on 

each CPU refers to the same 

piece of storage. Program

mers don't need to send 

data between CPUs. 

512-bit 
VLIW instruction

---1---1:-- I 

1 I 
I 
I ••• 
IJI :.. 

data docs each iteration touch? Could it
erations be executed in paralle l? How bal
anced is the cost of execution across itera
tions? These are hard questions to answer. 

Nor is it enough to just unders tand the 
code as it stands. Anyone who has "paral
le lized" applications knows that good per
formance usua ll y requi res chang ing the 
code's behav ior. Some parts must be re
coded enti re ly, da ta structures modifi ed, 
or array traversal changed. And compil 
ers arcn ' t good at any of those tasks . 

Even aft er you have full y analyzed and 
transformed a program, you arcn' t done. 
You must still decompose operations for 
the para llel architecture, making schedul
ing dec isions and embedding them into 

Shared-Memory Architecture 

p p 

c c 
p 

c 

Caching is required for perfonnance, but in

telligent caches are needed to work correctly. 

Consider the following example: Processor A 

reads a memory location and caches the data; 

processor Bwrites a new value to that same lo

cation. "Snoopy'' cacbes, which monitor the bus, 

keep Afrom using the outdated value. 

Adding processors means you eventually run 

the executable fil e (see the text box "Con
verti ng an Applicati on for Paralle l Pro
cessing"). The conversion requires the pro
grammer, the compiler, o r both to make 
a lot of nontri vial dec isions about how to 
break up the prob lem. 

Although the fully automatic approach 
hasn ' t worked well , researchers have de
ve loped many systems for interacti vely 
analyzing, transforming, and decompos
ing sequenti a l applicati ons. T hese make 
the task less onerous but arc far from bei ng 
turnkey solutions that shie ld the program
mer from the complex it ies of para lle li sm. 

Message-Passing Libraries 
Message-pass ing libraries move you from 
one ex treme to the other. With them, you 
fi.Jrget the compiler and manage the 
pa ra ll e li sm yourse lf. 
Most applications that 
run on d is tribu tcd
mc mory mac hines 
today use message



out of bandwidth, so shared memory has lost 

popularity elcepl for speedy deslclop machines. 
Newer operating systems-including OSl2 and 

Windows NT-are being extended to support 

a few processors. Most shared-memory ma
chines to date (e.g., the Sequent) run Unix. 

DATA·PARAUR ARCHRICTURE 

This unusual machine has many small, limit· 
eel processors that wolil together in lockstep. 

Acentral unit broadcasts a command to each, 

and they aB execute together. 1be best-known 

data-parallel machine is the 1987-vintage, 

64,000-processor CM2 from Thinking Mer· 

chines. 
,..---------------- - 

Data-Parallel Architecture 

p M 
ly, you must use a sema
phore to request exclusive 
access. When the request 

p M returns, you own the list 
and can remove the first 
item on it. You release the 
lock and start on the task. 

P =processor p M The advantage to this 
M = memory model is that the pro

~-----------------------' grammer doesn' t have to 

code can change the timing enough to 
mask it. If you take the test code out, the 
bug reappears; this can be maddening. 

The Shared-Memory Model 
The shared-memory model is the usual way 
to program a shared-memory machine. A 
copy of your executable file runs on each 
processor; all share the same data. They 
communicate with 
one another the 
same way multiple 
threads do ; they can 
set or re lease locks or 
use semaphores. 

A "bag of tasks" is a simple strategy 
that's easy to code with the shared-memory 
model. Divide the work into separate tasks 

----------, 	 and put the tasks into a 
bag, or a list. The differ
ent processors draw work 
from the list; when one 
processor finishes a ta~k, it 
picks up another from the 
list. To access the list safe

passing libraries that give the programmer 
fol I control over decomposition and sched
uling. These libraries provide routines to 
distribute tasks to processors and send data 
back and forth across the machine. Some li
braries support features such as asynchro
nous communication; you hand tJ1em a call
back routine that will be invoked the next 
Lime a message arrives. 

The compiler doesn ' t do much with 
these kinds of applications; they arc treated 
like ordinary sequential programs. Writ
ing an application using message passing 
is like programming in assembly language; 
you get control of the system whether or 
not you want it. You also spend much time 
manually shipping data around the system. 

Debugging becomes a terrible job. A 
program's behavior can change every time 
it runs. Worse, many bugs depend on tim
ing . [fa message arrived in time, the pro
gram reads correct data ; if not, you get 
garbage. Also, the bug may occur on some 
run s but not others . Adding debugging 

move data. Just by refer
ring to a memory location, you arrange for 
the data to be available to your processor. 
But don ' t ignore locality ; even on a shared
memory architecture, there is a cost to data 
transfer, and you get poor performance if 
you don't pay attention to it. 

Debugging is easier on a shared- mem
ory model, because data is immediate ly 
accessible, and progrnms are less cluttered 
with explicit communication routines. Still, 
timing-dependent behavior is a serious 
problem. 

As with message-passing Libraries, the 
compiler usually doesn ' t he lp much. The 
programmer has to assign work to proces
sors and manage the internctions, although 
the code is more compact than for a dis 
tributed-memory application. Some re 
searchers have looked at using compiler 
transformations to improve performance; 
tJ1e problem is related to cache manage
ment on a sequential machine. 

While this mode l is most commonly 
available on shared-memory machines, an 
ambitious goal is to supply it on other ar

chitectures. Here, the compiler becomes 
an integral player because a simple-minded 
implementation would yield dismal per
formance. 

Hints from the Programmer 
This method lets the programmer help the 
compiler. That's the idea behind a num
ber of recent languages, including FOR
TRAN D, which provides keywords that 
let the programmer specify how to allo
cate data across a parallel machine. 

Every processor gets a copy of the pro
gram and execute it together. Based on the 
programmer' s directives, a processor owns 
some of the data. On a four-processor ma
chine, for example, each CPU might own 
every fourth column of a large matrix. 

As the program executes, the system 
decides which processor performs each 
computation according to the "owner
computcs" rule. When the value of a com
putation is assigned to a specific memory 
location, that location 's owner perfom1s 
the operation. Other pro
cessors must send any re
quired data to the loca
tion's owner. 

Now under construction, 
the FORTRAN D compiler 
faces the hard task of minimizing commu
nications overhead. A modern processor 
can execute a floating-point operation in a 
tenth of a microsecond, but a message be
tween processors takes much longer-tens 
or hundreds of microseconds. It is imprac
tical for each instruction to wait for a mes
sage to provide data. The solution is for 
the compiler to look at a block of code (typ
ically a loop) and know beforehand what 
data each owner will require. Before the 
application starts executing that code block, 
it arranges for each processor to make a 
bundle of data and send it to the owners 
that need it. Each owner can perform its 
computations witJ1oul further communica
tion. Because the programmer can easily 
produce code that is hard to analyze, the 
FORTRAN D user must learn to write pro
grams the com pi !er can handle effectively . 

Data-Parallel Programming Model 

d,

The data-parallel programming model pro

vides the programmer with primitive op

erations that can be ap

>-"""• plied to an entire set of 
"' dorn ."' o""· By com· 

· pos ing these opera 
tions, you can perform 
complex and powerful 

~••~ manipulations of large 
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Converting an Application for Parallel Processing 


I magine that you are trying to imple iteration are computed and stored; you costs are about equal for communicat

ment a simple climate model on a dis can view those results after the program ing between any pair of processors. The 


tributed-memory parallel machine. There finishes to find out what happened. listing "Master/Slave Parallel Process

is no need. to describe climate modeling ing" shows how the application might 

in detail here; you can look at paral Analyzing the Parallel Possibilities be structured. on such a machine. So how 

lelization without understanding much The first step in parallelizing the model much faster will this application run on 

about the physics being modeled. This is to figure out how to decompose the 16 processors rather than on just one? 

example outlines a simple-minded ap problem. This application, like many That depends . 

proach to the problem and explains why physical models, has good locality-a Your biggest ally is locality; the "area

it may or may not perform well. grid square directly influences its neigh- perimeter'' rule says that ifyou only com


municate at the edges of a ...---------------------------i rectangle, the ratio ofcom-Creating the Model 
First, divide up the Master/Slave Parallel Processing munication to computation 
earth's surface using a 
2-D grid. Each grid 
"square" represents, say. 

master_code () 
{ 

t • setup ' / 

improves as the rectangle 
gets bigger. That's because 
the amount of data sent is 

5 degrees of latitude and 
9 degrees of longitude, 
giving a total of 1440 

start up one slave pe.r slave processo r 
broadcast to Cdch slave proc essor the grid squar es 

handle 
distribute initial data to each slave 

it will 
proportional to the length 
of the perimeter (2*A + 
2*B for an A by B rectan

grid locations covering gle), while the amount of 
the earth. (They aren't 
actually squares, of 
course.) The model will 

1 • s tart modeling ' / 
for i = 1 to max_timestcps 

cal l slavc_code () ; te l l each slave to compute one 
wait until s laves finis h and r port resul · s 

timestep 

work grows proportional
ly to the area (A*B). You 
divided the problem up 

trnck various parameters compute and score summary in format ion from che results into a single region per 
for each square: water tell each slave to die processor, so the rectan
vapor, temperature, ra gles are the largest possi
diation absorption, and 
the amount of sunlight 
reflected by the surface. 

slave_code ( ) 
( 

/ • se:up • / 
wai t for master to say which grid squares to handle 

ble size for your machine. 
On the other hand, three 

problems might trip you 
(This simplified model wait for iniLial data up. The first is the cost of 
might bother a real cli
mate researcher, because 

/ • 
do 

start modeling 
forever : 

' / communicating between 
processors . Suppose it 

their 2-D models usually 
divide the earth into lat
itudinal bands and the 

get message from host 
if asked to die , commit suicide 
compute_ imcstep() 
send local-state info to host 

takes I second for every 
processor to exchange data 
with the processors han

atmosphere into vertical dling neighboring grid 
layers.) 

In this model, each it
eration corresponds to a 

compute_timestep() [ 
send interaction information to ea ch neighbor 
wait until each ne ighbor's in format ion arrives 
model physics in each grid square, using neighbor info 

points. Ideally, the cost of 
computing a timestep will 
be much more than a sec

given amount of simu ond. If it were exactly I 
lated time-say one second. you spend only 
hour-and consists of two steps. First, bors, not squares on the other side of the half your time doing useful work. If it 
neighboring grid squares exchange in world. To take advantage of that property takes one-fifteenth of a second, then even 
formation. A hot square might leak some when decomposing the application onto if all host-slave communication is free, 
of its heat to a cooler neighbor, or per different processors, you allocate con the 16 processors working together 
haps wind currents lead to the move tiguous blocks of grid squares. If you won't go any faster than just one proces
ment of water vapor between squares. chose instead to allocate individual sor acting alone. 
Then, after each square gets the infor squares randomly, this would introduce The second potential problem is that 
mation it needs from its neighbors, you much more communication when the control is centralized at the host proces
have the system figure out what happens squares tried to talk to their neighbors. . or. The slave processors have to wait 
within the square and update its local This example uses a simple parallel until the host tells them what to do, and 
state. To keep track of what the model is architecture with a master host processor all global processing between timesteps 
doing, various summary results for each that controls 16 slave processors. The happens on the host while the slaves re
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main idle. Even if Lhe host is fast 
enough to keep 16 slaves busy most of 
the time, that may not remain true when 
more slave processors are available. 

Balancing the Workload 
Finally, load-balancing problems can 
easily cut overall performance in half, 
or worse. You have allocated an equal 
number of grid squares to each proces
sor; if each square takes the same 
amount of time to compute, that was a 
good decision. Even if they vary a bit, 
you have many grid squares per proces
sor so that will help even things out. 
But suppose you have an elaborate 
strategy for modeling ice; when the 
temperature is low enough, you spend 
a lot of Lime figuring out ice formation, 
thickness, and the fraction of land cov
ered. Since ice doesn't cover much of 
lhe Sahara, a few parts of the world 
will require a lot of processing for Lhe 
ice model while others will not need 
any. The processors that cover the Pa
cific Ocean or Africa will finish their 
processing quickly and sit around wait
ing while the processors handling the 
poles work on the ice model. This un
balanced load hurts performance. 

There are two ways to improve load 
balance: Do a better static decomposi
tion of the problem, or move to dy
namic scheduling. Static means that 
you divide the problem once at the be
ginning and never change your mind. 
You might be able to finesse the prob
lem with ice, because the parts of the 
world that are covered with it are fair
ly predictable. Rather lhan giving each 
processor the same number of grid 
squares, you could give the ones man
aging land near the poles fewer squares. 
That evens out the load so that there 
won't be as much variance in the time 
it takes each processor to finish . 

A more elaborate strategy for bal
ancing load requires a much more com
plicated way to manage parallelism. 
Dynamic scheduling shuffles grid 
squares between processors as the ap
plication runs; when one processor is 
gelling its squares done much faster 
than another, some of Lhe work is shift
ed, so the load evens out. Dynamic 
scheduling is tricky lo implement well, 
though, and it can lead to a lot of over
head if you are not careful. 

amounts of data in a few lines of 
code. If you are famil iar with APL, 
you have a good idea of what data
parallel programs can look like. 

Data parallelism is appealing for 
many reasons. Since all the paral
lelism comes from the operations, 
the application has only one thread 
of control and is much simpler to de
bug. Programming languages look 
similar tu their sequential cousins , 
although they need special features 
for defining data structures and par

2 3 4 5 6 n 

allel operations . There is one fly in the 
ointment, however: You must make sure 
that your program does most of its com
putation using data-parallel operations, 
because the rest of the Lime, you arc just 
executing sequenti ally. Most existing ap
plications must be completely redesigned, 
and many will not adapt well to a data
parallel style. 

Compiling data-parallel languages can 
be easy or challenging. If your target ma
chine is data parallel , you can design Lhe 
language to provide the same primitives 
as the architecture. Compilation is a snap; 
you simply translate each data-p;m1llel op
era lion in the program into the corre
sponding machine-language instruction . 

On the other hand , compiling a data
parallel program for a different architecture 
can be difficult. The figure "Stencil for 
Computing the Value of A[2,3]" shows a 
simple data-parallel operation in which 
each array element is computed based on 
the value of itself and of lhe two elements 
below it. The equivalent in a conventional 
language would be as follows: 

for i = 1 to n-2 
for j = 1 to n 
A(i,j]=f(A[i,j] , A(i+l,j] , 

A[i+2 , j)) 

The figure also shows a shaded area 
representing the data used to compute 
A [ 2 , 3 ] . This data-parallel operation is 
very regular; Lhe shape of the shaded area 
will be the same regardless of the array 
element being computed. The mosl im
portant task in compiling a data-parallel 
computation is to figure out thal shape, 
which is called the stencil. 

Here, the stencil includes no neighbors 
to the left or right, showing that columns 
are independent of each other. There is no 
advantage to allocating two neighboring 
columns to the same processor. Rows are 
a different story, however; assigning rows 
randomly to processors would be an ex-

An example of a simple data-parallel operation. 

treme ly bad allocation strategy. 
The stencil tells the compiler how much 

communication will be required by any 
data decomposition . The compiler must 
minimize communication overhead and 
balance load. However, compilers can deal 
with data-parallel models much more eas
ily than conventional programs because 
the stencil can usually be detennined au
tomatically with good accuracy. Languages 
like FORTRAN often make it very hard 
(and sometimes impossible) to determine 
the stencil. 

Other Language Models 
Conventional languages are hard to ana
lyze for parallelism, and their storage mod
el is mathematically inelegant. Why not 
toss them out entirely and start over? Many 
language designers feel that way. One 
school favors functional languages like 
Haskell and ML; il is easy to find paral
lelism in them. Others rely on unification 
with logic-programming languages inspired 
by Prolog. So far, none of these alterna
tives has become widely adopted for par
allel programming, but improved imple
mentations in the future may gain converts. 

The Future of Parallel Compilation 
It isn't easy to produce a program that runs 
efficiently on a parallel machine. If pro
gramming continues unchanged, compilers 
are unlikely lo solve the problem auto
matically. Researchers will try to help by 
offering tools that ease the transition; they 
will also do their best to offer effective 
new programming models. There's nothing 
computer scientists like better than de
signing languages; they won ' t give up.• 

Oliver Sharp works for He11risticrats Research in 
Berkeley, Califomia. He is completing his Ph.D. at 
the University of Califomia at Berkeley, investi
gating co111pilatio11for parallel arclzitect11res. You 
cm1 reach him 011 the lntemet at oliver@heuristi
crat.com or 011 BIX clo "editors." 
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Modeling. Model any suifaceyou can imagine 
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creating and modifyingfreeform models. 
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AutoCAD .dwg 

Drafting. MicroS'lation 
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technology. Enjoy the advantage:. 
of co11temporc11J'features like ass 
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even tluloCAD. Complete tl'ilh custom i11te1faces, draft
ing s(Jiles, and de~ign environment management. 
CAD bas never been so s/reamlinecl.' j 

mass 
lnteri:r:iph® is a registen.'<i lr.ldemark of Intergnph Olrporati~n . ~llcroS1a1ion® is a regi.lten:<l tr.ulemark of Ik111!~· S!~tems Inc.. an Intergr.iph affiliate. 

Otlier br.uids and prciluct names are trndem:uliSof thei r resjleCIJI~ (1.lllers. Copyriglll 1993 lntergrnph f,orpornlion, llunlS\ille. AL .\5894-0001. DDADl3 BO. Mo, 
point. , 

fnr F11t111 

0 

http:Hyperte.rt


Usability. llibal does computer-aided 
drajiing have lo do with the tcay you think? 
E11e1:)'thi11g MicroSlation software worksfor 
you. It understands lbe drafting process so 
well that it i1!fe1:~ what you 'iido next. 

Graphical

User Interface. MicroStation's easy


pOWer. Take your pick of popular environto-use interface includes pull-down menus, dialog boxes, tear-
ments: DOS, Mac, lfli11dows, lflindows NT, or 

off tool palettes, and tool settings window. Choose your interface  UNIX Have a look at MicmStation on lnlergrapb 's 

Windows or Motif - on any platfonn. Transparent Modeless 7'ech11iC11! Desktop Series personal workstations. 


Operation. The software supports the way you naturallywork, maintain

ing command execution while you fine tune: change element attributes or com

mand parameters, manipulate views, change the dimensioning system, and more. 
Powmful View Manipulation . MicroStation supports up to eight 
active views that can be moved, sized, and overlapped to fit your design. ·Zoom and area at MicroStation VS. 
an y scale. Move around your des ign fas t with built-in dynamic pannin g. CAD software thatWorkspace Editor. Tailor pull-down menus, dialog boxes, and tool palettes 
even disable commands - witl1 a graphicallyoriented toolset for customizing your chosen puts you in charge. 
interface. Text Capabilities. Aconvenient text editor lets you easily edit single
1i ne or paragraph tex t. Ch oose from TrueType, Pos tscript , AutoCAD SHX, and Call 800-345-4856 for a free 
MicroStation fo nts. ASCII text fil es can be imported and exported. Multiple brochure on MicroStationUndo/Redo Commands. Undo mistakes and perform "what-if" 

Version 5and the name of andesigns in a flash witl1unlimited undo and redo. Plotting. Plot raster and \roar 

infoimation by \~ew or defined areas, at any scale. Visually preview the plot before Intergraph representative in 
plotting, saving time and materials. Online HELP MicroStation 's your area. 

HELP remains acti ve, tracking the command you're currently using, 

so there 's no search ing through manuals fo r assistance . • l\ Jf~ St t' 
Associative Patterning and Hatching. 1yll! · 

Associate patterning with graphics. Change graphics and the cro aion 
patterning updates. Flood-fill hatching/patterning INTE~?l\r'Hintell igently fills an area, detecti ng boundaries 

and holes with a single pick. Associative 
Circle 109 on Inquiry Card (RESELLERS: 110).Di1nensionin a. Dimensions are associated 

with the geometry. not with a point in space, so that when you change 


tl1e geometry, tl1e dimensions automaticallyupdate. Custom Line Styles. 

Create space-sa~ng customline styles and place railroad tracks, trees, isobars - anytl1ing- just as youwould place a line. 


Multi-lines. Define line string elements comprising up to 16 parallel lines of Vaf)~ng symbology and store tl1em in a style librmy 
5}' recall. Arch itects can use multi-lines for fast and eaS)' placement and intersection cleanup of walls and partitions. 2D Boolean 
ions. Quickly modi fy, measure, and hatch mult iple 2D shapes wi th integrated Boolean operations. A1ass Properties. Calculate area and 
es of your model: surface area, volume, mass, centroid, moments and products of inertia, principal moments and directions, and radii of gyration. 
S. D~fine relali?nships among gra~h ic entities with intuitive drawing modes such as tangent, parallel, perpendicular, midpoint, intersection, and end 
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Advancing Communications 

Today's telecommunications software offers high speed, scripting, 

and even ease of use 

HOWARD EGLOWSTEIN 

M 
odern data communications 

software does lots more Lhan 

just read E-mai l mes

sages . If your current communica
tions package is more than a few 
years old. you ' re missing out on all 
the fun. 111111111 

Today ' s advanced communica 
tions programs promise speed, fea 
tures, ease of use, and programma
bility. The one feature that marks an 
advanced communications package 
is, in fact, a strong programming lan 
guage. That language should be easy 
to program, yet capable. While it may 
not make coffee and put out Lhe cat 
while transfen-ing your fi les, it should 
be able to automate many of your 
communications activities. 

In this review l look at seven of 
the communications packages you' re 
most likely to see on a software store 
shelf or hear about around the office. 
There are litera ll y dozens of full
fea tured communications packages 
avai lab le; I picked these seven be
cause of their overwhelmi ng market 
presence. According to the sa les 
charts, fo lks who use MS-DOS com
munications software are most like
ly to run Procomm Plus from Data
storm. Due to Procomm 's start as a 
well-l iked shareware package, Pro
comm Plus is far and away the most 
popular commercial package. Sec
ond place belongs to Telix , a share
ware application from deltaComm 
Development. . 

If you use a Macintosh, you're 
sure to have heard of MicroPhone 
Pro from Software Ventures and 
White Knight from Freesoft. Both of 
these packages enjoy fierce loyalty 
from their respective user bases, and 
rightfully so. Running close behind 
these two commercial packages is 
ZTerm, a popular shareware appli
cation. l don't look at ZTerm here, 
but it's available through most Mac
intosh shareware sources, and it's well 
worth a test drive. 

Given Procomm's popularity on DOS 
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machines, it ' s not surprising that Procomm 
Plus for Windows is one of the two big 
sellers for the Windows environment. The 
other is Crosstalk for Windows from Dig
ital Communications Associates. DCA 
used to dominate in the DOS environment 
as well , but now it appears to have focused 
more on its Windows product, with good 
results. 

As far as communications is concerned, 
the Unix crowd doesn't need much more 
than it already has. Unix installations come 
with excellent mail systems built in, and 
many Unix users are content to send mail 
directly from their machines via the lnter
net. For transferring files from system to 
system, Unix is agai n years ahead of the 
other platforms with FfP. So how do Unix 
people access their BIX accounts or dial 
into a BBS ? Usually through public do
main implementations of Kermit, but also 
wi th Term, a commercial package from 
Century Software. Term is also available 
for DOS, Windows, and the Mac. I look at 
the Unix version here. 

Procomm Plus 
Procomm Plus is the com 
mercial version of a package 
that grew up as shareware. 

The shareware version practically owned 
the entire DOS market ; copies were in
cluded free with just about every modem 
sold. Many users happily upgraded to the 
commercial version when it became avail 
able. Procomm Plus 1.0 had a better script 
ing language than the shareware version 
and a much prettier interface. Procomm 
Plus 2.0 I goes it one better. 

The Procomm interface is largely based 
on control-key combinations to implement 
functions, which makes sense for a key
board-oriented DOS environment. You 
can choose to activate Procomm's menu 
and use it with a mouse, but most users 
stick with the keyboard. 

Procomm 's functions are grouped into 
several primary menus. The setup menu, 
for example, gives you control over mo
dem settings, file transfer options, and en 
vironment features such as " file done" 
alerts. Other menus include dialing, mac
ros , and hardware setup. Procomm sup
ports serial port speeds of up to 11 5.2 Kbps 
on serial ports COM 1 through COM8; 
the 1/0 addresses and IRQ (interrupt re 
quest) setti ngs for all ports are fully con
figurable. 

Like all the other communications soft
ware programming languages, Procomm 
Pius ' s Aspect is a procedural language. 
You specify a series of events that must 

occur in a particular order. The sample 
Aspect script listing shows a simple script 
for logging on to the BLX on-line service. 
Aspect has abou t 240 commands to do 
everything from watching a service for 
specific strings to painting custom dialog 
boxes on your screen. 

However, a communications session 
often has unpredictable events that can 
disrupt the flow of a purely procedural lan 
guage. The abi lity to handle so-called in
terrupt events is one feature that separates 
the good packages from the average. As
pect provides a WHEN statement that lets 
you define up to three interrupt events for 
a program to watch for and handle while 
doing other things . 

For example. your on-line service might 
put out a " .. more .." prompt at the end of 
each page and then wait for you to pres 
the return key . Adding the line WHEN 0 
" .. more .. " transmit '" ' M" any
where in your script wi ll handle this com
mon situation , sending a carriage return 
in response to the prompt to provide con
tinuous scrolling. 

Surprisingly , Procomm Plus doesn ' t 
support devices other than standard 8250/ 
16450 and 16550 UARTs and modems. If 
you have a networked communication 
device that works through INT 14 emula
tion , you ' II either have to buy the net 
worked version of Procomm or look e lse
where. Being a DOS package may give 
Procomm Plus the edge when it comes to 
performance, but it also means that you 
can't do background fi le transfers. If you 
need this ability, you ' ll want to either run 
the package under Windows or some oth
er multitasker, use a Windows program 

instead, or keep some creaky old 286 sys
tem around for doing file transfers. 

Telix 
Telix grew up at about the 
same time as the shareware 
version of Procomm, and it 

shows: Telix has a look and feel remark
ably similar to Procomm's (see the screens 
on page 104), and many of the function 
keys do precisely the same things they do 
in Procomm. I've included Telix here be
cause every DOS communications soft
ware user I spoke with either has tried or is 
currently using Telix. Why? Largely be
cause it' s sti ll shareware and it costs only 
$39 to register. 

Telix offers two distinct programming 
languages, Script Application Language 
for Telix , or SALT, and Salt Implemen
tation, or SIMPLE. SALT programs look 
very much like C code. A typical program 
is a series of IF statements nested within a 
large WHILE loop. Perhaps I might have 
gotten into SALT programming more if I 
was a C programmer, but I found the C 
syntax unnecessary and the lack of event 
support (such as Procomm's WHEN state
ment provides) frustrating. 

SIMPLE is a higher-level language that 
uses an English-like sentence structure to 
represent many of the SALT functions. 
The SIMPLE compiler generates SALT 
code that you can either run directly or 
modify and compile with the SALT com
piler. deltaComm expects you to use SIM
PLE largely as a tool to learn SALT; I ex
pect that most Telix users could just use 
SIMPLE as their primary scripting Ian 
guage. co111i1111ed 

Asample Aspect script from Procomm Plus that logs onto BIX. 

proc main 

clear ; clear screen 

locate 0 0 ; locate cursor at 0,0 

box 0 0 4 22 14 ; draw box 

atsay 2 2 l ~ 'Logging onto SIX ... ' ; put message in box 

locate 6 O ; cursor to row 6 


if not fromddir if not a linked dial directory script 
dial TYMNET_ ENTRY dial TYMNET 


endif 

"transmit "AM • send a carriage return 

waitfor "identifier' wait for TYMNET prompt 

transmit '/'." send an A 

waitfor 'log in: wait for TYMNET prompt 

transmit "bixAM' say you want SIX 

waitfor 'Name? • wait for SI X name prompt 

transmi t NAME send your name 

t:ransmit •"M" followed by a carriage return 

waitfor 'Password: wait for password prompt 

transmit PASSWORD send your password 

transmi t 'AM' followed by a carriage return 

endproc 
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Life at 28.8 

Testing perfonnance of sophisticated com

munications software on fast computers re
quires fast modems. As luck would have it, 

Mlcrocom sent two of its DeskPorte Fast 28.8

Kbps modems as I was putting this review to
gether. With V.42bls data compression (up 

to fourfold under Ideal circumstances for 

compression), these modems are supposed 

to handle throughput up to 115.2 Kbps. 

If you've never worked with a truly high· 

speed modem before (and I don't mean a 

9600·bps model), you're In for a shock the 

first time you dial into a system and get 80- or 
90-Kbps throughput on a standard voice 6ne. 

Not only ls that much faster than most mo

dems can handle, It's faster than many com· 
pulefS can handle. The serial port on a Mac is 

only set to do RS-232 asynchronous commu· 

nications at up to 57.6 Kbps. A PC can ban· 

die 115.2 Kbps in theory, but most systems 

can't because of software overload. If you 

plan to do high-speed conununlcatlons, you'D 

need one of the special communications 

boards like Hayes's ESP, or at least a serial 

port with a 16550 buffered UART to ease the 

load on the communications software. 

If you're a Windows user, the problem is 

much more serious. Windows can't handle 

Incoming serial streams at much over 9600 

bps on most systems because of outdated 

16450-type UARTs used to control the serial 

ports. With a newer 16550 UART you might 

get 19.2 Kbps, but nowhere near the speeds 

faster modems provide wHh V.42bls com· 

pression. 

Microcom's solution is to put a parallel 

port on the modem and provide a driver that 

tricks your Windows communications soft. 

ware Into thinking it's talking to a serial port. 

I Installed the driver as COM3 on my note

book machine, and It worked exactly as ad· 

vertlsed. Not only does the software run at 
full speed, but it frees up a serial port in case 

you're out of IRQs (Interrupt request lines) 

on your Windows machine. 

Many communications programs were writ· 

ten before anyone even conceived of a mo

dem running at a DTE rate of 115.2 Kbps. 

Procomm Plus, for example, supports only 

standard Hayes connect messages. When the 

Microcom modem reported a 28.S.Kbps con

nection, Procomm didn't recognize it. I had to 
make that connection by dialing manually or 

through a script I wrote In Aspect. 

As another example, the BBS software we 
use for distributing ristlngs Is an older ver· 

slon of Opus running on the Fossil serial driv

er. Fossil had no trouble handling the high 

data rates, but Opus was written to expect 

connect speeds of upto only 38.4 Kbps. When 

Fossil told Opus that it had connected at a 

serial rate of 115.2 Kbps, Opus got hope

lessly confused and assumed a 30().bps con· 

nection. The data stream was fine, but Opus 

overestimated transfer times by many hours. 

As a consequence, I wasn't able to download 

files much bigger than a megabyte or two 

without exceeding my default time limit of 

1000 minutes. 

When V.34, the final V.Fast standard, Is 

approved aext spring or summer (or so peo

ple expect), don't think that you can simply 

buy a shiny new modem and connect It up. 

Your software may not understand the high· 

speed connect messages. You may have to 

replace your old nonbuffered serial ports with 

something better. Or perhaps you'll have to 
start over from scratch, as we'll have to do 

with our BBS. The 25-MHz 386 we nonnally 

use wiB barely keep up with that data rate; the 

serial ports certainly won't, and neither will 

the current software. 

Should you buy a modem now? If you're 

equipping both ends of your data connection, 

there's no reason not to. Al the modems avaB· 
able are based on the Rockwell chip set. Even 

though this set won't be compatible with the 

final standard, all the modems you can buy»

day are supposed to be able to talk to each 

other. Both Hayes and Mlcrocom have com

mitted to an upgrade program as well. For 

$39, Mlcrocom will take back your DeskPorte 

and upgrade It to V.34, or send you the parts 

to do It yourself. 

White Knight 
White Knight from Freesoft 
is another package that stalt· 
ed as shareware. Up through 

version 10, it was known as Red Ryder. 
Now in version 11 , White Knight does just 
about everything you'd expect a world
class communications package to do. Mac 
software in general does a good job of ad
he1ing to Apple' s Macintosh interface stan
dards, and White Kn ight is no exception 
(see the screen). 

I've used Red Ryder/White Knight for 
years on my old Macs (a 5 12K and an SE). 
In all thi s time, I can' t remember ever 
opening the manual, and l"m sorry now 
that I didn' t. Not only is the manual easy to 
understand. the foreword is downright fun 
to read. After reading that, I sk ipped over 
the user stuff and started reading through 
the scripting language specification. (In 
all thi s time, I' ve never found the need to 
work with Whi te Kni ght scripts.) 

White Knight's scripting language sup
ports about 170 different functions. With 
them you can build scripts (or procedures) 
that add functions to the menu bar, for ex· 
ample, or that define macros triggered by 
on-screen buttons and icons. White Knight 
can also access external programs wri tten 
as RCMDs (special plug-in code resources) 
that wi ll do just about anything you li ke. 
One prov ided sample RC MD lets your 
procedures access MaclnTalk (avail able 
separately from Apple) to give you spo
ken messages. 

A White Knight script is a straight-line 
procedural program that starts at the top 
and executes to the end . The fu nctions 
mostl y mimic those ava ilab le fro m the 
menus. but a few conditional statemen ts 
let you compare strings and branch around 
in your program. Unexpected events are 
referred to as ALERTs, and White Knight 
can handle three of them at any time. 

A typica l procedure establ ishes a con· 
nection, sends some pre limin ary log-in 
strings to a host computer, sets ALERT 
condi tions to handle an unexpected line 
drop. gathers up your mail, and then logs 
you off the host. Compared to some of the 
other script ing languages in thi s review, I 
fou nd White Kni ght 's procedures some· 
what primiti ve but still functional. 

MicroPhone Pro 
Software Yenture's Micro

Phone Pro is ava il able in 

both Maci ntosh and Win


dows versions. I looked at onl y the Mac 

version here. Like White Kn ight . Micro

Phone Pro manages to be a full -featured 
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communications package behind a user 
interface that conforms well to Apple 's 
interface standard. rhad no troub le learn
ing all MicroPhone Pro ' s main features 
simply by examining the menus . I won't 
dwell on the user interface here because 
I'd be describing just about every Mac 
package you ' ve ever seen. 

MicroPhone supports fewer script com
mands than White Knight (only about 70), 
but it includes support for Apple Events 
and external programs (including Mac
lnTalk support) . Through Apple Events, 

you could have an Excel spreadsheet start 
up MicroPhone Pro, run a script to log into 
an on-line service, and grab current stock 
prices into Excel, for example. 

MicroPhone Pro handles interrupt con
ditions through an elaborate WHEN state
ment. It doesn't set a resident condition 
handler like White Knight's ALERT, but 
rather suspends the script execution until 
the conditions match one of those specified 
in your WHEN statement. Possible con
ditions include specified incoming strings, 
some amount of wait time, a specified pe-

COMMUNICATIONS SOFTWARE PERFORMANCE 
Transfer rate between each software product and a BBS running on a 50-MHz 486 with a Mi
crocom DeskPorte Fast modem, connected at 115.2 Kbps. The rate shown .is the effective 
character rate in bits per se;cond, allowing for Zmodem file transfer overhead, connect 
speed, and telecommunication software overhead. The uncompressed data rate is for a se
lection of text flies. The compressed data rate is based on transferring flies already com
pressed with PKZip. The faster transfer rates are the result of the modem's data com
pression and will vary according to the different programs' ability to handle fast data 
streams. Higher numbers .ir;idicate faster throughput. However, comparisons between plat
forms are meaningless because of hardware differences. (N/A =not applicable.) 

PRODUCT UNCOMPRESSED COMPRESSED UNCOMPRESSED COMPRESSED 
· DATA DATA (PARALLEL) (PARALLEL) 

DOS software' 
Procomm Plus 2.01 59000 30000 NIA NIA 
Tellx 3.21 64000 30000 NIA NIA 

Macintosh software' 
Mlcroohone Pro 1.0 53000 29985 NIA NIA 
White Knight 11 .14 ~600 30520 NIA NIA 

Windows software• 
Procomm Plus 1.02 18740 18300 48500 29750 

for Windows 
Crosstalk for 18900 18340 40900 32900 

Windows2.0 

Unix software' 
Term6.2 8800 5890 NIA NIA 

•connection was made 10 a Microcom modem at 115.2·Kbps DTE speed; the modem-to-modem speed was 28.8 
Kbps with MNP 10. 

'Connection was made to a Microcom modem at 57.6-Kbps DTE speed; the modem-to-modem speed was 28.8 Kbps 
with MNP 10. 

'Connection was made to a Mlcrocom modem at 19.2-Kbps DTE speed; the modem-to-modem speed was 19.2 Kbps 
with MNP 10. 

'Connection was made lo an AT! V.32bis modem al 9600-bps DTE speed; !he modem-to-modem speed was 9600 
Kbps. File transfer protocol was Ymodem. 

Asample CASL script from Crosstalk for Windows that logs onto MCI Mail. 

l abel LOGIN 
/ * Try to l og i n to MCI Ma i l fo r SO seconds . If not successful , then 
hang up and exit . * / 
trys = 1 
while online a nd trys < 

watch 10 seconds fo r 

quiet 2 seconds r ep l y 

•name :• wa i t 5 t i cks : reply Us erID 
•password : " wait 5 ticks : repl y Password 
• s or ry , inc • wa it 5 ticks : r eply : bye : bye 
"COM" : alarm 1 : message "MCI logon compl e te • : end 
•call Customer Service" : ALER'r "Connection r e f used' . OK : end 

endwatch 
crys = t rys + 1 

wend 

riod of silence, a button press, or some ex
pression coming true. 

In theory, this should work just as well 
as the resident ALERT. In reality, I found 
it difficult to get some of my MicroPhone 
Pro scripts working the way I wanted, de
spite the excellent documentation. Devel
oping scripts to access on-line services can 
be tricky, and I expect that getting Micro
Phone Pro to handle unusual conditions 
will become easier as I spend more time 
with it. 

Crosstalk for Windows 
Crosstalk for Windows may 
not be the most popular 
Windows communications 

package, but the people who use it defend 
it passionately. During this review, it 
quickly became obvious why so many peo
ple (including a number here at BYTE) 
like it so much. 

Crosstalk emulates most standard ter
minal types, handles a number of file 
transfer protocols (including a few that no 
other package handles), supports DOE 
functions, and allows connections through 
a network. The network support includes 
redirected BIOS access through INT 14, 
NASI (NetWare Asynchronous Services 
Interface), NCSI (Network Communica
tions Services Interface), and the ACS 
(Asynchronous Communications Server) 
interface. The ability to access shared re
sources over a network is quickly becom
ing a required feature in most software 
packages. A few other Windows packages 
permit this, including the new version of 
Procomm Plus for Windows. 

Configuring Crosstalk for a variety of 
communications sessions is simple be
cause of the straightforward way DCA de
signed the setup interface. One menu 
choice brings up the settings dialog box, 
which has a number of subfunctions. Each 
of these is accessed through an icon button 
that-unlike most Windows icons-is 
clearly marked with text describing its 
function . 

The toolbar (or Crosstalk's QuickBar) 
has a number of icons that are supposed 
to make using the package more conve
nient (see the screen). I found that few of 
them made any sense, and on a notebook 
display they were practically unreadable. If 
you like toolbars in other Windows pro
grams, however, you may find them useful. 
rended up turning them off and using the 
menus. 

Beside strong network support, the oth
er standout feature that makes Crosstalk 
worth consideration is its programming 
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language, CASL (Crosstalk Application 
Scripting Language) . CASL is an exten
sion of the language used in earlier ver
sions of Crosstalk . Programming in CASL 
is straightforward, and I found that pro
grams generally work the way you expect 
them to. The sample CASL script listing is 
a routine for logging into a system . The 
CASL documentation is fat and daunting, 
but don ' t let that scare you . 

New and hnproved 
Three of the packages reviewed here
MicroPhone Pro for the Mac,Procomrn 
Plus for Windows, and Term-will be 
shipping in new versions by the time 
you read this. According to the ven
dors, here is what you can expect from 
the upgraded products: 

According to Software Ventures, Mi
croPhone Pro 2.0 for the Mac adds sup
port for simultaneous ongoing sessions, 
more terminal emulations, more and 
faster transfer protocols such as Com
puServe B+, easier hardware configur
ation, keyboard mapping (handy for 
PowerBook users), and scriptable cus
tom windows. For information junkies, 
Software Ventures has added a rich set 
of tools for navigating the Internet. The 
upgrade price is $59.95. 

DataStorm has added fax support to 
Procomm Plus for Windows 2.0. You' ll 
be able to load up to five Action Bars at 
the same time with the new version, 
and the Aspect language bas been 
enhanced. Configuring your modem 
should be easier, with automatic de
tection of 500 different modems-Pro
comm will figure out which modem 
you have and configure itself automat
ically. improvements to Procomm' s 
host mode include fax capability that 
lets callers dial into your system to re
quest faxes . Support for NASI/NCSI 
network connections is scheduled, and 
you'll be able to arrange your dialing 
directory into groups for easier access. 

Century Software is updating the 
Unix version of Term to 6.3 , adding in 
Zmodem, CompuServe B. and FTP file 
transfer protocols. The vendor will also 
add more terminal emulations and im
prove Tenn' s capability for unattended 
automated file transfers. The upgrade 
price for current Term users will be 
$189, directly from Century Software. 

Procomm Plus for Windows 
Procomm Plus for Windows 
came onto the scene riding 
the coattails of its popular 

DOS cousin , Procomm Plus . The Win
dows vers ion is more than a Windows 
interface glued onto the DOS program, 
however. Datastorm enhanced the Aspect 
programming language, for example, to 
support windows, bit-mapped graphics, 
and other Windows features. Procomm's 
Action Bar is one of the few comprehen
sible toolbars I' ve seen on a Windows 
package. It has only 10 icons, and about 
half of them actually make sense. 

From the menus and dialog boxes (see 
the screen), you can manage your dialing 
lists, write and compile scripts, transfer 
files , and configure the program for any 
combination of modem · and serial con
nections. I found both strong and weak 
points to the interface. The setup menu, 
for example, brings up a dialog box with a 
series of buttons. When you click on the 
Connection button, you can select from 
the predefined connections; double-click 
on it, and you can define new ones. While 
the double-click trick is convenient, it's 
not obvious; you must read the documen
tation. It would be nice if the selection 
menu also offered a New option. 

If you often find yourself downloading 
GIF files, you may like Procomm's auto
matic GIF viewer. As soon as Procomm 
recognizes a GIF graphics file. it opens a 
window and displays the graphic as it 
downloads. Procomm also provides DOE 
server support. You can, for instance, have 
your spreadsheet open a communications 
session, dial an on-line service, grab ware
house inventory data, and return it to your 
spreadsheet. 

ff you ever find yourself reconfiguri ng 
your current package' s Zmodem for dif
ferent on-line services, you' ll appreciate 
Procomm's ability to create new Zmodem 
options in the transfer menu with assigned 
names . For example, with some services 
you may want crash recovery; with oth
ers, you may not. 

Tenn 
Selecting the most popular 
communications product for 
Unix was tough . Unix en

joys a rich heritage of public domain soft
ware, so many application areas are fully 
addressed by software you can get for free. 
Communications is historically one of 
those areas. The most prevalent commu
nications package in use on Unix systems 
is Kermit, available free from just about 

everywhere. In some cases, however, you 
may want technical support by phone, and 
that's where commercial product5 fit in. 
Century Software' s Term is one of the few 
commercial products on the market. 

Term is a standard communications 
package with terminal emulation, a selec
tion of file transfer protocols, and a script
ing language. When you establish a con
nection, you specify one of the devices 
provided on your system, typically one of 
the modems in your modem pool. I in
stalled my copy of Term onto bytepb, our 
486-based Unix System V release 3.2 sys
tem, which has two modems attached to 
it. The idea was to install the software 
there, and then telnet into bytepb and ac
cess Term to dial out to other systems. 

Unfortunately, that didn' t work. Term 
provides terminal emu lation, but it also 
expects your terminal to support some em
ulation so that the program can contro l 
your screen. All the systems in BYTE's 
Unix Lab run graphics screens with X 
Window System, and Term doesn't sup
port X. When I specified the terminal type 
as SCOANSI and ran from the system con
sole, however, it ran fine. If you plan on 
using Term, check with the company to 
make sure the package will work in your 
environment. 

Term' s interface is perfectly usable, al
though it has an outdated feel to it (see the 
screen) . Perhaps because of Term's stark 
character screens, it felt like I was running 
on an old LSI/I I from years ago. Still, 
configuring Term to access my test BBS 
went easily, and file transfers worked well. 
Tem1 doesn't support Zmodem, and the 
BBS doesn't support Kermit, so I ended 
up using Ymodem for the file transfer tests. 

Term's scripting language is powerful, 
with lots of functions, yet it still feels prim
itive compared to some of the other lan
guages I used during this review. The pro
grams end up resembling Aspect or CASL 
programs, only with shorter, more cryp
tic keywords. 

Communications Solutions 
I've used Procomm (the DOS version) on 
my DOS/Windows machines for several 
years now. and White Knight on my Mac 
ever since I bought it. Based on my eval
uation experience, I might take a closer 
look at Micro Phone Pro. I didn't find Tel ix 
to be any better than Procomm-although 
it's just as good. If you are about to run 
out and buy a DOS communications pack
age, download Telix first and try it. 

Neither of the two Windows packages 
convinced me to stop running Procomm 
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WE JUST PUT MORE DISTANCE 

BETWEEN RLN AND OTHER 


REMOTE ACCESS SOWTIONS. 

For some time, Remote 

LAN Node® has been ac
knowledged as the best 

remote 
node 
solution 
you can 
buy, let
ting users 
dial into 
their 
LANsRLN comes preconfigu red 

on a rack-11101111table and work 
486 serverfo r4, 8 or 16 
sim11/taneous 11sers, or as just as if 

software-only for 2-16 they were 
sim11/taneous 11sers. locally 

connected. And it's been pro
ven in use across the world. 
Now RLN™ 2.0 has really left 
the others in the dust. 

RLN now supports token
ring as well as Ethernet. In 
fact, you can access either 
one with the same client 
software. RLN is the only 
remote access solution that 
works in virtually any single 
or interconnected network 
environment. 

There's also new SNMP 
support, and a btiilt-in 
Windows'M-based Remote 
t\.-ianagerconsoleforserver 
management from any 
remote PC. You can also 
simultaneously update user 
information on multiple 
servers from a single loca
tion. And RLN has a 
Custom Client Build II 
utility, so configuring • nnwilh 

NeMb-e 

your remote clients is easier. 
RLN has always included 

powerful security features. 
But now that we've added 
enhanced data 
encryption, pass
word aging and 
support for 
Challenge 
Handshake 
Authentication 

k
7 

Protocol 
(CHAP), it's 
the most 
secure solution 
you can buy. 

So call for 
more infor
mation and 
a free demo 
copy of RLN software that 
will let you dial in and see 
what it's like to be a remote 
node. We'll also send you an 
informative white paper on 
remote computing. 

Like RLN users the 
world over, you'll see what 
lengths we've gone to, to 
make sure no other remote 
solution comes close. 
1-800-348-3221, ext. 57DD* 

88A 

Tize Freedom To Communicate. 

'Or en/I (404) 475-8380. © 1994 Digital Commu'1icntio'1S 
Associates, 1'1c. All rig/its n"Servtd. DCA n11d Remote LAN 
Node 11re registered tradcn111rks and RLN is a trademark of 
Digital Commu11ia1tio11s Associates, Tue. Windows is ti trmle
mark of Micros:;{/ Corporation. All other trademarks are the 
property of their owners. 
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in a DOS window. Under Windows, the 
DOS version of Procomm manages better 
th roughput at 2400 bps than the Windows 
communications programs, run s in the 
background, and has a simpler interface. 
When I need to transfer tiles faster than 

2400 bps (that is, if our town , Peterbor
ough, ever gets a fasterTymnet node), I' ll 
have to choose hetween running the DOS 
Procomm package alone, without the speed 
restrictions of Windows, or clogging up 
my hard drive with a slower, fatter Win-

Crosstalk 
for Windows 2.0 ...........$179 
Digital Communications 
Associates. Inc. 
1000 Alderman Dr. 
Alpharetta. GA 30202 
(800) 348-3221 
(404) 442-4095 
fax: (404) 442-4366 
Circle 1083 on Inquiry Card. 

MlcroPhone Pro 1.0.....$295 
Software Ventures Corp. 
2907 Claremont Ave. 
Berkeley, CA 94705 
(510) 644-3232 
fax: (510) 848-0885 
Circle 1084 on Inquiry Card. 

About the Products 

Procomm Plus 2.01 .. ...S129 
Procomm Plus 
for Windows 1.02 ... ...... $179 
Datastorm Technologies, Inc. 
3212 Lemone Blvd. 
P.O. Box 1471 
Columbia, MO 65205 
(314) 443-3282 
fax: (314) 875-0595 
Circle 1085 on Inquiry Card. 

Tellx 3..21 ....... $39 (shareware) 

deltaComm Development, Inc. 
P.O. Box 1185 
Cary, NC 27512 
(800) 859-8000 
(919) 460-4556 
fax : (919) 460-4531 
Circle 1086 on Inquiry Card. 

Term 6.2 .... .... .... ....... ...... $495 

for Interactive Unix single-user 

version (tested) 
Century Software 
5284 South 320 West. 
Suite C134 
Salt Lake City, UT 84107 
(800) 877-3088 
(801) 268-3088 
fax: (801) 268-2772 
Circle 1087 on Inquiry Card. 

White Knight 
Teleconununications 
Software 11.14........ ... ..$139 
The Freesoft Co. 
105 McKinley Rd. 
Beaver Falls, PA 15010 
(412) 846-2700 
fax: (412) 847-4436 
Cifde 1088 on Inquiry Card. 

dows package to get background commu
ni cati ons. Perhaps by the time I need a 
faster Wi ndows package, something better 
will have come along. 

Besides working with Term on the Unix 
system, I installed the DOS version. It may 
take you some time to get used to the in 
terface, but the wide support of Term on 
Uni x, VMS, DOS. Windows, Macintosh, 
and BTOS systems may make it the perfect 
solution for your environment. 

You shouldn ' t overlook the cheap and 
free opti ons, either. Kermit is available for 
just abou t every computer made. The re 
are a lso a number of interesting DOS so
lutions besides Tel ix, and Macintosh com
munications enthusiasts arc just a~ likely to 
suggest ZTerm as any commercial solu 
ti on . Explore your loca l BBSes and on
line services first. But if shareware isn ' t 
what you want, one of these commercial 
packages could be just what you ' re look
ing for. • 

Howard Eglmvstein is a testing ediwr for the BYTE 
Lah. f/1' rn11 be reached 0 11 the /11tem e1 or BIX at 
heRl0 11·stei11 @bix. ctJ/ll. 

Vou love videogmphy. It's your life. So why get involved with a video editing sys
J. ~em that seems attractive now, but can't accommodate your needs in tl1e future; 

an editing system that shows signs of age as soon as your entry-level video devices 
have to be upgmded? 

The beauty of AmiLlnk CIP for Windows editing system is that it's totally devoted to 
your career. Amilink CIP for Window has been specifically designed to stay with you 
all rl1e way no matter where it all leads. 

TI1e day you're ready to improve your abilities in character generation1 animation tech
niques or special effects, AmiLink CIP for Windows will be at your side. When you make 
the crucial decision to build your business on larger, more sophi:;ticated projects and build 
a reputation of quality ar the same time, AmiLink CIP for Windows will support each and 
every one of your efforts. 

ot too surprising when you consider that AmiLink CIP's parents are video people not 
computer people. Amil.ink CU> for Windows is from RGB, r:he same company delivering pro
quality editing to pro-editors and Video TO'Jsterrn users aU acro.<;.s the country. 

Are you about to marry an editing system
tliat can't keep up with your career? 

So shuttle over to your AmiLink dealer today. Or call RGB for more infonnation ahout Amil.ink CIP for Windows, the video 
editing ystemthat will never let you down. 

For more infoffilation call 1-800-535-7876. 

Amit..rlk is a · 12n:d tndematl< and Pro is 1 tndematl< o1 RGB C 

RGB Computer & Video, Inc. 

4152 W . Blue Heron Blvd., Suite 118 
Riviera Beach, FL 33404-4858 
TEL (407) 844-EDIT, FAX (407) 844-3699 

Picture Perfect 

ol their reopectM> owners C RGB 
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INTELLIGENCE RECOGNIZED! 

"ZyXEL modems are now among the best performers" - PC Magazine 

Leading publications are continuing to 

recognize, rave about and award the many smart 

performance features that make ZyXEL the 

industry leader. And why shouldn ' t they? Our 

Ultra High Speed Modems fit a wide range of 

configurations, giving you more Intelligent 

Features that save you time and money. 

"ZyXEL modems are loaded with 
features, they comprise a virtual 
treasure box ofsurprises." -
Boardwatch Magazine 

The ZyXEL U-Series offers Intelligent Features to 

ensure speed, reliability and true "plug-and-play" 

operating ease. Our new VoiceFax Software* and 

two-way fax abi lity lets you send and receive voice 

mail from remote locations. Our Rackmount mid 

NMS give you simultaneous control of hundred~ of 

sites. And, if you're on the go, our New U-1496P 
Portable Modem/Fax offers cellular capability 

and portability. 

"Some modems are good. Some modems are 
fast. ZyXEL modems are good 
andfast." 
- Computer Shopper 

1l1e ZyXEL PLUS Series gives you up 

to 19.2 Kbps, with DTE speeds of 

up to 76.8 Kbps in modems that come with a 5

year warranty** and will soon be upgradable to 

V.Fast Advantage.*** 

"ZyXEL modems scored a three-way tie for 
best two-way communications modem." 

-BYTE 

~ Out of the 62 modems tested, 

~ ZyXEL was honored by PC 

Magazine as one of only three 

modems proving I00% reliable connections. 

Also, ZyXEL modems are compatible with 

most other modems and operate in both 

synchronous and asynchronous modes as we ll 

as in au environments: Dos ;M Windows~ 

OS/2~ Maci ntosh~ UNIX,® NeXT® and 

Amiga!" And, with V.25bis for synchronous 

communications, ZyXEL is compatible with 

IBM 's AS/400® and RS/6000~ 

ZyXEL's Intelligent Features: 
•Ultra High Speed 19.2/16.8 Kbps 

• V.32bisN32, V.22bis/V.22, BELL 212A 

• V.17-14.4 Kbps, EIA Class 2, G3 Fax, S&R 

• V.42N42bis with Selective Reject-MNP® 3/4/5 

•Digitized Voice Capability 

•Caller ID/Distinctive Ring 

• Remote Configuration 

•Auto Fall Foiward/Fall Back 

•Call-Back Security with Password Protection 

•Line Probing Techniques 

• 2/4 Wire Leased/Dial Line 

•Auto Data/FAX/Voice Detection**** 

•Upgradable by EPROM 

Find ouJ what the Industry Experts already 
know. Call ZyXEL. A Wise Investment. 
An Intelligent Modem. 

To find oul more about lhc 

~ U-I496P 
PORTAllLE WITH CELLULAR 


rail your ZyXEL 

sales r<prtS<nlalirc today! 


(800) 255-4101 

B
ltrvnswith ZyXEL 

C..-~N<NetWara \•"°'~~ 
(~Jl<bl \\

The Intelligent Modem 
Circle 164 on Inquiry Card (RESELLERS: 165). 

4920 E. La Palma Avenue, Anaheim, CA 92807 (714) 693-0808 BBS: (714) 693-0762 FAX: (714) 693-88 t I 
*J\ vailahk w i1h Windows.® DOS .nm ::ind Mac in1 osh® versions. ..2-ycar warrJnty for lfackmu111111111x k ls. 0 * V.Fas! upgrade price depends upon lhc mode l. 

·n1is flffc r i1; valid in US A :uul C:m::i.da onl y . u.uAulO Data/Fa,, /Voicc dctcc1ion avai lable 0 11 UOS version. Wimlow/Mac ve rs io n av;iiJ;ibk wilh Auto 
Fa.'(./Yoicc tlc1cc1ion. Prices anti spccificaiions an: subj1.:ct 10 chang.c without prior notice. Al l tr.ukm:irks :.uul logos arc 1hc prupcny o f their rcspcc1ivc owne rs. 

http:C:m::i.da
http:V.22bis/V.22
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I:mfM't'J Software 

ANew Synergy for Windows 

ProdeaSynergy•s graphical tools let you create complex scripts for 

automating Windows tasks across many different applications 

STEVE GILLMOR 

S ometimes in sports or the arts, a 
performer arrives with a talent 
so great that he or she makes 

the most difficult feats seem easy. Such is 
the case with ProdeaSynergy, a new ap
plication-integration software package that 
at first glance does not appear to have all 
that much to it. It 's only when you try to 
accomplish what it can do in some other 
way that you begin to appreciate what is 
going on behind the . cenes. 

In simplest terms, ProdeaSynergy is a 
Grand Central Station that serves as the 
hub connecting software like databases. 
spreadsheets, and communications pro
grams, both on individual machines and 
across a network. The visually oriented 
Windows development environment lets 
you derive data from any source, massage 
and format it. and then send it on via con
ditional choice of E-mail, fax , paper, or 
di sk. You can do all this without needing 
to know the intricate details of proprietary 
messaging techniques, programming tools. 
or fil e-format compatibility. 

The Elements of Synergy 
The power of Prodea 's automated sc ripts 
depends on the software applicati ons and 
desktop tools available to you loca ll y or 
over a network . ProdeaSynergy can me
diate between packages. se lecting the best 
com mon fo rmat and the optimum inter
change method, but it is not a program
ming language; it can' t provide applica
tions with any missing functionality. fl 
also can ' t assume control from within an 
application. If you want to automate a pro
cedure from within Exce l, for instance, 
yo u' ll need to develop an Excel macro to 
do the processing. You then use Prodea
Synergy lo pass the output of the macro 
to other applications. 

In the fina l analys is , a process auto
mated by Prodea's software wiLI work only 
as well as the mechanisms used to drive 
it. ProdeaSynergy is not a replacement for 
cross-app licati on automation tools like Vi
sual Basic for Appl ications or OLE 2 Au
tomation . In fact , as VBA and OLE 2 Au
tomation become more widespread. Prodea 
will be able to leverage these tools to link 

Prodeu S nergy 
Y:{indow J::!elp 

sp - Retrieve Stock Prlcln Histo 

applicati ons together in a visual way and 
fac ilitate development across severa l ap
plications. 

ProdeaSynergy has three major e le
ments: the ProdeaSynergy Package, the 
ProdeaSynergy Library , and the Variable 
Server. You create package by placing 
icons in the ProdeaSynergy Workspace 
that represent application and system ob
jects that retrieve. process, or store in for
mation. You then represent the movement 
of data between these objects by plac ing 
arrows from source to destinati on icons. 
After defi ning object and arrow proper
ties. you choose the Runner icon to execute 
the pac kage. 

The ProdeaSynergy Library provides a 
simple GUI where you can organize and 
launch various packages. Once created, a 
package can be published in a designated 
library. which can then be saved. copied, or 
E- mailed to another machine. A separate 
executable file that you can launch from 
the Workspace. the ProdeaSynergy Li
brary supports password-protecti on secu
rity features; a subdirectory tree struclllre 
to group packages by related topics; and 
appearance opti ons to modify the color 
scheme. the size and type of buuons. and 

icons that represent topics and packages. 
The Variable Server leverages Prodea

Synergy's ability to resolve relationships 
and communications at run time rather 
than at bui ld time. The Variable Server 
provides 260 predefined global variables 
that can be et and referenced by each of 
the programs you are ntnning in a package. 
These vari ables can be manipulated via 
DOE. OLE. and application menu add-ins 
that ProdeaSynergy often installs in a pro
cess dubbed .vy11e1gizi11g . You can use vm·i
ables with conditional arrows to contro l 
where the data flows based on changes at 
run time. 

Application Support 
When yo u in stall ProdeaSy nergy , it 
prompts you to select and define the ap
plications you have on your system. The 
program accesses the Application Services 
Database. a predefin ed list of DOS and 
Windows appl icati ons that contains basic 
in fo rmati on such as program name and 
location, type or c lass of application, mes
saging protocols supported, and fi le for
mats supported . The Database also con
tains the key set of application functions 
and commands that ProdeaSynergy needs 
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·.....,= month I y repo rt with data 
yo u regu larly enter into a 
spreadsheet. Each mon th , 
yo u need 10 move a range 

- 2.0 of ce ll s from th e spread
1.1 

· 1-0 
heet, place the data in a 

word processi ng document. 
~ -J.O and then prin t the docu

- 10 ment. After creating a new 
· 2.0 ProdeaSy nergy Package, 

Edit0t · 5 you would drag the appro
· S.O priate spreadsheet ico n 10 

- 1 Sl the upper left corn er of the 
Package Window. Don ' t 
worry if you have Excel and 

The Application Definition dialog box is available during installation or any 
time you want to update or add new applications. You can define 
applications that reside on both focal and network drives. 

yo u are creating a package 
to iun on a machine that has 
onl y Lotus 1-2-3; Prodea
Synergy can automatically 

1=1-~~~-~~.....,.,=-'"-"""'~"""L---------'-

c: \p.1,.,etgy\aoc)bate\1lolf'ldMd_p1• 

A ro· J.O t 
cc.. MMI · LO •C1onlall · 2. 0 
Crout.a. (DOSI · M~4 
dB••• JV (DOSI 
11 .. ._ ..d G1optwc1 • 1.02 
11 ......,d G1apMc,1 • 2.0 
Lotw 123 · 
Mic101ott Acc.9n 
Micn>totl C.cel • 4 0 
MC.Otdl M.... • l D 
Microrott 
Mic:101oftWa.d · 2.0 

PioduS"*llf 
AosilicMlonDd"Mion 
Veuion I. I 

(091fi9hl tCl 199'J 

Ob,ed Ylloon · 2.0 
P•lodo•lorW~
rartMto• tOOS I • 4.0 
P1oc- P1u1 • 1.01 
P1oco1n111 Pkn (DOS) 

P 111dH SolhtCM CI COll)Or.,,lion O•C D•t~ie 
Q•[ lhcalV11 u ion) · J .O 

l:;\PSYHEllGY\APPllS I .PSA. Quat!JO 1'10 • 1.0fl 
nCl.AY Gold 
SupeiD•us • 2.0 

Intelligent innovations 
for software protection 

Count on 

C-GUARD! 


~ 
from US $12* 

Re uce costs, 
optimize profits: 
With a completely 
new copy protection 
technology. 

• 	Easy to operate. 
• 	Program installation 

with C·Gu~RD. 
• Continue working 

without dongle. 
• 	No unauthorized copies. 

• Ideal for laptops. 
* bulk discounts: 
C -GuARD when ordering 1000: US S12 
C-Guu1D when ordering l 00 : US $ 1S 

Since 1985 over 1600 customers I J 
(as SIEMENS, AEG, IVECO) rely VISA 
on our software protection '""'""' RX
~~TECHNIK 

DATENSCHLJTZ G mbH 

Vohburger StraGe 68 
D-85104 Wackerste in 
Tel.++ 49-8403-1555 
Fax ++ 49-8403- 1500 
E-Mail: l 00273. 171 @compuserve.com 

Currently looking for 
international distributors 

Circle 179 on Inquiry Card 
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10 instruct each appli cation to perform its substi tute one spreadsheet application for 
tasks within the package. another at run time. 

You highlight each new ap plicati on Next, you select a word processor icon. 
name in the li st on the ri ght side of' the drag it just to the right of the spreadsheet 
Application Definition dialog box and then icon. and connect the two icon with an 
click the Insert bu11on to add the name to arrow showing the direction of the data 
the Defined Ii 1on the left. ProdeaSynergy Oow. Finally. you select the Printer icon 
verifies the presence of the application on from the System Toolbar, drag it 10 the 
your system before inserting the name. If right of the word processor icon, and con
ii doesn't find the application. the program nect the two icons with an arrow. You can 
gives you the opportunity to enter the ap also add condi ti onal arrows if you have 
prop1ia1e path or choo e the Browse button more than one pos. ible outcome. 
if you need help. Before cont inuing with the package de

You can also use one of severa l "Any" sign, you need 10 access a spreadsheet that 
applicati ons 10 define your own applica contains the range 10 be moved . You can 
tions within a clas (e.g., word proce. sor. access the spreadsheet from wi thin Prodea
spreadsheet. or database). to provide sup Synergy by right-clicking on the spread
port for tools that are not currentl y prede shee t icon and enteri ng the worksheet 
fined in the database. Prodea is constan tly filename in the appropriate fie ld of the Ap
updating this data, which resides in fi les plication Object Prope rties dia log box. If' 
separate from the ProdeaSynergy main ex you' ve defined a range. you need 10 righl
eculilbles. Thus, you can get support fo r cli ck on the arrow between the spread
new programs and upgraded ver ions of heet and the word processor and e111er the 
ex isting products by downloading from name of the range in the Range Definition 
the Prodea BBS or by mail, without need From: fie ld. Otherwise, all the data within 
ing. 10 upgrade ProdeaSynergy it se lf or the worksheet will be moved wi1J1 no fur
alter your existing packages and li braries. ther work on your part . Click on the Run

The Workspace has five major e le ner icon, and your package wilJ execute. 
ments: the Application Toolbar, the System 
Toolbar, the Me nu Bar, the Status Bar, Intelligent Choices 
and the Package Window. Defined appli ProdeaSynergy manages and mediates be
cation. are repre. ented by their program tween the applications. data fi les, and out
icons in the Appli cation Toolba r, which put devices you selected in creating the 
run acros the top of the screen. You can package . Moving your completed pack
doub le-click on an icon 10 run the asso age to another machine reveals much more 
ciated application from within Prodea abou t ProdeaSynergy's underly ing pow
Synergy . er. Perhaps the preadsheet you employed 

on the ori ginal system is not avai lable on 
Putting ProdeaSynergy to Work another desktop. When you run the pack
Creati ng a package couldn ·1 be cas icr age on the new mach ine, ProdeaSynergy 
you ju 1 cl ick and drag an icon into the earches the Application Services Data
Package Window. Stan wit h a simple ex base for Excel and, not finding it , suggests 
ample. Suppose you need to generate a Lotus 1-2-3 as a ·uitable replacement. The 
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The StreakContinues! 

Introducing the Windows version of 


the best.-selling communications software in the world. 

PRQCOMM PLUS has opened the eyes of the world to The power and ease of use of PROCOMM PLUS combined 
aSlij)erior communications·package. Now, people with with the elegance of Wjndows. Look for it now at your 
their sights set on communicating with Windows have a software dealer. And discover for yourself why PROCOMM 
ehoice just as clear. PROCOMM PLUS for Windows. PLUS for Windows leaves the competition in the fog. 

--
~tC l992 
D.\TASTORM:rECHNOLOGJES,lNC. 
All JllihlS ~...rved DATASTORM TECHNOLOGIES, INC. 

Circle 91 on Inquiry Cert!.P.O. Box 1471 •Columbia, MO 65205 • 314.443.3282 
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" 	 Macintosh• and Windows support on the 
same network or via modem wilhouc costly 
file servers 

a Easi ly accommodate upwards of 20 
simultaneous modem connections and more 
than a hundred network sessions per server 

° Connectivity via network or modem to other 
FirstClass servers or o ther mail systems 

c 	 Remote or local administration with 
the same client all others use 

" Messages with multiple fonts, styles 
and colors & unlimited attachments 

" Simultaneo us multiple file transfers 
a Background searching 
a Gateways to the Internet with full 

Usenet newsgroup replication 

a 	 Fax gateway for individual or 
broadcast faxing and more' 

DEALER & CONSULTANT 
INQUIRIES WELCOME! 

1902 R.d~ P.o.ad, lf 325. Weit Sc!nto.. New Yortc. USA., 1"12.2' 
F;u.; "1 16-7S'4·1 856 FntCl.us:: -416~-USO lnt~t:~wc.com 

Phone: 416-299-4723 
Clrcle 166 on Inquiry Card. 

Excel macros. ro replace a range ofdara 
with new dara and then redefine the range, 
yo11 'd ha ve ro write an Excel macro. Prodea· 
Synergy handles the chore seamlessly. 

GET . DOCUMENT l ll 
IF INOTIISBLANK (argRange ) )) 

SELECrlGET . FORMULA(a r gRange) l 
END . IF() 
IF(argFormat>O , EDIT . DELETE 

largFormat) ,CLEAR(3)) 
END . IFI) 
OPEN (argFile,0) 
GET . OOCUMENT(l) 
SELECT . LAST. CELLI) 
SELECT(!Al : ACTIVE .CELLl)l 
COLUMN .WIDTH( , , ,3) 
COPY() 
ACTIVATE (C6) 
PASTE . SPECIAL(2 , 1 , FALSE , FALSE) 
DEFINE . AME(GET . FOR:1ULA(argRange)) 
ACTIVATEIC13 ) 
CANCEL .COPY( ) 
ERROR (FALSE ) 
CLOSE() 
ERROR(TRUE) 
RETURN() 

program uses built-in search heuristics to 
find fi les used in a package if they have 
been moved or, as is often the case. are 
stored in di fferent locations on other ma
chines. 

Similarly. you may have defined Mi
crosoft Mail as your package' s Windows 
E-mail application, while another system 
uses Lotus cc:Mail. ProdeaSynergy auto
matica ll y makes the appropriate adju t
ments, transparently switching messaging 
protocols from MAP! to VIM. Depending 
on the protocols supported by applications 
and registered in the eu1Tent Application 
Services Database, ProdeaSynergy might 
use DOE to communicate with Quattro 
Pro for Windows, a combination of DOE 
and OLE with most word processors, and, 
if necessary (as in the case of Harva rd 
Graphics), keystrokes. 

ProdeaSynergy identifies and exploits 
the "riches t' ' data/file for mat shared by 
source and destination applications. When 
you select two objec ts that don't have a 
compatible transfer file format. the Win 
dows Clipboard can sometimes be used as 
an interface to automati ca lly reformat 
source daca and pass it on. For example. a 
graph created in Excel can be converted 
via the Clipboard icon to be read into a 
Word for Windows document, while the 
cell data is moved via DOE and a tempo
rary file that ProdeaSynergy creates at nm 
ti me. 

Taken together. these au tomated ser
vices shield the user from much or the 
complex ity in creating enterprise-wide in
tegrated tools. Yet ProdeaSyne rgy goes 

beyond ease of use in some instances to 
perform feats that are difficult to accom
pli h with other methods. 

Taking Stock 
Take the example of a package designed to 
perform stock pricing analysis by down
loading data from CompuServe, integrat 
ing it into a spreadsheet report, and then E
mailing, faxi ng, or printing the results 
based on user-defined instructions . First 
I'll desc1ibe how ProdeaSynergy constructs 
the package and then how, or if, it can be 
done another way. 

You begin by using Visual Basic, Tool
book, or ano1her authoring program to cre
ate a front-e nd user interface for entering 
user ID, password, stock symbol, period, 
and output choices. These values are sent 
via DOE commands to the Variable Serv
er and are subsequentl y available to other 
applications running within the package. 

Next you use Procomm Plus for DOS to 
record a script that logs onto CompuServe 
and downloads hi storical stock price data. 
You then press the Control key whi le dou
ble-clicking on the Procomm icon to open 
the script file and replace spec ific user in
formation with vmiable references. Prodea
Synergy automatically substitutes these 
values in the script fi le before lau nching 
the communi ca tions program and then 
waits for its completion. 

To import new pricing information, you 
create a spreadsheet in Excel and define 
a range to receive data. Next, draw an ar
row from Proco mm Plus 10 Excel and 
specify the input range in Excel in the Ar
row Properties dialog box. ProdeaSynergy 
automaticall y replaces the . pecified range 
in Excel with the new info rmation each 
time the package is run, resizing the range 
to fi t as well . 

If the tock price is up, the package 
should create a short note with the current 
price and send it with the attached spreacl
shee1 ro management via Microsoft Mail. 
You do this by drawing a conditional ar
row from Excel to Microsoft Mail , which 
automatica ll y brings the spreadsheet in . 
Use Notepad to create the note, adding a 
variable from the Variable Server to rep
resent the current p1ice. Enter the resulting 
filename in the Message Text field of the 
Application Object Prope11ies dialog box. 
Al o enter the variab le containi ng the 
manager' name in the To: field. Prodea
Synergy au tomatical ly performs a com
parison at run time; if the price is up, it 
substitutes the price in the note and E
mail s the re ults wi th the spreadsheet. 

Fax and printer icons with conditional 

http:lnt~t:~wc.com
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KINGSTON PROCESSOR UPGRADES. 

SAVE YOUR SYSTEM AND ABUNDLE. 


Upgrade Before After New System System Supported 

Significant Savings,Equivalent Performance. 
Kingston sIBMdesigned SLCINow! plus SX!Nozl'!, 
4861No111! and MCMasterprocessorupgrades 
maL>e existing~)~fems pe1fom1likenew 386SX, 
486SX or486DX models. They prodde tbe 
{Xitcer neededfortoday :1 soft1mrr?, peifonn 
comparab~v lo newlJ~lemsand cost al leas/ 
i0%less. 

Quality is Assured. 
Benchtesting of each 
anderery p1rxl11c1 wilb 

beoriginal ~) ·stem didg
ics and certificalionby• 

tbeNational Soflrmre Testing /J1/Jo1r1101yprcuides 
tbe11w.1i11111m assrmmce of i1ulil'idual product 
quality 1111d compatibility. 

SX/N°"1 IBM-AT Wiih SX/Now! 25 PS1Z Model S'iSX-045 SX!Now! 
l.andmmk SJ'<'c'<I 2.0: 
Recount.: 

Retail Price: 

SMJ-lz 
5:4·1Min. 

35MJ-lz 
1:51 Min. 
$215 

22MJ-lz 
1:54 Min. 
SJ,545 

286.twcd S')'Slc.'ff6 fn:xn !Sf, 
Comp:lq, Ep6on, E''crcx. 
Hcwktt·P..1.cklml. JSM. 
NEC. Toshlb:J :1.nd Zenith 

SLO'Nowl PS/ 2 Model 50 With SLC/Nowl 50 PS/2 Model 90-0R9 Sl.C/Now! 
Landmark Spec"<! 2.0: 
Hecount: 

Rel.ail Price: 

13MJ-l z 
3:34 Min. 

114 MH z 
:29 Sec. 
S425 

84MHz 
:38 Sec. 
53.280 

IBM 1'512 Modc:k5(), 50Z 
:md6o 

4861Nowl PSl2 Modcl.70-25MHz Wllh 486/Now! SX 25 PS/2 MP<lel 90-0H9 486/ No w! 
l.andm:irk Spet:d 2.0: 
Recount: 
Retail Price: 

39MJ-lz 
:55 Sec. 

84MHz 
:39Sec. 
$495 

84 Mliz 
:38 Sec. 
$3.280 

IBM PSf.! Modob'11hnd 00. 
Gomp>q l)e!lqlro Models 
.l!W16, 386'<'J. ~~ 
3&.'\125.~.38'.ll33 

MCMaster 'PS/ 2 Model 55SX Wllh.MCMnscer SX 2~; l'S/ 2 Model 90-0H9 MCMaster 
landmark Speed 2.0: 
Recount: 

16Ml-lz 
2:47 Min. 

84MHz 
:36 Sec. 

84 MHz 
:38Sec. 

lllM PSf.! Models 55. lli:57. 
65. ' 8Jand90 

Rcctil Price: $795 S3.280 

.d~~.s A~U :r.1h 16.\!B in.:.J!l:d emf' MC.iar, b:nJ utb &\fBCllt.fumtalfd £1!B oo ~.~:wt/ .~1J1.lim pr.en ardlSRPat i:.n~i.Jnl ~llllk>n o.t<(VL9J. P11xr1.f1Jfun;"'t1tltprimtur MSNPmcfi l 19J 
K.Yt.u11: cor.J:a.hl t1•1j.l/ll fauifar lt1r.Wu~1mi.Jibn1,\"f'l1''filk-dby l.

0

1t1gWtt Tn:b~. 

More Information. 

Full Compatibility. Collfact JOllr near~)' Ki11gs1011dealer
- Ki11gsto11 sprocessorupgrades orgil'e us acall at (800) 835-6575
• 

It runs with aretested to befull)' compatible to find out wbicb processor upgrade 

NetWare 1/litl1today's mostpop11lar oper is bestfor,1011. 

ati11g e11l'iro 11111e11ts i11c/11di11gMSDOS.Microsoft Kingston ReUability. 

IVindou~. IB:l/'s0 2and Nol'ell Netu•are. Like 011r 111emo1J pmd11cts, eie1y
[BOO] 
 processorupgrade is i11divid11al(y 

testedpriorto sbippi11g. s11ppo11ed ~1· 

•~vinnsto11 fim compll!/Je11sim fl'CIJ1Jica/ assistance 
~~ j_\, ~ECHN~YCOAPORATION 11 11 dbacked~)' 11 fit •e-year warranty. 

T HE I NS IDE NA M E I N UPGRADE S 

l i600 Newb ope trc•c• I, Fo11111ai11 \'alley, Ca liforn ia 92 708 (7 74 ) -1.'r-2600 Fax (7 14) 43 5-2699 

,•Ill Tmdl!nu11l1, Nf'H.lfh• fYd Tmdrmllrlu m:d l.o~O$ tin' of tbl'lf fl"l pt!Ct il'I! bnl1/j•rs A'lllJ[JfOU mid KmRJ:o 11 r.·<b11otui:1· rJrt' Nr,qutrtd Trntfem11rb of i.:"11ot1m Tt't·bnolu~_I' C:1H/>lmi /IU,L l fC,\l1Uft•r /J jj 1'rt1dn111lfk •if M~r. '""' 


811tb .('<.\'011 ' mid 486.\'ou ·r wt•«um.·mly n:rtlf!N by TbC' Smiomrl Softu·.ut• 1i>stirf.R labvrmoo· Ct'rti/1c111 io11 for l't'ct>tll 11urnd11aio"s, .lfC.H1utt•r m u/ SLO .\ 'ou·1, r) p.-111/j ,1g !Wr:f'lop.! r r.-m,11t111ly Sot't'lf mfliv.t " o u'flmmtid u·ll/J rr:J~'\ 1111 Jbl.'ft> pnxlunc 
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Tired of resetting 

your PC clock? 


Call or write for lnfonnaUon on olher available software: 
freeStyle Report Writer · Programmable Report Writer for Management 
Crystal Sort • Programmable Nigh Speed Sort 
Crystal VM · Virtual Memory Management Ubrary 
Crystal VW · Virtual Windowing Management Library 

(PRECISION TlrtE™J 

We've got your problem solved at an 
affordable price. PRECISION TIME 
with TimeGuardTM protects against 
drift and erroneous time and date 
changes. Your PC clock will be 
accurately set and maintained by 
accessing an Atomic clock. Requires 
minimum memory and disk space. 
Ideal for personal computers and 
networks. Completely self-contained 
with nothing else to buy, PRECISION 
TIME is compatible with MS-DOS, 
Novell and Microsoft Windows .* 
Easy to install and use with 
automatic adjustments for 
Daylight Savings Time. 

Regularly $149.95 

Introductory offer 
$79.95 
VISA & Mastercard Accepted 

REOUIREMENfS: 

IBM AT or compatible PC with 


80286 or higher microprocessor. 
MS-DOS or PC-DOS Version 3.3 or later. 
1200 BAUD modem for Atomic clock access. 

For Orders Only: 1-800-91-LOGIC 
or 1-800-915-6442 

For more Information 
Voice: 615-391-9100 
FAX Info: 615-391-5292 
BBS: 615-391 -8065 
•All prodoct names arc tradcrnarlu ol thd:r rC5pC'Clfvc comp.u\lcs. 

PERFECTLY LOGICAL SOFTWARE 
2525 Perimeter Place Dr .. Suite 121 
Nashville. TN 37214 

Circle 183 on Inquiry Card (RESELLERS: 184). 



Iim!J faW1 ANew Synergy for Windows 


arrows are configured in a similar fash
ion, with the complete package then pub
li shed to a library. The great majority of 
development time here is spent in creat
ing the user interface, recording the Pro
comm Plus macro script, and creating the 
Excel spreadsheet. 

The Hard Way 
To duplicate this project with Visual Basic 
or a similar authoring program, you would 
begin by designing the same user interface 
that served as a front end to the Prodea
Synergy package. Recording the Procomm 
script would also be the same. But then the 
two paths quickly begin to diverge. 

To emulate ProdeaSynergy 's run-time 
script-variable substitution, you need to 
write a Visual Basic routine that reads 
throu gh the enti re script and replaces 
prompted fields, or one that generates the 
Procomm Plus script on the fly , filling in 
the necessary infonnation. 

Now you hit a major roadblock: Visual 
Basic needs to launch Procomm Plus for 
DOS and wait for it to complete execu
tion of the script. Unfortunately, however, 
Vi sual Basie 's Shell function runs other 
programs asynchronously. You can' t be 
sure Procomm Plus has finished execut
ing before your Visual Basic code contin
ues on, and the workarounds are kludgey . 

So, instead, you might use Procomm 
Plus for Windows and add commands to 
the recorded script to send DOE messages 
to Visual Basic when the script has com
pleted. You also need to create Basic ODE 
server routines that wait in a procedural 
loop. You' re leveraging two different pro
gramming tools here, with limited docu

data and then redefine the range to include 
only this new data. The "Excel macros" list
ing shows some sample commands that 
would perform that task. 

Since it's not possible to pass arguments 
to Excel macros via DOE, Visual Basic 
would need to POKE the values into the 
macro sheet or find some other way to du
plicate ProdeaSynergy' s run-time variable 
substitution. 

As noted earlier, ProdeaSynergy can 
automatically switch messaging protocols, 
but in Visual Basic, you 'd have to build 
both MAP! and VIM functionality into 
the application. You 'd need to code all 
conditional logic and variable substitution, 
and to prepare modified versions for each 
target machine around the network. What 
would take an hour or two with Prodea
Synergy might take a day or two at best, if 
the project was ever undertaken at all. 

You can see some of what ProdeaSyn
ergy does under the hood by using the 
Watch feature, which posts much of the 
messag ing data as the program steps 
throu gh a package . You can toggle the 
Variable Server window so that it stays 
on top of your screens and use the Step 
function 10 debug your work. 

Wish List 
Looking to the future, it would be nice if 
you could define new applications in a 
more robust fashion than is currently pos
sible. The Any application interfaces are 
limited in their configurability, and the fax 
functionality does not allow complete 
hands-off automation of programs li ke 
WinFax Pro. Some integration with a ro- · 
bust macro recorder would also be desir

mentation another fac tor to About the Product consider. 
If you test the application ProdeaSynergy............$495 


at thi s point, you'll notice Prodea Software Corp. 
11095 Viking Dr., Suite 225that Procomm Plus for Win
Minneapolis, MN 55344dows won't overwrite an ex (612) 942-1000 

isting data file using CIS-B+ fax: (612) 942-1010 
Cln:le 1079 on lnqull)' Cini.protocol , so what works the 

first time will not work the 
next. You need to add some Visual Basic 
code to handle this, while ProdeaSyner
gy ' s Application Services Database is 
aware of this anomaly and automatically 
deletes the file before running the pack
age. 

Using ODE to interface with Excel is 
easier than with some other products, but 
you ' ll probably have to use a combination 
of ODE commands and Excel 's macro fa
ci lity to emulate the ProdeaSynergy pack
age. Excel does not have a built-in mecha
ni rn to replace an existing range with new 

able; the Windows Recorder 
is not directly supported in 
the Application Services 
Database. ProdeaSynergy is 
a DDE-aware application, 
so you can integrate it with 
your existing development 
environment. 

With the imminent arrival 
of OLE 2 Automation, ProdeaSynergy is 
ideally positioned to leverage the interap
plication power now available with off
the-shelf software. The program delivers a 
unique combination of embedded intelli
gence and ease of use. • 

Steve Gi//111or is director ofSouthern Digital, Inc.. 
a computer and video consulting ji r111 based in 
Charleston, South Carolina. He is also a profes
sional developer and coauthor of Usi ng Visual 
Bas ic 3 (Que/Prentice-Hall. 1993) . He can be 
reached on tire /me m et at sgillmor@aol.co111 or on 
BIX clo "e<litors." 

mailto:sgillmor@aol.co111


Were giving you more and more... 
for less and less! PC World agrees. 
In their latest testing, they awarded 
ZEOS the January 1994 Best Buy for 
our 486DX2-66! ZEOS continues to 
be an industry leader by providing 

our customers with the latest technology with
out raising prices. In fact, we've lowered prices 
on many of our 486 Local Bus Upgradable con
figurations making them the best value ever! 

The value doesn't stop. In addition to receiving 
100%network compatible 486 sys
tems in money-saving packages (many 
ready to ship the same day you order) 
or custom configurations, you also 
get the best service and support in It runs with•the business. NetWare 

ZEOS is the first company to pro
vide its customers with 24-hour, toll-free techni
cal support-365 days a year. Why was ZEOS 

first? Because of our dedication to you and the 
belief that you come first. You receive affordable 
top-quality systems with the industry's finest 
service and support. 

Apparently many companies are trying to 
emulate our support. Good Luck! 


~~o REL!.f~ ZEOS received PC Magazine's 

~ Readers' Choice for Service & 


~ ;t Reliability-three times! 
~ .. ~ 

~'lRs• t~~ That isn't the end of our after-
sale support. All 486 Upgradables 

also include a One Year Limited Warranty, 30
Day Money Back Guarantee and Express Parts 
Replacement. 

Feature for feature, no one gives 
you more than ZEOS. At any 
.Price, anywhere. ZEOS contin
ues to be your best value. Call 
your Systems Consultant now 
at 800-554-5226. 



PACKAGE 1 


486SX-25 ..... ......... $1195 

Lease $50/month 
486SX-33 ....... ... ... $1295 

Lease $55/month 
486DX-33 .. .. ......... $1395 

Lease $59/month 
486DX-50 ............. $1495 

Lease $63/month 
486DX2-66 .... .. ..... $1695 
Lease $61/month 

• Intel Verified: for the Pentium· 
OverDrive' Processor 

• 2MB high-speed RAM 
• 	107MB local bus hard drive 

w/32K cache 
• 3.5" floppy drive 
• 	Diamond SpeedStar Pro 

Windows-accelerated local 
bus video with lMB RAM 

• 	14" 1024 NI SVGA color 
monitor, .28mm dot pitch 

• On-board SCSI socket 
• Two VESA local bus, five 16-bit 

and one 8-bit expansion slots 
• Sil<-bay desktop w /2 cooling fans 
• 101-key space-saving keyboard 
• MS-DOS 6.2 w/1ools 

FAVORITE OPTIONS 

PACKAGE2 


486SX-25 .......... .... $1495 

Lease $63/month 
486SX·33 ........ ...... $1595 

Lease $58/month 
486DX·33 ............. $1695 

Lease $61/month 

486DX·50 ... .......... $1795 

Lease $65/month 
486DX2·66.... .... ... $1995 
Lease $72/ month 

•Intel Verified: for the Pentium· 
OverDrive' Processor 

• 4MB high-speed RAM 
• 214MB local bus hard drive 

w/ 128K cache 
• 3.5" floppy drive 
• Diamond SpeedStar Pro 

Windows-accelerated local 
bus video with !MB RAM 

• 	14" 1024 NI SVGA color 
monitor, .28mm dot pitch 

• On-board SCSI socket 
• Two VESA local bus, five 16-bit 

and one 8-bit expansion slots 
• Six-bay desktop w /2 cooling fans 
• 101-key space-saving keyboard 
• Microsoft Mouse 
•	 MS-DOS 6.2w/ Tools, Windows 

fo r Workgroups 3.11 

PACKAGE3 


486SX·25 ...... ........ $1995 

Lease $72/month 

486SX·33 ....... ... ... $2095 

Lease $76/month 
486DX·33 .. .. ......... $2195 

Lease $79/month 

486DX·50 ......... .. .$2295 

Lease $83/month 
486DX2-66 .. ...... .. $2495 

Lease $90/month 

• Intel Verified: for the Pentium' 
OverDrive· Processor 

• 8MB high-speed RAM 
• 426MB local bus hard drive 

w/ 128K cache 
• 2X CD-ROM and 3.511 FDD 
• Diamond SpeedStar Pro 

Windows-accelerated local 
bus video with lMB RAM 

• 14" 1024 NI SVGA color 
monitor, .28mm dot pitch 

• On-board SCSI socket 
• Two VESA local bus, five 16-bit 

and one 8-bit expansion slots 
• Six-bay desktop w /2 cooling fans 
• 101-key space-saving keyboard 
• Microsoft Mouse 
• MS-DOS 6.2 w/ Tools, Windows 

for Workgroups 3.11 
• Choice of Lotus Application 

PACKAGE4 


486SX·25 .. ........ ... $2495 

Lease $90/month 
486SX·33 .. ....... .... $2595 

Lease $94/month 
486DX·33 ........ .... $2695 

Lease $98/month 
486DX·50 ... ..... ..... $2795 

Lease $101/month 
486DX2·66 .. ... ..... $2995 

Lease $108/ month 

•Intel Verified: for the Pentium· 
OverDrive· Processor 

• 16MB high-speed RAM 
• 528MB local bus hard drive 

w/256K cache 
• 2X CD-ROM and 3.5" FDD 
• 	Diamond SpeedStar Pro 

Windows-accelerated local 
bus video with lMB RAM 

• 	14" 1024 NI SVGA color 
monitor, .28mm dot pitch 

• On-board SCSI socket 
• Two VESA local bus, five 16-bit 

and one 8-bit expansion slots 
• Six-bay desktop w / 2 cooling fans 
• 101-key space-saving keyboard 
• Microsoft Mouse 
• MS-DOS 6.2 w/Tools, Windows 

for Workgroups 3.11 
• Choice of Lotus Application 

426MB to 528MB HOD UPGRADE .. .......... .... _............. _. __.$ 125 

10-BAY VERTICAL CASE ..... .... ...................... .... .................. $95 

ADAPTEC 6360 SCSI CONTROLLER CHIP .. ...... ......... .. .. .... .. $49 

96/48/24 V.42 bis SEND/RECEIVE FAX MODEM ..... ........ $79 

DIAMOND VIPER VIDEO CARD 

lMB VRAM: $149 .................................. .... ......... 2MB VRAM: $249 

15-INCH SVGA MONITOR UPGRADE ......................... .......... $95 


Fax Orders: 612-633-1325, Government: 800-245-2449, Hearing Im
paired (TDD): 800-228-5389, Outside U.S. and Canada: 612-633-6131. 
Purchase orders, MasterCard, VISA, Am Ex, Discover, Z-Card:" COD 
and affordable leasing programs. Open 24 Hours a Day, 365 Days aYear! 

LOTUS SMARTSUITE UPGRADE 
Five Windows applications in one box! .. ... ....... .. ........ ..... ... ............ $299 
COMPLETE MULTIMEDIA PACKAGE 
2X, multisession MPC2CD-ROM,16-bit Cardinal Digital Sound 
Pro 16 Card with Digital Signal Processor, stereo speakers ... .....$299 
If your system includes a CD-ROM drive, 
upgrade with a sound card and speakers.. .... ...... ....... ...... ..............$149 
Ma11y other affordable upgrades and options available. Cal/for details! 

CALL NOW TOLL FREE 

800-554-5226 ZEOS 

INURNATIONAL ltD.24 HOURS A DAY 

f\1rch."\~ ordcrs arc Mlbject to <IPPM"JI. Uusincu leasing l;l'(Jj..'r.Ul\i ;n-;iiLibk. l.c::ist' pncts b.'lStd on a 3G·rronth i(oase: }()";.purchase~ A'.! price\. speaficatioos aOO 3\'aifabnit)' an: subif'ct to ffiangr witOOut OClficr : c:i ll 10 coofirm thtst and wamnty deuils. Pricts do rot 
1rd.dt: shi~l'llt N:r.l!ll cumPJtilK1ity is Ot--."C'kµ.T l is:OO Only Na.'tll milrn oo v.~r;intic:s with rt$pe'Cl 10 this product. AU pn-xb:ts and C001µ.-ny n.111in M! U<idi..'m:l1b or n-gi:slrred tr.d.'lr'.'\rl3 d their rt•specti\'t MkicTt. lntC'l IMidc is a trademark d Inlet Corporali:n ZEOO is 
a rc,l{istt,.-ed tradtmnrk Z.Canl. 300 C001p11en NcM·! are registmd 5('f\1Ctffio'\.lb oC i'.ECEi lntrm.i.tin.i.I Ltd. o 1994 ZF.OS lnttrn:'llEn.al Ltd. Ll>l lrxlusui.11 Blvd. , Minnt;ipoli:J. MN 5$11.3 USA. Zl::OS 1.$ a ~ic.ly tr:Ud mnp.1.11)•tNA.51}.\Q symOOI: ZF1l5l. UPGR.BYT·~ 
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ow Do You Know You've Got 

The Right Software Protection? 

You r sohware protection strategy 
shou ldn 't be a hit or miss proposi 
tion. But with so many conflicting 
claims about one vendor's product 
being better than another. we can 
understand why you might want to 
leave it to chance. 

The fact is . what really makes 
one protection scheme better than 
another is the level of security it 
provides. For more than a decade, 
we have been pioneering seam
less. rel iable security systems for 
your applications and data . 
Sohware Security's many patents 

are evidence of our continuing 
ingenuity in developing ways of 
protecting your intellectual prop
erty. Our latest advances in soh
ware distribution, network license 
control . and "metering" are worth 
looking at. 

But that's on ly part of the story. 
We offer a wide range of developer 
tools including our very highly 
secure AEGIS System"' which 
requires only a few minutes to 
implement. In addition . we under
stand the importance of our 
relationship with our customers 
See us at CeBit - Hall 18, C50 

and are fu lly committed to the 
best developer support program in 
the business. 

If you are serious about protect
ing your sohwa re, contact 
Software Security and ask for an 
evaluation kit. It contains every
thing you need to explore all of 
our outstanding protection meth
ods. So cal l today and see why 
there's a big difference between 
the bull 's-eye and the bull. 

SOFTWARE 
SECURlt:I 

1011 HIGH RIDGE ROAD STAMFORD, CT 06905 800-841 -1316 (In CT: 203-329-8870) Fax : 203-329-7428 BBS: 203-329-7253 
Software Security International Ltd., London: +44-784-430-060 Fax : +44-784-430-050 

• SSI Belaru s, Minsk: +(7) 0172-45-21-03 Fax: +(7) 0172-45-31-61 

Circle 140 on Inquiry Card. 



l;tnfMii Software 

HOOPS 4.0: Beyond 3-D 

The common API to most 2-D and 3-D libraries and hardware now offers 
a real-time mode and a 

JOEL ORR 

T he latest release of HOOPS, Itha
ca Software' s Hierarchical Object
Oriented Programming System, 

firml y establishes it as far and away the 
best tool for almost any kind of graphics 
programming-2-D and 3-D CADD, ras
ter data processing, data representation 
graph ics, and more. HOOPS supports 
graphical formats ranging from 2-D wire
frame rendering through interactive photo
realism, as well as interacti ve display and 
hard copy, on platform that range from 
Macs and 386-based PC through high
end workstations. It has been selected for 
commercia l use by some of the leading 
makers ol' CA D/CAM , mapping, sc ientif
ic visuali zation and multimedia software, 
including Autodesk and Computervision. 

Like PostScript, HOOPS is trul y plat
fo rm independent. Graphics produced with 
HOOPS are I 00 percent source code com
pat ible across every major PC and work
station platfonn. Because of the product' s 
sca lable graphics pipeline, HOOPS pro
grams run un altered on all the platforms, 
taking advantage of special-purpose graph
ics hardware when it is present and sub
stituting software for it when it is not. 

What Is HOOPS? 
HOOPS i · a subroutine li brary, a program
ming framework , or an API , depending 
on how you look at it. It is a dec larati ve 
language: When you program in HOOPS, 
you view the universe that you affect as 
being in a pa11icular default state; to change 
anything, you dec lare it to have a new val
ue. Thus, you decl are the ex istence of 
graphica l ent ities. their locations, their at
tributes, and so on. and HOOPS acts on 
your dec larations. To see your geometry. 
you insert cameras. 

HOOPS· s hierarchica l nature is similar 
to that of PHIGS, a standard implemented 
by several compani es . (HOOPS has de
feated PH IGS 's bid to be the standard in 
commercial applications.) All HOOPS pro
grams consist of segment trees. which 
resemble a Uni x fil e structure- in fac t, 
HOOPS u ·es the same segment-naming 
conventions. A segment contains a list of 
geometry, a li st of attributes, and a li st of 

powerful font engine 

The latest release of HOOPS from /1lww Sofn rnre delii•ers a rich library ofgraphics ro111i11e.1· 1u 
a remarkable 11 11111berofpl111forms. This scree1111·as ge11 1'raled by 1he code i111'1e lis1i11g "Sample 
HOOPS program. " 

subsegments. The tree has a ··root" seg
ment and subsegments. Subsegments
' ' leaves" or the tree-inheri t the parent 
segments' attributes unless they contain 
declarations that change them. If they do, 
their subsegments inherit those changes . 

In Name Only 
Ohject-o rie111ed is not an acc urate de
scription of HOOPS ; the phrase was in 
corporated into the product name before 
the Smalltalk meaning was well estab
lished . In that HOOPS is dec lflra li ve and 
nonprocedura l and supports hierarchy, it is 
reminiscent of an object-oriented system. 
But it docs not have separate classes and 
methods, nor does it support true instanti 
at ion or polymorphism. 

In the world of graphics programming, 
two approaches are common: retained (or 
display- li st) graphics and immediate-mode 
graphics. In retained graphics, the graphi 
cal database is used to construct an inter
mediate RA 1-based fil e that is optimized 
fo r fas t dra wing. In immedi ate- mode 
graphics, the graphical database is used to 
redraw the sc reen after each change. 

Each approac h has it s strength s and 

weaknesses. Display li sts allow faster and 
smoother redraws. but they challenge the 
programmer to maintain pa rity between 
the two representations of the data . Im
mediate-mode graphics always accnrately 
renect the integrity of the graphical da ta
base. but they need much more hardware 
horsepower to produce a level of perfo r
mance simi lar to that of recained graph 
ics . With retained-graphics systems like 
HOOPS. the programmer can wo rk in 
hi gher-l evel constructs than with imme
di ate-mode systems. so there is less pro
gra mming drudgery. 

Display lists are the approach of choice 
when the graphics do not change frequent
ly. as in CADD. Immediate-mode graphics 
work better when the entire image changes 
often. as in some ki nds of sc ientilic visu
ali zation. 

Tom Gross or Computervi sion describes 
t11e operation of HOOPS succinctly: ''There 
are essentiall y four leve ls of data process
ing inside HOOPS: A tree-walker traverses 
the HOOPS di splay list and outputs data 
structures to the segment renderer. which 
converts them to 3-D fl oating-point graph
ics primiti ves . !These primiti ves] are then 
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been their specifici ty. Some are 
designed for 2-D page descrip
ti on (PostScript); others dea l 

static float points I J = (0 . 2 , 0 . 2 . 0.0, 

Drawing aline. 

with 2-D graphics and text but 
0 . 4 . 0 . 7 . o.o. 0 . 6. 0 . 3 . 0.0. 0 . 8 . 0 . 8, 0.0); 
main ( ) { 

HC_Open_Segment ( " ?picture") ; 
HC_Inser _Polyline 14 . points) ; 
HC_Set_Li ne_Pattern ("- . -. " ) ; 
HC_Set_Color ("lines = red") ; 
HC_Set_ Line_Weight (2.0); 

HC_Cl ose_Segment ( ) ; 
HC_ Pause ( ) ; 

converted by the 3-D renderer into 2-D 
integer graphics primitives and rendered 
by the 2-D renderer. Depending on the 
cun-ent hardware platfo1m, all or only some 
of thi s internal HOOPS processing might 
be performed by Ithaca's code." HOOPS 
understands the platform we ll enough to 
take advantage of its local graphics power. 

New Features 
One of the new features of HOOPS 4.0 is 
HOOPS I.M. (for i111111ediare mode). You 
can now intersperse immediate-mode com
mands in HOOPS programs while retain
ing the platform independence for which 
the product is fa mous. 

HOOPS LM . lets programmers embed 
user-defined graphics primiti ves and ren 
dering techniques within the HOO PS seg
ment tree. When these references are en
countered during traversal, I.M . provides 
more direct control over how retained data 
is rendered. or it renders the application's 
own data directly . This mi xed-mode sys
tem lets the programmer combi ne the best 
of both architectures in a unifi ed manner. 

In recognition of the de facto merger of 
computer typography into genera l graph
ics, HOOPS now sports a powerful font 
engi ne. TrncTypc and Adobe Type I fonts 
are suppo11ed. 

Ithaca Software also offers a rendering 
system that integrates with the HOOPS 
framework: HOOPS A.LR .. based on tech
nology licensed from Hew leu-Pac ka rd . 
World-class ray-tracing and radiosity com
putations are as accessible as all the other 
HOOPS capabilities and are just as plat
form indcpcnde111 ; scan-line and z-buffer 
rendering is also . upported. You can have 
constant. Gouraud , or Phong shading; con
tour, tex ture. bump. and environment data 
mapping: tran parency: translucency: and 
reflecti vit y. With A. LR .. you can create 
interacti ve wa lkth roughs of radiosity-illu
minated photo-realistic scenes. (For more 
info rmation on radiosity. see ··Rad iosity,'" 
May 1992 BYTE.) 

One problem with graphics APls has 
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not 3-D (GD I, QuickDraw); 
so me are speciali zed for 3-D 
(OpenGL, PEXlib); and others 
deal excl usive ly with image 
data (XIE). Unfortunately, few 
can combine all of these-and 
none can do so in a portable 
way. 

Portability 
Portability is the major strength of thi s 
programming environment. HOOPS sup
ports Apple System 7; DEC VMS. Ultrix , 
and OSF/I ; HP UX ; IB M ALX and OS/2; 
Microsoft DOS and Windows NT; Sili
con Graphics lrix; Sony News; and Sun 
Solari s. HOOPS suppons common graph
ical data formats: EPS, COM, DXF, HMF, 
IGES, and PICT. It also supports FOR
TRAN, C, and C++ bindings, along with 
optimized interfaces to GDI (for Win-

Sample HOOPS program. 

float target! J (0 . 0 , 0 . 0 , 0 . 0) 
float position[ = (1 . 0 . 7.0, 2.0) 

main ( ) { 

<lows). GP!, GL (Silicon Graphics), HPGL, 
PEX lib, PostScript, QuickDraw (Macin 
tosh), Starbase (HP), XGL (Sun), and Xlib. 

All the users I spoke with emphasized 
HOOPS's ease of learning and ease of use. 
HOOPS code is readable and concise. The 
source code in the li sting "Drawing a line" 
shows what it takes to do just that. The 
''Sample HOOPS program" listing creates 
and di splays four di stinct views of nn ar
chived object. Re a d_Meta E i l e causes 
the data from the HOOPS metafile car 
to be read from di sk and placed in the seg
ment nam ed ?include l i brary/ 
car . The I n cl ude_Segmen t pl aces a 
reference to the car data into each of the 
fou r child segment s. 

In the seg ment front end. no cam
era selling is made, so the egment inherits 
the default camera seltings . In the other 
*view segments, the Orbit_ Camera 
utility is used to modi fy the camera in the 
sce ne. The Set Wi ndow commands 
subdi vide the higher-level wi ndow into 
four quadrants. The projections created by 

HC_Define_Al:as ( ' ?car ', "? inc:ude library /car' l ; 

HC_Read_Metafile l"car . hmf•, '?car ' , ' ' ) ; 

HC_Define_Al i as (•?mirror wal 1" , • ?include library/mirror wal l " ) ; 

HC Read_Metafile ( ' mirror wal l .hrnf' , ' ?mirror wall" . "") ;
_ 

HC_Open_Segment {"?picture") ; 

HC_Set_Color ( "windows=gray ' ) 


HC_Open_Segment {"front view") ; 

HC_Set_Window (-1 . 0 , -0 . 5 . -1 . 0 , -0 . 5) ; 

HC_Include_Segment ('?car ' ) ; 

HC_Orbit _Camera (0.0, 0 . 0) 


HC_Close_Segment( l ; 

HC_Open_Segment {•side view•) ; 

HC_Set _Window ( - 0 . 5 . 1 . ~ . -1 . 0 , - 0.5) ; 

HC_Include_Segment {' ?car " ) ; 

HC_Orbit_Camera {90 . 0 , 0 . 0 ) 


HC_Close_Segment ( ) ; 

HC_Open_Segment ("top view ' ); 

HC_Sec._Wincow (-1.0 , - 0 . 5 , -o .s . 1.0) ; 

HC_Include_Segment ('?car"); 

HC_Orbit_Camera 10.0 . 90.0) 


HC_Close_Segment( ) ; 

HC_Open_Segment {"perspect i ve"); 
HC_Set_Window (-0 . 5 , 1.0 , -0 . 5 , 1 . 0) ; 
HC_Include_Segment ( • ?mirror wall") ; 
HC_Insert_Spot_Light (posit ~on, targe . 'outer cone 
HC_Orbit_Camera (45 . 0, 45.0); 
HC_Zoom_Camera (0 . 7) ; 
HC_Set_Rendering_Options ('technology =ray-trace') 

HC_Close_Segment( ) ; 
HC_QSet_Camera_Projection (' •view" , "orthographic•) ; 

HC_Close_Segment( ) ; 

HC_Pause I ) ; 

25 degrees ' ) ; 



O~-.. 
New CA-RET™1.0:The Friendliest,Most Fbwerful ReportWriterEver. 


Add bitmapped 
images anywhere in I The United States Using d!fferentJonts 

adds pizzazz toyour
House Of Representatives reports. cA-RETyour reportJor ___,....,~1 

graphic impact. THE BOUSE -- ---  makesitasnap. 

Create exciting ____ 
1 

outputJromyour 
CA-Clippe1; 

dBASE and textJiles. 

Average Dally Balance 
Average Amount oI Bod Checks 
Largest Overdraft 

Dozens efbuilt-in o utstanding Loans 

number-crunching --  ..- overdraft Fees (Waived) 

Junctions are 
availableJor 

powerful 
data analysis. 

I Interest Owed (Waived) 

Whatever the news, make it 
look great with new 
CA-RET/ Xbase, the visual 
report writer for Windows. 

~~ $25,623.00 ~~~~ENTS 

~NCE $131,0 53,88 ~NT 

With drag and drop, 
WYSIWYG design, it's as easy to use as a word proces

sor, yet powerful enough to pro
duce stunning results. Choose a 
wide variety of pre-formatted tab
ular layouts, labels and form let
ters  or create your own. Now 
you can add dazzli ng color, fonts 
and bitmaps to any report. 

Place database fields, comput
ed fields and aggregate computa

tions anywhere and use the more than 40 built-in func
tions for extensive analysis. 

The allure efcolor: 
~---- You get it in an easy, 

WYSIWYG 
environment. 

You can even tum 
your data into eye
catching graphs. 

And CA-RET's single
pass computation engine is 
the most efficient available. 

From dBASE 
to Clipper, ::::= 

::::= CA-RET/ Xbase works with top databases ::::! 
(or text files) and acts as a DDE server so you Mr=~ 
can include reports in other Windows appli ~IPATIBIB 
cations. And the unlimited use runtime license lets you 
distribute report applications for free. 

To order, just call 1-800-531-5236 (in Canada: 
1-800-665-5449). Competitive offer available for just 
$79 ($89 in Canada). Ask the 
operator for details. 

Call today and find out how 
easy it is to turn the mundane 
into the magnificent. 

GOMPUTER~ 
7tSSOCIATES 
Softwore superior by design. 

C Com putcr Associa tes lntcmnt kmal. Inc.. One Computer ASSOl.."i.:ll~ l'laz.l, lsbndia. NV 11788-7000. 
All prod uct na mes re ferenced herei n arc trademarks of their rcspcrtivc rompanics. 

Circle 81 on Inquiry Card. 



Save Disk Space 

•version 2. 0PKZIP 
<PC WORLD PKWARE introduces the next generation of its award 

winning compression utility. PKZIP 2 .0 yie lds greater 
perfomiance levels than ach ieved with previous releases 
of the software. PKZIP compresses and archives mes. 
This saves disk space and reduces me transfer time. 

WORLD CLASS 
AWARD 

Software developers! You can significantly reduce 
product duplication costs by decreasing the number of 
disks required to distribute your applications. Call for 
Distribution License infom1ation. 

Put Your Executables on a Diet 
Software developers! Save disk space and 
media cosls wilh smaller executables. You can 
distribute your software in a compressed form 
with PKLITE Professional.• PKLITE Professional 
gives you lhe ability to compress files so that 
they cannot be expanded by PKLITE. This 
discourages reverse engineering of ~our 
programs. 

PKLITE increases your valuable disk space by c0mpressing DOS 
executable (.EXE and .COM) files by an average of 45%. The operation of 
PKLITE is transparent, all you will notice is more available disk space! 

for YOUR Application 
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the four camera views arc nwpped to these 
screen windows. 

?a use instructs th e syst em to display 
the current graphi cs database and wai t for 
user input. After an input event- such as a 
mouse cli ck- happens. the program ex
it s. The result of the program is in the 
screen on page 125 . 

HOO PS can work as an AP! laye red 
above. say. PEXlib. a low-leve l subrou
tine interface to the PEX protocol. (PEX 
offers 3-D ex tensions to X Window Sys
tem .) Not least ol" the bcndits of usin g 
HOOPS in thi s contex t arc simplicity and 
parsimony: drawing an initi al line directl y 
in PEX li b requires six pag es of code. 
While coding directl y in PEXlih gives you 
more cont ro l than in HOOPS. it' s ted ious 
and detailed and yields a program that must 
be rewriucn for each differe nt platform. 

Qualities 
The HOOPS dornmcntation h;1s plenty of 
useful examples and is easy to use as a 
reference. But it ' s not the documentation 
that makes HOOPS easy 10 learn : it is the 
consistency of operati on of the rmnincs. 
You learn the template . as ii were. so that 
even before you kn ow the names of th e 
calls by hean. you know what ought to ex
ist-and wh en you look for it , there it is. 

Under what c ircu mstances would you 
not use HOOPS '! Very few. HOOPS might 

not he appro
pri ate if your 
app lication is 

HOOPS 4.0 ... S4 200 per sc at very small and 
per pla tform 

About the Product 

easy to pro
Jtl1aca Software 
1301 Marir a Vil lage Pkwy. gram and if 

me mory is aAlameda. CA 94501 
(510) 523-5900 concern-the 
fax: (510 ) 523-2880 HOOPS DLL 
Circle 1078 on Inquiry Card. 

for WinJows. 
fo r example. 

takes about I M 13 - or if you are working 
with exotic hardwa re unknown to Ithaca. 

Ithaca Softw:m:. a division of Autodesk. 
employs 15 programmers. It is a sign of 
the times that many of its customers. such 
as Computervision and Altium (formerl y 
CAD AM). arc head-on competitors of Au
todesk in the C/\DD arena. but thi s docs 
not seem to trou ble anyone. Ti ght securi
ty is maintained so that the confidentiality 
of lthaca ·s man y de\·c lopers vis-a-vis Au
tock sk and one anoth er is assured.• 

Joel Orr (\lirgi11ia lk cwh. \!,\ )is e111 i11 11•n w tirmall_1· 
k 1101 rn C:\Di CAM 1111e l c11 11111111a gmpliics co11 
s11 /111111. /-fr is aji1111 111i11g 1111•111/ier and post 1•resi
de111 of 1'11 · Not i111111/ C111111111tt'/' Gm 11'1ics A.1·socio
1io11. )"cm 1·1111 reocli him 011 /J/X d o "'1•1/itor.\' "' 11r 1111 

the li111·m c·1e11O/JO-lI 5.i./850~ 1111"i11wil . co111. 
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Low-Priced Pentium PCs 

In spite of high CPU costs, Pentium system prices are coming down 

ED PERRATORE 

N ow that Pe ntium-based 
PCs arc hitting the mar
ket in force, the next nat

ural step is lower prices. Gateway 
2000 took that step first by offering 
a complete confi guration of its P5
60 Pe ntium sys tem for jus t under 
$3000. Other vendors are not far be
hind, so buyers of these first inex
pensi ve Pe ntium sys te ms are not 
without choices for an Inte l-based 
graphics workstation or low-end file 
serve r. For thi s roundup , BYTE 
asked fo r the most souped-up sys
te m the vendors offe red beneath a Affordable, full-featured Pentium systems jiw11(il'ft10 righr) Ambm Co111p111er. Ga1e1rny 2000. mu/ 
$4500 price ceiling. Advanced Logic Research. 

The three systems I rev iewed-
Advanced Log ic Research ' s Evolution V, bare-bones Evolution V Model I with a as docs the cac hing ID E card, w hi c h is 
Ambra Computer's Ambra DP60E/VL, hard drive and graphi cs card appropriate ab le to accomm odat e up to 16 MB of 
and Gateway 2000's P5-60-deli ver gen for the customer. For the system that I re cache RAM . 
era lly robust performance aided by local viewed. ALR ' s choice of video adapter The ALR-madc motherboard a lso has 
bus arc hitecture. The ALR sys te m a lso a lt e rn ate ly raced and jogged. depend ing LOE and tloppy drive connecto rs, but the 
had a caching IDE pass-through ca rd that on the test. The Evolution V also fell shu11 opti onal cachin g ID E pass-through card 
g reatly boosted applications performance. o r the othe r two syste ms in co lor capab il is a wise choice if you're concerned about 

ALR' s Evol uti on Vis an IS A. VL-Bus ity: It offered a maximum of 16-bit color at disk perfo rmance. The IDE board's wri te
desktop system that , for $43 14. comes wi th 800- by 600-pixel resolution. while the back cache is optimized for Windows. The 
16 MB of R AM , a 420-M B ID E ha rd competing machines offered 24-bit color at cache gave the Evolution Van outstanding 
drive, an ID E card w ith I MB of cache that resolution . (I ran graph ics pcrfomiance di sk index in the BYTE Lab 's Windows 
mcmrny . a Western Digital VL-Bus graph tes ts on all the systems wi th 8-bit co lor at benchmarks and largely accounts for the 
ics accelerator card, and an ALR C lear 640- by 480-pixe l resoluti on.) Other than Evoluti on V's lead in the DOS and Win-
Yiew 15 monitor. Ambra's $4399 EIS A the WD90C33-based graphics accelerator dows npplication benchmarks. One thing to 
desktop offers 16 MB of RAM . a 540-MB card . which a CA D/CAM user might want keep in mind. however. is that installing a 
SCSl-2 hard drive with a 256-KB cache/ to pass over in favo r of a higher-end card. good loca l-bus di sk cache in the Gatc\vay 
buffer. an ATI graph ics accelerator card there is no t much to criticize abo ut the and Ambra systems mi ght well even the 
running in a VL-Bus s lot, and a 15-inch Evolution Y. score. 
monito r. The desktop system's sturdy case ho lds In low- level video tes ting, the Evolu 

Gateway weighed in with the only PC! a 3 '/i-i nch fl oppy drive and three exposed ti on v·s performance was roughly double 
(Peripheral Component Interconnect) ma 5 '/, -inch drive bays. Secured by two fin that of the competiti on. But in the more 
chine, an ISA tower mode l with 16 MB ger-turn able screws, the case is easy to real-world Windows benchmarks. the sys
of RAM. a 528-MB IDE hard dri ve, an remove. A printed chart in side the case te m proved superio r onl y in d rawi ng pix
ATI PCI g raphi cs accelerato r card, and a lists bank-by-bank memory conligurations e ls and perfom1ing BitBlts. often falling 
17-inch CrystalScan 1776 LE monitor. up to the max imum 128 MB (usi ng 32 well behind in drawing lines. rectangles. 
With a Mit umi CD-ROM drive added to MB SIMMs. wh ich ALR promises it can and e llipses . The Western Dig ital board 
my tes t model. the Gateway costs $3995 . suppl y). comes with only I MB of YRAM (v ideo 

All three systems came wi th DOS and Populating the motherboard arc the 60 RAM), hal f what the two A Tl boards came 
Windows installed. The Gateway PS-60 MHz Pentium CPU (coo led by an ex tra with . but it can ho ld 2 MB . 
also included Centra l Point Software's PC fan in the system· s fro nt panel as we ll as a If what you want from the system is a 
Tools for Windows and. on a CD-ROM top-mounted heat s ink). 256 KB o f sec file server. you·re bound to be di sappointed 
disc. backups of the preinstalled software. ondary memory cache (the maximum). a by the Evolu tion Y's 200-W power supply. 

Phoenix BIOS. Chips & Technologies and six expans ion s lots. and tota l of six drive 
ALR Evolution V Opti chip sets. and six 16-bit ISA s lo ts. bays. A better choice wo uld be ALR 's 
ALR typicall y se lls its PCs through verti Three o f the slots have YL-Bus extende rs. Evolution Y-Q, which BYTE tested in our 
ca l-marke t V ARs, who may configure the The Super VGA card sits on the YL- Bus. look at the first Pe ntium systems o ut of 
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Pentium Performance Benchmarks 

DOS Low-LevelCon1paqDeskpro66M~~~~~~~~iiii~~~~~~[ii!iiiiiiii~~~~~~~~iiii~~~~~~~~iiiiii, 

ALA Evolution V 

., . 

Ambra DP60ENL 

Gateway 2000 PS-60 ; • . 11 ' a 
0 1.0 2.0 3.0 0 10 0 05 1.0 1.5 2.0 2.5 0 15 3.0 45 

Windows Low-Level ""' '' l ~ lll• . 11•• 

Compaq Deskpro 66M6 I 
ALA Evolution v ········••m·D••

Ambra DP60ENL 

I I 
i 

...•; .. 
'• 

I 
.-m 

I 

Gateway 2000 PS-60 ,. 

---~10 12 14 

DOS Applications

Compaq Deskpro 66M-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ii~~~~~~~ 
ALA Evolution V •••••DIJI•••••EJill••••BD 

Ambra DP60ENL 


Gateway 2000 PS-60 

2.0 3.0 

Windows Applications 

Compaq Deskpro 66M 


ALA Evolution V 


Ambra DP60ENL 


Gateway 2000 PS-60 


••lllr:l 

6 0 15 3.0 450 1.0 

5 6 7 0 

'The Compaq Doskpro 66M did n>I run lhe Windows low·level benchmarks. 

All results are indexed. and higher numbers indicate belier performance. For each lest, a Compaq Deskpro 386133L running DOS 5.0 and Windows 3.0 = 1. Curren! tesl 
systems ran DOS 6.0 and Windows 3.1. The Compaq Deskpro 66M (66-MHz 486DX2, t 6·MB RAM, 256·KB mem01y cache, Compaq QVision video, and 510·MB IDE hard 
drive) was 1os1od for comparison. 
For a complele descriplion of lhe !OSIS, see "BYTE's New Benchmarks: New Looks, New Numbers." August 1990 BYTE. The BYTE low·level benchmarks (version 2.4) are 
availabfe in Iha by1e.bmarks conference on BIX or by conlacl ing BYTE direclly. 

The ALR Evolution V proFides the hest 01•erall applirn tirm.1· pe1j(m 11011cc. 111ai11 /y bernu.1'1' of it.1· rnrhing /[) /:' d1fre card- .1·01111'thing w111 could mid to the 
other system.I". //1111 ·e1•1' 1" irs good /1111 ·-/el'e/ pe1fo r111ana gi1•es it an l'dgr' in pmces.rn r-i1111•11.1·i1 ·c tasks regardlen· r!ffJeripheral co11fig 11m ti1111 . Note the 
.\"trongflnati11g ·/IOint pe1fo r111w 1cc of' the Pe111 i11111 S \ '.\"/l'lllS re/l// il'e /0 the 6r1-1'v/N: 486 Compaq. i11c/1uled /i1r c11111pariso11. 

th e gate (sec " Pe ntium PCs: Powe r to 
Burn ,"' Ju ly 1993 BYT E). That machine 
fea tures a 128-hit-wide cbta path to system 
me mory, a tower case, 10 EISA slo ts ap
propriate for connecting lo ts o f fast mass
s to rage dev ices , and 13 ex posed drive 
bays . The Evo luti on V-Q also costs near
ly $2000 more than the Evo lut ion V in a 
s imil ar confi guration. 

And if what you want is PC I rather than 
V L-Bus in a Pentium syste m. A LR ex
pects lO soo n ship the Evolution V STP, in 
60- and 66-M Hz versions. The fo rmer will 
start at S34 I0 fo r an 8-MB system w ith 
DOS and Windows bu t no hard dri ve or 
monitor. Bo th versions will inc lude a s in
g le-channe l integrated Fast SCS l-2 con
trolle r as wel l. T he PC I bus all ows con
current operati o n by th e CP U a nd PC ! 
pe riphera ls . something VL- Bus doesn't 
ye t a llow. 
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Ambra DPSOE/VL 
The 22-pound A rnbra DP60E/V L see ms 
to use only as much steel as necessary to 
support the 55-pound weight of Ambra ' s 
largest monitor. Yet the mostly plastic case 
not o nl y is sturdy. it a lso removes with
out screws and can be converted to a mini
towe r. 

Ins ide you' ll find some attracti ve fea
tures . Among them are an Adaptec AIC
7770 P Fast SCS I-2 dual -channel chip set 
and connector that let you hook up ~L~ many 
as 14 SCSI dev ices: an Ace r/Arnbra-de
signed BIOS: and six EISA s lots, two with 
VL- Bus ex tensions. An Opti c hip set is 
spread betwee n the motherboard and the 
C PU daughten.:ard . which a lso ho lds the 
ex te rn a l me mo ry cache. The 16 MB of 
RA M is upgradab le to 64 M B (ac tua ll y 
128 MB by des ig n, but A m bra ca nn ot 
guarantee shipment of 32-MB SJMMs any 

time soon). My test mode l also came with 
a Seagate ST36 ION SCSl-2 dri ve with 256 
KB o f on-board. write-back cache. 

What I found less appealing were a few 
corners Ambra cut in its mi ssion to de li v
er lower-priced systems th an you' ll ever 
sec fro m parent co mpany IB M. The de
sign o r the daughtercard housing the pro
cessor and secondary cache is worri some; 
a plastic clip is a ll that holds it down tight. 
If I wanted to, say. upgrade the ex tern al 
cac he fro m the stand ard 256 KB to the 
max imum I M B-or mere ly to le ave it 
alone- I would prefer additional suppon in 
case the pl astic fa ti gues. 

The 3 '/o-inch Ooppy dri ve ha5 no spring
loadcd dust cover, which I discovered does 
mo re than just keep out dust: It a lso pre
ve nt s ejec ted fl o ppy d is ks fro m fl y ing 
across the keyboard . In addition. I di scov
ered a jumper wire co nnecting two s ite. 



Don't get the wrong impression. 


Claude Monet. Gralnstacks (End of Summer). 1891, Arthur M. Wood in memory of Pauline Palmer Wood, photograph © 1993 The Art Institute of Chicago 

Trying to find the facts about a ll of the different copy 

protection locks on the market can be as confusing as 

finding a needle in a haystack. 

You may think all copy protection systems are the 

same, but the fact is that the HardlockTM system is 

outstanding in its field. 

Hardlock works better than the others in securi ng your 

applications against unauthorized use because it is the 

only lock that uses a programmable algorithm, fa r more 

complex to decode than simply reading the contents of 

a memory chip. Hardlock also fea tures selectable anti-

debugging and reverse engineering protection as well 

as protection against hardware emulato rs, which no 

other lock has. 

For DOS, Windows, Windows NT, OS/ 2, Unix, Xenix 

Security. Quality. Techno logy. 

Hardlock is state of the art. 

Call us to find out 

more about how 

Hardlock can provide 

your masterpiece with 

1-800-562-2543 

SERVING rl-IE SOFTWARE INDUSTRY SINCE 1979 

Sofrw;1re Protectio n • 0 ;.Ha Securiry 


Phone 708-808-0300 • Fox 708-808-0313 


Single User, Network, CD-ROM Applications and More 

For a distributor in Europe contact FAST Electronic GmbH, Tel : 49-89-53 98 00-20 Fax: 49-89-53 98 00-40·1n Brazil contact HT-MACH, Tel: 55-21-257-0314 

Fax: 55-21-235-6808·1n Chile contact Datasoft S.A., Tel: 562-246-7443 Fax: 562-208-0591 ·In Peru contact V.C.H.I., Tel : 51-14-440537 Fax: 51-14-475984 


For tntematlonal Information circle 99, For Domestic Information circle 100 on Inquiry Card. 
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From parallel 860s, to 386, 486 and Pentiums ... 

NDP •M Fortran and CIC++ 

Drive Them All! 

Microway's industry- leading 
32-bit Fortran produces the 

highest quality numeric code and 
supports all x86 operating systems, 
processors and numeric devices. 

NDP Fortran was used to port 
industry standards like SRAC's 
COSMOS/M to the 486 and is 
required to use Aspen Tech's A PEN 
PLUS, IBM' OSL, and Fluid Dynamics' 

FIDAP. The compi ler uses adva nced numeric optimizations 

and instruction scheduling which favor fast numerics and 

RISC devices. 


NDP Fortran, CIC++, Pascal 
and our new Fortran 90 

NDP C·IJS(J· 

·Micro 
'Way 

fo r the 386, 486, 
Pentium, and 860 run 
under either Extended 
DOS, OS/2, NT, UNIX 
V.3/4, SOLARIS, or 
COHERENT. 

The extended DOS 

I 

f NOP Fortran·860° 

I 
Micro 
Way 

compilers feature GREX, Microway's proprietary device
independent graphics library. T o run large applications on 
DOS, our VCPl-based, demand paged virtual memory is 
superior to all a lte rnatives. We also offer DPM I support fo r 
the OS/2 and the Windows DOS Prompt Rox. The OS/2 
compilers include support for OS/2's 32-bit graphics engine. 

Microway's NDP Fortran 90 i a full implementation of the 
ANSI Fortran 90, which includes the enrire array syntax 
notat ion, dynamic memory a llocation, mod ule definitions, 
and a complete library of intrinsics. Call for your free demo 
disk am.I white paper. 

If you plan to use a 386, 486, 860 or Pentium and require 
portability across operating systems, numeric speed, 

precision and superior technical support, then NDP Fortran, 
CIC++ or Pascal is the on ly solution. 

MIC'TOwaY-_® 


QuadPuter®·860 ... 200 Megaflops 
The 200 megaf1.o/Js of Microway 's QuadPuter-860 are optimally 
liamessed using NOP Fonran-860, libraries from IMSL, NAG 
and KUCK, and the PSR Vectorizer. 

GIGACUBE ™ 
Microway rnn build 
) 1011 a cuswmized one 
gigajlop NFS com/m
rational server using 
five Q11adP1tters® 
running in one of our 
industrial grade Towers 
for under $SOK . We 
also configure less 
cx/Jensive 486 work
stations . All feawre 
ind1.tst1ialgradc Ameri
can power rnpplies 
based on Todd cores 
and flow -through 
filtered cooling. 

To learn why more government research labs, universities and 
engineers worldwide specify "Microway" call ou r Technical 
Support Department. 

To enroll in our Fortran 90 Professional Training Seminar in 
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l:lfa1di Low-Priced Pentium PCs 
60-MHZ PENTIUM SYSTEM FEATIJRES 
Gateway wins the features and price war. offering a 1 7-inch moni tor. CD-ROM drive , and PC 
Tools for under $4000. Al though the ALR and Ambra systems come with smaller 15-inch mon
itors and higher price tags , the ALR Evolution V has a performance-boosting 1-MB caching 
IDE card and the Ambra has a capable SCSl-2 hard drive. All the reviewed systems have local
bus graphics cards. 

Pentium Sys te mFeatures AL REvolu tion V Ambra DP60E/ VL Gateway PS-60 

System memory (as tested/max) 

Memory cache (as tested/max) 

Processor-to-memory 
data width (bits) 

Expansion bus 

Storage 

Graphics 

Display 

Other features 

Price as tested 

16 MB/128 MB 

256 KB/256 KB 

64 

ISA/VL-Bus 

420-MB Western 
Digital Caviar 
2420 IDE 

Western Digital 
VL-Bus graphics 
accelerator with 
1 MB VRAM 

15-inch multiscan 
color monitor 

DOS. Windows 

$4314 

16 MB/64 MB' 

256 KB/1 MB 

64 

EISAIVL·Bus 

540·MB Seagate . 
ST3610N SCSl-2 

ATI VL-Bus 
graphics accelerator 
with 2 MB VRAM 

15-inch multiscan 
color monitor 

DOS . Windows 

$4399 

16 MB/128 MB 

256 KB/256 KB 

64 

tSA/PCI 

528-MB Western 
Digital Caviar 
2540 IDE 

ATI PCI graphics 
accelerator 
with 2 MB VRAM 

17-inch multlscan 
color m_onitor 

Double-speed CD
ROM drive, DOS, 
Windows, Central 
Point Software PC 
Tools 

$3995 

· The Ambra DP60ENL will be expandable 10 128 MB when 32-MB SIMMs become available from Ambra Compuler. 

on the daughtercard- not something you 
want to see on any PC, let alone on a Pen
tium system. 

Test results show that the Ambra trailed 
the Gateway system somew hat on most 
applicat ion benc hmarks. and both fe ll be
hind the ALR system. Using an ATI VL
Bus graphi cs acce lerator ca rd with the 
same Mach32 chip set and 2-MB VRAM 
that the Gateway's PCI card had , the Am
bra achieved Windows performance sim
ilar to that of the Gateway . Jn the DOS 
dBase IV database application test, how
ever, the Am bra just about doubled the 
performance of the Gateway. The Ambra 
also led the Gateway slightly in word pro
cessi ng tests . 

If it had been available in time. the bet
ter se lecti on for thi s head-to-head com
parison might have been the PCI version of 
thi s system, which Ambra announced on 
November 15 of last year. A 60-MHz sys
tem with 8 MB of RAM (upgradable to 
128 MB), a 440-MB hard dri ve. Diamond 
Viper's PCI graphics accelerator with 2 
MB of VRAM, a CD-ROM dri ve. and a 
15-inch flat -square monitor will cost you 
$3499. 

Gateway PS-60 
Despite performance that fall behind that 
of the ALR system. the Gateway P5-60 
offers the most features for the pri ce. Jn 

addition to its PCI architecture, CD-ROM 
dri ve, and ex tra softwa re, the system al so 
came with the best monitor. The Gateway 
Crysta l Scan 1776 LE is a 17-inch monitor 
offering a 0.26-mm clot pi tch, a 32-char
acter LCD panel di splaying the current 
display mode, and M;icintosh D-sub and 
BNC connectors in addition to a tandarcl 
15-pin Super VGA connector. This mon
itor is also the only one of the three with a 
detachable signal cable. 

Inside the heavy-duty tower chassis is an 
Intel/AM I motherboard with its Pentium 
chip housed in a ZrF (zero insenion force) 
socket for future upgradability. An ex tra 
front-mounted fan pulls heat off the CPU 's 
heal sink. The P5-60 uses Intel's Penti um/ 
PCI chip set to support three PCI expan
sion slots in addition to fi ve 16-bit IS A 
slots; one is a shared IS A/PCl slot. Eight 
dri ve bays provide plenty of storage ex
pansion. The A Tl PCI video adapter gave 
the system an edge in drawing lines. rect
angles, and ellipses in BYTE's Windows 
benchmark test. 

The Western Digital Cav iar 2540 IDE 
dri ve. runn ing directly off the motherboard, 
scored twice as high as the Ambra 's Sea
gate on the BYTE Windows benchmarks' 
sequential file 1/0 test. and abou t 17 per
cent higher on the random I/O tes t. al
though it tra iled the Ambra's di sk subsys
tem in the low-level DOS tests. Windows 



I:fa1
Jfa1t1 Low-Priced Pentium PCs 


FRACTAL IMAGE COMPRESSION REDUCES 

WHALE·S1zED IMAGES To GuPPY·S1zED FILES. 


Imagine storing up to IOO high-quali ty full screen 
images on a single floppy disk wi th enough room 
left over fo r the program to display them. 

Fractal compression fil es average between IOKR and 
32 KB and display at barracuda speeds. These incred
ibly small flies provide unmatched space savings in 
whatever storage med ia you may use. Us ing fractal 
compression, Microsoft Ellrnrtn was reduced from 
fo ur CD-ROM disks to one. 

Whether it 's stills or full motion video, 
DOS or Windows, Iterated Systems' 
.OBJ and .DU, famil y of toolkits will 
help you conserve yo ur resources. 

~ Iterated Systems, Inc. 
F OR ADDITIONAL INFORMATION: 

TEL: 800 437-2285 FAX: 404 840·0806 

disk perfo rmance may have give n the way Pentium system did . 
Gateway system a slight edge over the However. the P5-60's "memory effec t" ' 
Ambra in several of the Windows appli lessened in the Windows low-level mem
cation te ts. Note that the 
P5-60 supports fast DMA 
tran sfers-good fo r se 
quential I/0-but the 
built-in 256-KB cache in 
the te I-model Ambra' s 
SCSI hard dri ve was dou
ble that of the Wes tern 
Di gita l IDE drive that 
came with the PS-60. 

The PS-60 prod uced a 
low CPU index on th e 
DOS low-l eve l bench
mark because of its rela
ti ve ly slow memory sys
tem and the considerable 
weight that is placed on 
memory performance by 
the benchmark tes t. Be
cause of thi s weighting, 
a Compaq Deskpro with 
a 66-MH z 486DX2 ac
tually ac hieved a hi gher 
CPU index than the Gate-

About the Companies 
Advanced Logic Research, Inc. 

(Evolution V). 

9401 Jeronimo 

Irvine , CA 92718 

(714) 581·6770 
fax: (714) 581·9240 
Circle 1080 on Inquiry Card. 

Ambra Computer Corp. 
(Ambra DP60E/ Vl) 
3200 Beechleaf Court 
Raleigh. NC 27604 
(919) 713-1550 
fax: (919) 713-1599 
Circle 1081 on Inquiry Card. 

Gateway 2000 
(P5-60) 
610 Gateway Dr. 
P.O. Box 2000 
North Sioux City. SD 57049 
(800) 846-2000 
(605) 232-2000 
fax: (605) 232-2023 
Circle 1082 on Inquiry Card. 

ory tes t and essentiall y 
di sappeared in the appli 
cations tests. In most ap
plications tests. the PS-60 
actually had a slight edge 
over the Ambra, refl ect
ing the relative merits of 
the systems ' hard dri ve 
and video subsys tems 
more than memory pe r
formance di ffe rences. 

Like the Ambra. the 
P5-60 showed a couple of 
des ign quirks. The firs t 
was a patch wire running 
a good 6 or 7 inch es 
across the motherboard 
and ind icating a product 
rushed to market. The sec
ond was an overnight lan
guage sw itch, from En
glis h to French, of th e 
''Non-System disk or di sk 
error" message you ge t 

when there is an unbootable fl oppy di sk 
in the dri ve at power-on. Both the Ambra 
and Gateway sys tems I rev il! we<l were 
among the fi rst off the producti on line, 
and the kinks should disappear by the time 
you read thi s. 

Perfonnance a Tough Yardstick 
What may be most important about my 
benchmarking of the ALR, Ambra, and 
Gateway Pentium-60 machines is th at. 
by and large. di ffe rences in speed can be 
att ributed more to configurati on-the 
amount of di sk cache or VRAM, fo r ex
ample- than to actual motherboard de
sign. But when you factor in the care tak
en in design and manufacn1ring in this fi rst 
wave of relat ively low-cost Pentium sys
tems, the choice becomes a bit easier: For 
high-end graphi cs or a small fil e server. 
I'd opt for peace of mind and go with the 
more mature ALR Evolution Y. • 

Ed Perra tore is a B )'Tl:· 11e11's editor ha.l"ed i11 Ne1r 
)'ork. Y1111 ca11 cu11tact him m1 1/1<• /111cme1ur BIX 
m eperm1ore@ BIX. ca111. or 01 1 MCI Mai l a.1· ··eper· 
ratordbrte. ·· 

5550A PEACHTREE PARKWAY NORCROSS. GEORGIA 30092 

134 HVTE FEB R UARY 199.J Circle 156 on Inquiry Card (Resellers: 157). 



Crearcd by Chnd M. Linlc wich Mulrimedia Sofrware from AT&T 

Let your creativity take off with the power ofmultimedia software from AT&T. 
We've been cruising for a while, but hang on tight ... next year we'll be bringing you the 
multimedia technology you've dreamed about, at prices you thought were impossible. 

Get a handle on our current draw, animation and presentation produces. 

Call for information or a demo: 

1-800-448-6727 

Circle 177 on Inquiry Card (RESELLERS: 178). 
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610 BUS ANALOG SHRED DIGITAL DUAL ~ ETHERnET AUi INOYCAM'" PORT ISON & DUAL SERIAL & FAST SCSI -II _..OPTIONS IN &OUT "< SHRED IN/OUT VIDEOS IN ~ Zoom ideas, For the Indy- ETHERNET 1PARALLEL~ Extemal disk108ASE·T Indy Video'" Mu ic, , •"' Record mid Pipe in \!HS, clips, and MAC-Camcolor and tapedrives,Network withfor I/O and VOs,mul playback Laser disc, etc. graphics all compatible.digital video CD-ROM 1$ ..Jclients aroundspecial effects, effects i11- CD-quality Plus higher- around your Talk to printers, I~ 

camera. Send sca1111ers,thecomer,or add JPEG out to VTRs so1111d. quality 5-Video, facility at scm111ers, MIDI, video- Photo CD; or aroundcompression. or speakers. Sweet. VTRs.like Hi-8. high-speed. mail and see. You nameit!the pla11el. 

Introdudng INDY* from Silicon Graphics. 
Welcome to the most affordable member ofthe Indigo0 fam ily
packed with video and audio tools, like its own digital color camera. 
The flexibility ofover a hundred digital media applications, and the 
thundeiing power of a lOOMHz MIPS0 R4000° 64-bit RISC processor. 

Just think about it. Want one? 
Call 1-800-431-4331 dept. B23 for the brochure. 

INDY'M SiliconGraphics· 
ComputerSystems ~ 

~ ~ 
~-.,-----------------------------------------' ro 

The Indy workstation includes all the features above. plus: 32MB of RAM (expandable to 256MB): lndyCam" color digital video camera: microphone; 3 juggling balls; a.. or 24-bit °' 
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PhotoStyler Fights Back 

Aldus closes the Photoshop gap with the r e lease of PhotoStyler 2.0 

HOWARD EGLOWSTEIN 

A sk anyone who does serious im
age processing on a persona l 
compute r: Adobe Photoshop 

for the Mac intosh has been the undisputed 
king of the image editors fo r quite some 
tim e . A ldus is ho pin g to de thro ne th e 
Mac/Photoshop environment with the lat
est re lease of PhotoS tyler. Li ke the Win
dows version of Photoshop, PhotoStyler 
2 .0 g ives you full control over your im
ages, providing scanner and printer sup
pol1, conversion to many output fo rmats, 
and just about every image manipu lati on 
control you mig ht want. 

PhotoStyler went through much more 
than a face-li ft going from version I. I to 
version 2.0. Most of the new fea tures e ither 
improve th e package's perfo rmance on 
large images or give you better contro l 
over the fi na l output. Aldus's phi losophy 
in making all these changes was to e limi
nate the tria l-and-e rror work that often PhotoStyler 2.0 showing 11111/tiple docu111e111 1ri11do1r.1·. the lma!/e Nal'igaror (for 111m·i11g quic/.:ly 
goes into editing. If you' re working with a aro1111d large images). and the e11ha11ced magic wand selection. 7/ie image is from Coref's 
25- or 50-MB image , you don' t wan t to Proji•.1·sio11al Photos CD-ROM series sampler. 

wait for the system to catch up while you 
scroll through the image. And if you're Simply move the box to the area you ' re Like Magic 
adj ustin g the co lor ba lance of a freshl y inte rested in or se lec t a new zoom factor PhotoStyler has some sophi sti cated new 
scanned image, you don' t want to watch an from the handy slider. tools fo r se lecting image areas. The editing 
hourglass while the sy tern ca lculates the The idea of working with thum bnails in progres. in the screen above shows one 
e ffec t on 25 MB of data. and pre views ex tends th roughout the prod such tool enhancement- the magic wand. 

uct. For most commands, you can choose Th is feature, shared by most other image 
ASum of the Parts to preview the effect on a sma ll thumb editors, lets you select a distance in color 
The screen above shows a sample image nail before committing it to the whole im space and a point on the image and pro
fro m Core l' s Profess iona l Photos C D age. The screen on page 138 shows th e ceeds to select all adjacent pi xels that lie 
ROM series. The model shot was pan of an Color Balance tool applied to a digital im within that color range. That works, but 
18-M B Photo C D image. Loading the im age I shot with a Kodak DCS200 dig ital here I wanted to change the model' s hazel 
age into memory from a CD-ROM , espe camera. The image on the left is the ori g eyes to blue. T he cente r o f he r eye and 
cially an older standard-speed ( 150-Kbps) inal photo as read from the camera. The the highlights were not green, but neutral 
C D-ROM reader. takes quite a whil e. other two boxes show the e ffects th at two in co lor. I wanted to select all the green 

PhotoS tyler le ts you crop out and just differe nt settings have on the image. portions without gett ing any of the dark 
read part of an image as it loads, or you There 's a bi t of yellow cast on the image gray. 
can selec t the Partia l Edi t featu re. Parti al because the sun was beginning to set. In The ri ght side of the screen shows the 
Edit lets you se lect a region of the larger Test I (center). I shifted the image s light effec t of putt ing th e wand in hue-o nly 
image to bring into memory while the rest ly toward blue to coITect for the ye llow. mode. Instead of picking up any color that 
of the image remains on d isk. After mak That setting took too much warmth out of is more or less the same intensity, the hue 
ing changes to th is section, PhotoS tyler the old wooden railing , so I switched to wand requires that all pixels have the same 
pu ts it back exactly where it came fro m. Test 2 (right) and tried another versio n. basic color. The similari ty adjustment takes 

The o ld clays o r zooming in and out on This ti me I chose to have the correcti on care of selecting the range of green pixels. 
an image Lo sec where you are or to find a app ly only to the highlights and app lied a T he selected area in the photo is just the 
part icular spot are gone, too. The Image bit more correction. The sample shows the fi rst selection. I then extended the selection 
Navigator prov ides a thumbnail view of screen just after updat ing Test 2. I could to include some of the darker area and 
the enti re image , with a sma ll g ray box then preview the emire image or apply the used thi s as a mask to protect the white 
showing th e c urrent window se lecti on. change permanently. and center of the eyes from a paint-can 

FEB R UAR Y 1994 HVTE :J.37 
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PHOTOSTYLER PERFORMANCE 

PhotoStyler 2.0 performs admirab ly against Photoshop on the Windows platform. All tests 

were run on a 33·MHz 486 machine with 24 MB of RAM . A dedicated 340-MB SCSI drive 

stored the images and provided virtual memory swap space. Pl1ot0Styler ran with Windows' 

virtual memory enabled; Photoshop generally runs faster if you disable Windows' virtual mem

ory and allow Photoshop to handle the virtual memory itself. Both test images were un

compressed TIFF files . Times are in minutes:seconds. 


LOAO SHARPEN SAVE LOAD SHARPEN 
6-MB FILE 6-MB FILE 6-MB FILE 26-MB FILE 26-MB FILE 

Photoshop 2.5 0:22 0:20 0:21 3:36 5:39 
PhotoStyler 2.0 0:14 0:27 0:19 1:38 5:53 

An example of PhotoStyler's previe•r 
window.~ . For most eflec/s. Plto10S1yler di.\plays 
1/te original image• and ll ro prac/ice or te.l't area.I'. 
You applr the effec t 10 the.l'e 1/tu111b1111i/s 111 .l'ee 
wltm rite final effec/ ll'ill be when you apply it to 
the entire image. Ha\'ing ru·o test areas let.'l you 
compare t•ro possible effect sett ings. 

fill. On the paint can, I used the hue-only 

fill and flooded the eyes with blue. The 

image on the left of the screen on page 

137 hows the resu lt . By contrast. Photo

shop' s wand uses only RGB color-space 

distance and doesn ' t have the flexibility 

of PhotoSty ler 's wand. 


Device Support 

Rather than trying to support every con

ceivable input dev ice. PhotoStyler uses 

TWAIN. an industry-standard Windows 

dri ver, as its basis for scanner support. Us

ing the Epson-. uppli ed TWAIN dri ver. I 

had no trouble getting PhotoStyler to rec 

ognize my Epson ES-300C sca nner. 


The only difficulty I had was in scan
ning large images. With the latest Epson 
TWAIN driver, PhotoS tyler couldn't can 
in any image much larger than 6 or 7 MB: 
the software reported that it couldn't al
locate sufficient memory for the scanning 
process. J called Aldus 's technical suppo11 
and found that, because the product was 
so new. the company hadn 't had a chance 
to test PhotoStyler with the Epson TWAlN 

dri ver that I was using (version 
I .02E). Aldus is working with 
Epson on the problem. Scanning 
with other TWAIN sources is 
supposed to work just fin e. 

In the meanlime, Epson own
ers will have to be content with 
smaller scans or use the propri
etary Epson driver that ca me 
wi1h PhotoStyler I. Ia. The older 

, 	 driver is available directly from 
Aldus if you don ' t have the old 
er ver ion of the program. ei
ther Photoshop nor Picture Pub
lisher had any trouble scanning a 
25-MB test image using Epson's 

TWAIN dri ve r. 
On the output side. PhotoStyler uses 

Kodak ' s Prec ision Color Management 
System to rnalch your sc reen to the in
tended output device. CMS installs as a 
Windows Control Panel to se lec t yo ur 
monitor. input device. and output device 
from a menu of known devices . Photo
Sty lcr uses CMS to map all colors to your 
monitor for display and adjusts the co lor 
coming in from your sca nner. To make 
sure you don ' t create something you can ' t 
print, CMS also changes your screen dis
play to match the color gamut, or range. of 
your printer or print process. 

Kodak ' s CMS is new and doesn' t sup
port many devices yet. My system con
fi guration included a srnndard NEC Mul
ti Sync monitor, the Epson 300C scanner, 
and Kodak 's ColorEase dye-sublimation 
printer. CMS supports neither my scanner 
nor my printer, and the monitor se lecti on is 
limited to two stand ard phosphor types. 
More device support should be forthcom 
ing from Kodak and device 
manufacturers as CMS be
comes more of a standard . 

If you' re working on one 
output type but plan to use the 
images on a different type. the 
Soft Proof option lets you see 
how the outpu t will look. For 
example, you may be using a 

About the Product 
PhotoStyler 2.0 .. .... S795 
Aldus Corp. 
411 First Ave. S 
Seattle, WA 98104 
(206) 628·2320 
fax: (206) 343·3360 
Circle 1077 on Inquiry Card. 

dye-sublimati on printer but planning to 
use the images in a fo ur-color printed 
brochure; Soft Proof adjusts the colors on 
your monitor to reflect how the image will 
appear after go ing through the printing 
process. 

The Price of Power 
There's a price to pay for thi s power, and 
I' m not just referring to the $795 retail 
price tag on the box. I did this review on a 
seriously hopped-up 33-MHz 486 with 24 
MB of RAM , a 24-bit di splay card , and 
about I GB of di k space. The 486 was 
poky handling images larger than 10 MB. 
and PhotoStyler didn ' t like editing images 
much larger than ph ysical free memory. 

Aldu recommend at least 8 MB and a 
33-MHz 486, but for serious editing work 
you ' ll want the biggest, fa test machine 
you can get. I ended up clearing space on 
a 340-MB SCS I drive to make room for 
PhotoStyler's temporary fil es. 

To be fair. Photoshop claims to run on 
any 486 with 8 MB of RAM, but Photo-
hop and PhotoStyler ran at about the same 

speed on my machine. If I were planning 
to use either package for serious prepress 
image editing, I'd want at least a 50-MHz 
486DX or 66-MHz 486DX2 machine with 
32 MB of RAM and a huge hard drive. 

Thi s review al so pointed out one rea
son the Mac is still the most popular im
age-edit ing environment: Windows isn' t 
very good at handling big programs. Sev
eral times. I got unrepeatable, unrecover
able memory errors and protection faults. 
I checked with Photoshop users and found 
that my experience wasn ' t that unusual. 
For my tastes, Windows simply isn' t stable 
enough to use as a primary image-editing 
platform. I' ve been using PhotoStyler 1.1 
since it came out. to scan images with my 
Epson scanner, but these are usually small 
enough (less than I or 2 MB) to save often. 

PhotoStyler 2.0 is a major improvement 
over 1. l . The emphasis is on providing 
powerful tools to get you to the right pan 
of the image and make the ri ght changes 
the first time, without time-consuming trial 
and error. I' m a registered user of 1.1, and 
I was planning to abandon PhotoStyler for 
Adobe Photoshop, but now I probably 

won ' t. If you've got the iron 
to run it, PhotoStyler 2.0 is 
a world-class image-editing/ 
retouching package. • 

Howard Egloll'stei11 is a 1e.Hi11g ed
iwrfor the BYTE LL1b. You can co11
tac1 him 011 the l111em et or BIX m 
lteglr111·srei11 @bix.co111. 
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Upgrade To CA-Clippere5.2 For $299 And GetA Copy Of 
New CA-Clipper/ ExoSpace™AndYour Choice Of 

Another Product Absolutely FREE! 

Comp11r almost aqd8AS£IV 
applirurian in thru t'.2.p' su ps- and 
producr o :rmtublr (.EX£1filrs wirh 

chr(ffidt11Q'Q/CA Clipper. 

d8ASEappsromea/fre Hllh ncw 
CA-dBf 'ilst 2.0 - rhtfir.;ttfB.'SE 

rompatfbledarabauand lan,guu..;v 
Jcrll"litdo ws. 

BreakThrough 

The 640k Barrier With 


New CA-Clipper/ ExoSpace! 


your Clipper applications in protected 
mode. Existing 5.2 users can get 
CA-Clipper/ ExoSpace for only $99! 

ChuS....WtimHming, probkm 
sM'ingfunafons In on~h(Kh·pcrfor. 
rr:ancr packa.gt. Raise;'Llurprodur· 

th•(Q1 nith this ''uluabk llbmry 

BrroJ: tllrolJ6h tht fr/Olt bamCr M"lih 
tht ultimall' atmdf'tf manoty man
agtr/ lncr~dfrrrt/yaddressablt 

m~mo1yJmm 6./Dkro /6megs. 

CA-Clipper 5.2: The complete, 

Professional Programming 


Environment. 

CA-Clippd S.,2 isa ~ 

robust language, an 

efficient linker, a . 

flexible preproces- DNIS.,_.,°"'"


rc~t:Jt;;t~ ,,1. sor and a high-per- ...a.,,,,,., ;:;::r:r.;..,"':.:'~:;;.. 
formance compiler. It includes: an editor, 
debugger and make utili ty for creating PC
and LAN-based applications. 

Fratutt CA<llpptr f'.OXPrO dBASEIV 

Ld<icllVWb!eS<i>pf"!l VES NO so 
U!<r<l<ftMIOXMW!ds VES 1'1l so 
C'al<Biod<s VES 1''0 NO 

N..ud~IUllWlm<NlooalNra)' VES NO NO 

Proltfl n<d 01!J«1 Closscs VES NO NO 

VarlilblesModlil>bl<ln~ YES ~o NO 

Ols:or.Dtal>lc Rt:Kd\~Em>! Hludlll1!: VES 00 ~'O 

Rm.isandWmesfaxl'ro(iDX) rnc. VES YES so 
RtadsandW~usdMSEJV(.MDX)f1les • VES 1''0 YES 

Rt:adsand W~!CSl'orndox (:Dli/.PX}Flles VES 

(iJmparlS(Jn baud"" Fa.rPro Vi·ey/011 2.5/or DOS an

liO NO 

dd&.\St: IV Vrrsictt 1.5 

New RDDs For FoxPro, 
Paradox and dBASE IY. 

Replaceable database drivers for all the 
most popular development systems. Plus 
you can customize CA-Clipper with user
defi.ned commands and functions. And 
seamlessly integrate modules from lan
guages such as C, Assembly, dBASE and 
Pascal. There are no runtime fees, no addi
tional licenses, no LanPaks. 

So what are you waiting for? 
Call right now 

and upgrade to the f:OMPUTER• 
new standard in J'iSSOCIATES 
Xbase development. Software superior by design. 

SEE YOUR LOCAL 

DEbLER DAY OR CALL 


COMPUTBRASSOGIAuESAT 

1-800-225-5224, Dept. 20500. 


New CA-Clipper5.2. 

ro compu1cr Associa tes lmemational, lac .. One Computer Associates PlaJ..1. Islandia. NV 11 788-7000. 1-800-225·5224. All product names referenced 
herein arc tradem;uks of their respective companies. Free copy shippcddl rcct fromcompu1cr Associates when you register produc1. 
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It gives you more advanced 

math capability than ever before. It 

lets you tackle harder problem and 

solve even tougher equatio.ns. In short, 

it's the most powerful, most advanced 

version of Mathcad ever released. 

And that's no exaggerat ion. More 

powerful than spreadsheets or calculators, 

easier than programming languages, new 

Mathq1d PLUS 5.0 gives engineers, scientists 

and educators more tools to do calculations 

with greater speed and ease. 

You ge t more functio na li ty for comput ing 

calculating power in spec ific-dis

ciplines like signal processing ..data 

analysis, stati sti.cs and graphics. 

Plus, like its Mathcad predeces

sors, it's as easy and in_tuitive as using a 

scratchpad. Simply enter equations in 

real math notation anywhere on Mathcad 

PLUS 5.0's on-screen worksheet. Add text 

and graphics. Cbange variables and instantly 

update your work..Mathcad PLUS 5.0 qilculates 

answers quickly and accurately, then prints your 

results in impressive, presentation-quality documents. 

So try Mathcad PLUS 5.0 today, ;md tomorrow 

derivat ives and integra ls, different ial equations, advanced 

vector and matrix operations, statistical functim~, curve 

fitting, and fast Fourier and wavelet transforms. You can 

choose from a wider range of symbolic capabilities, and 

.. ... ·1111 ..... g, 
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Machcad PLUS 5.0's on-screen worksheeclet1 
)'OU easily Combine eq1wciuns, CeXC arul graphics. 

graph in 2-Dand 3-D 

polar, contour and para, 

metric plots. MathSoft's 

Electronic Boo~, based 

on the mait popular ref

erence books, let you 

instantly cut and paste 

hundreds of formu las into your work. And wi th Mathcad 

PLUS Function Packs you can add even more remarkable 

you'll be ten times more productive. Well, maybe we're 

exaggerating again. Bu ~ only slightly . Mathcad PLUS 5.0 

is priced at just $299?J: To order, or to rece ive even more 

int'onnation, call f ,800-967-5075 . Or mail or fax i:he 

cpupon below (Fax: 716-873-0906) . 

;-FREE MATHCAD-Pius-5.-ci iNFORMATION-KlT- i 
: For more information on Mathcad PLUS 5.0, mail or fax chi coupon. : 
I I 

•
I 

a07a1 •
I 

: • bbme 

Addrt:s.s 

Cir~· 

Scali.! Zip 

L ~~~·~- -  -  -~'~n~ - - - - - - - - -

M:nhSoft, Inc. l'.O. llox 1018, C1111 hrldg1:, MA OZ 14Z·l 119 USA • Phmc: 1-800·967·1075 • Fax: 716-87J.O'JC6 • ~fathSofi Eu1urc, I'.. !lox 58. L1 vi"b"'"" UK El 154 71\E 
Phone: +44.506.460373 • Fax: +44.500.400374~ 1994 MathSvfr, Inc. T~i and ® signify m;mufucturcr's 1mJ cm.'Jrk or rq;:incrt..'ll t mdcm;u~ rcsprctivcly. • Dealer r ricc m:iy vmy. 
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WinFax Pro Hits the Network 

Delrina•s Windows fax package offers workgroups easy access 

to shared modems and room to grow 

STAN MIASTKOWSKI 

F or good or ill , faxes have become 
a fact of li fe. But in a small busi 
ness or corporate environment, 

equ ipping every computer with its own 
fax modem can mean installation and sup
port nightmares ; and then there's the cost 
of a fax-dedicated telephone line for each 
user. So, having one or more centra li zed 
fax modems connected to a LAN has be
come an attracti ve alternative. Unfortu 
nately, the network fax software market 
waters have been more than a bit muddy. 

At the high end of the market are prod
ucts li ke Castelle FaxPress and Intel Net 
Satisfaxtion, which can cost $2000 or more 
and are designed for large networks and 
high fax traffic. Some products in this class 
req uire proprietary hardware and an ex
pe rienced network guru to insta ll and 
maintain the system. Early forays into the 
low-cost end of the market, such as the 
initial version of Nuko Information Sys
tems' Message Port, offered a low price 
but limited features . That's changi ng, as 
exemplified by WinFax Pro for Networks, 
as well as by updates of Message Port and 
lower prices on other packages (see the 
text box "Other Faxes Received"). 

A Familiar Face 
WinFax !lro for Networks has an advan
tage over other low-cost network fax pack
ages, in part because it is built around 
Winfax Pro 3.0, one of the indusuy's best
se lling Windows fax software packages 
since its introduction in 1990. WinFax Pro 
for Networks adds the "hooks" necessary 
fo r network use but retains the orig inal 
product's ease of installation and use. The 
network version also retains the core set of 
Winfax Pro features, including the abi lity 
to send faxes directly from any Windows 
application and combine documents from 
multiple applications into a single outgoing 
fax. There's a phone-book utility that can 
be shared over the network, as well as fax 
annotation and forwarding and a full- fea
tured cover-page designer. You can also 
schedule fax transmissions for low-phone
rate hours, as well as broadcast individual 
faxes or groups of faxes to many recipi
ents automatically. 

For $399, WinFax Pro for Networks 
provides a server component (both DOS 
and Windows versions) and two network 
client packages. Each server can suppol1 up 
to four fax modems. For a small office en
vironment or a small 
workgroup in a cor
poration, that's a log
ical and inexpensive 
way to get started. 

Scalability sets 
WinFax Pro apart 
from its low-cost fax
modem-sharing soft
ware co mpetito rs. 
As fax requirements 
evolve, you can add 
to a WinFax Pro for 
Networks installation 
in a building-block 
fashion . Any work
station on the ne t
work can be a Win
Fax Pro for Networks 
se rver. Add iti o na l 

tum an "obsolete" 286-based system into 
a capable Winfax server. (After all, pump
ing data to and from telephone lin es 
doesn ' t exactly require Pentium-level pro
cessing power.) 

I! MODEMl (Senclinjjl p_.2 : DwaijOn · 1 an 15' sec 
MIJDEM2 (Receiving) Paqe·S : pwalioll · ~ llin 38 te 

Ope<alian : Sending 
Cunonl p-: 18% _..... 

ldenliroer : Delrino Corp. 
Destination : SW. Depl. 
FaN-. : 4412636 

Except for the multiple modem-status lines at rhe rop ofrhe Fax Srat11.1· 
server packages cost Screen, 11si11g Wi11Fax Pro for Ne11vorks is virtually ide11 rical ro 11si11g
$179 eac h . Client Wi11Fax Pro 3.0. Yo11 cm1 also see a graphical represemario11 of11erworked 
software ranges from fax reso11rces. as .l'h011•11 i11 rhe backgro1111d here. 
$99.90 per seat for a 
10-user license to $85.98 each for a 50
user license. Existing WinFax Pro 3.0 users 
can upgrade to Win Fax Pro for Networks 
clients for free: You call Delrina for a new 
serial number that makes your copy of 
WinFax Pro 3.0 network-aware. There's 
a limit of four servers (up to 16 fax mo
dems total) in any one WinFax Pro for 
Networks workgroup, and an absolute lim
it of 255 users. 

Getting On the Network 
WinFax Pro for Networks works on any 
IPX- or NetBIOS-based DOS network. 
This includes the usual list of popular serv
er-based and peer-to-peer LANs, including 
Novell NetWare, Anisoft LANtastic , and 
Microsoft Windows for Workgroups. Be
cause of the way it uses the network, Win
Fax Pro for Networks works equally well 
with both types ofLANs. Any station can 
be the Win Fax Pro for Networks server as 
long as it has a common drive accessible to 
Win Fax Pro for Networks clienrs. For ex
ample, using the DOS version, you can 

For this review, I installed multiple cop
ies of Win Fax Pro for Networks on a five
station LANtastic 5.0 network, with two 
stations configured as servers under Win
dows. One server (a Gateway 33-MHz 
386) had both an internal Intel Satisfax
tion 400 fax modem and an external Mi
crocom Deskporte fax modem . The sec
ond server (a 66-MHz 486DX2-based 
system) had an external ATI 14400 ETC
E fax modem. For several weeks, I used 
this setup for my day-to-day fax traffic, 
sending and receiving a variety of short 
and long faxes using all three modems and 
three different telephone lines. 

Overall, WinFax Pro for Networks' per
fonnance (both imaging time and trans
mission time) was basically identical to 
chat of the stand-alone version. This wasn't 
surp1ising, since WinFax Pro for Networks 
handles all imaging and storage locally. I 
simulated a heayy load by having one of 
the servers perform an involved database 
sort at the same time it was sending and re
ceiving faxes. While performance slowed 
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off with their own dedicated mode~s . 
Mes age Pon/Pto is priced aggres

sively, tarting at $79 for a tand-alone,, 
non-networked version. A 10-user li
cense is $399; 20 users, $698; 50 users, 
$898: and 100 users, $998. 

I:al fM1t1 WinFax Pro Hits the Network 

Other Faxes Received 

L ow-cost fa~-modem-shacing soft

warei anideawho etimehascome. 
Here are a coup1e ofother choices: 

~., 
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Message Pol't/Pro from Nuko Infor
mation Sy terns is the latest incarna
tion of Message Po.rt, a ,package that 
does more than share fax ll),bdems ona 
network. It 's 1Jni9ue in offe1ring low
cost modem pooling, which allows data 
modems to be shared a well. Origi
nally designed for Microsoft Windows. 
forWorkgroups, Mes age Port/Pro now 
support. all IPX- and NetBIOS-based 
LANs, so it covers nearly all PC bases. 
. ;I'he package was,inprerele.ase iest
ing at press .time and unavailable for 
revfow. But I looked at an earlier ver
ion ofMe sage Port and found it lack

ing so me essential features, such as 
wide modem support ·and .the ability to 
create customized fax cover pages. A 
company spokesperson says the new 
version supports all Class 1, Class 2, 
and CAS (Communications Applica
tions Specification) fax modems and 
provides advanced features like OCR 
(optical character recognition). Nuko 
also says the product can automatical
ly route incoming fax
e by using OCR to rec
ognize the name of the 
recipient. Message Port 
uses a true client/server 
approach, with all fax
es stored on the server 
before transmission. 

Modem pooling can 
be handy , but it may 
create heavy network 
traffic th at bogs down 
LAN performance. Us
ers with considerable 
data communicati on 
need are often better 

About the Companies 
Nuko Information Systems, Inc. 
1609A South Main St. 
Milpitas. CA 95035 
(800) 995-2166 
(408) 262-2225 

fax: (408) 262-2261 
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Trio lnfonnatlon Systems, Inc. 
8601 Six Forks Rd., Suite 615 
Raleigh. NC 27615 
(800) 880-4400 
(919) 846-4990 

fax: (919) 846-4997 
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DataFax for Workgroups from Trio 
Information Systems has been avail
able for over two years and is widely 
used in Europe. It shines in the area of 
network integration, with dr.ivers·for 
nearly all commonly available net
works. Besides the usual server-based 

- ~nd l?eer-tq-peer LAN.s supported b¥ 
·the other packages mentiohed"here, this 
product a1so supports Banyan Vines 
and Windows NT Advanced Server. 

DataFax for Workgroups supports 
nearly all fax modems. Its server com
ponent is unique: you can set it up .as a 
nondedicated server or as a true dedi
cated server. As the latter, it can support 
up to 24 fax modems on a single PC. 

Recognizing that many people use 
faxes mainly to send quick notes, Trio 
has provided a QuickFax function that 
lets you click on an icon and fire off a 

fax without having to 
deal with changing 
printer dri ver . This 
product has the most 
extensive security fea
tures of the products 
covered here. And, for 
it features , it s also 
priced aggressively : 
two-user license, $249 
(additional single us
ers are $89 each); five 
users, $429; I0 users, 
$795; 20 users, $ 1195; 
50 users, $ 1595: 100 
users, $ 1895. 

Circ le 276 on Inqui ry Card. 
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(as expected), it was much the same as it 
would have been on a non-networked sy 
tern. The bottom line is that, except for the 
potential wa it fo r a free fax modem, Win
Fax Pro fo r Networks is no slouch in the 
performance department. 

WinFax Pro for Networks is one of the 
easiest-to-install LAN packages I' ve u ed. 
I had the two servers and fi ve cl ients in
stalled and running on a LANtasti c 5.0 
network in less than an hour. You set up 
the server component on the PC that has 
the fax modem or moderns that you want 
network user to be able to access. The in
stall ati on leads you step by step th rough 
the process. Other than giving your work
group a unique name, se lecting and set
ting up your fax modern , and electing the 
maximum number of users that can access 
it , you have few major decisions to make. 

WinFax Pro has always been versatile at 
setting up modems, and the network ver
sion is no exception. Setup automatica lly 
detects whether you have a Cla~s I. Class 
2, or CAS (the Intel-spec ific Communi
cations Appl ications Specifica tion) fax 
mode rn installed and pops up a menu of 
spec ific related modern s. The initial re
lease of Win Fax Pro for Networks has over 
300 fax modems in its menu. If your mo
dem isn' t among them, you can haul out 
your fax modem's manual and et things 
up manually. (You can specify whether a 
particu lar modem is send-only, receive
only, or send-and-receive, or even if it ' 
pri vate to the server.) There are other (op
tional) settings as well. If you have multi
ple fa x modems, you can separate them 
into groups and spec ify which should be 
used first if all are available. This optjon 
comes in handy if one of your modern is 
connected lo a long-distance line with the 
lowest rates. 

Cramming RAM 
There is one "gotcha" to the WinFax Pro 
for Networks server software: It req uires a 
DOS TSR program that takes about 90 KB 
or RAM . Luckily, setup gives you the op
ti on of runn ing the server TSR in UMB 
(upper memory blocks) or in ex tended 
memory. If you' re running a loaded sys
tem, thi s could require some tweaking, 
especiall y if you' re using a memory man
ager like 386Max or QEMM. On my serv
er, all the UMBs were already in use, and 
my copy or 386Max wasn' t et up to sup
ply ex tended memory. Furthermore, I 
didn't have enough room to run the server 
in low memory. Reconfiguring 386Max 
to supply ex tended memory solved the 
problem nicely. co111 i1111ed 
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One unusual aspect of the server instal
lation is that you don't set up user ac
counts-except for a client accou nt on the 
server if you also want to use the server 
PC for directly sending faxes. This saves 
lots of time, but the product' s unique ap
proach to network security will make some 
control-oriented system administrators a 
bit nervous, especially in large installa
tions. Users set up accounts as they install 
the client software on their workstations. 
That' s not as strange as it seems at first , be
cause each client mu t have a unique ser
ial number. That means, for example, that 
someone couldn ' t make a copy of the cli
ent software and run it from another ma
chine on the network. The server would 
reject the duplicate serial number. 

Serving the Client 
Setting up the client side of WinFax Pro for 
Networks is almost identical to installing 
WinFax Pro 3.0 for Windows. The setup 
detects that the network server version has 
already been installed, o there's no need 
to choose a modem. The only additional 
network-specific chore is to specify your 
network E-mail system if you ' re using one. 
WinFax Pro for Networks supports all 
VIM (e.g., Lotus cc:Mail). MAPI (e.g. , 
Microsoft Mail), and Novell MHS- based 
E-mail systems. 

Finishing up the client installation re
quires a few additional choices, such as 
choosing a default cover page. filling in 
default fax-header information , and de
cidi ng whether you want to autom atically 
enable the OCR (optical character recog
nition ) that' s built into the package. Del
rina ' s OCR, based on Caere ·s AnyFax 
technology, is accurate and fast. Of course, 
whether you' ll want to use OCR depends 
largely on the type of fax traffic you re
ceive. I usually rece ive short faxes that I 
read and di scard. But if you need to store 
or edit faxes, OCR ' s ability 

choose to use the lirst available modem, a 
specific modem. or the first-available mo
dem in a group (if the servers have been set 
up that way). 

Saving Server Cycles 
When you tell WinFax Pro for Networks to 
send a fax, the package checks for a free 
modem (or for whether a specified mo
dem is free). If a modem is free. the fax 
gets routed to the server and immediately 
sent. But what happens if it can't immedi
ately send the fax is unusual. Unlike with 
competing packages, lhe pending outgoing 
fax isn ' t stored in the server until the fax 
modem becomes free. Instead. it ' s stored 
locally on the workstation. This has both 
advantages and disadvantages. 

One advantage is security. Since the fax 
isn' t stored on the server, it can ' t be ac
cessed by someone who has access to that 
machine. Another advantage is that the 
server doesn't need to have large amounts 
of free hard disk space for storing outgoing 
faxes. 

On the minus side, network traffic in
creases, because lhe client continually polls 
the server until the fax modern frees up. 
This isn ' t a problem for small or li ghtly 
used network s, but it can create perfor
mance problems on large, heavily used 
networks with lots of fax traffic; the net
work can get bogged down with lots or 
packets looking for a free fax modem. Del
ri na says th is situation will be handled 
soon with an optional WinFax Pro for Net
works module th at will implement true 
server-based fax queuing. It should be 
available by the time you read thi s, but 
pricing wasn ' t available at press time. 

The Incoming-Fax Shuffle 
Fax ing gets a lot more complicated when 
it comes to handling incoming transmis
sions-because of a limitat ion of fax tech

nology, not the product. Un
fort unately, the easiest way 
ro route incomjng faxes to 
their intended recipient i. 
to install the WinFax Pro 
for Net works server on a 
PC used by someone whose 
designated responsibility is 
to handle incoming faxes
what the setup calls the "fax 
recepti oni st," who views 
faxes and sends them to the 
correct recipient. 

The easiest way to do this 
is via E- mail. But it" your 
network does not ha ve E
mail. WinFax Pro for Net

works can send faxes within the network: 
The fax receptionist refaxes the incoming 
fax to the recipient. This ounds strange, 
but it works wel I. or course, the major 
problem with all these manual methods is 
that incoming faxes are far from secure. 
Anyone can read them. But that 's true with 
a standard fax machine. too. 

There are ways to automatically route 
incoming faxes directly ro the correct re
cip ient on the network , but the process 
i. n ' t simple, at least at the present time. It 
also requires special hardware. DTMF and 
OLD (direct in ward dial) direct incoming
fax routing requires Intel Satisfaxtion mo
dems on the WinFax Pro for Networks 
server and sending fax machines that sup
port direct routing. (At present few do.) 
The fax sender has to enter an extension 
number and then send the fax , which gets 
directly routed to the correct recipient. 

There is hope for a simpler way in the 
future. The CCITT, which sets interna
ti onal telecommunications standards, is 
working on an automatic fax-routi ng pro
tocol that would work with an expanded 
version of the telephone company's Caller 
ID. Dehina says WinFax Pro for Networks 
will suppo11 that service when it becomes 
available. But reali tically. fo r most users 
of WinFax Pro for Networks. manual rout
ing of incoming faxes is what you' ll need 
to use, inconvenient or not. 

The WinFax Future 
By the lime you read thi s. client support 
shou ld be available for both Win Fax Pro 
for DOS and WinFax Pro for Macintosh, 
as well as the above-mentioned server fax 
queuing. Further out. the company plan 
modules that offer enhanced system ad
ministrat.ion and security, as well as a mod
ule for modem pooling, sharing modems 
used for data communications. 

The easy installation and scalability of 
Win Fax Pro for Network make it a logi
cal choice for a variety of networks. Its 
ability to grow with and adapt to changing 
company needs is unique. It won't meet 
the needs of everyone, especially large 
corporate network installations with special 
needs (e.g .. a customer-support depart
ment ). But for many users, WinFax Pro 
for Network i. an elegan t so lution to the 
thorny problem of" LAN-based faxing.• 

Sw11 1\iliastkmrski is a BYTE co11.rnlti11g editar. Ile 
ltas 11·ide experience i11 co1111<'Ctivity a11d co11111111
11icario11s and is rite caa111l10r of rite Windows for 
Workgroups Bibk (Addiso11-\\lesley. 1993). l'nu 
c1111 l"t't1ch him 011 the Jnremer or RIX at sta11111 @ 
bix.cn111. or l'ia MCI Mail ar 530-9979. 

to turn graphical fax im
ages into editable text can 
be handy. 

After in stallati on, yo u 
can create and send faxes 
just as with the ·tand-alone 
package. You can fax di
rectly from Windows ap
plications by using the Win
Fax printer driver, which is 
automatically in tailed dur
ing setup. If you have more 
than one fax modem on 
your network, there's only 
one additional step when 
you send a fax. You can 

About the Product 
WlnFax Pro for Networks 
Basic package {one 
server and two clients) .....$399 
Additional server .......... .....$179 
10.user package ............... S999 
25-user package .. ....... .... $2249 
50.User package ...... ... .... 54299 
Free network upgrade for 
existing WinFax Pro 3.0 users 

Delrina Corp. 
6830 Via Del Oro. Suite 240 
San Jose, CA 95119 
(800) 268-6082 
(408) 363·2345 
fax: (408) 363-2340 
Ci~le 1075 on lnquhy Card. 
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&umncnlatW 
\(f'C CA 1507, recipient of the 

nergy Stiu-, offei:s a fu1\ range of 
justment controls. 'This monifor 

p ies with the O~MS power 
~gement standards !luggesteil by 
!VESA and will work with any 

j\.;eomp\iant cmnputer.'' 

Digest, November 1993 

;fC's new green monitors 
c,(>nsume \ess than 1.5 Watts 
~vi1en inaeLive, and \ess tl1an 
20 Watts when on stand-by. 

r'to 1e average of 85-100 \V utts for an 
.~ary monitor, each KFC rnonitur contributes 

bstantialiy to a greener environment. And 
you're not ju~t sharing the contribution, you're 

also sav ing money. 

·~ 

~~~.~N~.2.KFU.USA 

1575 Su110owcr Av CTel: (71 4) 546-0~.,;" l'osta Mesa, CA 92626"·"> • ·ax: (7 14) 546-0 
Circle 11 3b 2 on Inquiry Card. 
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HANDS-ON TESTING 


Our custom tests use real-world applications to find the 

fastest accelerator cards for Windows and the Macintosh 
.JIM HURD AND MARK PAXSON 

sers have always wanted faster graphics and tmer colors, but until today 's sophisticated chip tech
nologies and new bu architectures appeared, these goals were attainable only at high costs. 
But for this repo1t, we tested 76 color graphics accelerators for Windows and the Macintosh and 
found dozens of fast cards that are also economical, whether your work centers on mainstream 
Windows tasks or high-end Macintosh graphics applications. 

Our te t sampling included both DRAM- and VRAM-based (v ideo RAM) accelerators in 
configuration that ranged from l MB of video memory to 4 MB or more. However, to be con idered for this 
roundup, a board had to run at a minimum of 1024- by 768-pixel resolution with 256 colors in noninterlaced 
mode. Our rankings also include boards that nm at I 024 by 768 resolution with 64,000 and 16.7 million col
ors, as wel l as at 1280 by l 024 resolution with 256 colors. We tested boards on ly in their noninterlaced 
modes. 

If you just need the power of a I -MB video board to run general-business applications, a DRAM-based 
adapter fit the bill fo r a low cost. We tested I 0 such boards that retail for less than $200. If you need high
er re olution and more colors, you' ll need a more expensive VRAM-based board to achieve good picture qual
ity. While the faste t boards we te ted all use VRAM, our te. ts show that the performance difference i 

How to use this guide 

To find the best graphics accelerator board for your needs, bus architecture and then look for the subcategory that is 
follow the main headings until you come to the appropria te most relevant to you r work. 

Nood apood wo·r general buslno••? 

PC-based accelerators are grouped 133b3.f·i+Qil ·IQ·f1j ttm:ulesD)'rwaHeVLProD602 ••£• (Excellent) boards came with 
by the resolutions and color levels ,,._,..... ·~ .........,.a"°""""''-"'~'"... 1 installation software and the clearest 
they support rather than traditional _,_........,......,""".""'..,.·"""'"""'"'"' manuals; .&.&.& (good) identifies 
Lab Report rankings based on best ::.."'..:::'..r.::;:.."';;'

0
'.;:;:;".:..,""':::':.:.'.:':::;,,,,..,....,..,.., boaros that can be installed without 

overall and low cost (our Mac """""""""'""A"""""'""'°"'· '"''"'''..""''.. "''''""''".."'""' checking the documentation; .&4 (fair) 
rankings follow the tra:Ji tlonal """DRAM...,......,. ----- boards required a check of the user's 
breakdowns). "'" ,... rm•"'" """"'" ~ manual: .& (poor) boards needed 

1 1111 
The time (in seconds} It took the w Nl_O,.- ..... '"C*: ~:' ~.u. ~~~, ~u jumper resettings. 

graphics adapter and driver to --=::::::5v-~: ::: ~: :~: ;:::~~== ~ ~ ~ 
2draw a screen image. The tests ::: ::=:'n,,.lf;nt ~ :: ::~"' ~': : :~-:xi:;-to00 "' " " " 

use a collection of screens from \ 

top Windows and Macintosh Price as configured ; typically, the cost 

applications. Lower numbers varies based on the amount. kind. and 

indicate faster performance. speed of RAM installed·. 
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Accelerator Essentials 
MONITOR INTERFACE BEST 
Most video cants provide a singlePASS-THROUGH CONNECTOR 
video connection based on the 

connector, this is required for boards 
Commonly called a feature 

standard D-shell, lS·pin VGA 

that must use a separate VGA card. connector. Some high-end boards 
offer RGB connectors (i.e., BNCJ.When possible, choose cards that 

integrate VGA support; they are Some boanls have multiple active 

VIDEO MEMORY easier to install, and the VGA card video connectors, allowing 

VRAM boards have the doesn't take up an extra slot. 
reputation of being dramatically ~ 
faster than ORAM boards, but 
DRAM designs have improved to 

the point where they're not \ 
necessarily slower than VRAM 
designs. Choose DRAM for 
economy if you mainly operate 
In 1024 by 768 resolution with 
256 colors. VRAM is a must for 
refresh rates that provide clear 
images at higher resolutions 
and greater color levels. 

VIDEO ACCELERATOR 
Most accelerators combine VGA compatibility 
Into the accelerator chip to save cosl The fastest 
boards In our tests used accelerators from Tseng 
Labs, Weitek, or llT, or a proprietary design. The 
lowest-cost accelerator designs pack the DAC (D/A 
converter) onto the accelerator chip, but most video 
boards still have a separate chip responsible for 
turning the digital info11Tiation stored on the card into 
an analog signal to drive the monitor. 

usually minu scu le; o ften a fas t DRAM 
ada pte r w ill o utpe rfo rm a n a ve rage 
VRAM board. 

To gauge perfo rmance for real-world 
conditions, we used 15 tes t screens that 
inc luded such commerc ial g raphi cs-in
tensive app lications as Corc!Draw, Mi
crosoft Exce l. and Aldus Persuas ion. We 
based our tests on actual app lications be
cause many video adapte r. cont inue to 
be tuned more fo r benchmarks rather than 
fo r real-world use. 

We tested adap ters for fo ur d ifferent 
bus interfaces : YL-B us, ISA. ElSA, and 
Nu Bus. Some drawing operations do not 
stress the bus speed enough to show any 
sig ni f icant perfo rma nce adva ntages of 
using the faster VL-Bus. But copying im
ages from me mory to screen (known as 
Biting), which is especial ly important for 
graphics illustrat ion and multi media ap

multiple monitor attachments. 

The video BIOS is where programs 
that support basic DOS functionality 
reside. Look for boards that provide 
VESA BIOS support in ROM 
(preferably version 2.0 or higher) 
rather than boards that make you 
load a TSR program. The BIOS is not 
used at all when Windows is running. 

For the best all-around graphics 
perfo11Tiance, buy a local-bus graphics 
card if your computer supports either a 
PCI !Peripheral Component Interconnect) 
or the VL-Bus. These interfaces give you 
the highest bandwidth connection to your 
video card. The difference Is especially 
noticeable in raw pixel copies. 

pli cations, was the major exceptio n: VL
Bus adapters generall y outperformed their 
ISA and EISA counterparts by a mm·gin of 
more than 2 to 1 in thi s operat ion. 

Our test sample also included a wide 
variety of graphics accelerato r chip sets. 
T he most inexpensive boards were based 
on the Cirrus Logic GD5426 accelerator. 
The fas test chi p sets varied by applica
ti o n a nd vendor imple me nt a ti o n, bu t 
boa rd s po we red by the T:eng La bs 
ET4000/W32; the Weitek Power 9000; 
the llT AGXO l 5; and proprietary acce l
erators by Compaq, SuperMac, Appian, 
and Matrox ran fastest. Our rankings don' t 
inc lude boards that use the Texas Instru
ments 340x0 coprocessor. A lthough it is 
fl ex ible, the 340x0 archi tecture is be ing 
overtaken by the lower-cos t, hi gher-per
fo r mance boards w ith f ixed - fun c ti o n 
graphics accelerator chips. 

Vl-BUS 
GENERAL-PURPOSE 
Hercules Dynamite VL Pro 
D602 
The $299 DynamiteVL Pro 
D602 offeJ"l! performance and 
price that are similar to those 
of the handful of other DRAM· 
based boards that use Tseng 
Labs' W32 cfjip set. The 
Dynamite VL Pro D602 gets 
the winning nod thanks t o Its 
superior documentation. 
configuration software, and 
technical support. 
PAGE149 

ISA BUS 
GENERAL-PURPOSE 
Paradise/Western Digital 
Accelerator 24 
This $199. board's 
lnstallat ion;is sqmewhat 
cumbersome·because of 
jumpers that may need to be 
reset, but once you get over 
this small hurdle. the 
Accelerator 24 offers 
excellent performance, solid 
support, ·and the best val4e 
for tt\ose who use ISA 
systems for general-business 
applications. 
PAGE155 

MACINTOSH NUBUS 
Radius PrecisionColor Pro 
In overall speed, this was the 
fastest of the 10 24-bit 
NuBus boards we tested. The 
PreclsionColor Pro also offers 
the added advantage of 
letting you change resolutions 
without rebooting your 
Macintosh .. 
PAGE161 

EISA BUS 
GENERAL.PURPOSE 
Compaq QVision 1280/E 
Ranked best for general· 
purpose applications, this 
board also ex~lled for use 
With CAD applications. Its 
speed for 25&color graphics 
modes runs as fast as many 
vui"us boards, thanks to 
Compaq 's welHuned drivers. 
The board's text and corT)plex
graphics speeds rank with 
those of the fastest boards 
designed for use with any 
type of bus. ~ 
PAGE 16S 
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THE BEST GRAPHICS ACCELERATORS FOR 


• 


We saw the biggest speed gains from VL-Bus in the true-color 
cards designed for graphic. illustration and desktop publishing. 
For example, SuperMac Technology's Spectrum/24 for VL-Bus 
was over 30 percent faster than its Spectrum/24 for ISA. 

To rank cards for the general-purpose category, we compared test re
sull~ for all card that ran in 1024 by 768 resolution with 256 colors. Although 
the Diamond Viper VLB was the fas test adapter when using 256 co lors, it 
was less than 5 percent faster than the top three general-purpose adapters, 
which cost less than the Viper VLB. 

All of the top three boards used the Tseng Labs ET4000/W32 accelera
tor chip, whose speed and price make it the best va lue for this mainstream 
market. By using four-way memory interleaving, Tseng Labs· chip wring 
out remarkable perfonnance from low-cost DRAM. The W32-based adapter. 
were on ly hundredths of a second slower than the Diamond Viper VLB 
and faster than many VRAM designs. By virtue of its compatibility with 
Tseng's popular ET4000 chip, the ET4000/W32 comes out of the box wi th 
reli able drivers for all popular operating systems. 

Our favori te W32-based adapter is the Hercul es Dynamite YL Pro D602. 
However, because W32-based cards are so similar, we recommend that 
you shop around and co mpare the Dynamite VL Pro to its W32-bascu 
cousins to get the best price (but don ' t forget to facto r in support). 

Interl aced di splays are a bad buy at any price because of their high lev
el s of flicker. Either pocket the 
$50-$60 it will cost you for an 
extra megabyte of memory or 
put the money toward an adapter 
that can take adva ntage of the 
extra memory. 

Our direc t-color ra nkings 
considered boards capable of 
I 024- by 768-pixel reso lution 
wi th 64.000 co lors, which ex 
cluded boards with less than 2 
MB of memory. 

Boards like the $490 Appian 
Tec hnology Renegade 1280 VL 
Pro and the AT! Graphics Ultra 
Pro VLB make 16-bi t color in
creasingly affordable and atu·ac
ti ve. 

The A TI Graphics Ultra Pro 
was the only adapter we received 
with a shipping direct-color dri v
er for Windows NT. 

Our desktop publ ishing rank
ings con idered boards capable 
of providing 16.7 million co lors 
at 1024- by 768-pixel resolution. 
Well-established in the Macin
tosh world , SuperMac Technol
ogy is acting like anything bu t a 
newcomer with the Spectru m/24 
VL for Window . . 

The board was a shade slower 

amine the seH-con· PCI SYSTEM RESPONSE TIME (SECONDS) 

figurabilit;y of the PCI 1024 by 768; 1024 by 768; 1280 by 1024; 

adaptei:s. 256 colors 64,000 colors 256 colors 

Of these three Diamond Viper PCI .586 .607 .626 

..adapters, only Dia· lnfotronic IGP64 PCI N/A NIA .843 

mond's Viper PCI IBM ValuePoint system, 

worked flawlessly. with built-in ATI PCI .788 N/A NIA 

The other two PCI 
cards, the Graphics 

NIA = not available. 

Ultra Pro PCI from ,, 

' nologies. We used 
this feature to ex· 

Promising Beta 
Although it wasn' t yet in producti on during 
our testing, we fou nd the beta version of the 
Actix Systems Graphics Engine 32 VL plus 
particularly interesting. The board is based on 
a prototype S3 86C8051 accelerator chip, 
which adds memory-i nterleav ing support to 
the widely used 86C805 chi p. The Actix 32 
VL plus board is notab le as perhaps the first 
DRAM design that offers non interl aced 1280 
by 1024 resolution with 8-bit color and 1024 
by 768 re olution wi th 16-bit color. 

Also of note are the beta S3 dri vers that 
come with the 32 VL plus. Even on the 
current-generati on 86C805-based boards, such 
as the Nth Graphics th S3 AdvantageNL and 
the Volante Warp l OLB, the e new dri ve rs 
offer a 25 percent speed improvement. which 
is enough to put those boards at the top of the 
pe1formance pack. 

PCI: STILL JUST APROMISE 

At the time of testing, we could obtain only three PCl·based (Peripheral Component In· 
terconnect) video adapters; all were preproduction models. Our test-bed system, how· 
ever, was a production model of IBM's PS/ValuePolnt P60/D. Aside from its being 
available, the other interesting aspect of this system was its built-in video, from All Tech· 

ATI Technologies and the IGP64 PCI from lnfotroni_c America, had compatibility prob
lems. 

The All Graphics Ultra Pro PCI failed to run in the IBM system; however, it did run 
In a preproduction system from Gateway. IBM and ATI theorized that the PCI BIOS re
source manager had a problem with the concurrency of the two ATI video controllers. 
lnfotronic's IGP64 board and driver still needed a lot of development and cleanup 
work. 

The problems that we encountered demonstrate that PCI technology is not quite ready 
for the mass market. 
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than the fastest board in this BYTE BEST VL-BUS GRAPHICS ACCELERATORScategory, the Matrox MGA Im

pression/3/V, bu t lower cost Need speed for general business? 

and higher reso lution tip the 

scales in the Spectmm/24's fa


GENERAL PURPOSE Hercules Dynamite VL Pro 0602vor: The board retai ls for $300 
less than the lmpression/3/V. 

~ All the adapters based on the Tseng Labs ET4000/W32 chip offered uniWhat's more, the Spect.rum/24 ti\tJlt formly excellent performance and under-$350 prices. But we give the nod supports 16.7 mi ll ion colors at 
~ to the Hercules Dynamite VL Pro for its superior documentation, configura1152 by 9 IO resol ut ion, versus 
~ lion software, and support. The 0. 7-second average screen draw for the W32-based boards puts 16.7 million colors at I 024 by 

them among the fastest boards for 256-<:olor, 1024- by 768-pixel display resolution, despite their 
768 resolution for the Impres

frugal DRAM-based design. 
s ion/3/V. Those extra pixels 
can mean the difference be

SPEED EASE OF PRICE AS RAMAS ACCEURATOR STAHDARD DRIVERStween a full page and an "al
(SECONDS) USE TESTED TESTED CONTROLLER AlfTOCAD OS/2 WINDOWS ll UNIX' 

most-full" page in your favori te 
BEST Hercules Dynamite VL Pro D602 0.697 ......... $299 2 MB Tseng Labs ET4000/W32i V' V' V'
de ktop publi shing package. 
RIJICICEIHJP Sigma Designs Concorde VLB 0.700 ......... $349 1MB Tseng Labs ET4000/W32i V' V' V'
One serious flaw with the 
RUHICER·UP Focus Truespeed/W32 0.698 ......... $169 1MB Tseng Labs ET4000/W32 V' V' V'


Spectrurn/24, however, is its 
RUNNER-UP Diamond Viper VLB 0.667 ............ $499 2MB Weitek Power 9000 V' V' V' V'


requirement of a separate VGA 
RUNNER-UP HerculesGraphite VL Pro HG720 0.683 ......... $549 2MB llT AGX015 V' V' V' 


adapter connected via the pass
through connector. Do you need 64,000 colors? 

We are tempted by the Pro 
Graphics 1280's greater value, 

DIRECT COLOR Appian Renegade 1280 VL Probut it seems Media Vision 
needs more time to tweak its 

For displaying 1024 by 768 resolution with 64,000 colors, nothing could touch the speed drivers. 
and price of the Renegade 1280 VL Pro. The board was one of the few we tested that ranFor CAD/CAM evaluations, 
faster in 64,000 colors than in 256 colors (0.65 second versus 0. 71 second). we considered cards capable of 

1280- by I 024-pixel resolution 
with 256 colors. For people SPEED EASE OF PRICE AS RAMAS ACCELERATOR STAHDARD DRIVERS 

(SECONDS) USE TESTED TESTED COHTROUER AlfTOCAD OS/2 WINDOWS l l UNIX' who make their living using 
BEST Appian Renegade 128-0 VL Pro 0.650 ......... $490 2 MB Appian AGC98032 V' V' V' V'
CAD, we recommend the Ma
RUNNER-UPMatrox MGA lmpresslon/3/V 0.701 ......... $1299 3MB MatroxMGA V' V' V' V'
trox MGA lmpress ion/3/V. 
RUNNER-UP ATI Graphics Ultra Pro VLB 0.780 ......... $499 2 MB All Mach 32 V' V' V' V'
The board is clearly geared for 
RUNNER-UP Diamond Viper VLB 0.880 ............ $499 2 MB Weitek Power 9000 V' V' V' V'
CAD: It comes with a separate 

manual just for Matrox ' s Auto When true color is mandatory••• 
CA D support software. 

If you work with Windows
DESKTOP PUBLISHING SuperMac Spectrum/24 VLbased CAD packages, you ' ll 

benefit from th e MGA lm
Offering 16. 7 million colors at a maximum resolution of 1152 by 910 pixels, the Spectrum/ pression/3/V ' s unique mode
24's 0.8-second average screen draw was second only to that of the more expensive andswitching. The board can foo l 
lower-resolution Matrox MGA lmpression/3/V. The Spectrum/24's documentation and driverWindows into treat ing it li ke a 
reliability are Impeccable. Unfortunately, it requires a separate VGA adapter. 24-bit board even when you're 

opernting in 8-bit mode. 
With thi s feature you can SPEED EASE OF PRICE AS RAM AS ACCillRATOR STAHDARD DRIVERS 

(SECONDS) USE TESTED TESTED COHTROUER AlfTOCAD OS/2 WINDOWS 3l UNIX.
define a monstrous 1600- by 

BEST SuperMac Spectrum/'l4 VL 0.798 ...... $999 3 MB Proprietary V'1200-pixel virtual desktop with 
RUNNER-UPMedia Vision Pro Graphics 1280 0.839 ......... $995 4MB Media Vision MVV451 V' V' V'
hardware panning in which to 
RUHICER-UP Matrox MGA lmpression/3/V 0.779 ......... $1299 3MB Matrox MGA V' V' V' V'
do your des ign work. At any 
RUNNER-UP STB Systems Pegasus VL 1.015 ......... $849 4 MB S3 86C928 V' V' V'
time you can see the rendered 

result in true 24-bit color by For high resolution and fast performance••• 
simply pressing a key. 

The lower-priced a lterna
tives in this category support a CAD/CAM Matrox MGA lmpression/3/V 
fom1 of hardware-assisted pan
ning and provide AutoCAD This board combines fast performance with a unique mode-switching capability that lets you 


specific drivers and documen go from 256 colors to 16. 7 million colors and back with a single keystroke. 


tation. 

SPEED EASE OF PRICE AS RAM AS ACCEURATOR STAHDARD DRIVERS 
(SECONDS) USE TESTED TESTED COHTROUER AUTOCAO OS/2 WINDOWS l l UNIX.

KEY 
BEST Matrox MGA lmpresslon/3/V 0.795 ......... $1299 3 MB Matrox MGA V' V' V' V' 

Ease of Use: 
RUNNER·UP Appian Renegade 128-0 VL Pro 0.821 ......... $490 2MB Appian AGC98032 ti' V' V' V' 

Excellent .6..6..6..6. Fair .6..6. RUNNER·UP Hercules Graphite VL Pro HG720 0.852 ......... $549 2MB llT AGX015 V' V' 


Good .6..6..6. Poor .6. RUNNER-UPDiamond Viper VLB 0.827 ............ $499 2MB Weitek Power 9000 ti' V' V' V' 


·sco Open Systems' version al the X Window System. 
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HowWe Tested 

For most applications, the video 

adapter is the biggest bottleneck 
in system performance. For ex
ample, a mode rn hard di sk can 

load a 3-D bar chan in 40 milliseconds, 
while a fast video adapter needs about 
700 ms to display the same image. 

To create a comprehensive series of 
tests to identify the graphics accelera
tors that can shorten the performance 
bouleneck. we first sough t to identify 
the most important markets for video 
adapters. We concentrated on four PC 
applicati ons and the high end of Mac
intosh graphics. as outlined below. 

Ge11eral-p11rpose. I 024 by 768 reso
lution with 256 colors; for general-busi
ness applications and mai nstream Win
dows u er . 

Direcr color. I024 by 768 resolution 
with 64,000 colors; for hi gh-end Win
dows graphics applications, graphic de
signers, and multimedia producers. 

Deskrop p11blishi11g. I024 by 768 res
olution with 16 .7 million colors; fo r 
desktop publishers and graphics illu s
trators creating color publications. 

CAD/CAM. 1280by 1024 resolution 
with 256 colors: for engineers, archi
tects, and draftspersons . 

Maci11rosh graphics. 1152 by 870 res
olution wi th 16.7 milli on colors; fo r 
desktop publishers and graphics illus
trati on. 

We required test boards for the PC 
platform to support a minimum of 1024 
by 768 pixels with 256 colors in non in
terlaced mode. Boards had to have a 
minimum of I MB of memory , but if 
an adapter could suppon higher amounts 
of RAM , we asked vendors to supply 
the greater amount. 

prolonged period of time. 
On the Macintosh. we concentrated 

our tests exclusively on 24-bit, trne-col
or adapters capable of di splaying 16.7 
million colors on monitors up to 21 
inches in size. We limiced our te ting 
to this class primarily because most 
Macintosh motherboards arc equipped 
with exce ll ent 
video capabili
ti es for less-de
manding appli
cations. 

Performance 
was our prima
ry criterion for 
selec ting win
ners. After we 
chose th e top 
performers in 
each category, 
we ra nked the 
winners and the 
runners- up by 
considering the 
cost, support options, usability, and any 
unique features the boards offered. Be
cause of differences in retai l and street 
prices, we considered a 15 percent cost 
difference to be insignificant. 

In ease-of-use scores, adapters re
ceived a rating of "good" if an average 
user cou ld install them without refer
ring to the manual. An "excellent'' rank
ing wa " reserved for those adapters that 
had exceptionally clear and complete 
documentation and installation software. 
Boards that were rated "fair" required 
you to consult the documentation, whi le 
boards receiving a rating of '·poor" need
ed a vaiiety of jumper changes and/or 

a ca ll to the compa
ny 's technica l supup to 4 MB . Comparing Scores 

Beyond the scope port to configure 
When comparing performance of thi s roundup are them correctl y.
scores among various boards, video adapter with Although usabili
consider differences of less than 5 coprocessors, such as ty included how easy 
percent to be unnoticeable in acthe Texas Instru a card was lo install , 

ment 34020 chip . tual use. You ' re likely to spot the this judgment was 
We tested a board in tempered somewhatdifference in a board that ran 10 
each resolution and by the fact that inpercent faster than a competitor, 
at a color leve l that stallation is typicallybut the difference may not be 
the board supported a one-time task . enough to affect your productiv
in noninterlaced Once you get even ity. A 25 percent speed difference 
mode. Because of the most trouble

is great enough to choose a board screen flicker, we some board up and
for the productivity gains it offersdon 't recommend us nmning, you' re like-
compared to a slower alternati ve. ing any board in in 1 y to be concerned 

terlaced mode for a only about per for
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fun Hurd (lop photo, 
left) developed the 
graphics tests for this 
issue. Here. he and 
technical analyst Siu 
Kumar analyze test 
resuHs. Cbandrika 
Krislvlanllrthy <11d 

mance for the rest of that board 's life. 
We also considered any unique utili 

ties or hardware fea tu res that gave a 
board an advantage in any of our appli 
cati on rankings. For example, the Ma
trox MGA fmpress ion/3fV offers mode 
switching, which lets CAD designers 
display 24-bit ou tput with 8 bits per pix
el and then switch dynamically to true 
24-bit color for 3-D rendering. This fea
ture and the board ' s CAD- pecific doc
umentation helped the fmpression/3fV 
ri se to the top in our YL-Bus CAD/ 
CAM evaluations. Finall y, we did not 
consider adapters for honors unless they 
could complete the entire test without 
compatibility problem , and they had to 
produce a clear, stab le picture. 

We also gave higher marks to boards 
that didn't require a se parate VGA 
adapter. which not on ly slows the in
stall ati on process but takes up an addi
tional sl ot in yo ur system. Fina ll y, 
boards received higher marks if you 
could reach the company 's support staff 
through a variety of methods, including 
a company BBS, a toll-free phone num
ber. and a fax number. 

PERFORMANCE 

W hen writing our performance tests. 
we placed the most emphasis on pro



--

.g. 

TOWIN 

THE PAPER 


CHASE 

• 

• 

• 

STOP OOC·IT INCREASES YOUR PRODUCTIVITY AT WORK. 
We've just brought the paper chase to a resounding and refreshing halt with the 

invention of DOC· IT, the revolutionary, desktop document processor that com-CHASINGDAP'LR
r/1 L. 
-· 

DOC · IT TJ.t.. Okld4111. Aeg. UA. f.tO. OKI e.etk lndust'Y Comp3ny, 
Lid. Windows T.M. Microson Corp. ·THE ENO OF THE PAPER CHASE . 
ReQ. T,M Micro Oynaml~. Lid.. Silvilr Spring. MO. 

~binesamultitudeoftalents. 
With DOC· IT, Okidata has integrated faxing, printing, copying, scan

__ ning, cutting and pasting in one unit with afootprint so compact, it takes 

up just acorner of your desk. Incorporating graphics capability compati

ble with Windows"and most major software, DOC· IT lets you create 

\ and communicate finished presentation-quality documents-complete 


t;;:Jliiiiiiiir_\ with visuals- without having to get 

out of your chair. 


No more standing in line.Everything sits on 

the corner of your desk: simple, handy, pro

ductive and private; and incredibly easy to use. 

If DOC· IT looks good to you on paper, come 

see it in action at your nearby authorized 

Okidata DOC· IT dealer. TO RECEIVE YOUR 

OWN ON-SCREEN DEMO DISK, 

OR THE NAME OF A DEALER NEAR YOU, 

CALL 1-800-0KJ-TEAM, EXT. 264. 


Circle 124 on Inquiry Card. 



HowWeTested (continuedJ 


ducing tests that were a mea ningful re
flection of rea l-world conditions. To re
produce the performance of graphics ap
pli cations, we designed our tests using 
images produced from CorelDraw, Corel 
Presents, Microsoft Excel, and Microsoft 
Word for Windows. In all, we required 
each board to di splay 15 test screens, 
ranging from straight text, to 2-D and 
3- D bar charts, to complex full-color 
drawings. Sec the box at rig ht for test 
samples. 

We had hoped to use Core l Draw and 
Core l Present s as cros -p latform appli
cations for both our Windows and Mac
intosh tests, but delays in QuickDraw 
GX sidelined CorelDraw for Macintosh. 
Instead we used Core l" s export filters 
to convert our drawings into PICT for
mat. We also incorporated images from 
the Mac intosh versio ns of Microsoft 
Word, Microsoft Excel , and Aldus Per
suasion. (Because the pictures we used 
were specific to the platform, you should 
avoid making generalizations about Mac 
perfomiance versus PC performance on 
the basis of these test results.) 

In addition to mirroring real-world 
demands, we also designed our tes ts to 
be "cheat proof." Some graphics bench
marks, for example, use profiling to de
fine real-world usage; however, the tests 
consist simply of lines being drawn on 
top of each other. A clever writer of vid
eo drivers can improve . peeds in such 
tests by adjusting the dri ver to draw the 
first line and ignore the res t. 

To avo id thi s problem, we used full 
application screens exactl y as they are 
produced by applications. To further in 
crease our test accuracy, we used mi
crosecond resolution timing . Th is a l
lowed us to accurately measure a si ngle 
screen paint., and it avoids the problem of 
d raw ing th e same screen re peatedl y 
(which is unrea li stic and easy to "opti 
mize away" in the driver). 

Our Windows test software draws 
each of the 15 application screens into 
both system memory and video memo
ry using four different co lor modes for 
more than 120 tests in all. We also mea
su red the tim e it took to refresh the 
screen from an image cached in memo
ry at screen depths of I, 2 . 4. 8, 16, and 
32 bits per pixel. (Well -wri tten applica
tions will cache display images in sys
tem memory whenever possible to im
prove response times.) 

To reach an overa ll response timt:. 
we averaged test resu lts usi ng we ights 

Test Santples 

derived fro m profiling typical Windows 
usage . The overall response time is the 
average time needed to repaint the entire 
screen. Use thi s number to ga uge the 
performance of boards that support res
olutions and color levels appropriate to 
your applications. 

Our Macintosh tests pe1fom1ed si mi 
larly, except that we tes ted only in 24
bit-color mode, and drawing in memory 
was not a consideration because this re
lies only on the Macintosh Toolbox code 
and not on the video adapter. 

TEST-BED 

W e tested the ISA and EISA boards in 
a 66-MHz 486DX2 Compaq Deskpro 
66M with 8 MB of me mory. For the 
VL-Bus boards, we used DEC ' s MTE 
486/66 with 16 MB of memory. Tech
nici ans conduc ted all tests using Mi
crosoft Windows 3. 1. Mac intosh test

ing was done on a Mac Quadra 840AV 
with 16 MB of RAM . 
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CompuServe would like to introduce you 

to our information highway. 


Complete with visitor centers, shopping malls, 

town squares, and other world travefers. 


You\e probablr been hearing a lot about the information 

highway lately. 13ut before yo u take your next trip, 

maybe you should make sure the higll\\·ay you're on is a 

superhighway. Like CompuScrYc. 

CompuSe1w has near!~· 2,000 places fo r yo u to 

go, things for you to sec, and fun for you to have. You can 

turn in to one of our many forums where nearly c\·cry 

hardware and software Yen<lor is represented, along with 

almost every shade of political opinion. Our Electronic 

Mall ' is fill ed \1·ith the newest merchandise, and our CB 

Simulator and Electronic Convention Center let you just 

stop by and chat . 

Other services range from renowned reference 

databases to timely financial data and thousands of frecwarc 

and shareware programs. 

Plu , CompuScn-c has o\·e r a million and a half 

members world11·ide. So , you're hound to find plenty 

who wi ll share your interests, he able to offer ach·ice , 

or just become fast fri ends. 

For only SS .95 a month, you can get unlimited 

connect time - clay or night - to a full package of more 

than 50 basic services. That includes news, stock quotes, 

travel arrangements, movie and restaurant reviews, 

60 E-mail messages a month, and more. Plus, a whole 

universe of other services is avai lable at nominal 

additional charges. 

So, get on the fast track. For more information 

or to order, see your computer dealer or call 

1 800 848-8199. And take our information highway 

straight into the next century. 

@* C.OmpuServe" 
The information service you won't outgrow.'" 

Circle 80 on Inqui ry Card. 



THE BEST GRAPHICS ACCELERATORS FOR 


• 


W
hile VL-Bus video receives most of the allention, ISA 
video adapters are offering more capabilities than ever 
at bargain-basement prices of as low as $ 149. Even 
more surprising is the fact that the ISA cards that we 

te ted typically performed just 5 percent to 15 percent slower 
overall than comparable YL-Bus cards. 

Why isn' t ISA slower? After all , ISA offers a modest band with 
of 8 MBps max imum, compared to YL-Bus' s maximum of 132 
MBps. However, for most graphics operations, YL-Bus adapters 
don 't move data at speeds anywhere near the bandwidth of the bus. 

The VL-Bus advantage is most ev ident in B/1i11g, which is a 
straight pixe l copy from memory to the screen. (8/1 is an abbre
viation fo r "block transfer. ") For example, a fast ISA card on a 
straight pixel copy will attain just under 7 MBps. while a fas t 
VL-Bus adapter will top 16 MBps. TI1is corresponds to a complete 
screen repaint (using I 024 by 768 pixe ls by 256 colors) of under 
.05 second for VL-Bus ve rsus . I I second for ISA. 

The Achilles' hee l of ISA video cards is the limited address 
range of the ISA bus. Many of the fastest cards, such as Compaq ·s 
QVision 1280/1 , gain their speed by mapping VR AM into high 
memory. The QYi sion drivers that we tested would work only in 
this " fl at-mapped" memory configurati on. The ATI Graphics Ul
tra Pro ISA will work with or without Oat-mapping, but flat 
mapping offers a substantial perfo rmance boost. The problem 
with flat -mapping in an ISA system is that you are generally lim 
ited to 12 MB of system RAM, an amount that seems smaller 
every day. 

The Paradise/Western Digital Acce lerator 24 offers the best 

AVOID INTERLACING 


When Video Drivers Matter 
Under Windows (but not the Mac), video-driver 
soft ware is vital fo r drawing images in system 
memory. Typically, video acce leration hardware 
cannot be used for this task, so the performance rests 
sole ly on the cleverness of the driver software. 
The speed of drawing images in system memory is 

crucial to overall system response time, because many 
applicati ons will prepare the image in memory and 
then copy the fini shed image to the screen. 

Even on fast 486/66 machines, the performance of 
the software dri ver is often more important than the 
speed of the video hardware. We found instances 
where a new dri ver would boost a board 's 
performance by 25 percent , enough to move it from 
the bottom of the heap to near the top. If you haven' t 
upgraded your dri ve r recentl y. it might pay to check 
out your vendor 's BBS for any recent enhancements. 
The difference in dri ver performance is even more 

dramatic when using operating systems other than 
Windows. Our top-perfonning board for use with 
Windows NT was the Hercules Dynamite VL Pro 
0 602, a low-cost DRAM board ; its faster driver far 
outwe ighed its marginally slower hardware. 

In deciding what graphics accelerator to buy, make sure you weed out those that support only resolutions that are used in 
interfaced mode, because eyestrain will result if you work for long periods of time with an interlaced display. Nevertheless, 
vendors continue to provide intertaced modes, even though monitors designed with the slow phosphor needed for intertacing 
are rare. Worse, many vendors don't make it clear what resolutions require intertacing. We strongly suggest that you ignore 
intertaced modes when making your pur
chase decision. 

Also, be wary of advertised resolutions 
that require 90-Hz refresh rates. Usual
ly, this indicates that interlacing has 
been implemented by the vendor: The 
actual refresh rate is 45 Hz, which is 
doubled to cover the two refresh sweeps. 

At the time of our testing, all the DRAM
based boards implemented interlacing 
in modes that required 2 MB of memory. 
For this reason, we recommend that you 
purchase DRAM-based boards with only 
1 MB of memory if they only run inter
laced modes with 2 MB. Noninterlaced Interlaced 
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va lue fo r genera l-purpose ap BYTE BEST ISA-BUS GRAPHICS ACCELERATORS 
plications ( 1024 by 768 pixels 
with 256 colors). Despite its 
price/performance strengths, 
the Accelerator 24 offers only 
fa ir usability: It was among a 
handful of boards we tested 
that may require you to change 
jumper , depending on your 
system configuration. 

The S3 86C80 I- based STB 
PowerGraph X-24 also lists fo r 
$ 199 and, also like the Accel
erator 24, it is DRAM-based. 
The PowerGraph was the slow
est of the boards ranked for this 
category, but new S3 drivers, 
which were in beta at the time 
of ou r testing, showed a no

Need t op performanc e a nd economy? 

GENERAL-PURPOSE Paradise/W D Accelerator 24 

This board was a top performer among the low-cost DRAM-based 


adapters. Unlike the top-performing Compaq QVision 1280/1. the Accel


erator 24 won't limit your memory expansion. The Accelerator 24 is 


more dlfficult to configure than most adapters due to its reliance on jumpers. 


SPU.D EASE OF PftJCEAS RAMAS ACCUERATOR STAHOARO ORIV£RS 
(SECONDS) USE TESTUl TIST!D COHTROUER AUTOCAO DSn WINDOWS 31 UNIX' 

BEST Paradlse/W DAccelerator 24 0.733 .A $199 1 MB WD90C31 v v v 
RUNNER-UP Compaq QVlslon 1280/I 0.721 .A.A.A $599 1 MB Proprietary v v v v 
RUNNER.UP Hercules Graphite Pro HG310 0.744 .A.A.A $399 1 MB llT AGX015 v v v 
RUNNER-UP Volante Warp20.2 0.766 .A.A.A $499 1 MB llT AGX-14 v v v 
RUNNER.UP STB Systems PowerGraph X·24 0.B65 .A.A.A $199 1 MB 83 86C801 v v v 

ticeable improvement over the The speed leade r in 64,000 colors 
re leased drivers we used for 
our formal rankings. 

DIRECT COLOR Appian Renegade 1280 ISA The lowest-cost boards we 
tested were based on the Cir
rns Logic GD5426 ch ip. These Appian Technology builds the Renegade 1280 ISAspecifically for direct-<:olor use: It runs faster 

In 64.000-Colo~ mode than in 256-color mode. If you are looking to step up to direct color and boards include the STB Hori
want to say good-bye to using palettes, consider the Renegade 1280 ISA.zon VGA ($ 159) and Cardi

na l's VideoSpectrum XL 
($ 149). SPU.D EASE Of PRICE AS RAM AS ACClliRATOR STAHDARO DRIVERS 

The standard GD5426 driv (SECONDS) USE TISTID TESTED CONTROLLER AUTOCAD DSn WINDOWS 31 UNIX' 

ers are not the eas iest to install, BEST Appian Renegade 1280 ISA 0.659 .A.A.A $490 2MB Appian AGC98032 v v v v 
however; you must separate ly RUNNER-UP ATl Graphics Ultra Pro ISA 0.803 .A.A.A $499 2MB ATI Mach 32 v v v v 
in stall a DOS utility to set the RUNNER-UP Compaq QVlslon 1280/I 0.840 .A.AA $599 2 MB Proprietary v v v v 

RUNNER-UP Nth Graphics Nth Edge 1280 0.787 .A.A.A $995 2MB Chips & Technologies 481 v vmonitor refresh . 
RUNNER-UP Sigma Designs WinMach 1600 0.832 .A.A.A $995 2MB 8386C928 v vYou ' II need hig her-cost 

VRAM-based boards to pro For the b e st speed i n tru e color• •• 
duce stable images with 16-bit 
co lor at 1024 by 768 pixels. 
Like its VL-Bus cousin , the DESKTOP PUBLISHING SuperMac Spectrum/24 ISA 
1280 VL Pro , the Appi an 
Renegade 1280 ISA is one of Long a major force in the Macintosh market, the company's offerings dominated our tests 

for cards capable of 16. 7 million colors at 1024- by 768-pixel re.solution. However. the board the few adapters that actually 
requires a separate VGA graphics adapter. ra n faste r using 16-bit color 

than it did whi le us ing 8-bit 
color. We didn ' t like the 1280 SPEEO EASE OF PRICE AS RAM AS ACClliRATOR STAHDARD DRIV£RS 

ISA ' s unnecessarily complex (SECONDS) USE TISTIO TISTID CONTROLLER AUTOCAO DSn WINDOWS 31 UNIX' 

installation. BEST SuperMac Spectrumf24 ISA 1.288 .A.A $999 3MB Proprietary v 
For CAD/CAM applications RUNNER-UP Raster Ops PalntBoard PC 1.963 .A.A.A $999 3MB 8386C924 v v 

( 1280 by I 024 pixels with 256 RUNNER.UP Number Nine #9GXE 2.700 .A.A.A $895 4 MB 8386C928 v v 
colors), our two lop choices use For s w itching res olu tions on the fly• .•
S3's 86C928 chip. The Sigma 
Designs WinMach 1600 was 
the faste t board in this cate CAD/CAM Sigma Designs WinMach 1600 
gory by a slim margin, but the 
Pixelworks Whir!Win-II was The WinMach 1600 supports hardware panning and allows basic image manipulation, such 

$ 100 cheaper. We gave the nod . ';"". .-: as compression/decompression, antiallasing, rotation. and scaling. The board supports . 
to the WinMach 1600 for its ~ 16.7 million colors at 800 by 600 resolution for photo-realistic rendering and can change 

support of 24-bit color ( 16.7 ~-----~ resolutions via a hot key. 

million colors) at 800 by 600 
resolution. SPEED EASE OF PRICE AS RAM AS ACClliRATOR STANDARD DRIV£RS 

(SECONDS) USE TISTEO TISTED CONTROLLER AUTOCAD DSn WINDOWS 31 UNIX' 

BEST Sigma Designs WlnMach 1600 0.808 .A.A.A $995 2 MB 83 86C928 v vKEY 
RUNNER.UP Pixelworks WhirlWin~I 0.815 .A.A.A $895 2 MB 83 86C928 v v v v 

Ease of Use: RUNNER-UPCompaq OVision 1280/I 0.857 .A.A.A 5599 2MB Proprietary v v v v 
Excellent .A.A.A.A Fair .A.A RUNNER-UP Appian Renegade 1280 ISA 0.886 ......... $490 2MB Appian AGC98032 v v v v 

RUNNER·UP ATI Graphics Ultra Pro ISA 0.967 ......... $499 2 MB ATI Mach 32 v v v vGood .A.A.A Poor .A 

·sco Open Systems' vers ion of the X Window System. 
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Windows NT Drivers: 
Better Late Than Never? 

M
any of the best-pcrfonning ac
celerators we tested had only 
beta Windows NT d1ivers dur
ing our test cyc le. In fact. the 

only shipping NT drivers at the time of 
testing seemed to be those that ship with 
NT itse lf. Aside from the drivers with 
result s shown in the accompanying bar 
chart (a ll shipped on the Windows NT 
CD-ROM), we received beta drivers for 
the SuperMac Spectmm/24 VL for Win
dows, Diamond Viper VLB , Hercules 
Graphite VL Pro HG720. and Matrox 
MGA lmpression/3/V. 

At this early stage, the low-cost Her
cules Dynami te VL pro D602 wa lks 
away from the field (but it is stil l slow 
er than it is in Windows 3. 1). The NT 
tests ran on a 486/66 DEC MTE. 

For Wi ndows NT testing, we used 
software based on the same code as the 
Windows tests with a few conditional 
compi lation switches. Testing graph ics 
performance under NT can be tricky , 
thanks to NT's automatic GDI (Graph
ical Device Interface) instruction batch
ing and dictatorial grasp of memory . 

The instruction batching seeks to mi n
imi ze the overhead of making many 
small requests to the graphics driver by 
grouping many small requests into one 
big request. Carelessly constructed tests 
can end up measuring the time it takes 
to place an instruction into this cache, 
rather than the time it takes to paint the 
screen. 

The memory prob lem stems from 
NT's refusal to lock more than 128 KB 
of a process into memory. This limita
tion cau se s problem s when te s t ing 
adapters with 4 MB of VRAM. An un
intentiona l swap can di srupt results. 

Accelerator Response lime (seconds; 255 colors) 

<llllBeuer Worse• 

HOW TO BUY A.GRAPHICS ACCELERATOR 

Find the Right Color Depth 
Although 8-bit boards capable of 
256 colors are adequate for 
Windows and general-purpose 
applications, consider stepping up 
to a 16-bit board with 64,000 
colors. Ideal for multimedia 
applications, 16-bit color requires 
2 MB of VRAM for 1024 by 768 
resolution . For Windows users, 
the greater color depth avoids the 
distracting color flash" that 8-bit 
boards can produce when you 
change windows or move among 
multiple open applications. 

Which Bus Is Best? 
Overall , Uttle performance differ
ence exists between the fastest ISA, 
EISA, and VL-Bus graphics accel
erators when you run at a relatively 
small color depth, such as I 024 
by 768 pixels with 256 colors. But 
when you increase the color depth to 
24 bi ts, you will see some ignifi
cant performance differences be
tween ISA and the other bus types. 
Therefore, if you' re only using 256 
colors in your applications and you 
havt< an lSA system, the inexpen
sive ISA-based cards should serve 

. YOU well. 

When Is VL-Bus· a Must? 
VL-Bus cards can become faster 
as you add memory to your 
system. This speed benefit comes 
because properly designed 
applications will use available 

1 	 system memory to cache screen 
information that can then be 
quickly copied to the screen. This 
image copying (called Biting) is 
what reaJJy separates VL-Bus 
cards from other cards: Speedups 
of over 2 to l are common for this 
operation. 

How Much Memory? 
Be wary of misleading vendor 
claims. A board may be 
advertised as being able to display 
16.7 million colors. However, if 
the board only has I MB of video 
memory, then this color level is 
possible only at the undesirable 
resolution of 640 by 480 pixels. If 
you need lots of color, use the 
following table as a guide to 
determine your minimum memory 
needs. 

If you And you Video memory 
run this use this should be 
resolution many colors at least 

640 by 480 16.7minion !MB 

800 by 600 64,000 l MB 

800 by 600 16.7 million 2MB 

1024by 768 256 lMB 

1024 by 768 64,000 2MB 

1024 by 768 16.7minion 3MB 

1280by1024 256 2MB 

1280by 1024 64,000 3MB 
1280by1024 16.7miUion 4MB 

Consider Support 
Be sure that your vendor is able to 
provide you with updated drivers 
in a convenient manner. Often 
substantial performance gains will 
result from the latest , more 
efficient drivers. On the other 
hand, high-performance Windows 
drivers are immensely complex, 
so there' s always a chance that 
some bug will prevent correct 
operation, and you should be able 
to download company fixes 
quickly. 
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Simply the best all-in-one Desktop Video Studio. for 

• video editing 

• animation-to-video 

• video presentations 

All hard- and software included. And it runs on your 

standard Windows-PC or Macintosh! 

Features include an edit control unit. a video mixer 

with 6 inputs, a character and graphics generator for 

titling, a 300+ digital video effects unit. and 4-chan

nel audio re-recording in CD stereo quality. 

Video Machine gives you full studio quality for a price 

you can afford! 

But don't just take our word for it: 

"A Dream Machine ... FAST has produced a real win

ner" AV Video 

"Seems like magic ... an outstanding achievement.. ." 

Byte 

"The FAST Video Machine is the closest thing to a one

step solution you will find. Video Machine offers the 

most bang for the buck of any solution on any plat

form" High Color Magazine 

"Add up prices for stand-alone gear. and you'd be 

hard-pressed to top this board for ten times the mo

ney" Videomaker 

"Seeing is believing!" Broadcast Hardware 

We couldn't say it any better. 

FAST Electronic U.S. Inc. 11//FRST USA: 

5 Commonwealth Road 
Natick MA 01760 
Tel. (800) 248-FAST 
Fax (508) 650-044 7 

Fast Electronic GmbH 

International: 
FAST Electronic GmbH 
P.O. Box 20 07 19 
D-80007 Munchen 
Tel. ++49 89 50206-0 
Fax ++49 89 50206-199 
Circle 96 on Inquiry Card (RESELLERS: 97). 

IM=F 

11\ITE 

l ·NM;I•.., 
i •lfu 1W! .,1 !•J.i 

Imagination. Made in Europe. 

YES, I take your word for itl Send me 
more information about: 

D Video Machine for PC 
D Video Machine for Macintosh 

Aodress 



THE BEST GRAPHICS ACCELERATORS FOR 


MACINTOSH NUBUS SYSTEMS 

W

e tested 10 two-page, true-color display adapters for 
Macintosh-based graphics illustrat ion and desk
top publishing. All these NuBus boards were easy 
to use and produced clear, stable pictures. We used 

a Mac Quadra 840A V for testing, which is a typica l target 
platform fo r these cards, because its max imum 2 MB of 
VRAM leaves it 1 MB shy of what's needed for dual-page, 
trne-color displays. 

Our best-overall rankings identified the speed leaders, with
out concern for price. Our low-cost rankings were limited to 
boards priced below $ 1800. Not surpri singly, these boards 
offer slower respon se times than the higher-priced boards, 
but they sell for about $700 less. 

Our tests showed only modest performance differences 
among the boards ranked as best overall. If you don't need the 
absolute best performance, the lower-cost SuperMac Spec
trum/24 PDQ Plus may offer better va lue than the Radius 
PrecisionColor Pro. 

The top two product fa milies, the accelerators from Ra
dius and SuperMac Technology, provide an interesting con
trast in design philosophies (the SuperMac/E-Machines Ultura 
LX is a SuperMac des ign, so these comments apply to it as 
well). The Radius adapters excel at moving photographic im
ages to the di splay from memory. The SuperMac adapters, on 
the other hand, are outstanding at executing streams of graph
ics primitives, such as lines , polygons, and text. SuperMac 
claims to accelerate 80 percent of all QuickDraw operations, 
a claim that wa borne out in our test res ults: With the ex
ception of Radius' PrecisionColor Pro in the best-overall 
category, SuperMac boards consistently posted the fastest 
overall speeds among the ranked boards. 

However, since just about every program does a combi
nation of image transfers and graphics primitives, it would 
be fair to say that the two designs offer roughly equi valent 
overa ll performance. Users primarily interested in running 
Adobe Photoshop or other image-editing software wi ll prefer 
a Radius adapter; the top-ranked Precis ionColor Pro moves 
pixels to the screen at an impressive 5.4 million pi xels per 
second, compared lo under 3 million pixels per second for 
all the SuperMac adapters. 

The SuperMac cards offer hardware pa1111in g, which al
lows you to pan across a large desktop more quickly .than 
you could by using the normal interface. This feature would 
be most useful for people who use CAD programs. Large vir
lllal desktops force you to drop down to 8 bits of color, which 
limits the usefu lness of this capability for graphics and pub
lishing work. The SuperMac Spectrum/24 Series IV is ranked 
in the best-overall and low-cost categories, but be cautious 
about comparing its score directly to those of the other boards. 
Its top resolution is 1024 by 768 pixels, and it was tested at thi s 
resol ution. 

The SuperMac Thunder series of boards allow you to add 
memory for on-board GWorlds (i.e .. images that exist in mem
ory but are not di splayed on-screen). This may offer an addi
tional acce leration for appli cations that are wri tten to take 
ad vantage of GWorlds, but you have to we igh the advantage 

DSP Acceleration 
Several of the SuperMac display adapters come equipped 
with DSPs (digital signal processors) to accelerate image
processing algorithms. The SuperMac DSP-based 
PhotoFlash architecture uses two AT&T DSP16A chips. 
SuperMac provides software 10 peed up existing Adobe 
Photoshop image-proce sing filters and to add new filters, 
including a new motion-blur filter. JPEG operation are 
significantly accelerated, even on a Mac Quadra 840AV, 
using Storm Technology s QuickPress. U ing QuickPress 
makes JPEG practical for 160-~ 120-pixel video editing 
using QuickTime editors such as Adobe Premiere. 

Displaying aJPEG-Compressed Picture 

Quadra 840AV 

Ouadra 840AV 
with SuperMac 

Thunderstorm Pro 

0.0 0.5 1.0 1.5 2.0 2.5 

... Be tter Seconds Worse "' 

of putting the memory on your display adapter rather than 
pulling it in your system. Additional memory on the display 
adapter means the acceleration hardware can update off-screen 
images and, more important , the off-screen image can be 
copied to the screen wi thou t having to squeeze th rough the 
NuBu. 

The two offerings from Radius don ' t offer hardware pan
ning, but they allow you lo change the resolution of the screen 
without restarting your Mac intosh. This might be useful if 
you use a 17-inch monitor, as you might want to temporarily 
view the entire page (al 1152 by 870 pixels) and then revert 
back to the normal-size image (832 by 624 pi xels) to contin
ue your design work . This fealllre is of no apparent use on a 
2 1-inch monitor. however. 

The RasterOps PaintBoard Turbo XL ign ificantly lagged 
behind the pack in performance. It would be an especially 
poor choice for image-editing applications such as Photo
shop; its time of 1.5 million pi xels per second is less than a 
third of the speed of the more expensive Radius Prec ison
Color Pro. However, its text-d isp lay speed is better than that 
of the Radius boards and within 5 percent of the speed of the 
SuperMac boards. 

All the NuB us boards slow clown dramatically when dis
play ing 16-bit images (when using 24-bit-color mode). The 
Rad ius Prec isionColor adapters move I6-bit images to the 
display al one-tenth the speed of 24-bit images. The SuperMac 
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What Makes ADesktop Projector™ 


"X Desktop Projector? 

Projecting the power of your computer in the meeting room. 

It 's not just the innovative, lightweight 
design. Or the remarkably easy-to-use 
controls. It 's not even the bri ll iantly 
vivid computer and video images it so 
effort lessly projects-even in well -lit 
meetingrooms. 
It's all of this and more. 

In fact, one look at Proxima's Desktop Projector se ri es of I.CD pro
jectors and you'll know that a new breed of computer peripheral has 
arrived. It 's the ultimate wayto present information and share data. 

Look better, work smarter 
Now youcan use the same computing tools you already use at your 
desk to enhance the productivity of your meetings. With Proxima's 
Desktop Projectors, everyone can see, share, and shape DESKTOP 
information together. That 's what we call Desktop PROJECTIO~ 
Projection. It helps build consensus in meetings; lets 
workgroups create project schedules,budgets and other 
documents more quickly: and leads to faster. smarter 
decision . 
And that saves you timeand money. 

Of course, you can also project bri lli an t presentations th at capti vate 
your audience. Not onlydo Desktop Projectors let you inco1vorate 
sound, motion , and our amazing Cyclops cordless mouse, but 
they eliminate the need for slides, flip charts, and transparencies. 

Any computer, any application 
Proxima's Desktop Projectors connect just like a 
monitor to anyPC or Mac and work with your fa
vorite productivi ty-enhancingsoftware. Starting 
as low as $4,995, and weigh ing as little as 18 
pounds, there' · a model for al mo t any budget or 

l. 1· f' I · j .r I tapp ICa IOn - rom llg l-pe110rmance CO Or 0 
mu ltimedia projection. 

Portable Deskwp Projecrorsgo where 
rhe acrion is. 

So whether it's a sales presentation , management discussion, or 
trainingsession, Proxima's Desktop Projector series lets you project 
the powerof your computer in the meeting room. 
For more information or the dealer nearest you, call us today. 

1-800-447-7694 

PROXIMA® 

Desktop Projecror 2800 shown above. 
Proxima Corporation 66 10 Nancy RidgeDrive. San Diego. CA 92121, (619)451·5500. In Europe: Horsterweg 24. 6191 RX Beek. The Nerherlands, +31 ·43·650148. Proxima is a regisrered rrademark andDesktop 
Projecror ,1nd Desktop Projection are trademarks of Proxima (orporarion. Other rrademarks are the properry of respecriveowners. 
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Matrox MGA: 

The World's Fastest Graphics Accelerator 

The proven 64-bit graphics series MGA Impression and Impression Pro Matrox • proven performance 

Accelerate your Windows, CAD and And for professional true color and 3D CAD Matrox's reputation for reliable hardware and 

Multimedia applications to their graphical users, Matrox offers the MGA Impression sol id drivers is a result of nearly two decades 

limits as they take advantage of MGA's series of graphics boards which provide of proven performance in developing graphics 

64-bit technology. Not only does MGA 24-bit color acceleration at resolutions up to solutions for companies like Sun. Hewlett 

provide the world's fastest performance. but 1280 x I024 and real time manipulation of Packard and IBM . Matrox is now bringing its 

MGA also gives you the productivity 3D wireframe and Gouraud shaded drawings. technological innovations and workstation

features you need most. And MGA has 	 level products to the 

received over a dozen awards to prove it! 'IL-Bus speed performance PC market 

but for thousands 
\Iii 

MGAUltlma 	 of dollars less. .......E ;;r'''"

Dil•1dMGA'snewest PCI and VL additions to the r,. 

Ultima family provide the ultimate low-cost 	 MGA offers support for PCI , VL, ISA and 
w 	 .~ 

11:1 11 ~ 	 mi.mgraphics solution for the PC Power User. The 	 MCA, and driver support for Windows 3. I , 
#! ~iiiiiiEi:•l-------1 · :;~mMGA Ultima starts at $599 for 2 MB ofVAAM NT, 05(2, X-Windows, AutoCAD and 

DI l!J . ::~, m 


and the MGA Ultima Plus, at $699, is fully MicroStation. For more information, cal l: 


upgradeable to 4 MB. 	 MGA's feature-filled Control Panel 

Access MGA's advanced Windows features 1-800-361-1408 
MGA Ultlma Specifications using a practical control panel: Matfu: (514) 685-0174 

01993 Al n;t.ts 1astf\'!d Matro.r. Matro1MGA.. ~.rox OCOP. Matroi: lnstanl
• 	 Up to 90 mill ion WinMarks' of blazing speed • Instant Modeswitch •Mon-the-fly resolution and W.odesY.11cn are r~suna traacm.lrt cf Matre• ~ronc Sf1ICl'T",. ltd 

111 Based on in-house tesooo of a2 MS MG.A U!llmil PCI ~1S10t1 Ullt'IQ Zitt-Da-.is• Up to 35 million WinMarks' in 24-bit color color depth switching without exiting Windows 	 W1rtBench 3 11 . Pent1Utn66MH1. 5171( cache. 72 Hz 
(2JBis.edoilflhousetesMg~7M9 :'l boaftlsUS1ngldf·Oa-.\IV/inBen...""l'l )l l , 
Pe-ttunfi&.m:. ~121( c:ache. n Ht W-GA¥.dNi..rr.ber tns 10141 75811-S·twl• 	 Up to I600 x 1200 in 8 and I 5-bit color • Pixel Touch hardware pan and zoom (2x,4x) ~ a-e ba.seCI ~ 4 w.a vt ooanJ.s 

• 	 Up to I I 52 x 882 in 24-bit color • QCDP ™true color simulation in 8 and 

• 	 Refresh rates up to I20 Hz I5-bit at resolutions up to 1600 x 1200 

• 	 Accelerated 24-bitVideo-for-Windows playback • Virtual Desktop sizes up to 1600 x 1200 

• 	 Real-time CAD acceleration with our • YideoYiew full screen VrN playback at 

powerful DynaView '" drivers. 30 frames per second 

' ' 

~1 1~ 1ME
,._::.~, : ·~;:: ~ '.' '' . ....,_... ~ 
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boards move I 6-bit images at 
about one-fifth the speed of 32
bit image . The lesson here is 
to be sure to switch to the col
or mode that matches the im
age that you are editing or 
viewing. 

The perfomiance penalty for 
di splaying 1-, 2-, 4- , and 8-bit 
images is far less severe. One
bit images display at half the 
speed of 32-bit images on the 
Radius adapters and on ly 15 
percent slower on the Super
Mac adapters. The significance 
of th is is that you can work 
with these lower-color images 
(monochrome is parti cul arly 
common for desktop publish
ing) without resetting the colors 
on your monitor. 

When comparing the resu lts 
of the Macintosh display sys
tems, it becomes clear that Ap
ple is under serious attack by 
tl.1e Windows products for 
high-end graphics applications. 
VL-Bus adapters such as the 
SuperMac Spectrum/24 VL for 
Window and the Media Vi
sion Pro Graphics 1280 offer 
eq ual or better performance 
than our top-rated Macintosh 
display adapters at a fraction 
of the cost. 

Because the te~ts were not 
identical (we used popular Mac 
programs to create tests for the 
Mac and popular Windows 
programs to create tests fo r the 
PC), we cannot make an over

B /Y..-rE BEST NUBUS GRAPHICS ACCELERATORS 

Need the best 24-bit Mac card? 

BEST OVERALL Radius PrecisionColor Pro 

The Radius PrecislonColor Pro was the fastest Macintosh

based board overall. beating out the SuperMac Thunder 

cards by a narrow margin. The PrecisionColor Pro shows 

Its biggest speed advantage when copying photographic 

images to the screen: At 5 .4 million pixe ls per second , it 

was 80 percent faster than the Thunder 11. the significantly more expensive 

card that won out in our rankings for high-speed Imaging. For text speed, 

however, the PrecisionColor Pro was 33 percent slower than the Thunder 11. 

The PrecisionColor Pro has the ability to change resolutions without requiring you to reboot the machine. The 3 

MB of VRAM In our test configuration ls also the maximum amount of memory that Is supported bY the Precision-

Color Pro. 

OYWllSPIID TffiSl'llll 111.ll:INC SPUD 811-llAPSl'llll PllCEAS WAS EASE ACCllliAltll 
(SECONDS) (SECONDS) (SECONDS) (SECO!IDS) TESlllJ TESlllJ Of US£ COlllROllll 

BEST Radius PrecislonColor Pro 1.349 0.243 1.881 0.186 $2499 3MB ..t....t....t...6. Radius Custom 

RUNNER-llP SuperMac Thunderfl4 1.421 0.193 1.967 0.367 $2599 3MB ..t....t....t...A. Proprietary 

RUNNER-llP Supert.lac/E·Machines Ultura LX 1.430 0.207 1.980 0.367 $1299 3MB ..t....t....t...6. Proprietary 

RUNHER-llP Radius PreclslonColor 24X 1.473 0.445 2.028 0.207 $2499 3 MB ..t....t....t...A. Radius Custom 

RUNNER-UP SuperMac SpectrurW'l4 POO Plus 1.464 0.224 1.993 0.423 $1499 3MB ..t....t....t...6. Proprietary 

Are you cost-conscious? 

LOW COST SuperMac Spectrum/24 PDQ Plus 

The overall speed of the Spectrum/ 24 PDQ Plus beats the Raster Ops 

PaintBoard Turbo XL by a narrow margin. The Spectrum/24 performed especially 

well In tests that measured Imaging and bit-map speed. The Spectrum/24 's 

price beats that of the Raster Ops PaintBoard Turbo XL by more than $200. The 

performance and retail price of both cards are roughly comparable . The 

Spectrum/24 can provide hardware panning at less-than-24-bit color. Although 

the less expensive Spectrum/24 Series IV looks Impressive, be aware that its 

maximum resolution is 1024 by 768 pixels. If you can work within this limit, the 

Series IV can be a good, low-<:ost choice, especially if fast bit-map speed Is 

important to you. 

all comparison between the 
OYWllSl'UD TOOWD IMAQHC SPEED 811-llAPSl'llll PllCElS WAS EASE ACCllliATtll 

graphics performance of the (SECONDS) (SECO~lS) (SECOliDS) (SECOliDS) TESlllJ TESlllJ Of US£ COllTIOllll 
Mac and that of the PC. But on BEST SuperMac SpectrurW'l4 PDQ Plus 1.464 0.224 1.993 0.423 $1499 3MB ..t....t....t...6. Proprietary 
one comparable test, the time RUNNER·UP Raster Ops PalnlBoard Turbo XL 1.858 0.225 2.534 0.666 $1749 3 MB .A...t...6..6. Proprietary 
required to copy a 32-bit im RUNNER·UP SuperMacSpectrurW'l4 Serles IV 1.450 0.313 2.057 0.298 $949 3MB ..t...A...t...6. Proprietary 
age from system memory to 
display memory (a common When speed matters... 
opera ti on in Adobe Ph oto
shop) , the VL-Bus adapters 

HIGH-SPEED IMAGING SuperMac Thunder IIshow a decided price/perfor
mance advantage. For exam
ple, the top-ranked Precision Most of the Macintoshes to appear since the Mac II are starved for NuBus 

slots. The Thunder II includes a dual DSP accelerator while still occupying Color Pro for Nu Bus clocks in 
a single NuBus slot. Even on the top-of-the-line Quadra 840AV. the board'sat 5.4 million pixels per sec
DSP acceleration gave us a 50 percent speedup while displaying JPEGond. The SuperMae Spectrum/ 
compressed images. The DSP acceleration also speeds up Image flltering 24 VL for Windows produces 
in Adobe Photoshop. The Thunder II provides performance that'san equally impres. ive 5.3 mil
equivalent to that of the Radius PrecisionColor Pro and faster than that ofli on pixels per second, but at 
any of the other cards we tested. 

less than half the cost. 

KEY 
OYWllSICID 
(SECONDS) 

TOOSl'!ED 
(SECONDS) 

IMACINCSP!ED 
(SECOKDS) 

811-llAPSl'!ED 
(SECONDS) 

PllC EAS 
TESlllJ 

WAS 
TESTED 

EAS[ 

Of USE 
ICC!lWlOI 
CONTIOUII 

Ease of Use: BEST SuperMac Thunder II 1.400 0 .1 82 1.953 0.334 $3999 6MB .A...t....t...6. Proprietary 

Excellent ..t....t....t....t.. 

Good ..t....t....t.. 

Fair ..t....t.. 

Poor ..t.. 

RUNNERUP SuperMac Thunder II Light 

RUNN ER·UP SuperMac ThunderStorm Pro 

1.444 

1.422 

0.198 

0.194 

1.964 

1.968 

0.424 

0.366 

$2999 

$3 199 

3MB ..t....t....t...A. 

3MB ..t...6...t...6. 

Proprie tary 

Proprietary 
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THE BEST GRAPHICS ACCELERATORS FOR 
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A
fter testing six graphics cards designed for EISA, we 
were pleasantly surprised to find that EISA video 
speeds can keep up with VL-Bus speeds. We still be
lieve that VL-Bus is the best choice for graphics per

formance, but some EISA ystems, notably Compaq's M se
ries, lack a local bus. For those systems, cards such as the 
Compaq QYision 1280/E are competitive with the best of the 
breed for any bus attachment. 

Users of EISA systems can also consider I SA-based video 
accelerator , and we found that these boards usually work 
flawlessly in an EISA system. Accordingly, we considered the 
entire sampl ing of EIS A and ISA cards for all awards in this 
section. Nevertheless, our tests show that whi le they are com
patible with EISA y terns , ISA boards arc slower and less 
flexible than ETSA boards, which can fully participate in 
EISA's automatic configuration scheme. (The ETSA version 
of the Appian Renegade 1280 didn 't arrive in time for testing.) 

A major advantage of the ETSA bus over ISA i the 32-bit 
address space ( 4 GB) , compared to 24 bit ( 16 MB) for ISA. 
Compaq ' s ISA-based QVision 1280/T in particular requires a 
large chunk of the TSA address space; using this board limits 
your overall ISA ystem memory to 12 MB. 

The QVis ion 1280/E earned our highest rankings for gen 
eral-purpo e and CAD/CAM. With even rBM now moving to 
third-party graphic designs, Compaq is one of the last ystem 
vendors to make its own video accelerators and write its own 
drivers. The QVision 1280/E is a remarkable success; it dom
inated all the other cards in the 256-color graphic modes. 
However, its drivers for 64,000 colors are newer and not as 
well tuned . Consequently, it placed only sixth in those tests . 

The QYision 1280/E gains much of its speed through high
ly tuned drivers; it was one of the few cards to quickly handle 
a di splay of a 24-bit DJB (device-independent bit map). By 
mapping the entire VRAM into the system-address space, 
the QVision 1280fE saves time that would otherwise be spent 
paging memory over other designs. 

For the best general-purpose alternatives to the QVision 
1280/E, look to the ISA cards we ' ve ranked. At $199, the 
Paradise/Western Digital Accelerator 24 offers good value 
as a low-cost general-purpose card for EISA systems. The 
Hercules Graphite Pro HG3 l 0 and the Volante Warp20-2 are 
nearly twins. Both are ISA boards based on IIT AGX accel 
erators and provide 1 or 2 MB of VRAM al similar prices. 

Both of these boards are al so competitive choices for the 
best direc t-color and CAD/CAM boards. (Their maximum 2 
MB of memory is not enough for serious color publishing 
applications, however.) We give a slight edge to the Graphite 
Pro HG3 l 0 here because of its broad range of support op
tions, the strength of its bundled utiliti es, and its better per
formance . 

The Appian Renegade 1280 was our choice for 64,000 col
ors on VL-Bus and ISA, and EISA is no exception. The 8-bit 
drivers for the !SA-based Renegade 1280 are uninspired; cti·s 
playing a 24-bit DLB takes a whopping 22 seconds in 1024 by 
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How Bus Architecture Affects Graphics 

The effect of the different buses on graphics performance Is mod
est when using typical business applications. Our tests showed 
slrn"ilar performance among boards for various bus architec
tures at 256- and 64,000..Color resolutions. This changes, how
ever, at 16-millio~olor resolutions, where the VL-Bus demon
strates at least a 25 percent improvement. 

Applications usually draw an Image directly into video mem
ory. The amo~nt of data that's required to pass through the 
bus at any given time for this operation is well within the band-· 
width of the 16-bit !SA bus. However, some applications will 
draw an Image outside of video memory as well and then trans
fer';that Image · into video memory when necessary. This· re
quires large blocks of data to pass through the bus, and the 
more advanced buses have an advantage over ISA. 

ISA 
Market forces made the original bus for the IBM PC a de facto stan
dard. The performance of graphics adapters in an ISA bus Is still ac
ceptable, even compared to the more advanced bus technologies. How
ever, in applications where extensive raw pixel copying from system 
memory to video memory is required, the ISA bus just can 't keep .up 
with VL-Bus or EISA. 
Users with ISA systems that contain more than 12 MB of memory find that 
many of the new ISA graphics adapters either won't run or perform 
miserably. Since the video memory won 't fit cleanly into the 16-MB lim· 
it, the board will fa il or the driver has to perform acrobatics to access the 
memory. 

EISA 
ISA adapters can work in an EISA system: however, EISA-specific adapters 
can take advantage of the 32-bit address and data capabilities as well 
as the 33-MHz operating speed of that bus. Sharing interrupts and OMA 
channels , bus mastering, and other features make the EISA (and Micro 
Channel as well) superior to the ISA bus In performance and abilities. Con
sequently, true 32-bit EISA graphics adapters will demonstrate marked 
performance gains over ISA in pixel copies from system to video memory. 

Vl-Bus 
VESA designed its local-bus specification for the 32-blt Intel 486 proces
sor, Consequently, a VL-Bus on a non-486-processor-Oased system can
not reside directly on the local bus. Instead, it uses a separate layer of 
hardware that converts the non-486 local bus to the VESA speclfica
tip(i. This layere~ ·implernentatlon Is very similar to that of the POI bus. 
The biggest limitation of the VL-Bus Is lbading. Adding peripherals to · 
the bus causes signal degradation. The faster the bus. the fewer the num
ber of peripherals that will operate reliably. In application, the VL-Bus will 
support up to three peripherals running at 33 MHz. 

PCI 
To avolel the processor dependency of the local bus, Intel developed 
the PCI (Peripheral Component Interconnect) specification, a bus de
sign that Interfaces to any local bus. It uses a hardware layer tljat Isolates 
the PCI from the CPU local bus and operates at 33 MHz instead of the 
speed of the processor. The processor"s independence also allows PCI 
adapters to operate in non-lntef.processor systems that have the PCI bus. 

PCI provides specifications for 32- and 64-blt interfaces, Which should 
meet performance demands through the end of the century. Another 
feature of the PCI specification is the self-configuration of installed prod
ucts. which gives users the benefit of plug.and-play. Although PCI is still 
in its infancy (as demonstrated In our tests), a committee consisting 
otabout 200 companies, including Appt6, is clearly driving the PCI stan· 
dard forward. 



Pacific DirectNet 
was designed to make 
life on a network easier. 
It 's fast. It's easy to use. 
And, unlike JetDirect 
from Hewlett-Packard, it 
can adapt to whatever 
network protocol comes 
its way. Automatically. 

$599 
included * 

$599 

And because we've 
incorporated Flash 
memory onto each 
card, Pacific DirectNet 
can be updated to add 
support for new net
work operating systems 

. or to upgrade features 
for an existing one. 

Pacific DirectNet is 
compatible with the 
Hewlett-Packard 
Laserje III, 1110, IIISi, 

' 4, 4M, 4Si, 4Si MX, 

The board connects 
to any Ethernet net
work, supporting Novell 
NetWare, UNIX TCP/IP, 
and EtherTalk operating 
systems. With automat Paintjet®XL300, 
ic switching, users won't Deskje 1200C, and 
be troubled by having The easiest way to share alaser}et Designjet®. It comes 
to switch protocols at with a lifetime warranprinter on anetwork.
the printer front panel. ty, 60-day money back 

II 

Because it supports standard UNIX printing and file 
transfer protocols, setup in UNIX is a breeze. Pacific 
Direct et connects to virtually all UNIX TCP/JP networks 
including Sun, HP, IBM, DEC, SCO, Solaris, and Interactive 

U IX. And it also contains an SNMP agent that 
allows network management software to recog
nize and manage printers like it does other 

NetWare 
Tested and network devices. 
Approved Pacific Directl\et offers support for an 
unlimited number of file servers and queues, as well as for 
multiple, simultaneous PSERVER and RPRINTER connec
tions on ovell networks. This way users are provided 

guarantee of satisfaction, and free technical support. And, 
for a limited time, the Novell/UNIX/EtherTalk board comes 
with PostScript®emulation - all for the standard low price 
of $599! Or, if you only need Novell NetWare support now, 
start with our Novell version for 
only $399 (HPprice $499), and 
upgrade later. 

For more information on 
Pacific DirectNet, a dealer near you, 
or to order direct from Pacific Data 

Products, call us at 1r 1 

(619) 625-3671, 1ff ~ PACIFIC DATA 

greater flexibility to select any printer on the LAN. FAX (619) 552-0889. ~ p R 
0 

D u c T s 
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Don't waste precious time. Us 'ony QD2120 formatted QIC-80 data cartridges. The perfect shortcut for your QIC-80 

drive.* Saving you up to two ho1.u·s of formalt ing Lime for more productive pmsuits. ONLY 
Like backing up yow- critical data. To keep your PC yslem running on schedule, s8~ 

DATA MEDIA take the quick route. For more data just ca ll 201-476-8199. SON"Y; 
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768 resolution, and 37 second BYTE BEST I EISA-BUS GRAPHICS ACCELERATORS Iin 1280 by 1024 reso lution. 
The 16-bit (64,000 colors) driv N e e d t o speed b usiness appli cations? 
e rs , howe ver, are a maste r 
piece, display ing lhe same 24
bi t DIB in only four- lenths of a GENERAL PURPOSE Compaq QVision 1280/E 
second. The Renegade 1280 
ISA was one of the few adapt This accelerator was the equal of better·known designs and fast enough 

to be on a par with VL-Bus video accelerators . Like all non-VL-Bus boards, e rs th a t we re fa s le r us in g 
the QVlsion 1280/ E has relatively poor pixel-copy speeds, but Its speed 

in displaying text and complex graphics is among the fastest of any board . 
64,000 colors th an they were 
us ing 256 colors. The Rene 
gade 1280 uses Appian' s own 
accelerator technology. SPEED EASE Of PRICE AS RAMAS ACCEl.ERATOR STANDARD DRIVERS 

(SECONDS) USE TESTED ltSTID COllTROUER AUTOCAD OS/2 WINOOWS 31 UllX'A mo re po li shed , th oug h 
somewhat slower, board is the 	 BEST Compaq OVlsion 1280/E 0.641 ......... $599 2 MB Proprietary .... .... .... v' 

RUNNlR·UP ParadiselW DAccelerator 24 0.733 ...... $199 1 MB WD90C31 .... .... ....ATI Graphics Ultra Pro EISA. 
RUNNER·UP Hercules Graphlle Pro HG310 0.744 ......... $399 1 MB llT AGX015 
Like the Renegade 1280 IS A, v' v' v' 
RUNNER·UP Volante Warp20-2 0.766 ......... $499 1 MB llT AGX-1 4/15 v' v' .... v'the Graphics Ultra Pro shi nes 
RUNNER-UP ATI Graphics Ultra Pro EISA 0.859 ......... $549 1.5 MB ATI Mach 32 v' v' v' v'
its brightest using 16-bit, direct 

color. The Graphics Ult ra Pro EISA leaders i n & 4 ,000 colors 
could not match the Renegade 
I 280' s overal l speed. but it was 
s ign ifica ntl y fa ste r at Biting DIRECT COLOR Appian Renegade 1280 ISA 
( i.e., making raw pixel copies 
from memory to screen): 3.5 Although we tested the ISA version of the board here , the Renegade 1280 was 17 percent 

faster than the second-place ATI Graphics Ultra Pro EISA. The Renegade 1280 is not without million pi xels per second for 
warts : It Is one of the few cards that requires a driver to be loaded during the DOS boot.the Graphics Ultra Pro, com

pared to 2.5 mill ion pixels per 
second for the Renegade 1280. SPEED EASE Of PRICE AS RAM AS ACCELERATOR STANDARD DRIVERS 
(An EISA version of the Rene (SECONDS) USE TESTED TESTED CONTROLLER AUTOCAO OS/2 WINDOWS 31 UNlf 

gade 1280 would probably be BEST Appian Renegade 1280 ISA 0.659 ......... $490 2 MB Appian AGC98032 v' v' v' v' 

fas ter, however.) RUNNER·UP ATI Graphics Ultra Pro EISA 0.769 ...... ... $549 2 MB ATI Mach 32 v' v' v' ti 

Biting perfo rma nce is the RUNNER-UP Compaq OVlslon 1280/E 0.859 $599 2 MB Proprietary v' ti v' ti 

;i ll - import ant paramete r fo r RUNNER·UP Nth Graphics Nth Edge 1280 0.787 ......... $995 2 MB Chips & Technologies 481 ti v' "'"'"' 
mult imed ia app li ca ti o ns and RUNNER·UP SigmaDesigns WlnMach 1600 0.832 ......... $995 2 MB S386C928 v' v' 

image-edi ting app lica tions. 
Want the bes t f o r true-color work?Considering ATI 's advanced 

support fo r Video fo r Win 

dows, the Graphics Ultra Pro DESKTOP PUBLISHING SuperMac Spectrum/24 EISA 

looks like a natural fo r people 

wi th a special interest in multi
 The Spectrum/ 24 's 1152 by 910 resolution with 16.7 million colors makes a good match for 
media. The Graph ics Ultra Pro programs such as QuarkXPress and Adobe Photoshop. The other boards ranked here offer 
is based on A TI' s own Mach credible performance. 
32 accelerator. 

The main alternat ive to the SPEED EASE Of PRICE AS RAM AS ACCELERATOR STANDARD DRIVERS 
QVis ion 1280/E fo r C A D/ (SECONDS) USE ltSTIO TESTED COllTROUER AUTOCAO OS/2 WINDOWS 31 UNIX' 
CAM applications is the Sig BEST SuperMac Spectruml24 ElSA 1.058 ...... $999 3MB Proprietary 	 v' 
ma WinMach I 600. The Win RUNNER-UP Raster Ops PainlBoard PC 1.963 ......... $999 3MB S386C924 v' ti 
Mach 1600 is our CAD/CAM RUNNER·UP NumberNine #9GXE 2.700 ......... $895 4 MB S3 86C928 v' ti 
choice for ISA sys tems, but it 
can' t match the speed of the F or high reso lution and s peed... 

QVision I 280/E on EISA sys

te ms. (S3 has an im proved 
 CAD/CAM Compaq QVision 1280/E dri ver in the works, but it was 
in beta at the time of our tests.) 

SPEED EASE Of PRICE AS RAMAS ACCELERATOR STANDARO DRIVERS 
(SECONDS) USE TESTED TESTED CONTROLLER AUTOCAD OS/2 WINDOWS 31 UNIX'

age of special imaging uti lit ies. 

BEST Compaq OVlslon 1280/E 0.687 ...... ... $599 2 MB Proprietary v ti ti ti 

KEY RUNNER·UP Sigma Designs WinMach 1600 0.808 ......... $995 2 MB S3 86C928 v' ti 

Ease of Use: RUNNER·UP Pixelworks WhlrlWln·ll 0.815 $895 2MB S3 86C928 ti .... .... ...."'"'"' RUNNER·UPAppian Renegade 1280 ISA 0.886 ......... $490 2 MB Appian AGC98032 .... ti .... ....
Excellent &&&& Fair && 
RUNNER·UP ATI Graphics Ultra Pro EISA 0.948 ......... $549 2 MB ATI Mach 32 v v' ti ti 

Good &&& Poor & 

The WinMach I 600 offers the 
added enticement of hardware 
panning, a I 600- by I 200-pix
e l desktop and a strong pack

The 1280/ E's performance puts it In the league of VL-Bus graphics adapters, but Its main 
drawback Is the 2-MB maximum VRAM, which limits res olution compared to the more 
expensive 3· and 4-MB boards. 

·sco Open Systems' version of !he X Window System. 
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HONORABLE MENTIONS 


The Colorgraphic Twin Turbo gives not one, but two 

accelerated displays. Two VGA connections support two mon 

itors: The Windows dri ver stretches the desktop across both 

monitors so that windows can be dragged seaml essly from one 

monitor to the next as if you had one big monitor. 

There's a variety of ways to tell your software how 

fast your monitor can be refreshed, but the best we've seen is 

the mode-selection utility that's shipped with the Elsa Winner 

adapters. The Winner lOOOVL 

Hercules excels at the little touches that differenti 

ate its products from similarly priced and performing compet i

tors. One of the company's latest innovations is a utility that 

detennines the maximum refresh rate of your monitor. Setting 

your video adapter to use a vertical refresh rate higher than what 

the monitor can accept can cause physical damage to the mon 

itor. Users can easily configure the Hercules boards for the best 

picture. 

The Appian Renegade 1280 offers top-notch 
Windows perfonnance and, as an added bonus for software 

developers, can run two-screen "hard-mode" Windows de

buggers such as 

MultiScope, Soft

lce/W, and Turbo De
bugger. Just hook any 

VGA monitor to the 

VGA port and connect 

your 17- or 21-inch 

monitor to the Renegade 1280's unique IGC port: Your debug

ger appears on the VGA screen while Windows gets the high

resolution screen. 

board lets you choose the Dubious Achievements 

for the PC market do not i.ntegrate VGA support, 

refresh rate via a Windows 

control panel and then It's annoying to find that some display adapters 
conducts a test to 

make sure your but the SuperMac Spectrum/24 adapters and 
choice will work. the Nth Edge 1280 all require you to purchase 
An incorrect a separate VGA adapter with a featme 

setting causes connector and connect the two adapters via a 

the screen to pass-through cable. This is no fun to install , 

<J and the VGA card takes up its own slot. 

seconds and then 

flash for a few 

revert to the previous 

setting, allowing you to try 

another selection. Other 

products force you to restart 

Windows, making it difficult 

to reset your video settings 

using the control panel if 

you've made an incorrect 

selection. 

:l.66 B YTE/ NSTL LA B R E l' O 

The Appian Renegade 1280 adapters are among the .few that actually 

require you to read the manual to install them. The back plate of each Renegade 

1280 card has two connectors, labeled "VGA" and "IGC." Cormecting the 

monitor to the VGA connector allows the machine to boot and nm in VGA 

mode, but tJ1e monitor goes totally black when you start Windows. To use botlt 

DOS and Windows, you must connect the monitor to the JGC connector instead 

(the manual sheds no light on !he meaning of IGC). Once you ' re able to get the 

board up and running, however, we find the JGC connector to be of great value 

(see Honorable Mentions). 
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•Int uc1ng 

Audio 1de0Blender... 


twice the blast, half the slots. 


Audio/Video Blender VideoSurge WaveWatcherTV audioSHOW gamePlayerlV ProPC/TV Plus 

Now, for the first Lime, you can get 
single-frame and full-motion video cap
ture with 16-bil audio on a single board! 

AlTechs new Audio/VideoBlender 
provides this double blast in one. Receive 
the same high-quality sound of the 
leading audio board. Plus full-motion 
video capture. All on one board! 

Audio/VideoBlender eliminates the 
need for a separate audio card for captur
ing, digitizing and playing back video 
and sound. Saving an expansion sloL 
And, the additional cosl of purchasing 
individual video and audio boards. 

With one integrated audio/video 
board, compatibility issues also decrease. 
Spend time on producing videos rather 
than configuring audio and video boards. 

So, \vith Audio/VideoBlender, create 

and edit videos for business and home 
presentations wilh not only full-motion 
video, but 16-bit PC audio. Display color 
resolutions of 16-bit (64K) colors, 15-bit 
(32K) colors or 256 colors are available. 
Plus, connectors for NTSC or PAL 
signals. Conversion from the AlTech 
format to various video capture formats 
including Microsoft AVI and Intel lndeo 
is also provided. 

For increased sound impact, 
Audio/VideoBlender offers 16-bit digital 
recording with stereo line-in and micro
phone input. Up to two simultaneous 
audio source inputs with software 
selection control for microphone input 
or audio line-in are also available. 

lf audio functions aren't a requirement, 
A!Tech o[ers the VideoBlender. All the 

features of the AudioNideoBlender are 
offered except built-in audio. 

AlTech can assist you with other desk
top video needs too. We offer a complete 
line of fully compatible DTV products, 
including integrated audio/video output, 
compression and genlock/overlay 
products, and audio/video encoders. 

For a double blast in one, or informa
tion on our other products, contact your 
local dealer or call us at 1-800-882-8184 
or 1-510-226-8960, or fax 1-510-226-8996. 

AITech International, 47971 Fremont Blvd., 

Fremont, CA 94538 


AITech 


V1 s 1 0 n f 0 r M u I t 1 e d 1 a 

Cl AITech lntematlonol, 1993. AudioNldooBlondcr, VideoBlondor, VidooSurgo, WavoWotchorTV, audioSHOW, gomePlayerTV and ProPCfTV Plus mo trademarks of AITec:h International. 

All olhor trodcmorks nrc lhc property ol lhei r respcclivo holders. Spoclflca!lons ore subjecl to change withoul notice. 


Circle 66 on Inquiry Card. 



IlOLJ_J CALL OF ACCJ~L .ERATORS 


IMAGE-RENDERING TI ME (AVERAGE , IN SECONDS) ' 

1024x76 1; 102 4x768; 1024xl68; 1180x1024; PRICE RAM BASE MAXI MUM RAM 
256 64, 000 16 MILLION 256 (W IT HRAM AS TESTED RAM RAM TYPE 

YE NDOR MODEL COLO RS COLORS COLO RS COLORS AS TESIE O) (M B) (MB) (MB) 

Actix Systems, Inc. 
Actix Systems, Inc. 
Actix Systems, Inc. 
Advanced Integration Research 

Graphics Engine 321VL 
ProStarVL 
Ultra VL plus/2MB 
AView2V 

0.707 
0.958 
0.720 
0.917 

0.767 

1.010 

0.812 

1.1 65 

$319 
$179 
$495 
$250 

2 
1 
2 
2 

2 
1 
2 
1 

2 
2 
2 
2 

DRAM 
DRAM 
VRAM 
DRAM 

Alaris, Inc. Tomahawk 0.947 $t39 1 1 t VRAM 
American Megatrends, Inc. Fastview VLB 0.801 0.888 0.952 $385 2.5 1.5 2.5 VRAM/D 
Appian Technology Renegade 1280 VL Pro 0.708 0.650 0.821 $490 2 2 2 VRAM 
ATI Technologies, Inc. Graphics Ultra Pro VLB 0.785 0.780 1.004 $499 2 2 2 VRAM 
Boca Research, Inc. Vortek VRAM Local Bus 0.739 0.931 0.910 $625 2 1 2 VRAM 
Cardinal Technologies VldeoSpectrum VL 0.957 $199 1 1 2 DRAM 
Cardinal Technologies WarpSpeed VL90/2MB 0.749 0.903 0.947 $599 2.5 1.5 2.5 VRAM/D 
Diamond Computer Systems, Inc. SpeedStar Pro VLB 0.958 $179 1 1 1 DRAM 
Diamond Computer System s, Inc. Stealth Pro VLB 0.799 0.918 $449 2 1 2 VRAM 
Diamond Computer Systems, Inc. Viper VLB 0.667 0.880 0.827 $499 2 2 2 VRAM 
Elsa, Inc. Winner 1000 VL 0.958 1.176 $449 2 1 2 VRAM 
Focus Information Systems, Inc. Cheetah XL 5428 0.955 $179 2 1 2 DRAM 
Focus Information Systems, Inc. Truespeed/W32 0.698 $169 1 1 1 DRAM 
Focus Information Systems, Inc. Truespeed/W32i 0.695 $229 1 1 2 DRAM 
Genoa Systems Corp. VideoBlitz 0.759 0.886 0.959 $549 2 2 2 VRAM 

• Genoa Systems Corp. WindowsVGA24 Turbo 8500 VL-28 0.953 $229 1 1 2 DRAM 
~ Hercules Computer Technology Dynamlle VL Pro 0602 0.697 $299 2 2 2 DRAM 

Hercules Computer Technology Graphite VL Pro HG720 0.683 0.775 0.852 $549 2 2 2 VRAM 
Matrox Electronic Systems MGA Impression/JN 0.721 0.701 0.779 0.795 $1299 3 3 3 VRAM 
Matrox Electronic Systems MGA lmpression/3/V/H 0.768 0.707 0.770 0.811 $1499 3 3 3 VRAM 
Media Vision Pro Graphics 1280 0.839 $995 4 4 VRAM 
Nth Graphics, Lid. Nth S3 AdvantageNL 0.983 $695 1 2 DRAM 
Orchid Technology Celsius VLB 0.908 $349 1 1 2 VRAM 
Orchid Technology Fahrenheh VANLB 1.068 $349 1 1 2 DRAM 
Paradise/Western Digital Accelerator VL Plus 0.752 $299 1 1 2 DRAM 
Sigma Designs, Inc. Concorde VLB 0.700 $349 1 1 2 DRAM 
SixGraph Computing, Lid. Wizard 9000VL 0.758 0.889 0.963 $550 2 2 2 VRAM 
STB Systems, Inc. Horizon VL 0.991 $159 1 1 1 DRAM 
STB Systems, Inc. Pegasus VL 0.828 0.957 1.01 5 1.004 $849 4 4 4 VRAM 
STB Systems, Inc. PowerGraph VL24 0.830 $1 99 1 1 1 DRAM 
SuperMac Technology Spectrurn/24 VL for Windows 0.798 $999 3 3 3 VRAM 
Volante, Inc. Warp1 0LB 0.975 $399 1 1 2 DRAM 

Appian Technology Renegade 1280 ISA 0.788 0.659 0.886 $490 2 2 2 VRAM 
ATI Technologies, Inc. Graphics Ultra Pro ISA 0.781 0.803 0.967 $499 2 2 2 VRAM 
Boca Research. Inc. SuperX Accelerator VGA 1.087 $219 1 2 DRAM 
Boca Research, Inc. Vortek VRAM Accelerator 0.923 $595 1 2 VAAM 
Cardinal Technologies VideoSpectrum XL 0.945 $149 1 1 1 DRAM 
Colorgraphic Communications Twin Turbo Accelerator 1.235 1.616 $1195 2 1 2 VRAM 
Compaq Computer Corp. QVision 1280/I 0.721 0.840 0.857 $599 2 2 2 VRAM 
Hercules Computer Technology Graphite Pro HG310 0.744 $399 1 1 2 VRAM 
Nth Graphics, Lid. Nth Edge 1280 0.909 0.787 1.145 $995 2 2 2 VRAM 
Number Nine Computer Corp. #9GXE 1.093 2.700 $895 4 4 4 VRAM 
Orchid Technology0 Paradise/Western Digital 

Fahrenheit VA 
Accelerator 24 

1. 169 
0.733 

$269 
$199 

1 
1 

1 
1 

1 
1 

DRAM 
DRAM 

Paradise/Western Digital Paradise Accelerator Pro 0.832 $349 1 1 2 VRAM 
PixelwOlks, Inc. WhlrlWin!Ute 1.560 $450 1 1 1 VRAM 
Pixelworks, Inc. WhirlWin 1280-VGA 2.090 $1695 2 2 2 VRAM 
Pixelworks, Inc. WhlrlWin-11 0.807 0.81 5 $895 2 2 2 VRAM 
Raster Ops Corp. PaintBoard PC 1.963 $999 3 3 3 VRAM 
Sigma Designs, Inc. WlnMach 1600 0.705 0.832 0.808 $995 2 2 2 VRAM 
SixGraph Computing, Lid. Wizard 924 1.2 14 $170 1 1 1 VRAM 
STB Systems, Inc. Horizon VGA 1.016 S159 1 1 1 DRAM 
STB Systems, Inc. Powe rG raph X-24 0.865 $199 1 1 1 DRAM 
SuperMac Technology Speclrurn/24 ISA for Windows 1.288 $999 3 3 3 VRAM 
Volante, Inc. Warp10+ 1.1 28 $299 1 1 DRAM 
Volanle, Inc. Warp20-2 0.766 $499 1 2 VRAM 

Am erican Megalrends, Inc. Fastview EISA 1.341 $375 1.5 1.5 2.5 VRAMIDI 
ATI Technologies, Inc. Graphics Ultra Pro EISA 0.859 0.769 0.948 $549 2 2 2 VRAM 
Compaq Computer Corp. QVision 1024/E 0.835 1.506 $509 1 1 2 VRAM 

- Compaq Computer Corp. 
Elsa, Inc. 

QVlslon 1280IE 
Winner 1000 EISAllSA' 

0.641 
0.996 

0.859 0.687 
1.266 

S599 
$449 

2 
2 

2 
1 

2 
2 

VRAM 
VRAM 

SuperMac Technology Spectrurn/24 EISA 1or Windows 1.058 $999 3 3 3 VRAM 

1024 xl68; 1024xl68; llS1 x870 ; 1280 x1024; PRICE RA M BASE MAXIMUM RAM 
156 64,000 16 MI LLION 256 (WIT HRAM AS TESTED RAM RAM TYPE 

VENDOR MODEL COLO RS COLORS COLO RS CO LORS AS TESTED ) (M B) (MB) (llB) 

Radius. Inc. PrecisionColor 24X 1.473 $2499 3 3 3 VRAM 
• Radius, Inc. PreclslonColor Pro 1.349 $2499 3 3 3 VRAM 

Raster Ops Corp. PaintBoard Turbo XL 1.858 $1749 3 3 3 VRAM 
SuperMac Technology Spectrurn/24 PDQ Plus 1.464 $1499 3 3 3 VRAM 
SuperMac Technology Spectrum/24 Series IV 1.450' $949 3 3 3 VRAM 
SuperMac Technology Thunder II 1.400 $3999 6 6 6 VRAM 
SuperMac Technology Thunder II Light 1.444 $2999 3 3 3 VRAM 
SuperMac Technology Thunder/24 1.421 $2599 3 3 3 VRAM 
SuperMac Technology Thunderstorm Pro 1.422 $3199 3 3 3 VRAM 
SuperMac Technology/E-Machines Ultura LX 1.430 $1299 3 3 3 VRAM 

• c BYTE Best. v = yes. 'Dashes indicate unsupponed modes. 'Blanks indicate modes not supponed as noninterlaced. 
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TESTED 

MAilllUM RESOLUTION {HONINTERUCEO)' SUIOARO DRIVERS 

ACCELERATOR 256 64, 000 16 MILLION AUTOCAO IBM WINDOWS WINDOWS UNIX' TOLL·FREE PHONE INQUIRY 
CONTROLLER COLORS COLORS COLORS OS /2 3.1 HT PHONE HO. 

S3 86C805i 12BOx 1024 1024x768 640x480 ti ti ti (BOO) 927·5557 (408) 986·1625 1346 
Cirrus logic GD5428 1024x768 800)(600 640x480 ti ti ti (BOO) 927-5557 (408) 986·1625 t347 
53 86C928 1280x1024 t024x768 640x480 ti ti ti ti ti (800) 927.5557 (408) 986·1625 1348 
53 86C805 1024x768 800x600 640x480 ti ti ti ti ti (800) 866-1945 (408) 428·0800 t349 
Cirrus logic GD5426 1024x768 800x600 640x480 ti ti ti ti NIA (510) 770·5700 1350 
Wei1ek Power 9000 1280x 1024 1024x768 800x600 ti ti ti (BOO) 828-9264 (404) 263-8181 1351 
Appian AGC9B032 12B0x 1024 1024x768 640x480 ti ti ti ti ti (BOO) 727-7426 (408) 730·8800 1352 
ATI Mach 32 12BOx 1024 1024x768 800x600 ti ti ti ti ti NIA (905) 882-2600 1353 
llT AGX015 1280x 1024 1024x768 800x600 ti ti ti NIA (407) 997-6227 1354 
Cirrus logic GD5428 1024x768 800x600 640x480 ti ti ti NIA (717) 293·3000 1355 
Weitek Power 9000 1280x1024 1024x 768 800x600 ti ti ti NIA (717) 293-3000 1356 
Cirrus logic GD5428 1024x 768 800x600 640x480 ti ti ti ti ti NIA (408) 736-2000 1357 
53 86C928 1280x 1024 1024x768 800x600 ti ti ti ti NIA (408) 736-2000 1358 
Weilek Power 9000 1280x 1024 1024x768 800x600 ti ti ti ti ti N/A (408) 736-2000 1359 
53 86C928 1280x 1024 1024x768 640x4BO ti ti ti ti (800) 272-3572 (415) 615-7799 1360 
Cirrus logic GD5428 1024x768 800x600 640x480 ti ti ti (800) 925-2378 (510) 657-2845 1361 
Tseng Labs ET4000/W32 1024x768 800x600 640x4BO ti ti ti (800) 925-2378 (510) 657-2845 1362 
Tseng Labs ET4000/W32i 1024x768 1024x768 800x600 ti ti ti (800) 925-2378 (510) 657-2845 1363 
Weitek Power 9000 1280x 1024 1024x768 800x600 ti ti ti ti (800) 934-3662 (408) 432-9090 1364 
Cirrus logic CL5428 1024x768 800x600 640x480 ti ti ti ti (800) 934-3662 (408) 432-9090 1365 
Tseng l abs ET4000/W321 1024x768 1024x768 640x480 ti ti ti ti (800) 532-0600 (510) 623·6030 1366 
llT AGX015 1280x1024 1024x768 800x600 ti ti (800) 532-0600 (510) 623-6030 1367 
Matrox MGA 1280x 1024 1152x870 800x600 ti ti ti ti ti NIA (514) 685·2630 1368 
Matrox MGA 1600x 1200 1152x870 800x600 ti ti ti ti ti NIA (514) 685-2630 1369 
Media Vision MVV451 1280x 1024 ti ti ti ti (800) 348-7116 (510) 770·8600 1370 
S3 86C805 1024x768 800x600 640x480 ti ti ti ti (800) 624-7552 (512) 832-1944 1371 
llT AGX015 1280x1024 1024x768 800x600 ti ti ti ti (800) 767·2443 (510) 683-0300 1372 
53 86C805c 1024x768 BOOx600 640x480 ti ti ti ti ti (800) 767·2443 (510) 683·0300 1373 
WD90C33 1024x768 800x600 640x480 ti ti ti (800) 832-4778 (71 4) 932-5000 1374 
Tseng labs ET 4000/W32i 1024x768 800x600 640x480 ti ti ti (800) 845-8086 (510) 770·0100 1375 
Weitek Power 9000 12BOx 1024 1024x768 800x600 ti ti ti ti NIA (514) 332-1 331 1376 
Cirrus logic GD5426 1024x768 800x600 640x480 ti ti ti ti (800) 234-4334 (214) 234-8750 1377 
53 86C928 1600x 1200 1280x 1024 1024x768 ti ti ti ti (800) 234-4334 (214) 234·8750 1378 
53 86C805 1024x768 800x600 640x480 ti ti ti ti (800) 234-4334 (214) 234·8750 1379 
Proprietary 1152x 870 ti ti (800) 334-3005 (408) 541 -6100 13BO 
53 86C805 1024x768 800x600 640x480 ti ti ti (800) 253-8831 (512) 329·5055 1381 

Appian AGC98032 1280x 1024 1024x768 640x480 ti ti ti ti ti (800) 727-7426 (408) 730-8800 1382 
ATI Mach 32 1280x1024 1024><768 800x600 ti ti ti ti ti NIA (905) 882-2600 1383 
Cirrus Logic GD5428 1024x768 800x600 640x480 ti ti NIA (407) 997-6227 1384 
llT AGX014 1024x768 800x600 640x480 ti ti ti NIA (407) 997·6227 1385 
Cirrus Logic GD5426 1024x768 800x600 640x480 ti ti ti NIA (717) 293-3000 1386 
53 86C928 12BOx 1024 800x600 640x480 ti ti NIA (404) 455-3921 1387 
Proprietary 1280x 1024 1024x768 640x480 ti ti ti ti ti (800) 845·1518 (713) 378-8820 1388 
llT AGX015 1280x 1024 1024x768 800x600 ti ti ti (800) 532·0600 (510) 623·6030 1389 
Chips & Technologies 481 1280x 1024 1024x768 640x480 ti ti ti (800) 624·7552 (512) 832-1 944 1390 
S386C928 1600x1200 1280x1024 1024x768 ti ti ti ti (800) 438-6463 (617) 674-0009 1391 
S3 86C801 1024x768 800x600 640x480 ti ti ti ti ti (800) 767-2443 (510) 683·0300 1392 
WD90C31 1024x 768 800x600 640x480 ti ti ti (800) 832-4778 (714) 932-5000 1393 
llT AGX014 1280x1024 1024x768 800x600 ti ti ti (800) 832-4778 (714) 932-5000 1394 
S386C924 1024x768 640x480 ti ti ti ti (800) 247-2476 (603) 880·1322 1395 
Chips & Technologies 481 1280x 1024 ti ti ti (800) 247-2476 (603) 880-1322 1396 
S3 86C928 1280x 1024 640x480 ti ti ti ti (800) 247-2476 (603) 880· 1322 1397 
S3 86C924 1024x768 ti ti (800) 729-2656 (408) 562·4200 1398 
S3 86C928 1600x 1200 1024x768 800x600 ti ii ti ti (800) 845-8086 (510) 770-0100 1399 
S3 86C924 1024x768 640x480 640x480 ti ti ti ti NIA (514) 332-1331 1400 
Cirrus Logic GD5426 1024x768 800x600 640x480 ti ii ti ti (800) 234-4334 (214) 234-8750 1401 
S3 86C801 1024x768 800x600 640x480 ti ti ti ii (800) 234-4334 (214) 234-8750 1402 
Proprietary 1152x870 ti ti (800) 334-3005 (408) 541 -6100 1403 
53 86C801 1024x768 800x600 640x480 ti ti ti ti (800) 253-8831 (512) 329·5055 1404 
llT AGX-14 1280x 1024 800x600 800x600 ti ti ti ii (800) 253-8831 (51 2) 329-5055 1405 

Weitek Power 9000 1280x 1024 1024x768 800x600 ti ti ti (BOO) 828-9264 (404) 263·8181 1406 
ATI Mach32 1280x1024 1024x768 800x600 ti ti ti ti ti NIA (905) 882-2600 1407 
Proprielary 1024x768 1024x768 640x480 ti ti ti ii ti (800) 845-1518 (713) 378-8820 1408 
Proprietary 1280x1024 1024x768 640x480 ti ti ti ii ti (800) 845-1518 (713) 378-8820 1409 
53 86C928 1280x 1024 1024x768 640x480 ti ti ti ii (800) 272-3572 (415) 615-7799 1410 
Proprietary 1152x870 ti ti (800) 334-3005 (408) 541-6100 1411 

.CCELERATOR 256 64,000 16 MILLION AUTO CAO IBM WINDOWS WINDOWS UNIX' TOLL-FREE PHONE INQUIRY 
CONTllOLLER COLORS COLORS COLORS OS/2 3.1 HT PHONE NO. 

Radius Cuslom 1152x870 NIA NIA NIA NIA NIA (800) 227-2795 (408) 434-1 010 1412 
Radius Custom 1152x870 NIA NIA NIA NIA NIA (800) 227·2795 (408) 434-1010 1413 

Proprielary 1152x870 NIA NIA NIA NIA NIA (800) 729·2656 (408) 562·4200 1414 
Proprielary 1152x870 NIA NIA NIA NIA NIA (800) 334·3005 (408) 541·6100 1415 
Proprielary 1024x768 NIA NIA NIA NIA NIA (800) 334-3005 (408) 541 -6100 1416 
Proprietary 1380x1024 NIA NIA NIA NIA NIA (800) 334·3005 (408) 541-6100 1417 
Proprietary 1152x870 NIA NIA NIA NIA NIA (800) 334-3005 (408) 541 -6100 1418 
Proprietary 1152x870 NIA NIA NIA NIA NIA (800) 334-3005 (408) 541-6100 1419 
Proprietary 1152x870 NIA NIA NIA NIA NIA (800) 334-3005 (408) 541 -6100 1420 
Proprietary NIA NIA NIA NIA NIA (800) 334-3005 (408) 541-6100 1105 

'SCO Open Systems' version of the X Window System. 'Suppons EISA and !SA. 'Supports 1024x 768 resolution at 16 million colors. NIA ~ nol applicable. 
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Now C++ programmers can discover the 
DBMS power of dBASE, FoxPro & Clipper. 

Not only is the new 

CodeBase++ 5.0 
100% compatible 
with the data, index 

and memo files of dBASE"", 
FoxPro® and Clipperl!l, you also 

get all the important benefits of 
programming in C++. 

You get C++ speed and size. 
Most developers are fami liar with the 
amazing speed and compact size ofC and 
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Genetic Programming with C++ 

Mutating computer p r o g rams c a n e volve s uperior m e thods 

for solving loosely define d problems 

ANDY SINGLETON 

Coul d a computer create bette r soft
ware than you could? Could 100,000 
computers do the job? Can any pure ly 
mechanica l process match the creative 

power of the human mind? Conside r natu ra l evolution. 
You may design a bette r mousetrap, but evo lution, by 
the simple mechan ica l process of blind tri al and error, 
can design a cat. 

This is the challenge of genetic programming (GP for 
short)-to evolve a so lution th at is as e legant and so
phi sticated as a cat on the hunt. With an improved un
derstanding of evolut ion and with the power of ma 
sively parall el computers. th is goa l is in s ight. In thi s 
article I descri be GPQU!CK, a simple GP system in C++. 

GP is one application of an important new technology 
known as genetic a/goritlt111s (or GAs). GAs 
can evolve a variety of computer-based ob
jects and solutions. They are used for opti
m ization-producing a better route map, 
a more efficient manu fac turing schedule, 
or a more cost-effective alloy mi xture. They 
can be u eel fo r interactive evolution: team
work between a person and a machine to 
design pic tu res , buildi ngs, or machines. 
And they ca n provide a superior method 
of computer learning for speech, vision, fi
nanc ial trading, fau lt detecti on, and so on. 

HowDoes a GA Work? 
A GA is a simple tactic for computer learn
ing th at i inspired by natural evolution. 
The compute r produces a whole popula
ti on. It then picks the best "i nd iv iduals" 
and changes them, producing a new popu
lation of variations on the best individuals, 
wi th the hope that some of the new indi
viduals wi ll be even better. If th is simple 
process is carried on for many generations, 
the result s can be impressive . 

A GA is simple; it is j ust a fo rm of trial 
and error, wi th two element. mak ing it more effective. 
The fi rst is that it tries out variat ions of only the best in
d ivid uals, maki ng it more likely to be trying something 
good. The econd is tha t it builds a good solution piece
wise. It uses crossover (or mating) to combine the good 
parts of one indiv idual with the good parts of another. 

A genetic algorithm consists of three operations: eml
11ario11 , selection, and reproduction. Eva lu at ion is the 
process o f assigning a fitness score so you can fi nd the 
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best ind iv idua ls. You need to make a fitn ess functi on 
that scores the output from each ind ividual. Next, you 
select the individuals to be used as parents for the next 
generation. An automated GA usually picks the individ
ua ls with the highest fitness scores. Last, you reproduce 
those parent s with genetic operati ons to generate new 
and possibly better individuals in the next generation. 

The two main c lasse · of genetic operations are 11111ta
tio11 and crossover. Mutation operates on a sing le par
ent by random ly changi ng some part of it. For in lance, 
a I might be changed to a 0, a number might be changed 
to another number, o r a function mi ght be changed to a 
d iffe rent func tion. Thi . operation i. analogou to muta
ti on of genes, in whi ch the code for one amino acid 
changes to the code for a different amino acid. Crossover 
acts by combining parts of two parents. It is analogous to 
mating in biological organisms. 

~ 
0 
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How Can a GA Be Used for Programming? 
If you can define selecti on, mutation, and crossover op
erators, you c;m use a GA to generate almost anything. GP 
is simply the app lication of a GA to generate computer 
programs. Numerous compute r languages or represen
tations have been tried, with varying degrees of success. 

In 1975 , John Holland, the inventorof GA , propo ed 
a fonn of GP known as a classifier system. Classifiers are 
IF ... THEN rules, such as " If you fa ll down, then cover 
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CHROME AND FUNCTION CLASSES 

CLASS IMPORTANT om STRUCTURES IMPORTANT MEMBER FUNCTIONS 

Chrome 	 II Stack (Ins rue ion) pointer 
int ip ; 

II Act ual 	GP code 
node "expr ; 

II Fitness on lasL eval 
float las fitness ; 

I I Array o f pain ers to Functions fcom 
II the curr ent Problem 
Function *• [~ncl is t ; 

II Initialization and e valuation 
I I parameters 
Ch romeParams • params ; 

? un ction 	 // Written name 
cha r name [ 30 l ; 

II Number of arguments . Used to initialize 
II and raversc argumen t s . 
int argnum; 

II Number o f var i ables i n variable t able 

II of op code . Used to i nitialize node . idx . 

int. vnrnnm ; 

II Selection frequency relative to other 

II functions . Used in i n itialization . mu t ation . 

int weight ; 


II Pointer to evalua t i on code . Not a virtual 

II for s pe ed reasons . 

EVALFUNC evalfunc ; 


II Initialize a :iew chrome witn random 
II ' r a mped half and half ' exp r e ssion . 
Chrome (Chr ome Par.ams • p . CF i tness• cf, 

Punction•• f , r etva l • c ); 

II Eval the expression at ip . 
rer.val eval ( ) { 

ip+ •· ; 
r eturn func l i st[ FUNCNUM (s tac kl i p ] l ] - >eva l (this) ; 
} ; 

II Eval the whole e xpression . 

retval evalAll () ; 


II cross wi th mat e a nd re t urn a new chrome . 

Chr ome • CrossTree (Chrome • mat e) ; 

II Mutate self . 

void Mutate{) ; 


II Wr ite t he expression to a s t ream. 

void write (i nt pretty , ost ream& of i l e cout l ; 

II Read and pa r se a n e xpress ion 

i n t Load(istream& ist rl ; 


II Active ing redient 
retval eval (class Chr ome• st ) { 

return (evalf unc ) (st ) ; 
} ; 

your face." These rnles can be represented as strings of Is and Os. 
For instance, a bit could represent whether you ( I) are or (0) arc 
not fa lling down, and anot11er bit could represent whether or not 
you should cover your face. A GA can evolve these suings by test
ing them for effecti veness under a variety of circumstances and 
then reproducing the most effec ti ve ones with mutati on and 
crossover. 

In 1985, Nichcal Kramer proposed evolving computer pro
gram code direc tl y and demonstrated the evolution of simple 
arithmetic expressions. He al so proposed a tree representati on 
with the special form of crossover used in GPQUICK. 

John Koza demonstrated the evolution of Lisp expressions 
that are ac tu ally computer programs in 1987. He started using the 
term genetic progm111mi11g to describe tllis process. In 1989 he ap
plied for a patent on the usc of GP for evolving a wide variety of 
applications. Like many software patents, it is cont roversial. 
Koza has written a book called Genetic Programming: On the 
Programming of Computer.1· hy Means of Natural Selection & 
Genetics (MIT Press. 1992) that detail s numerous GP experi
ments and provides practica l advice. 

S-expressions , more commonl y known as Lisp express ions, 
have become the mainstream GP representation. Researc hers are 
investi gating other GP representations, including object struc
tures, direct evolution of machine code, and the design of proces
sors and machine languages that would be amenable to GP. 
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$-Expressions Make You Lisp 
The form of GP that Koza described and GPQUICK uses gener
ates S-expressions. An S-expression consists of a function fo l
lowed by zero or more arguments. Each argument is in turn also 
an S-expression. You can represent "2+2" as ( ADD 2 2 ) , and 
"2+3*5/2" as (ADD 2 (MULTI PLY 3 (D I VIDE 5 2 ))) . 

A function in an expression is called a node. Functi ons witll no 
arguments, such as numeric constants, arc called terminals. All 
functions return some value. Functions can also perform actions, 
otherw ise known as side e}fects. You co uld have functi ons like 
(TURN_ RI GHT) , ( T URN_ RI GHT number_ of_ d e g ree s ) , 
and so on, which give S-ex pressions procedural abilities. 

The PROG function can string actions together into a procedural 
program, such as ( PROG GO_ FORWARD GO_ FORWARD T URN_ 
RI GHT ). If you add conditionals such as (IF con di t i on 
do_ t h is ot herwise_ do_ that) , looping constructs uch as 
(WH I LE condit i on do_ th i s) or ( FOR coun t do_this ), 
and a memoryarray with ( SET el e me n t va lue ) and ( GET 
e 1 eme n t ) , you have a Tu1i ng complete programming language 
that can represe nt any structured program. 

Achieving Closure 
To do GP, you chop a piece off one program and stick it togeth 
er with a piece of another program, on the off chance that some
thing good may result. If you tri ed thi s with one of your C++ 
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programs, you'd have approxi mately a 0 percent chance of cre
ating a working program. With S-exprcssions. though, you can rig 
the game so that you have a much higher probability of success. 

You design your fu ncti ons so that they all retu rn the same ar
gument type, usually a !loating-poi nt number, and they all accept 
arguments of th is type. This ituation is called closure. Now you 
can use any expression as an argument for any other expression. 
You can swap a subexpression fro m one program fo r a sub
expression in another program and always end up with a syn
tactically valid program. It might be completely useless, but it will 
never send smoke billowing out from under the CPU. 

Crossover . 
GPQUICK uses subtree cros over. First you se lect two parents. 
Then you pick a node, any node, from the fi rst parent. This node 
is, by defi nition, the beginn ing of some complete subexpression. 
If you wrote the expression out as a parse tree, the subexpression 
would be a branch or subtree. You extract thi s, leaving a hole 
in the program. You then pick a node in the second parent, extract 
the foll ow ing subexpress ion, and swap it with the first sub
expression. 

For exa mple, 1 could cross ( ADD 2 (MULT I PL Y 3 (DI 
VIDE 5 2 ) )) with ( ADD (MULTIPLY 7 11) 2 3 ) . In the firs t 
parent , 1pick the fourth node, 3. In the second parent, I pick the 
second node, or (MULTI PLY 7 11 ) . Swapping, I end up with 
(ADD2 (MULTIPLY (MULT I PLY 7 11) (DIVIDE 52 ))) . 

Mutation 
Any random change to a program qualifi es as a mutation. There 
are many types of changes that you can make to an S-expres
sion and still end up with a syntac tically valid program. For sim
plicity, I have included in GPQUICK one type of mutati on that 
picks a random function and changes it to a different function with 
the same number of arguments. 

Applying thi s mutation to (ADD2 (MULTIPLY 3 (DIVIDE 
5 2 ) ) ) . I select the thi rd node, MULTIPLY, for mutation. I can 

POP AND PROBLEM CLASSES 

change it to any two-argument function. I select ADD at random, 
ending up with (ADD 2 (ADD 3 (DIVIDE 5 2)) ) . To mutate 
a terminal, you would substitute another terminal. 

The GP Code and the Incredible Shrinking Interpreter 
GPQUICK uses a representation for the GP code called linear pre
f ixjwnp wb/e, which was suggested to me by Mike Keith . Pro
grams coded thi s way are small and eva luate quick ly. When you 
evaluate populati ons of severa l thousand progra ms, size and 
speed are very important. 

The GP code is an a1Tay of 2-byte structures of type node, de
fi ned by the fo ll owing: 

typed e f st ruct { 
unsigned char op ; 
unsigned char i dx ; 
} n ode ; II node type 

Strncture member op (for op code) is a function number. The idx 
is an immediate operand that can represent a table or a constant 
index . The GP code is stored in an object called a Ch r ome, short 
for chromosome. 

In GPQUICK, functions are represented by objects of class 
Fu ne t i on. All the functions are stored in the array f unc 
a r ray and give n an array index. You cou ld install the func
ti ons NUMBER (to return numeric constant s) , ADD, SUBT RACT , 
MULTI PL Y, and DIVIDE as functions 0, I, 2, 3, and 4. Function 
NUM BER uses the i dx to determine which number to return . 
Other functions do not use i d x and leave a zero value. 

Theexpression ( ADD2 (MU LTI PLY3 (DI VIDE52))) 
would be represe nted in our GP machine language as { ( 1 , 0) 
( 0 , 2 ) ( 3 , 0 ) ( 0 , 3) ( 4 , 0 ) ( 0 , 5) ( 0 , 2) } , where the 
first element (1 , 0 ) is an ADD (op code I) node, and the second 
( 0 , 2) is a NUMBER (op code 0) node returning the value 2. 

Our Ch rome method to evaluate the fu nction at position i p in 
the code stack looks like thi s: co111i1111ed 

CLASS IMPORTANT OATA STRUCTURES IMPORTANT MEMBER FUNCTIONS 

Pop II Allocated array holding the 
II actual chromes 
Chrome '* pop ; 

II The current Problem 
Problem • problem; 

II Number of Chromes 
UINT popsize ; 

II Number of individuals 
II generated so far 
long gencount ; 

II Set up a popu l ation for a pa r ticular pr oblem. 
Pop(Pr oblem• prob , ChromeParams • par , UINr size J ; 

II Generate a new chrome . Return its fitness . Generate until 
II r e ach i ng time max_ time , evaluating maxevals i ndividuals , 
II or r ea c hing ma x fitne ss . 
virt ual Chrome ' generate() ; . 

vi.rLuol Chrome " go_until(t ime_ t max_time , 
long maxeval s , fl oat maxfi tness) ; 

II Index of c~rrent best Chrome 
int BestMernber ; 

Problem II Array of pr imiti ve functi.011s 
Function ** funclist ; 

II I nstall t he primi tives and initialize the 
II evaluaLion environmen 
P1oblem(J ; 

I I Add a Fune ion to the funclisc . 
void AddF(F~nction • fl ; 

II Pure virtual fitness func ion . re s hould eval~a ce the chrome 
II in an ap~ropriat e environment and return a f i tness value . 
virtual float fitness(Chrome • chrome): 
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ip++ ; return funcl i st[expr[ip) . op) - > 
eval (this} ; 

This calls the appropriate Function eval method. The Func
tion eval method ca ll s the Chrome eval method recur
sively to get its arguments. The eval method for function ADD 
is as fo ll ows: 

return chrome->eval(} + chrome->eval(} ; 

The eva 1 method for function NU MBE R is 

return chrome->expr[ip) . idx ; 

That's all there is to the interpreter. Add functions to suit your taste. 

GPQUICK Architecture 
The object-oriented architecture of GPQU IC K is divided into 
three pi eces: the Chrome and Function classes, which are 
the underlying program representation ; the Problem class, 
whi ch holds the objecti ves, functions, and data necessary to de
fi ne and solve a particular GP task; and the Pop (short for pop
ulation) c lass, which holds a population of Chromes and runs a 
GA on them, ca lling the fitness fu ncti on in the Problem 
to do an evaluation. This three-par1 architectu re has worked well 
fo r me in a variety of appl icati ons. 

Obviously, there is a tremendous variety of potentia l Prob
lems . Also, many diffe rent kinds of GAs can be associated with 
subclasses o r Pop, each with different methods of selection. a dif
ferent mi x of genetic operations, and a different topology for the 
population (e.g., si ngle, parallel, or distributed processors). As long 
as they share the same Chrome representati on, most Prob
lems can run with most Pops and GAs. 

The Chrome class is the carri er of a gene ti c program. A 
Function object carries informat ion that the Chrome needs for 
initializing. displaying, and evaluating expressions that contain that 
function. Many functions, such as the arithmetic fun ctions, are 
problem-independent ; however, some fun cti ons, such as data 
termina ls, require the da ta structu res and evaluation environ
ment of a particular problem. The table "Chrome and Function 
Classes" li sts important data structures and member functions. 

Pop carries an array of Chromes, evaluates them wi th the fit
ness fo nc tion provided in the current Problem, and performs a 
GA to generate new and better Chromes. Pop uses a steady-state 
GA, generating one new Chrome and replacing one old one at a 
time, as oppo ·ed to making a whole new batch as a generati on. 

The generate method is the agent that selects one or more 
parents and appli es mutation or crossover. Thi virtual method 
could be replaced by code with different strategies for selection, 
reproducti on, or interaction with para lle l popu lations. (The im
portant data truc tures and member functi ons are listed in the 
tab le " Pop and Problem Cla e .") 

To do GP, you must have a fi tness func tion that defi nes the 
problem and a set of primi1i ve operations suffic ient f.o r solving 
it. Any implementati on of GPQUICK must have a subclass of 
Problem that includes the appropri ate fi tness fu nction and p1im
it ive fu nctions. 

Most programs need to be eval uated in a part icular contex t. If 
you' re trying to evolve a program that can navigate a maze, you 
need to defi ne the maze. Sett ing up the environment should be 
done in Lhe Problem constructor and at the beginning o f the 
fi tness function. 
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Is SSRProb Useful? 
The default problem for GPQUTCK attempts to evolve an arith
meti c for mul a matchin g John* (George - Paul) +2 . 5* 
Ringo. This sort of problem is know n as symbolic regression. 
Using symbolic regress ion to discover a functi on that you a l
ready know is not useful , buL you can modi fy SSRProb to learn 
pred iction and class ificati on from real-world examples. This is 
called genetic induction, and it has several advantage compared 
to competing statistical or neural technique . 

To do ge netic inducti on, set up a tra ining database that in
cludes the value you want to predict and fi elds for each of Lhe in
put vari ables in your model. Load the training databa e into a 
memory array. Add a static variable for the current record num
ber. Add termi nals that return the input fie ld values for the cur
relll record . In the fitness function , evaluate for a set of random
ly chosen records, and ca lculate the error compared to the desi red 
value. The resu lti ng expression wi ll hopefull y return accurate 
values fo r new input examples. I use a souped-up version of ge
netic induction to evolve traders and list selectors. 

The Future of GP 
GPQUICK can produce ari thmetic expressions, but it wi ll never 
produce an operating system. Its successors may. 

The trend to use more and faste r proce sors will increa e GP 
capabilities. GP consumes huge amounts of processor time eval
uating milli ons of candidate programs. As the progranis' behav
ior becomes more sophisti cated, time spent on eva luation rises. 

Fo11unately, GP is idea lly suited to ma sively para lle l comput
ers of almost any design. Jusl as evolution can proceed among .a 
popul ati on that is spread out over a conti nent, so GP can pro
ceed with popu lations that are distributed among a multitude of 
processors, with good indi viduals traveling occasionally from 
one process ing neighborhood to the nex t fo r inte rbreeding. The 
Creation Mechanics GP toolki t suppo11s desktop supercomputing, 
which links a network of PCs iato a population for para llel pro
cessing. G P may well become a core appl ication for the next 
generati on of paralle l computers. 

As understanding of evolution and the mechani cs of creati on 
improves, so will GA effectiveness. We are working to understand 
specific problems; a basic problem concerns fi ndi ng the ri ght 
fitn ess fun cti on and environment fo r rapid evo lution. We are 
a l o inves ti gating the evo lution of evo lvabil ity- finding the 
types of structures that respond well to mutation and crossover. 
Perh aps the most important question concerns modu larity and 
hierarchy: how to build up the organs and cells, subroutines and 
data structures, of a genetic program. 

Knowledge of the design of genetic algorithms is improvi ng 
rapidly. Ult imately, we wi ll be able to deploy an even more ef
fec ti ve weapon-continuous, evolutionary improvement in the 
crea ti ve mechani sm itself. We will bui ld GP systems that can 
evolve a better version of themselves. Th is wi ll quick ly and dra
matically ex tend GP capaci ty in ways that we cannot predict. 
We will have to call th is thing by another name: artificial li fe. • 

Edit or's note: Th e source code and exec /I/able fi les (fo r MS
DOS or Microsoft Windows) are available electronically. See 
page 5 fo r dew ils. 

Andy Si11g /e1n11 is president of Crem ion Meclw11ics. Inc. (D11 /J /i11 , NH), a 
.1·ofnvare del'elopme111 comp1111y specializing in f.ienetic progra111111i11 g forfi 
na11cia/ <1110/ysi.1·. He can be reached on BIX c/o "editors" or 0111/Je /111em e1 
ar p00396@psilink.com. 
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Inside the PCI Local Bus 
This new PC bus offers an industry standard, high throughput, 

and room for future growth 

GUY W . K E NDALL 

The expansion bus in most of today's 
PCs is based on a design that's over a 
decade old . However, this 16-bit IBM 
AT bus-now called the ISA bus

was built to accommodate devices that are considered 
slow by modern standards. Today 's multitasking oper
ating systems and feature-rich app lications req uire not 
only faster processors but better throughput to system 
peripherals, such a~ the hard drive and display hardware. 
The ancient ISA bus has thus become a bol!leneck that 
chokes system performance. 

The fastest bus in a computer system is the local bus, 
which comes out of the microprocessor. Thus, the sim
plest way for designers to meet the throughput require
ments of ISA-bus-based PCs has been to interface fast pe
ripherals directly to the processor. Computers have been 
built with graphics chips or other periph
erals built onto the motherboard and tied 
directly to the processor's local bus. 

While this approach achieved the desired 
high throughput , it had two distinct disad
vantages. First, PC vendors got caught in 
what is called the " processor treadmill ": 
Because the components are so intimate ly 
tied to the processor bus, a PC's entire 1/0 
subsystem has to be redesigned every time 
a fas ter processor becomes ava ilable. Sec
ond, users who were stuck with having t11e 
peripherals on the motherboard , became 
unhappy when t11e f<L~ t-paced graphics mar
ket made the graphics controllers on their 
motherboards obsolete. 

The solu tion was to have the graph ics 
contro lle r reside on ex pansion boards to 
make upgrading an easy task. This in turn 
drove each motherboa rd vendor to create 
its own proprietary way to connect expan
sion boards to rhe processor 's local bus. 
Thi s solution provided both upgradabi lity 
and expandability. Unfortunately, t11is strat
egy also required users to buy new periph
erals from the orig inal motherboard supplier. De fac to 
standards started to emerge, but there was enough chaos 
in the industry to warrant a true standard . 

AStandard Local Bus 
The PCI (Peripheral Component Interconnect) local bus 
is a high-performance connection berween motherboard 
components and expansion boards. It was lirst propo ed 
at an Intel Technical Forum in December 199 1, and the 

first version of the specification was re leased in June 
1992. The PC I Steering Commillee members who de
veloped the initi al version of the specification were Com
paq , DEC. IBM, Inte l, and CR. In June 1992, PCI be
came an open industry sta ndard controlled by the newly 
formed PCl SIG (PCI Special Interest Group). In April 
1993, rev ision 2.0 of the PCI specification was re leased. 

Vendor support for the PCl standard has been wide
spread. Apple has announced that it will support the PCI 
bus in a future version of its PowerPC RISC Macintosh. 
(Note that first-generation PowerPC Macs will use t11e 
NuBus to support ex isting NuBus peripheral boards.) 
D EC intends to support PCI in it Alpha-based systems, 
and the company' s high-speed DECchip 2 10066 RISC 
processor implements a PCI interface on the chip itse lf. 
This kind of support , in additi on to that from many ven
dors of 80x86-based systems, paves the way for PCI to 
become a uni versally accepted component interconnect 

and expansion-bus standard. 
The motivation for PCI was the fact that PC 1/0 ar

chi tecture was so slow in relation to t11e processor mat fur
ther improvements in processor technology would not 
have produced any noticeable improvements in overall 
system performance. PCI removes ystems designers 
from the processor treadmill by isolating the I/0 sub
system from the processor/memory/cache subsystem. 

A fundamental part of a PCI des ign is the PCI-to-host 
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. PCI Interlace Signals 
Required pins Optional pins 

Address 
and data 

PAR 
PAR64 

REQ64# 
FRAME# ACK64# 
TROY # 

Interface 
control 

IROY# 

STOP# 

LOCI<# } 
----=-~'-"'--~ 

OEVSEL# 

IDSEL 
----"-~=--... 

64-bit 
extension 

Interface 
control 

Interrupts 

} 
--~~~---

Error { PERR# SBO#
reporting .___ -=S=E'-"R'-"R"#--" 

SOONE } Cache 
4---""'~-'F---- support

REQ#Arbitration TOI
(masters only) ---"G""'N'"'"T#:;____{ TOO 

TCK JTAG 
CLK (IEEE 1149.1)

TMS 
System ---'R-'-S"T'-"# }

{ _ _ _ TRST# 

PCI pins and signals. Tile required pins are signals 1/w1 are needed 10 i111ple111e111 a PC/ bus. 1'/ie 
optional 11ins help i111ple111en1 a 64 -hit bus, exclmive 111e111ory access (lhe LOCK signal), and cache 
support. 

These expansion buses arc added to a PCI 
system by the inclusion of a PCl-to-expan
sion bus bridge chip. The standard expan
sion buses (e.g., ISA, EISA , Micro Chan
nel, and NuBus) are lower in performance, 
but they provide for maximum system ex
pandability for less-demand ing peripherals. 

PCI Bus Design 
The design goals of the PCI bus stand ard 
were threefold . First, it would produce a 
low-cost, high-performance local-bus inter

face . Second, it would provide automatic 
co nfi guratio n of components and add-in 
boards. Finally, the design would have the 
versatility to support future generations of 
peripherals. 

The cost and size of connectors, ch ips , 
and motherboard traces increase as the num
ber of pins needed to implement a bus in
creases. The PCI standard reduces costs by 
using a multiplexed address and data bus 
that reduces the pin count and size of the 
components. A PCI target (which is defined 
later) can be implemented with only 47 pins. 
and a PCI master can be implemented with 
only 49 pins. 

Despite the small number or lines, thi s 
setup can manage bus addressing. data trans
fer, arbit ra tion logic, and interface control. 
The figure " PCI Interface Signals"' lists the 

bridge chip that connects the PCI bus to the processor' s local PCI bus pins, with both the required and optional pins shown . 
bus. PCI peripherals arc then connected directly to the PC I bus. Note that the optional pins provide support for a cache and atom
Once a host bridge chip is avai lable, a new processor has access ic operations . Other optional pins implement a 64-bit bus, givi ng 
to all available PCI components. This allows the PCI bus standard the PCI standard a growth path for fut ure systems. 
to be processor independent. Two sizes of add-in boards are specified: a standard length 

When a new processor becomes available, only the PCl-to (about 12 inches long) and a short length (about 7 inches long). 
host bridge chip needs to be replaced; the rest of the sys tem Note that the PCl bus is limited to 10 loads. Chips on the moth
remains unchanged. PCI is a component- and board-level bus; erboard take up one load each, and add-in boards in PCI slots 
other 110 buses, such as a SCSI bus, can be included in a PCI sys consume two loads each . For example, if devices on the moth
tem with a controller chip or a board that interfaces to the PCI bus. erboard consume fo ur loads, thi s leaves six loads available, al
Designers of 1/0 components such as graphics, SCSI, or LAN lowing three PCI slots. Too much loading can cause signal s to 
controllers can now co ncentrate on improving the per
formance of their products instead of continually re PCI Board Connect9rs 
designing their products fo r different processor speeds 
and bus types. 

Although processors are quickly movi ng past 33 5-V board 3.3-V board 
UO buffers powered on UO buffers powered onlMHz operation, the PCI bus is defined to operate on ly 3.3-V rail 

up to 33 MHz. The processor speed can be faster than 
the PCI bus speed, however, because the host-to-PC! - 11u11u111~iu1l~~' 1111 -- - um111111111111111ulll.r · 
bridge isolates the processor bus from the PCI bu . The 
bridge chip can cont ai n buffering to en hance perfor
mance and bus utili zation. This is especial ly useful 
when using a processor, such as the 486. that doesn't 
support burst writes. Since the PCI bus does support 
burst writes, the host b1idge can buffer a nonburst write 
from the processor and present it to the PCI bus as a 
burst wri1e. A bridge might contai n other system-sup
port logic, such as for a cache contro ller o r fo r han  5-V connector 3.3-V connector 
dling the PCI bus·s ce ntralized arbitration mechanism. 

PCI won ' t replace the standard expansion buses that A keyed notch on the PCI /Joo rd de1er111ine,, whm signal h·Fl'ls it sup11or1s. Th is 
are popular today. but instead it wi ll complement them. allows m1 easy lwrd1rnre 1ramitio11fro111 5 \I1n 3.3 V. 
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violate timing spec ificat.ions, which leads to 
system failures. 

To accommodate the industry' s hift from 
5-Y signals to 3.3-Y signals, PCI also de
fines a 3.3-V PC! specification. PCT add-in 
boards and slots are keyed so that 5-Y boards 
plug on ly into corresponding 5-V PCI slots 
and 3-Y boards plug only into 3-V slots. 
The PCI SIG is encouraging add-in board 
vendors to design "uni versa l" boards that 
operate at both voltages and can plug into 
either a 5- or a 3.3-V PCI slot (see the figure 
" PCI Board Connectors" on page 178). 

PCI defines three types of address space: 
memory , 1/0, and configuration. Configu 
ration space is a 256-byte area inside each 
PC! device that contains information about 
the device. Such information includes the 
type code, which indicates whether the de
vice controls a mass-storage unit , a network 

PCI BUS COMMAND CODES 

C/BE[l::O] # COMMAND TYPE 

0000 Interrupt acknowledge 
0001 Special cycle 
0010 1/0 read 
0011 VO write 
0100 Reserved 
0101 Reserved 
01 10 Memory read 
0111 Memory.write 
1000 Reserved 
1001 R_eserved 
1010 Configuration read 
1011 Configuralion·write 
1100 Multiple memory read 

1101 Dual-address cycle 
1110 Memory-read line 
1111 Memory write and invalidate 

prohibit other processors from making use of 

t11e information. The ROM can contain dif

ferent code images that initialize the device 

for different processor architectures. PC! 

provides true plug-and-play; the system takes 

care of hardware config uration automatical

ly. A user just plugs in a board, and it works. 


PCI Bus Operation 

A PCI transaction takes place between a mas

ter and a target. Master is a term used by the 

PCT standard for a bus master (i.e., a device 

that takes contro l of the bus and initiates ac

cesses, such as a processor or a bus-master

ing SCSI controller). Target is a term for a 

slave device (i.e., a device that on ly responds 

to accesses, such as memory or a VGA con

tro ller). 


The PCI bus does all transfers as burst 
reads and writes to optimize performance. 

interface, a display , or other hardware. Multifunction devices A normal bus access req uires a new address before each data 
are supponed, as long as there is only one physical connection to transfer, whereas a burst transfer starts with one address and then 
the PCI bus, such as one chip that supports both SCSI and Ether performs multiple data transfers to or from consecutive address 
net. The configuration space also contains the PC! control, status. locati ons. For PC! , a burst transfer begins with an address phase, 
and latency timer registers; the location of the device s expansion fo llowed by one or more data pha~es. This allows one data trans
ROM ; and the base-address registers. At power-up, the system fer to be performed during each clock period. This g ives a 33
scans the configura tion space of all devices on the PCI bus and MI-lz PC! bus a burst transfer rate of 132 MBps on a 32-bit bus 
then assigns each device a unique base address and an inte1TUpt and 264 MBps on a 64-bi t bus. Bursts can be ei ther to the mem
leve l. orx or to the 1/0 space. 

A PC! device's ex pansion ROM contains code to initi alize PCI burst transfers have an indefi nite length, whereas most 
the device, or devices. The ROM 's contents are arranged in Little other arch itectures have a limited, fixed burst length . PC! bursts 
endian (i.e .. In tel) format, but there's nothing in the design to continue until the master or target requests the tran fer to end or 

Basic PCI Bus Read Operation 

1 ~ ~ 

FRAME# ~"-------.-------------.-----.---'tt~~~-~~.-
I I I t 

I I I I I 
' ' 

AD • j ___~.-_~>-~~~--Dat..,._ •• _~__1a_ 0 :__( Addr~ss >:-~¢ :-:{ Data! 1 _ ~-2_X j Da_-3_~}.:.
' I I I I 
t I I I I 
I I I t I 
• I t l I 

C/BE# -=i::( co~~,nct X ! BE#'s ;. >.:.¢ :-
' I : 

1 -~, : ~ : r-+--..
1 ~ ! -1.. - ........L.... -L- ! -' J...... ..
\IRDV# ...... ~ ... .. ............ ~ .. -- ~ I .! ---- ....~ .. -- ~ ................ "!...... .. 

I I I en I ti) I ti) I 
I I 4- C: - C: C I 

TROY# ---L~-~~~~~_r~~~ ~ ~_ct= 
I : : 0 : 0 0 : 
: ~ : I : , - \ ! /.........DEVSEL# ...L' ..... -;::_/~--- : \ . ,·· · 

CLK 
od of time that that device is 
allowed to use the PC! bus. 

until a higher-priority device 
needs to use the bus. Each PC! 
device has a latency timer 
that defines the longest pe1i

This Limer is accessed tllrough 
the configuration space and is 
programmed by the processor. 
The processor can optimize 
overall system performance 
by intelligently programming 
the latency timers of all de
vices on the PC! bus. 

The master specifies the 
type of burst transaction by 
using bus command . These 
commands are issued by driv
ing the command/byte enable 
(CI BE [ 3 : : 0] II ) lines dur
ing the address phase of a 
burst. The tab le " PC! Bu s 
Command Codes" shows each 
command ' s encoding a nd 
type. During the data phases, 
the CI BE [ 3 : : 0] # lines car

• > ~•1----->• ~<11(1----~·~ ~·1-----~~· 
Address Data Data Data 

phase phase phase phase 


--- ------- Bus transaction ----------... 
ry byte-enable information 
that indicates which byte lanesA read transaction starts with the address phase, ivi1h 1:RAME# asser1ed. ADfJ ! ::OJ d1fri11g 1/ie address on10 

1/ie bus. and CIBE# co111ai11i11g a mlid PC/ bus command. Tile daw phase follows. wlziclz can have any 1111111ber of on the bus cany data. The fig
daw 1ransfer and 1rai1 cycles. During rlw daw plzase. CIBE# indicates wilar /Jyle lanes are used. ure "Basic PC! Bus Read Op-
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eration" gives details on a PCI 
burst read; the fi gure "Basic 
PCI Bus Write Opera ti on" 
gives detail s on a burst write. 

Another way to improve the 
perfo rmance of any bus run 
rling at a particul ar speed is to 
reduce its overhead. which is 
time that the bus is in use but 
data is not being transferred. 
When a PCI device wants to 
access the PC! bus. it must re
quest use of the bus from the 
central arbiter (w hi ch can be 
located in the PCI-to-host chip) 
by using its REQ (request) sig
nal. The arbiter uses its GNT 
(grant) signal to a llow the de 
vice to use the bus. On most 
buses in use today, the arbitra
tion process takes up cyc les 
that could be spent transferring 
data. PCI e liminates thi s loss 
by allowing the arbitration fo r 
the next access to occur while 
th e c urrent access is s till in 

Basic PCI Bus Write Operation 

CLK ' ' ' 
1 ~ ~ ~ ~ 

--h ! : I : : : ·'"--¢ --· 
FRAME# • .. } . _·'"'--T----..;----;-- ---;.--'--- ___ }_. ____ .. } ______ . _} - · ____ --;. .. . . 

! ' I I I 
I I I I I 
I I I I 

AD -:::H Addr~ss XDatf 1 ).( Dat~-2 ) X.__.___D_at.....+3--_.__,C _~ :
• . ' 

C/BE# -::+.:< cJ<nd xBE#~1 xBE~
' 

's-2 X BE#'s-3 
I I I I t I 
I I I I I I 
I ~ I I I I 

IRDY# .•.L~-~~~ --- ~ _/.___L.\ ~ ~ 
: : c;; ~ : u; : 
I I C C - - - C I 

: -~~ _\g _\g , ~-~- ~ \ _\g r-!--
"fRDY# • .•} . • __'!:-:'(_--.L *---*..../..___,_ ---- -·· ,..···-......\_*-1 .. -- ~- --

I : Q Cl : : : Cl I 

f I I t t I I I 
t ~ I t I t 

DEVSEL# ---~-~.'!::(\ : /. --- -~ --~ 
Ill( .. .. )lo Ill( ... .....1------------)lo-

Address Data Data Data 
phase phase phase phase 

----------- Bus transaction ----------~ 

progress. APCI write transaction is similar to a read tram actin11. The daw phase of read and write uw 1.rnctio11s e11tls wile11 
The PC l bus can tran sfer bmil /RDJ'# and TRDJ'# are asserted. Tile wait s10tes shown here are imerrcd 011/y when a s/0 11· device is acces.1·1'11. 

data 32 bits or 64 bits at a time. 

The optional signals REQ64 and ACK64 allow a 64-bit master to 

ask if a target is capable of 64-bit data transfers. A 64-bit trans

fer occurs only if a master asks fo r a 64-bit transfer and a target 

responds that it ca n do such transfers. 


A PCL master can support 32- or 64-bit addressing regardless 
of whether it supports a 32- or a 64-bit data path . Since a master 
mi ght not be able to look at a target ' s configuration space, a mas
ter that suppo11s 64-bit address ing doesn' t always know if a tar
get supports 32- or 64-bit addressing. There fore, the master must 
be able to present an address in a fo rmat that either type of target 
can accept. The master addresses 32- or 64-bit devices capable of 
64-bit address ing by issuing a dua l-address-cycle command. 

To implement such a command, during the first address cycle 
the master first drives the lower 32 bits o f the 64-bit address on 
the lower 32 bi ts of the bus, and the upper 32 bits of the 64-bit ad
dress on the upper 32 bits of the bus. During the second address 
cycle, the upper 32 bits of the 64-bit address are driven again, but 
this time on the lower 32 bits o f the bus. 

A 64-bit target will take in the full 64 bits of the address on 
the first clock cyc le, ignore the second address phase, and decode 
the 64-bit address with no additional de lay. A 32-bit target must 
wait an additional clock cyc le to recei ve the full 64-bil address, 
since it is transferred in two 32-bit portions. Targets that sup
port only 32-bit addressing are mapped into the lower 32 bits 
(4 GB ) of address space. so they can be accessed by masters that 
support 32- or 64-bit addressing transparentl y. 

PCl's Future 
In the past, many interfaces were des igned with onl y current 
rather than future needs in mind . PCI was designed to meet the 
needs of today's systems while leaving plenty of room for growth. 
The PCI local-bus architecture prov ides the bandwidth required 
to accommodate the demands of today 's high-performance op

erating systems. This interface is fi nd ing its way into everything 
from portables to high-end fi le servers and workstations. 

Cun·ently. a PC! motherboard requires multiple components 
in additi on to the processor- to implement PC I. Thi s consumes 
valuable space on the motherboard and increases cost. However, 
since it is a widely accepted standard , PCI components from a 
variety of sources and with di ffere nt leve ls of integrati on should 
bring down the size and cost of a PCL system. 

Also, DEC' s DECchip 2 10066 RI SC processor fo reshadows 
an important trend: It implements a built-in PCI bus interface . 
Processors using a built-in PCI bus interface are especially at
trac tive for users of ponable computers that don' t have the space 
fo r multiple components, and it will dri ve down the cost of all PCI 
systems because of the greater leve l of integration. 

PCI offers di fferent advantages to di fferent segments of the 
computer industry . To PC designers, PCI offers outstanding per
fo rmance and a plug-and-play mechanism through a new sys
tem architecture . To workstation designers whose systems al
ready have buses fas ter than PCI, it offers access to the low-cost. 
industry-standard components used in PCs. To everyone, it pro 
vides a way to resolve many of the hi storical problems the industry 
has had by prov iding a well-thought-out architecture th at will 
propel us into the nex t decade of co mputing. • 

Editor' s note: To ob1ai11 a copy ofrevision 2.0 of the PC! speci
fication or to j oin the PC! SIG, contact the PC! Special Interest 
Group, MIS HF3- 15A. 5200 Northeast Elam Yo1111g Pkivy., Hills
boro, OR 97124, (503) 696-2000: fax (503) 693-0920. 

Guy II'. Kendall is an applications engineer ll'itil the Microelectro11ic.1· Prod 
ucts Division ofNCR Corp. (Colorado Springs, CO). He supports tile co111 
pa11y 'sfamily ofPCl-SCSI t/O processors. He c:a11 /Je reaclted 011 rile /11tem e1 
lll g11y. ke11dall n'ftcollinsrn. 11l.,..co111 or on IJ tX c/o "ed irors. " 
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Windows for Workgroups 3.11 

Pre views of two new technologie s-Chicago and At Work-ma ke 

this the most advanced version of DOS-based W i ndows now a vailable 

.JON UDELL 

I've long thought Windows for Work
groups a vastly underrnted product. TI1e · 
original version (3.1 ), dubbed Windows 
for Warehouses, languished in part be

cause the MJS crowd saw its peer-networking capabi lities 
as a security risk. That view seemed shortsighted 10 me. 
Peer file sharing was always an optional feature of WFW. 
Subtract tliat, and WFW would still be an extremely use
ful eomplemenl to a server-based LA . Mail , gro up 
scheduling, Clipboard sharing, and network DOE are 
powerful enhancements to the bas ic NetWare fil e and 
print serv ices. Thanks to WFW's dual-she ll capability, a 
Windows workgroup enjoying these extra services cari co
ex ist comfortably with a preex isting NetWare LAN . 

WFW 3.11 improves on the orig inal version in ways 
that prev iew two new technologies that are strateg ic for 
Microsoft. !ls new 32-bit file and network J/0 move to
ward the protected-mode dev ice-driver model we' ll see 
in Windows 4.0 (aka Chicago) . And version 3. 11 's fax 
software plays into the smart-office initiative known as At 
Work. 

What about those MIS securit y conce rns? Version 
3. I I enables an administrator to control fil e, print , and 
Clipboard sharing. An encrypted file stored loca ll y on 
each WFW 3. 11 machine selectively enables or di sables 
these fea tures. An administrator can force the security 
sellings stored in that fi le to synchronize, at start-up, 
with canonical sellings stored on the network. With ver
sion 3. 11 , an administrator can also choose to reform 
version 3.1 's troubl ing habit of caching passwords, ar
guably its worst security fl aw. 

On the Road to Chicago 
The big story isn 't security, however. New 32-bit file 
and network 1/0 technologies put WFW 3. 11 a half-gen
eration ahead of any current DOS-based version of Win
dows-and within shouting distance of Chicago. Like 
many newfangled Windows fea tures nowadays, these 
are implemented a YxDs (virtual device drivers) that 
run in a true 32-bit environment unavailable to normal 
Windows applications. 

Most Windows users got the ir first taste of 32-bit de
vice support in tile form of FastDisk, the protected-mode 
BlOS interceptor that debuted in Windows 3. 1. On ma
chines witll WO I 003-compatible (or o lder ST506) drive 
controllers-thi s covers most Windows machines, in
cluding the majority now sold with IDE comrollers
Windows 3. 1 can hook INT I 3h and talk directl y lo the 

hard dr ive, bypass ing the system BIOS . 
TI1e full implications of this technique weren' t alway 

apparent to users, though, because of a quirk of user
inte rface des ign. You enable FastDisk in the Virtual 
Memory dialog box that's access ible from the 386 En
hanced section of tile Control Panel, a dialog box pri 
marily used to config ure the swap fil e. Knowing that 
Windows bypasses DOS and uses low- level BIOS ca lls 
to communicate with a permanent swap fil e, many users 
assume (not unreasonably) U1at FastDisk applies only to 
this specia l case. In fac t, it work for all fi les. 

FastDi k can help performance in several ways. WD
CTRL, the Yx D tllat talks to tile drive controller, will in 
many cases be fas ter than the system BIOS. Use of WD
CTRL e liminates one costl y switch between protected 
mode and rea l mode. And WDCTRL can sometimes han

die 1/0 asynchronously, letting Windows do oilier work 
while a request comple tes. 

Sending DOS to the Sidelines 
With FastDisk intercepting the BIOS, the bollleneck is 
DOS itse lf. Under Windows 3. 1, it 's sti ll necessary to 
switch from protected mode to real mode so tllat DOS can 
look up the location of a requested piece of a fi le in the 
FAT (fi le a llocation table) and then back to protected 
mode, where WDCTRL can fi e ld the resul ting INT 13h 
ca ll. 

Why not take DOS out of the loop as well? That's 
what WFW 3. I I 's 32-bi t fi le access feature does, using 
a pair of new VxDs. VFA T.386 delivers protected-mode 
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I T 21 h services, and VCACHE.386 is a protecied-mode re
placement for 1he SmartDrive disk cache. As with FastDisk, and 
still a bit confusingly, you enable this 32-bit feature (per drive) 
by way of the Virtual Memory dialog box. 

The results can be impressive. An Advanced Logic Research 
Flyer 32LCT 4DX2/66 with an IDE controller more than doubled 
its sequential file I/O throughput us ing the VFAT/VCACHE 
combo, while bettering its random file 1/0 throughput by about 
a third. But on an Everex Step 486DX2/50 with an Adaptec 
AHA-1742 controller, and an IBM PS/2 Model 90 XP 486 wi1h 
an IBM SCSI-2 controller, the story was quite different. Here, ran
dom file 110 1hroughput improved by 73 percent and 83 percent, 
respectively. These marks were close to (for the Everex) or bel
ier than (for the PS/2) those posted by Windows NT on the same 
two machines. But in both cases, 32-bit file access hurt sequen
tial file I/O perfonnance. The PS/2 lost a fifth of its 16-bit through
put: the Everex lost a fourth. This degradation made application 
load times noticeably slower on the two SCSI machines. 

As you've probably now realized, VFATand VCACHE don't 
require FastDisk- although they do prefer it. That's fo1tunate, be
cause controller manufacturers didn ' t support Fast Disk as unan
imously as Microsoft hoped they would. Some companies. in
cluding Ultrastor and Future Domain, offer FastDisk drivers for 
their SCSI controllers; others, notably Adaptec, do not. 

You should note. therefore, that VFAT and VCACHE seem to 
perform rather differently on FastDisk and non-FastDisk sys
tems. lf you can use FastDisk, 32-bit file access seems like a 
clear winner. But if you can't, don' t assume it will boost through
put in all cases. You shou ld probably test your bread-and-butler 
applications with and without VFAT/VCACHE to determine 
whether they help or hinder. 

You should also know that while VCACHE uni lies caching for 
local hard drives (VFAT) and remote ones (VREDIR), it won ' t 
cache floppy or CD-ROM drives. To cache these, you ' ll still 
want to use the provided SmartDrive 5.0 (which also comes wi1h 
MS-DOS 6.2). 

32-bit Networking 
The 32-bit networking components of version 3.1 included the 
NetBEUI transpo11, the NetBlOS inte rface, the server, and the 
redirector. Version 3. 11 adds 32-bit ( NDIS 3.0) adapter drivers 
and a 32-bit SPX/IPX protocol stack with a Novell-compatible 

etBIOS. A 32-bit TCP/JP stack is in the works. too, but un
fonunately it didn ' t ship with version 3. 11 . 

Using NetDDE to ship a 50-KB chunk of data between two sta
tions, I found the 32-bit network-card NE2000 and SMC drivers 
to be 25 percent faster than their 16-bit counterparts. As with 
the 32-bit disk and fLle technology, the dominam effect is almost 
certainly !he reduction in protected-to-real-mode swi tching. 

Configuring for the test, however, proved more challenging 
than I'd have thought. For a given protocol. \VFW 3. 11 offers four 
driver options: ovell's OD! (Open Dma-Link Inierface), real
mode NDIS , real- and protected-mode NDIS, and protected
mode NDIS. You use the ODI option for NetWare connectivity 
or if your adapter lacks bundled NDIS support. With ODI, you can 
access network hardware in real mode only. The Net Ware shell , 
of course, runs in real mode, 100, but you can still layer on that 
fou ndation eit her or both of the 32-bit transports (i.e., NetBEUI 
and SPX/IPX) for use by the Windows networking components. 

Real-mode N DIS, like OD! , puts 16-bit adapter support un
derneath 32-bit transports. The real-and-prorected option, con
fusingly , ins1alls 16- and 32-bit adapter support; Windows uses 
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Experience the Difference 


BIOS PRODUCTS 
Green PC, System BIOS, 
Keyboard, PCMCIA, PCJ 

MOTHERBOARDS 
PCI, VESA, EISA, ISA 
486 and Pentium"' CPUs 

Whether you are building or buying 
a PC, the only components to consider 

ADD-IN PRODUCTS 
SCSI, Sound, SVGA 
Communications, PCMCIA 

and add-in products from 
American Megatrends, you 

American Megatrends, Inc.: 6145-F Northbelt Parkway, Norcross GA 30071 
Sales: 1-800-892-6843, Fax: (404) 263 -9381, Fax-Back: (404) 246-8787 American UK Office : Crawley, West Sussex - (44) 293-536-365 ---- ---- Megatrends France Office: Noisy Le Grand - (33)-1 -43042220 
Singapore Office: Singapore - (65) 339-0992 
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are those from American Megatrends, 
the BIOS people known for their world 
famous AMIBIOS. Now, with hardware, 
you can get the same compatibility and 
performance that has made the 
AMIBIOS world famous. With high 
quality motherboards 

can make the difference between an 
ordinary PC and an outstanding 

personal computer. So experience the 
dramatic difference our expertise can 

make and demand only quality 
American Megatrends components 

in your personal computer. 
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Your PC goes Mac!! 
MacDisk* 

Reads, writes and formats 
Mac 1,44 MB floppies. 

Under Windows, fil e exchanges between 
Word, Exce l. PageMaker, XPress, 

and other sibling applications, 
without any hardware modification. 

MacSQ* 
Reads/writes 44/88 MB 

Mac SyQuest cartridges. 

Transfer of scan files, colour separations. 
Supports Adaptec/ AS PI-compatible adapters, 
low-cost adapters and parallel port solutions 
(Puma, 0 2-Para). Under Windows with ASPI, 
under DOS for other configurations. 

MacScuzzy* 
A superset of MacSQ, fom1erly announced and advertised as Mac Disk Pro, 
also dri ves 128 MB MO cartridges and 90 MB Bemoui lli s and soon even 
bigger Mac SCSI volumes (600 MB MO). 

Logiciels & Services DUHEM 
2 1, rue La Brnycrc - F-75009 PARIS (France) 

Tel. (33. I) 49 70 04 55/Fax (33. 1) 49 70 04 56 


Free leafle l and demo disk. Offer good un ti l supply lasts . 

MacOisk 125 $, MacSQ 200 $, MacScuzzy 245 $ (wi thout S&H fees). 


EEC residents. add French VAT ( 18,6 % ). We accept most credit cards. 

Dealers welcome. Software in French/English/Gcnnan, Manual in French/English. 


* Regis1ercd tr:idem:uks of v,;o in France and trademarks of LSD elsewhere. 
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Subscription Problems? 

We want to help! 

If
you have a problem w ith your BYTE su b
scri p tion, write u s w ith the de ta ils. We'll do 
our best to set it rig ht. But we must have the 

name, 11 ddress, and z ip of the subscription (new and 
old address, if it's a change of address). If the prob
lem involves a payment, be sure to include copies of 
the credit card sta tement, o r front and back of 
cancelled checks. Include a "business hours" phone 
number if possible. 

B\ITE Magazine 
Attn. Su bscr iber Service, P.O . Box 555 

Hightstown, J 08520 

1rn11ti!1rn Beyond oos 

the 32-bil code, but the l 6-bi t code is ava ilable for use in DOS. 
Fina lly, protected-mode NDIS installs and uses only the 32-bit 
NDIS 3.0 dri ver. 

To make thin gs even more interesting, WFW 3. l l in stalls 
both NetB EU l and SPX/I PX transports on top of whichever fla 
vor of driver you choose and makes SPX/ IPX the "default" pro
tocol. The availability of a routable protocol, namely SPX/IPX, 
is a great thing. As I discussed las t month , you can d ispense en
ti rely with NetBEUI in this version of Windows for Workgroups 
and run fi le, prinler, and Clipboard sharing solely on SPX/I PX. 

If you happen to operate a NetWare WAN (wide-area net
work), th is arrangement WAN-enables Windows networking in 
a way that was never before possible. But l ran into problems 
using the SPX/IPX stack (and its companion NetBIOS) with 
WFW 's NelDD E. When SPX/TPX was the default protoco l, 
Clipboard sha ring and other li ght-duly Ne1DDE operations 
worked, bul the 50-KB transfe r I used to measure over-the-wire 
performance fail ed. 

The same transfer worked fl awlessly when I used NetB EU l as 
the default transport. So whi le my NetDDE test didn ' t satisfy 
my curiosity as to whether NetB EUI or SPX/IPX is the fa~Ler 32
bil transport, il did raise concerns about the suitability of SPX/JPX 
as the preferred transport for Windows networking. 

The Fax Connection 
The Chi cago technology in WFW 3. l l is tan tali z ing, if a bit 
rough around Jhe edges. Microsoft's Al Work 1echnology that 
debuts in versi on 3. I l is equally tantalizing and, wh ile limited in 
scope, quite successful. At Work is an umbrella standard that 
Microsoft hopes will enable PCs, te lephones, pri nters, copiers, and 
fax machines LO cooperate inte lligent ly on a network. 

A compliant fax machine, fo r example, will run the At Work 
operating system (a l 6-bil real-time preempti ve mu ltitasker) and 
wil l present :i 10uchscreen user interface based on a subset W in
dows AP!. ( Prototypes of these smart fax machines were shown 
at last fall' s Comdex.) A pair of fax devices will be able Lo ex
change nol only conventi onal faxes, but also compact binary al
Lachments that survive as edi1able documents. 

How do~s this differ from E-mail? It doesn' t, reall y. For PC 
Fax, the At Work-compliant fax-server soflware in WFW 3.11 , 
fax is E-mail. A sender need ac tuall y render an image of a doc
ument only when the receiver indicates it cannot receive a more 
compact and in fi nitely more useful binary transfer. 

The current limitation is that there aren ' L any Al Work de
vices other 1han WFW 3. 1 l PCs. Thus, for mosl users in the near 
fu ture, PC Fax will operate as a conventi onal fa x server. In thal 
capacity, however, it excels. Outbound and inbound faxing on one 
WFW machine wi th an auached SupraFaxModem was trivial, 
as was sharing that modem from another WFW machine. Be
cause PC Fax is implemented as a fom1 of E-mail , you can broad
cast to a mix1urc of' E-mail and fax destinations using a single dis
tributi on list. Equa ll y important fo r integrators, you can send 
faxes programmatically using simple MAP! ( Messaging AP!). 

Announced last June, At Work has now begun to emerge from 
shrouds of v:ipor. It ' s a grab bag of rendering, communicati ons, 
and real-time operating-system technologies, none of which is by 
itself earthshaking. But if vendors buy into th is vision of smart net
worked offi ce equipment, AL Work could do more for mill ions of 
workers than any version of Windows. • 

Jrm Udell is a B'rf'E technical editor at large. You can reach him 0 11 thl' In 
ternet or BIX at j11de /f @bix.cn111. 

mailto:j11de/f@bix.cn111


.JERRY POURNELLE 

Upgrades from Hell 


I 've been told that my best columns happen when 
I've had a whole lot of problems. That ought to make this one 
a doozy. I've been tearing my hair out for a week. All's more or 
less well now, but I sure have a lot to tell you . 

It all started when I asked Alex to install ATI Techhologies ' 
CD Sound Dimension Multimedia Upgrade Kit in SuperCow, 
our Gateway 2000 486DX2 with local-bus video. It's fast and 
reliable. It sits on a computer cart, making it nearly ideal a a 
test-bed for new equ ipment. Alex installed the fu ll -length sound 
and CD-ROM controller board, but he noted there were no 
mounting ra il s for the CD-ROM drive, so he didn ' t unpack 
that. He did get the sound board working , and pretty soon 
Chaos Manor was filled with the sounds.9f ~aptain Kirk, Dr. 

McCoy, and Mr. Spock, generated by Berk'eley Systems' Afte r Dark screen 

saver, and a screwy program called Icon Hear It. 


I have reports from sound experts that the ATI sound board is not quite I00 
percent compatible with Sound Blaster Pro, but it has played all the sounds, in-
e luding games, that we ' ve tr ied with it , and sumi-labeled Matsushita drive, I found it comes 
we' ve had no problems. I can suggest one im in a litt le me tal cage that replaces mounting 
provement. The board has an option to connect rail s: it makes a nug fit , but it ' s easy to insta ll 
the sound output of your system to the board, in the half- he ight bay that ·s be low SuperCow's 
where you have v<! lume control , .but to do that floppy drives. I like the drive design a lot: you 
you must disconnect the internal speaker, which press on the drive face and the whole thing slides 
means that you mus't have an external speaker out. Open a lid on top and drop in your CD; no 
connected to the board or you ' II get no sound at caddy needed . I've always had mixed emotions 
all. I wish they 'd set it up so the internal speak about those caddies. IfCD-ROMs came in them. 
er is ac tivated when you unp lug the ex tern al it would be different; but no. CD-ROMs are 
speakers. Other than that, the ATI board is quite shipped in jewe l boxes, and you have to pro
accept able , and it ' s easy to set up . vide the caddies yourself. I have never been able 

Mind you. no sound board has as good qual to open a caddy without a fi ght. Anyway, the 
ity for the money as Tun le Beach System ' Mul ATI system doesn' t use them. 
tiSound . Unfortunately , it 's for Windows only, There 's only one way the CD cable wi ll attach 
and it won ' t play the souncls used by just about to the drive, so that was no problem. Alas, it' s 
a ll the game des igners. If you "re serious about quite possible to <:ttach the cable the wrong way 
sound, get the MultiSound. Incidentally , it wi ll to the sound board . Fortunate ly. the installation 
coexist quite nicely with the A TI board or Sound diagrams show where pins I and 2 are on both 
Blaster Pro, but you have to be a rea l sound fa drive and board , and once I noticed that , all was 
natic to go that route. well. 

The software installation is pretty s imple, but 
The ATI CD-ROM drive didn "t need I found one subtle problem, which 1"11 explain in 
any mounting rails. When I unpacked the Mit- just a minute. There' s a place to set the start-up 

Installing CD-ROM 

drives and 

graphics 

accelerator cards 

turns into pitched 

battles between 

Jerry and the 

Chaos Manor 

computers 
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configuration, and Alex had set the CD the AT! manuals, but the screen setup is 
ROM dri ve to disable. Enabli ng it is easy simple enough that you prob'ab ly won ' t 
enough , but when you do, the board can' t look into the manual at all. 
find that CD -ROM I set things up, pow
dri ve until you power ered down. noted that 
down and turn th e I was awakened at 0700 by the the CD-ROM li g ht 
machine back o n. nashecl "when the ma
Meanwhile, you can telephone. It was aflack from the chine powered up, and 

tried to access the CDset the interrupt chan- Dithering and Redundancy Corporation.
ne l (i .e ., IRQ [inter- R 0 M drive . " Dri ve 
rupt request I number) not ready." l reset the 
and 1/0 port addresses for the CD-ROM machine and tried agai n. Same thing. Time 
drive. That 's a ll ex plained quite well in for some logic. 

Tripp Lite SmartOmni UPS® 

Out·Networks APC Smart·UPS® 


Only one UPS system provides network managers with the most enhanced 

network protection and control abilities - Tripp Ute's SmartOmni line 


interactive UPS. SmartOmni has a substantial advantage over APC 

Smart-UPS in critical networking applications. 


Tripp Lite SmartOmni 

OUT-NETWORKS APC Smart-U PS! 


Tripp Ute SmonOmnf Arc Smgrt-UP$ 

w/PoiliorrAArrt PLUS w~rChu:ePtut 


• Moster network log pooh 
power olorms from oil UPSs 

STANDARD Not availableon nerwo1k to one concise 
file 'l• 

• Reoltime view of both set· 
vers ANO WORKSTATION 
UPS power doto from any STANDARD Nol avaf/ablr: 
node 

• Customizable clorm points 
for low voltage, %load, and 
temperature on each and STANDARD Nut ar.wilabh· 
every UPS 

Tripp Lite SmartOmni 

OUT-MANAGES APC Smart-UPS! 


Tripp Ute SmortOmni APC Smon-UPS 

w/SNMP·2 Adopter Y(/SNMP Adapter 


• Redund<1nt AC input on 
SNMP adopter ptevcnts loss STANDARD l\°ut a vailable 
of control of connected UPS 

• "Out of Bond" nctwori: 
STANDARDcommunication when Not avaifublc with your modem 

Ethernet d isabled 

• Ambient temperature and *' .@ 
STANDARD £.dra CQst Opticmhumidity reporti ......MADEIN• Remote power control of II runswllh 

HVAC or other peripherals Not at,a ilable USASTANDARD N e!Wore •
• SNMP udcipter controls up 
to 4 UPSs 4 STANDARD Up tu 2, 0 11/y 

Tripp Lite SmartOmni Find out what else
OUT-POWERS APC Smart-UPS! 

• lowest correctable brown· SmartOmni 
out ...attoge without battery 87 volts 98volts 
drain UPSs can do. 
• Over-voltage correction 

peak w iftiout battery Not avalldbh·
140 \'olts Call today for more 

information on the500N. Odrons, 
. Chkogo, ll 606 10-4188 .• ~:l SmartOmni(3 12) 755-8741 

""• (312) 644-6505 ~ 
IHE POWER PEOPl£" Fg,.Bock~e~~2)5~29-97 1 7 advantage! 

Smart-UPS and PowerChute Plus are registered trademarks ol American Power Com-ersion, Inc. 

First thing, e liminate any distraclions . 
SuperCow had the Maximum Storage Du
ette optical d1ive running off a Future Do
main SCSI board; e liminate that and com
ment out the software device installations 
in CONFIG.SYS. Reset. Still no joy. 

Next, cables: l discon nected the cable 
from the ATI board, liberall y spread on 
Stabilant 22 (a con nection enhancer), and 
conn ec ted aga in . Reset. Thi s tim e it 
worked. Now enter Windows fo r Work
groups 3. J I, go to Fi le Manager, and ac
cess th e CD-ROM drive. The syste m 
locked up to hardware reset. 

C learly some kind of conflict, probably 
in the interrupt processi ng : each of these 
dev ices must be ass igned a uniqu e JRQ 
number. The sound board was set to IRQ 
7. There were several possibi liti es for the 
CD-ROM drive, but the default was IRQ 5, 
and I saw no reason to change it. Now to 
look at the network board. That's an Intel 
EtherExpress, and it 's examined and set 
with a simple- to-use Intel program cal led 
SoftSet. SoftSet told me that , sure enough, 
the network board was set to use IRQ 5, 
the same as the A TI board was using for 
the CD-ROM drive. 

The sublle bug l mentioned earlier is 
that the ATI software will warn you if you 
try to change to an intem1pt line that 's al
ready in use, but it doesn ' t notice if the 
default IRQ creates a conflict when you 
first activate the board . Anyway, I told 
SoftSet to change EtherExpress to use fRQ 
10. Then I did ex tensive tests of the CD
ROM drive under DOS. No problem, so 
bring up Windows for Workgroups. The 
system again locked up to hardware reset. 

May be, I thought , I needed to power 
dow n the system after chang ing t.he Etl1er
Ex press settings. l tried thal, made su re I 
could get the directory on the CD-ROM 
dri ve, and brought up Windows for Work 
groups again. That came up fine. Go to 
Fil e Manager and try to access the CD
ROM dri ve. System locks up. 

By then it was quite late at ni ght. l reset, 
noted that I could get a CD-ROM direc
tory when in DOS, left the machine logged 
LO the CD-ROM dri ve, fired off an angry 
fax to A Tl Tech nologies' techn ical-sup
port staff, and went to bed. 

I was awakened at 0700 by the 
telephone. A flack representing the Dither
ing and Redundancy Corporation had got 
my telephone number and ca lled to find 
out if I' d received their product. When I 
pointed out that it was 0700, s he was 
apo logetic . " I didn ' t know it was your 
home number," she said. 

" No, but you knew it was my private 
line. Do you know how many products I 
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THE COMM PROGRAM FOR 

THOSE WHO INSIST ON 


TAKING THE EASY WAY OUT. 

Our users know it. The 

reviews and awards confirm it. 
And the increasing number of 
people moving to Crosstalk® for 
Windows proves it. 

Whether you need a way out 
to an on-line service, your 
favorite bulletin board or your 
company's host computer, the 
easy way is Crosstalk. 

We make communicating easi
er with features like our QuickBar 
toolbar and our Quick.Padn' editor, 
which lets even non-program
mers build customized controls 
for frequent sessions. And those 
are just a couple of the reasons 
why Crosstalk has been the PC 
Magazine Editors' Choice for the 
last two years. 

Everything about the Crosstalk 
interface is designed for speed 
and convenience. And naturally, 
along with all that ease-of-use, 
you get the unmatched power 
that Crosstalk has always been 
known for. PC World wrapped up 

its recent review 
~ 
~ ( iHJlllllOliltlfions by saying, 

softmm· \, "Thanks to its 
clean and easy
to-use interface f1~:i·D~ ~rnr~f backed by its 

• 1 1.~~ . solid set of ! <1 . ... ~~ u ~ll"' emulations and 
transfer proto

cols, strong scripting capabilities 
and remote access tools, Crosstalk 
easily rates a Best Buy." 

For a ljmHed time, you can 
trade up to Crosstalk for 
Windows"' from any competitive 
product for only $49 when you 
call DCA® directly. 

So why make it hard on your
self? Take the easy way out. 

1-800-348-3221, ext. 63DD* 
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"If you like a clean, uncluttered Windows interface witlr some of the best-designed 
icons anywhere, Crosstalk won't disappoint." 

- PC World Best Buy, November 1993 

m My OulckPad 

~ 

You can easily create your own cuslolllized Q11ickPads, or use our pre-built ones for 
011-l i11e services. 

88A 

TI1e Freedom To Comm1111icate. 

Circle 90 on Inquiry Card. 



---

Attention 
U.S. BYTE 
Subscribers 
Watch for the next BYTE 
DECK mailing that will be 
arriving in your mailbox 
soon! 

Use this as a fast, convenient 
tool to purchase computer 
products and services. It 's 
loaded with essential 
hardware and software 
products that you should be 
aware of when makjng your 
buying decisions . . . and it 's 
absolutely FREE! 

If you have a computer 
product or service, and would 
like to reach 275,000 
influential BYTE magazine 
subscribers, please give Brad 
Dixon a call today at (603) 
924-2596. 

B\ITE 
liJJEJ 

Here ' s what a BYTE Deck 
adverti ser has to say: 

"The BYTE Deck does very well for 
us - we've been in for over two 
years - and will continue 
'advertising in '!93. " 

Karen Tacy 
Rainbow Tec hnologies, Inc. 

get every day? If the flacks representing 
those products were all to call to see if 1got 
them, l would never get any writing done," 
I said . "Let me tell you about a wonderful 
invention called E-mail. It lets you send 
messages to people through computers. 
You do know what a computer is?" 

I may have been unduly harsh-I don 't 
guarantee that I'll be either civil or coher
ent at 0700 after fi ghting an insta llation 
problem all night-but someone in her 
firm ought to have had belier 
sense. I so metim es suspec t T 
these PR fl acks get paid by the he evil daemon Windows without the network: 
"contac ts" they make, even inside Windows for simply invoke it with WIN /N 
though few of their messages <return>. 
wa1Tant the urgency of a tele- Workgroups 3.11 will Once you ' re in Windows, 
phone ca ll . Anyway , that ' s you have avail able all the con
how the day started. reset your networil trols, including a new program 

group that Windows for Workboard interruptRick Osborne of ATI groups 3.11 automatically in
Technologies' technical-sup without checking for stall s fo r you. Inside it are 
port staff ca ll ed about I 0:00 some neat tools that include a 
a.m. I hauled the phone over clashes-and without Network Setup icon; open that, 
to SuperCow. It was still run use the drivers button to open 

telling you what it did.ning, but it would no longer a second window, use the set

10. That worked just fine, so I let Rick Os
borne who had been patiently listening as 
I went through all thi s, go back to work . 

The problem is that to change the 
network settings for Windows for Work
groups, you have to be inside Windows. 
Invoking Setup in DOS lets you change 
video drivers, but not network card set
tings. However, when Alex got home, he 
reminded me of something I. had forgollen . 

If you' re running Windows for 
Workgroups, you can access 

access th e CD-ROM drive. 
That was suspicious. 1reset the 
machine, logged on to the CD-ROM dri ve 
and got a directory , went into Windows 
for Workgroups, and locked the machine 
when I tiied to access the CD-ROM drive. 
Reset. Use the A Tl installation program 
to be sure of the settings: sound board at 
IRQ 7, CD-ROM drive at lRQ 5. Now use 
SoftSet to check the network board. It was 
set to TRQ 5. 

I was absolutely certain I had set that 
to IRQ I 0. I set it to TRQ I 0 again. Still in 
DOS, I accessed the CD-ROM drive; it 
worked fine. Enter Windows for Work
groups. Machine locks to hardware reset. 
Reset. Now I can bring up Windows for 
Workgroups, but going to File Manager 
and tryi ng to access the CD-ROM dri ve 
locks the machine. Reset. Use SoftSet
and find that EtherExpress is set to TRQ 5 
again. 

Something is real weird. folks. OK, use 
SoftSet to set EtherExpress to IRQ I 0 
again; and this Lime get out all eight nap
py disks and install Windows for Work
groups agai n. Tediously I swapped di sks. 
Finished. Powered down and then back 
up. Can' t enter Wi ndows for Workgroups. 
Reset. Now I can enter, but accessing. the 
CD-ROM drive locks up the machine
and EtherEx pres is set to IRQ 5. 

The conclusion is clear: the ev il Mi 
crosoft daemon inside Windows for Work
groups 3. 11 is resetting EtherEx press, and 
it ' s doing that without telling me. The first 
remedy was to leave EtherExpress at IRQ 
5 and change the CD-ROM drive to IRQ 
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up button to pop up yet anoth
er box, and lo! , there is the 

EtherExpress TRQ setting. 
I did all that and changed that setting 

to IRQ I 0. Immediately I got a warning 
box : IRQ 10 was in use. Interesting, I 
thought: thi s part of the program is smart 
enough to detect intem1pt clashes. I told it 
to use TRQ 10 anyway. Then I ex ited Win
dows and went to the ATI Setup program 
to set the ATJ CD-ROM board from JRQ 
10 back to IRQ 5. Once again I got a warn
ing box: IRQ 5 was in use, a of course it 
was since I hadn ' t changed the network 
board; and once agai n I ignored the warn
ing. 

Then I tried to enter Windows for Work
groups aga in . As ex pec ted, the system 
locked up. Power down . Power back up. 
Test the CD-ROM drive in DOS. Worked 
perfectly. Enter Windows for Workgroups. 
No problem. Access the CD-ROM drive: 
still no problem. not then. and not later. 

The conclusion is clear: the ATI 
software worked fine, but Windows for 
Workgroups will reset your network board 
interrupt without checking for clashes
and without telling you what it did. This is 
an evil bug masquerading as a fea ture, and 
we can hope that Microsoft will exorcise it 
as soon as possible. 

As for the CD Sound Dimension Mul
timedia Upgrade Kit, if you can get one 
at a good price, you' ll probably be happy 
with it. The A Tl sound board is good 
enough, although in my judgment Sound 
Blaster Pro is better. The ATl CD-ROM 
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Master the art of multi-platform Guts. 
XVT Software is the leading choice of world-class 

developers for one reason: It is the simplest, quickestpath 
to building quality applications that port to every GUI 
111thout compromises in look-and-feel or pcrforniance. 
Plus, it's easier to learn and use than native toolkits,so your 
time and effort goes into your application, not your GUls. 

XVT gives you simultaneous original GUls. 
Because XVT uses native GUIobjects,your application 

is indistinguishable from one wriuen directly to the native 
toolki t. Through our layeredarchitecture,you achieve 
equinlem cross-platform functionality appropriate to each 
GUI, without the overhead and inflc.\ibility of proprietary 

emulation-based systems. • 

XVT puts complete CIC++ 
solutions at your fingertips. 

XVT Dmlopment Solutions for Cinclude an 
lmeracti1·cDe ign Tool. Solutions for Ctt include an 
object-oriented applicationframework. Both includethe 
XVT PortabilityToolkit. 

When combined with in-depth consulting, training 
and support,plus a widerange of Partners products.XVT 
forms the mostcomprehensive and advanced solution 
for developing completely portable GUIapplications. 

· 

Developers Judge XVT to be amasterpiece. 
XVT is the basedocument for the IEEE's GUI 

standardization effort.Our thousands of customers include 
internal and commercial developers like: Alcoa,Amoco, 
AT&T, Avis, Ford,General Motor5.Grammatik/Referencc 
Software, Kodak, Lockheed,NCR, NEC, !ST, Novell, 
Rockwell, Siemens,Sony, Southwestern Bell,Tandem, 
Uniplex, Unisys,US Army and US West. 

Call now for aFree XVT Demo 
and Technical Overview. 

1-800-678-7988 

. . 

1 1 

SOFTWARE INC 
The portable GUI development solution. 

XVI Software Inc. 4900 Pearl East Cir. Boulder,CO 80301 
(303)+H-4223 FAX (303) 443-0969 

ForEu ropean inquiries, contact: PrecisionSoftware GmbH 

Phonc:49 0 6t 0}1)7 94 0 Fax:49 061 0}1)6 95 5 
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PC Intern System Programming 
with Updates for MS-DOS 6.2 and PentiumTM 
This is a re-release of our all"time best selling PC 
system programmingbook. Now PC Intern will include 
the latest information on programming for DOS, 
through version 6:2, and programming for the 
PentiumTM processor. PC Intern is a literal 
encyclopedia for DOS programmers and contains 
more than 1300 pages of valuable programming 
knowledge. The book contains dozens of practical 
parallel working examples in Assembly language, C, 
Pascal, and BASIC, for programming video cards, 

sound, and TSR's. Covers processors, the motherboard, controller, bus and chip 
sets (NEAT); overview of ports, inteffupts, inteffupt calls and their significance; 
the BIOS memory map and services; and much, much more. 
$59.95 with companion diskeue. Item #B145 

DOS 6 Complete S11ecial Edition 
with Updates for MS-DOS 6.2 
The most authoritative and up
to-date DOS r~fere n ce book 
avail able.Your guide to Micro
soft 's latest version of DOS. It 's 
an encyclopedia of the most recent 
DOS knowledge. forthecomputer 
whiz and the everyday user. 
Includes many useful tips for 
outfitting any computer with MS
DOS versions 6 through 6.2. 
$39.95 with companion di skette. 
Item #B251 

EXCEL for Sdcnrc & Tcd11111 lo~_v 

Excel beyond the spreadsheet. 
Lea rn about Excel So lver. 
Scenario Manager. Mathematics 
Functions, PhV., ics. Chemistrv. 
Tec hno logy Conversion and 
many other topics. 
Macros and worksheets on the 
companion di sk allow you to 
immediately apply what you 
learn. Excel for Science and 
frchnology is more than a book: 
it 's an indispensableprofessional 
work too l. 
$34.95 with companion diskette. 
llcm #Bl96 

Upgrndi ng and ~lai ntain i ng 
You r PC 
How to tum your PC into a high 
perfo rmance machine. It tellsyou 
what you' ll sec when you open 
the "hood". How to add a new 
hard dri ve. increase memory, 
upgrade your monitor. or tum an 
XT into u486 screamer. Includes 
utilities and SystemSl uc th 
di ag nos ti cs software on 
companion di skette. 
$34.95 with companion di skette. 
Item #IH67 

DouhlcS pacc 
Without Till' lloublcTalk 
This book is for DOS 6 users who 
want to double the amount of disk 
space on their hard drive wi th 
DoublcSpace. The most effec tive 
way to learn all about Doublc
Space and make the best use of 
the prog ram. Presented in short, 
complete learningunits with icons 
that depict the complexi ty of the 
unit 's topic. 
$19.95 Item #8250 

~lullimcdia 'lnnia 
Explores theevolvingmultimedia 
explosion. How to set up a 
complete multimedi asystem and 
how ro create presentations. 
Contains tcnninology and info 
about popular programs. Covers 
audio technology. sound boards 
and sound recording, CD and CD
ROM technology. Companion 
CD-ROM fe atures example 
programs and techniques. 
$49.95 with companion CD-ROM 
Item #8166 

Order 
TOLL FREE 
1-800-451-4319 
Ext. B2 

Ask for our 
FREE Catalogs 
of books and 
software 

Abacusl'lttlfffl!ll 
Dept B2, 5370 52nd Street SE 
Grand Rapids, Ml 4951 2 
1-800-451-4319 Toll Free 
Phone 616-698-0330 
FAX 616-698-0325 

dri ve is definitely better than the single
speed CD-ROM drives in Creati ve Labs' 
earl y multimedia kits. However, Creative 
Labs' new Sound Blaster multimedia kits 
have modern two-speed dri ves, too, and 
I' m told they have genuine SCSI rather 
than the proprietary almost-SCSI the orig
inal kits had; more on that nex t month. 

ATl gives you a couple of CD-ROM 
discs of shareware, most of it not very in
teresting, nothing like the mountain of soft
ware you get with Creati ve Labs' multi
media upgrade. 

The bottom line is that ATI' s CD Sound 
Dimension Multimedia Upgrade Kit is eas
ily installed and is configurable with easy
to-understand software-no jumpers to 
set. It gives pretty good sound, and the 
CD-ROM dri ve is fas t and reliable. l'd 
look at the competition, but if you can get 
an AT! kit at a good price. go for it; it' s 
more than good enough. 

When you get your CD-ROM drive 
set up, use Norton Speedrive. It does a 
great job of speeding up a CD-ROM drive. 
I al so recommend it over Microsoft ' s 
SmartDri ve even if you don' t have a CD
ROM dri ve, but there it 's not so clear. 
Windows 3. I looks at your drive controller 
and, if it ' s suitable, offers a 32-bit disk ac
cess mode. You can turn that on from the 
control panel. In the control panel, open 
the enhanced button (the one that looks 
like a computer chip); in that, open virtu
al memory and click on the change but
ton. If you' re offered the option of 32-bit 
disk access, take it. 

Fair warning: be sure you have a good 
backup o f yo ur WIN.INI and SYS
TEM.IN[ fil es before you do this. I don ' t 
know anyone who has got locked out using 
this (other than the frazzled Alex), but cau
tion is always wise. 

If you' re running Windows for Work
groups and you' ve upgraded to version 
3.11 , you may be offered a second option, 
32-bit fil e access . If you c li ck on that, 
you' ll also be offered the chance to spec
ify a cache size. Mine wants 4 MB, which 
speeds things up but is silly; on the other 
hand, cutting that to 512 KB doesn' t seem 
to speed things. I found that 1 MB gives all 
the improve ment I' m going to get. 

These 32-bit accesses work with Smart
Dri ve, and th ey do speed things up . I 
haven' t had a ch ance to test them with 
Speedrive, so I don' t even know if that 
will work at all , much less show a speed 
improve ment. More next month . 

Once we had the CD Sound Di
mension Multimedia Upgrade Kit installed 
in SuperCow. we played with new CD
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from ALR. As the newest 
member of ALR's 
EVOLUTION V family, 
this system delivers true 
record-breaking 60 or 66- r . 

. P.~n .•~in
MHz Pennum processor 
horsepower. Power that has earned 
the ALR EVOLUTION V family top 
honors from BYTE, Info World, and 
POComputing. Engineered to 

~~~~~~~~~~__. processor, 

this powerful system boasts a 64-bit 
cache/memory design with your 
choice of 32-bit loca l bus architec
tures; VESA VL or PO. 

Large enough to hold gigabytes 
of storage and eight expansion cards, 
yet small enough to fit on a desktop, 
the EVOLUTION V ST is perfect 
for both small networks and expan
sion hungry power users. With four 
drive bays accessible from the front 
(six total) , it's the idea l system for 
advanced desktop publishing, 

0 

c?tylish, F;;t·d;d
m" 

PentiUHifl POWERFUL 


maximize 
the Pentium 

The ALR The Corrpaq 
EVOLUTION V ST DeskproXE 5l60 

Penri!.rn60-MHz YES YES 
Extema/Cadle 256·KB OPTIONAL 

add $325" 
VESA LocaJBus lDE YES (Vl Systems) NO 
lnt119'itedSCSl·lf YES (PCI Systems) NO 
OrileBays 6 3 
Ava.!abe5.bl5 8 3 
PcN1erSLJwy 250Watts 145Watts 
w~ 5Year/1 5 Month 3Year 
Price $2995 $3024 

'S2.i'W~S325 

ALAbests th ree other 60MHz Pentium systems 
Advanced logic Research lne. 

Evolution Vlll .._...,.,_., 

AST-Research Inc. 11!!.s 
Premmia0 

' LX PJ60 lliiim 
Wtn stone94 
Ve rsion 1.0 

Compaq• Computer Corp. ~ 
Deskpro',,. 601M lilii! 

IBM ' ValuePoinl ' .. ?60.'0 aJI 
Longer bar Ind icates better performance. 

PCW""l\o'l'~1.1"3p.aot21 ~SIOl'U;t'es~~~- ~ 
nto'cttcrnct11 2p::¢ll' Wroo.s~1~~sro.1tdtr.tNcr1sr:r'Qt 
iu..nm.-.ri.1o~uses~tinaklptt0,.Q#l~sa:tt Tn".«1·lll.l!ll1o .. WtiQ'Qlelotwa 

applications requiring both CD ROM
EVOLUTION V ... 

• 60- or 66-MHz. Pentium Proces.SU'IQ:il drives and removable hard drives. 
• Supports Ponllum Wnte-Back "" 
• B·MB RAM!Erpandable to 12B·M8) And the EVOLUTION V ST is 
• True 64·blt Dnta/Cache/1.,.,emory P 
• lntegrntod 256·KB Write-back Cocho covered by one of the 
• lntegratod MULTUS (Mutli·seeking)6 


IDE ControUor 
 mos~ comprehensive s;1
• $1)( ISA Elipanslon Slots 

Starting as low as • 3 32-blt VESA VL Lccal Bus Slots e service and support pro
$2495 

• Six Dnve Bays 

• 200 Wan Power Supply grams in the industry. Even a · ··· · ··· 


full year of ON-SITE service is FREE* 
EVOLUTION V Q 

• 60 or 66·MHz Penl lum Processor C: To order the EVOLUTIONV ST 
• Ouadtrox 128 Archlleclure (ALA Cu 

ASICS) with Dual 64-bit Palh cache visit your local ALR reseller or call 
MemofY .~ 

• Supports Ponlium Wnte-Back Mod~· ALR today. 
• Dual 256-KB (512-KB Iola!) i

64-bit lntograted'Nri1e·back Cacho 
• 16·MB RAM(Expandable 10 1-GB). 800-444-4ALR• True 64·bil OatafMemory Path Starting as low as 
• Ten 32·blt EISA E>cpanslon Slots 
• 3 VESA VL Local Bus Slots$4995 
• 13 Drive Bays 
• 415 Wan Power Supply Q ALR

Advanced Logic Research. (nc. 
0 Lsndlldtirn•Oftirr'""1!hour.ht-RcfMly 
EV01..VnONV1M£\'OlllllOf4VQ ~111d lromAl.fl ALR can be reached on Compuserve··GOALRINC 
w!111r\11d dtrvt 

cnNrt!.a~emati.11V-¥toft.W'l'l2~ 9401 Jtro11i11111 lr,·10c, CA 92i l S 17 14) 58 1·6770 FAX: (71 41 58 1-9240 

•ont wur lttt on· she nrvlct "q1111u 11g111111ion IH ol n 95 Nol 1v1~l 1 bl1 In 1U 11111· call !or comp1111 d111111 sr,tt r.n 11\own wTl h oi:11on1I mofUICU 1nd 1quipmtn1. Pr1cu, 1p1c111utiont 1nd conli9uu1ion1 111tubjtcl13 ch1ng1 wi1h o1.11nollce. Vt rl ty compet 1 t i~• pric ing with 

mtnuhcturt r. Pm: n bu1d on U S donu1 AlR is 11 r1g11t.,1d tndtlftrl ol AdV11nc1d l ogic R1111rch, Inc lnt1/ ln1ld1 ind Ptnti~m 109011r1 tnd1m11 ~' ol lnttl CDrporu1on All oth tr bund and produc1n1 m111111rJd1n.11h or r1g11t1rod 1ud1marh ol lh1lr r11ptcll'lt own1r1. 

C lHJbyA.lR 
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Rack &Desk 
Chassis FOR 11111111 

XT/AT/286/386/486 
11111111111111111111111111111 I 

Integrand's unique packaging design uses 
modular construction. We have 3 basic 
models for ISAIEISA bus computers. Over 
90 interchangable modules allow you to 
customize them to nearly any requirement. 
We make drive enclosures and rackmount 
keyboards too. Integrand offers high 
quality, advanced design hardware and 
strong support. Why settle for Jess? 

Rack &Desk Models 
Accepts Most Motherboards and Passive 
Backplanes 
Doesn't Look Like IBM 
Rugged. Modular Construction 
Excellent Air Flow &Cooling 
Designed to meet FCC 
204 Watt Supply, UL Recognized 
200 &300 Watt Supplies, UL, CSA, TUV 
Reasonably Priced 

Three Models: Drawer, Shelf, and Panel 
Reasonably Priced 

Call or write for descriptive brochures,prices 
or applications assistance: 

Circle 106 on Inquiry Card. 

INTEGRAND 
8620 Roosevelt Ave. • Visalia, CA 93291 

2091651-1203 
FAX 2091651-1353 

We accept VISA and MasterCard 
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ROMs. The first was Microsoft Musical are provisions fqr two slots. It also has two 
Instruments. The blurb on this ays, "You serial ports, a parallel port, and a mouse 
are about to enter one of the largest music port. TI1e video controller is an ATJ Mach 
studios in the world , filled with instru 32, and it's built in. I measure the monitor 
menl s from every corner of the earth at 13 inches (they probably call it 14; I no
and you can play any one you want." tice that monitor sizes include about half an 

That's all sort of true. From a harpsi inch of bezel on each side), and it 's a good 
chord to five kinds of bagpipes 
lo panpipes to a darabukka, it 's 
all there . It 's al l hypertex t
linked, wi th pictures of the in 
strumen ts, their history, expla 

na ti ons of the various parts, 
sound recordings of the instru
ment in action-often in sev
era l ways, like jazz, classical, 
and rock-and the Sound Box, 
which lets you click on different 
notes and hear the result. Click
ing on different notes isn't re
ally the same as being able to 
play the instrument, just as see
ing a picture isn't the same as 
being able to handle the thing. 

Still, Alex and I found our
selves wasting a couple of hours 
fooling with this, and this CD
ROM is definitely a keeper. 
Any music teacher or music li-

Lately, Ifind that 

reading books on-
screen gives me a 

headache. But if 

you 1re doing 

scholarly work, 
having the texts in 

electronic form for 

searches and 
comparisons is a 

real boon. 

brarian would be thrilled to gel thi s as a 
Valentine Day present. 

Another CD-ROM we looked at was 
the " improved" Windows version of Li
brary of the Future, 2nd Edition. ll "s an 
improvemenl over the old DOS version of 
LOF, but it 's not so much of an improve
ment that I'd bother to switch . It has a 
number of class ic works. Lately , I find 
that reading books on-screen gives me a 
headache, so 1 don ' t do it much ; on the 
other hand, some of the LOF books aren't 

historical background, sounds, 

and video; a Twain lover' s delight. It 's a 

lot more than just books on CD-ROM. 

Highly recommended. 


The newest machine al Chaos 

Manor is an AST Research Bravo LP 4/33. 

(The LP tands for low profile.) The ma

chine itself is 15 inches square by 3'/, inch

es high . I haven ' t had it long enough to 

gel ins ide it , but I see on the back there 


board. 

fast one capable of any screen 
resolution you like. 

The Bravo LP 4/33 comes 
with MS-DOS 6 and Windows 
3. 1. It also comes with 4 MB of 
memory, which I think is a mis
take. For better or worse, 4 MB 
just isn't enough memory for 
either Windows or OS{l. If, like 
me, you like to keep a bunch of 
programs open and ready to use, 
8 MB is a minimum, and I pre

fer 16 MB. 
The Bravo LP 4/33 has only 

one floppy drive, 31/i inches. 
There's no SCSI port, but sev 
era l good sound cards have a 
genuine SCSI controller (as well 
as a game port), so adding tape 
and CD-ROM drives shouldn't 
be a problem. You can then use 
rhe other s lot for a network 

. 

readily available. If you ' re doing scholar
ly work, having the texts in electronic form great idea: jump from 640 
for sea rches and comparisons is a real by 480 pixels to 800 by 600 
boon. and on up, I 024 by 760, and 

Finally, the Bureau of Elec- in the extreme to 1280 by 
1ronic Publishing has a l 024, and do that as of-
wonderful CD-ROM ten as you like with
ca ll ed Twain 's out ever having to 
World . This has exit and restart. It 's 
eve rything Mark go l a bunch of 
Twain wrote, bio other features, in
gra phical data, maps, c luding a way to ad-

I like the little Bravo LP 4/33. This isn ' t 
a final report because l haven't had it long 
enough, but getting it did lead to more ad
ventures . 

One of the programs that im
pressed me at last fall's Comdex was called 
AnyYiew Screen Commander for Win
dows from Binar Graphics. This lets you 

change screen resolutions without 
having to restart Win

dows. It seemed like a 

just your screen so that in your 
word processor I inch of text takes up I 

inch on-screen, lhus giving you lrue 
WYSIWYG. 

Since the Bravo LP 4/33 was so new 
that it hadn ' t any applications in stalled, it 
seemed like the ideal test-bed for Any
Yiew. After all , lhe worst that could hap
pen wouldn't lose me anything I eouldn 't 
replace easily. 

Installation wasn 't fun. First of all , the 



Discover the basic principle ofconnectivity... 


Look to SmarTerm® for visionary emulation 
and multi-platform connectivity. 
It's a basic principle worthy ofGalileo: 

SmarTerm's stellar PC-to-Jwst connectivity puts you at 

the center ofyour system. New Smatrerm emulation 

software for W,indows will expand your vision with a 

galaxy of UNIX, VMS, and DG host applications. 

Smatrerm 420 for Windows and Smatrerm 340 for 

Windows have both been upgraded. We also offer 

Smatrerm 470 for Windows, the first full-featured 

Data General 4 70 emulation product for Windows. 

And coming soon--Smatrerm for Windows NT! 


New Windows Sockets TCP/IP and more! 

Assure your system a window on the future with great 

new features like Smatrerm TCP/IP as a Windows 

Sockets DLL, drag-and-drop FTP, a dialing directory, 

a script recorder, and SmartMouse"' enhanced mouse 

support! 


Test a proven theory for reducing support costs. 

It's a fact. You'll save money and time with Smatrerm's 

pioneering corporate support tools and utilities. 


These corporate support tools include simplified 
keyboard remapping, pop-up keyboard, toolbox, 
customizable help system, and enhanced button 
palettes with icons or text. 

Discover SmarTerm. 
It's the only emulation software that includes LAT 
and Smatrerm TCP/IP 
as a Windows Sockets 
DLL (a $199 value) FREE 
in every package. Discover 
the basic principle of 
connectivity today. 

Call 1-800 EMULATE -(1-800-368-5283). 

persop=· 

CONNECTIVITYSOLUTIONS 

DOS • Windows • Elhernel • Token Ring 


Persoft U.S.A. 465 Science Dr.• Box 44953 Madison WI 53744-4953 • Phone (608)273-6000 • FAX (608) 273-8227 

Persoft Europe World Trade Center • Beursplein 37 • Box 30237 • 3001 DE Rotterdam, The Netherlands • Phone +3110 405.3560 • FAX +3110 405.5073 


©1993 Pen;oft, Inc. Smart.Mouse is a trademark and Pen;oft and Smar'l'enn arc registered trademarks of Persoft., Inc. Other trademarks mentioned arc properties of their respective companies. 
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Why di-ogix™is so 
AMAZING: 

Clrcle 182 on Inquiry Card . 

It's the world's only integrated Database Management System u I- · 
Function Spreadsheet/Application Generator that's so easy to use, you 
don't even have to knowwhatanyofthis means! With di-ogix, anyone 
can design powerful relational databases, generate detailed reports, 
mailing labels and graphics and even create complex custom applica

~ii~egiiiamFxiEE* 

reasons ... a II of them •only S9.95 shipping and handling in <Ontinental U.S.. 

For years, di-ogix has been the • 400-pg. Manual and Tutorial •Spread
world's best-kept software secret. sheet with over 200 functions • Rela
Now, for a limited time, the first tional report generator• Full-screen 
100,000 people who respond can own debugger. Powerful application gene
this powerhouse of a program -for rator• Utilities to create mailings, 
just the cost of shipping & handling. business graphics and more. Royalty

This DOS version (certified to run free run- time module 
from within Windows 3.1) needs just 2 Ask about versions for Windows,megs of disk space and is as easy to Novell and UNIX, too!learn and run as any popular 
spreadsheet- in fact if you know 1-800-454-4426 
Lotus 1-2-3, you're already an expert Order by FAX 1-800-454-4490
di-ogixprogrammer! or contact ON TOP SYSTEMS,

Here's what you get with di-ogix: P.O. Box 676, Northbrook, IL60062 

A MESSAGE To 

OUR SUBSCRIBERS 


F ROM TIME TO TIME WE MAKE THE BYTE SUBSC RIBER LIST 


available to other companies who wish to send our subscribers 

material about their products. We take great care to screen 


these companies, choosing only those who are reputable, and whose 
products, services or information we feel would be of interest to you. 
Direct mail is an efficient medium for presenting the latest personal 
computer goods and services to our subscribers. 

Many BYTE subscribers appreciate this controlled use of our mailing 
list, and look forward to finding information of interest to them in the 
mail. Used are our subscribers' names and addresses only (no other 
information we may have is ever given). 

While we believe the distribution of this information is of benefit to 
our subscribers, we firmly respect the wishes of any subscriber who 
does not want to receive such promotional literature. Should you 
wish to restrict the use of your name, simply send your request to the 
following address. 

B\IJE Magazine 

Attn: Subscriber Service 


P.O. Box 555, Hightstown,. J08520 
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installat ion program demands your name 
and a company name, and you can ' t leave 
the company name blank. I solved that one 
by typing in ''Bi a t your eyes" when it 
wanted to know what company. Then it 
demanded a serial number, which sent me 
scurrying around looking for the program's 
box in hopes that somewhere in that box 
I'd find the registration card with my ser
ial number on it. Eventually I found it. It' s 
a long thing, with several letters and a sev
en-digit number, and I assumed I'd got it 
right; the program never said. The insta l
lation uw1dled along and then reset the 
machine. 

Alas, the Bravo LP 4/33 AUTOEX
EC.BAT is set to bring the system up in 
Windows-and Windows was totally un
usable. The cursor was a large black blob 
that left striped trails whenever I moved 
it. I couldn ' t even close Windows with the 
mouse. 

This happened just after I'd spent hours 
on the phone over the multimedia upgrade 
problem, and I fear I was a little shrill 
when I called Binar Graphics. Their tech
nical-support people told me there was an 
uninstallation program, so apparently there 
was going to be no problem getting things 
back. First, though, to get out of Windows. 
I punched the reset button. 

Of course, their disk was in the 3'/i-inch 
d1ive-and there is only one drive on the 
Bravo LP 4/33 . I got the dreaded message 
that this was not a boot di sk. One dreads 
thi message because it is the most com
mon method of virus infection , and even 
the most reputab le publi shers have di s
tributed di sks with a boot sector virns. In 
one case I know, a di sgnmtled employee at 
the place that manufactured di sks was 
putting a boot sector virns on every thirty 
fo urth di sk sent out. 

Meanwhile , it was time to deal with 
AnyYiew . We managed to get it unin
stalled. Then I installed it again, giving it 
slightly different infom1ation, and this time 
it worked. I was able to change screen res
olutions on the fl y without exiting Win
dows. 

Alas , that doesn't turn out to be quite 
as useful a feat as I thought it was going to 
be. For one thing, if you change the num
ber of co lors, you· II sti II have to exit Win
dows. For another, it turns out one rarely 
wants to change screen resolution. Still, it 
does work, and I' ll try it out on other ma
chines when I've got more time. 

Now, though, I had to check the 
machine for a virus. The only way to do 
that is to boot the machine with a write
protected floppy disk that has never been 
exposed to a virus: and, alas, I didn ' t have 



SYSTAT offers the most 
advanced mu ltivariate general lin
ear model avai lable for Windows. 

The only Windows!M statistics 
package you'll ever need. 
#1 for DOS and Windows 
Rated "the best general-purpose 
statistics program" for the PC by 
SoftwareDigest~ SYSTAT for DOS 
is now joined by SYSTAT for Win
dows. This addition to the SYSTAT 
family takes full advantage of 
Windows, with pull-down menus, 
dialog boxes, sizable windows, and 
the ease of use you expect in a 
Windows package. 

SYSTAT for Windows runs in 
standard and 386 enhanced modes 
and can take advantage of Win
dows advanced memory manage
ment o matter how large or 
complex your analysis is, you can 
use SYSTAT. 

SYSTAT delivers a balance of 
power and simplicity. It lets you 
analyze and manipulate data 

with a comprehensive range of 
advanced statistical procedures, 
and present your results with 
stunning graphics. 

Just point and click 
SYSTAT is a full-fledged Windows 
application. Just poim and click. 
SYSTAT's QuickStat™buttons give 
you simple, single-click shortcuts 
to common statistical analyses. 

More statistics, from the basic 
to the most sophisticated 
Afull range of univariate and 
multivariate statistics-from t tests 
to multidimensional scaling. With 
a few clicks you can n1rn most sta
tistics into graphs and perform: 
• 	multi way crosstabs with log 

linear modeling 
• 	nonparametric statistics 
• principal components and 

The most graphics 
No other statistical or graphics 
package can produce all the scien
tific and technical graphs that 
SYSTAT can-nor surpass its ease of 
use. Graphics capabilities include: 
• histograms 
• 	single, multiple, stacked, and 

range bar graphs 
• 	single and grouped box plots 
• 	stem-and-leaf diagrams 
• 	pie charts 
• scatterplot matrices 
• 	3-D data and function plots 
• 	contour plots 
• control charts 
• 	maps with geographic projections 
• Chernoff faces 

factor analysis 
• cluster analysis 
• time eries 
• nonlinear estimation 
• correlation matrices 
• means, effect, and dummy 

models 
• post hoc tests 

• complete color spectrum 
• log and power scales 
• confidence intervals and ellipses 
• linear, quadratic, step, spline, 

polynomial, LOWESS, expo
nential, and log smoothing 

"SY5TAT (for Windows)  with 
its superb graphics, high-quality 
statistical algorithms, and 
reasonable p1ice  is an excellent 
choice." PC Magazine 

For more information, special 
offers for current users, and demo 
disks, call: 

708-864-5670 

O 1992- SYSTAT• , tne. Solrw•rt Olgm R1ting1 R•potf/l.S. May, 1f.lh ,Software DJgest Is a reglste11 
1 
dtr1d•1T1Dt~ of NSTI,. lnc. 



a known-clean 31'1-inch boot disk. The first When you get Dr. Solomon s monthly up tion of the tojerry conference on BIX. 

thing, then, wou ld be to make one; how dates, there are both 51
/ 1- and 31/2-inch disks, I do not Like most benchmark programs. 

ever, to do that , I had to boot SuperCow so that was no problem. Longtime readers will recall that I once 
with a known-clean S1/,-i nch di sk and in I hadn't expected a virus, and naturally wrote one of my own. Unlike most bench
stall the latest copy of Or. Solomon's Anti there wasn·c one; but my rule is, if you get mark current bac k then, mine was de 
Virus Toolkit. It was about time I did that the "this is not a system disk" message, signed to simulate doing some practical 
anyway. it' s time to check the machine for a virus. work with the computer. Win Tachome

Installing Dr. Solomon ' s is simple, and It 's unlikely you'll find one, but it doesn't ter has the same philosophy, and I like it 
the program runs itse l f. Once it had hurt to be careful. quite a bit. 

I applied it to a number of machines. 
Now it was lime The table shows the results. Note that all SPEEDS RELATIVE TO 486SX/20 

the systems except the Bravo LP 4/33 are 
tests . I was eager to running Windows for Workgroups 3.11. 

Win Tachometer on Jerry's machines. Higher numbers are better. to do some speed 

WORD PROCESSING CAD SPREADSHEET PAINT OVERALL do that because I had The Bravo is running the latest version of 
just received a new Windows 3. 1. Both Cheetah 486s have ln Bravo LP 4/33 14.64 25.9 32.4 17.61 22.64 

copy of Texas Instru tel OverDrive DX2 chips, as does SuperCheetah 486125 13 11.92 18.43 22.52 16.~7 

Gateway 486133 DX2 19.09 16.48 36.19 33.02 26.20 ments' program Win Cow. In all cases unless otherwise noted, 
Cheetah 386125 0.45 0.65 0.71 0.62 0.61 Tachometer. This is the only open application program is Win 
Cheetah 486/33 9.42 17.45 17.92 12.13 14.23 a very neat be nch Tachometer. 
Cheetah 486133 17) 6 18.32 27.34 35.79 24.30 mark program that You will note there are three entries for 
Cheetah 486/33 20.37 32.76 38.60 44.37 34.02 si mulates a number the Cheetah 486/33, and that the first one 

of practical applica is astonishingly slow compared to all the 
checked SuperCow, I used SuperCow to tions: word processi ng, CAD, a spread others, including the Cheetah 486/25. It 
make a 31h-inch boot di sk. Then I tried to sheet, and a paint program. It gives you a was the value I got when I first we nt 
pry out the little door that makes a 31/1- speed estimate for each of those tasks as around testing the various machines. Need
inch disk writable, but I couldn't do it, so well as an overall speed relative to a less to say, I wasn ' t pleased: my main ma
I got some Duco Cement and glued that 486SX/20 with standard VGA. This pro chine, the one I spend my life at, is the 
door open. Then I used the di sk to boot gram is freeware , and it can be obtained slowest of the lot. 
the Bravo LP 4/33 and ran Dr. Solomon's. from BBSes, including the "listings" sec- A puzzlement. Clearly, the 486DX2/33 

TIM HEFLIN 

Manager, End-User Services 
Microsoft, Inc. 

Network Topology: Ethernet 
Networking Protocol: TCP/IP 
Host: DEC VAX 
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"DynaComm® is Microsoft's® 
choice for terminal emulation." 

It should be yours. 
Evaluating terminal emulation software? Consider the one Microsoft 
chose for communicating across their world-wide network. FutureSoft's 
DynaComm for Windows™ offers a single solution for PCs 
communicating across multi-platform networks to host computers. 

DynaComm features: • 19 Network interfaces 
• 16 Terminal emulation types 	 including TCP/IP and IPX 

for UNIX, DEC, Hewlett • Powerful development tools 
Packard, IBM, and Data for creating GUI front ends to 
General systems host applications 

800-989-8908 
+ Futureson. 

12012 Wickchester Lane, Suite 600 • Houston, Texas 77079-1222 USA 
713.496.9400 • 713.496.1090 FAX • 800.989.8908 Sales (USA) 
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MICROSYSTEMS 
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The Independent Comparative Ratings Report for Selecting PC Systems 

TRUTH IN HARDWARE 

Vendors make perfo rmance claims. CLEAR-CUT WINNERS 
Compatibility claims. Support promises. The result : clear-cul winners /bat g ive you 
As a buyer of PCs and p erip herals, you the best value f or yo111· m oney. Concisely 
need /be TRU711. fiased on objective, and clearly described by expert test 
head-to-head tests of major technicians - w itho ut ads or distrac tions 
competitors in each product category. of any kind. 
So you can choose the right products Every issue focuses on a new technology 
the first time . that you need to know - or features a 
Since the daw n of the microcomputer roundup of established technologies in 
era, buyers making ltigh-stakes purchases price-competitive categories. 
have been using National Software Testing 

• 486 66MHz systems Laboratories (NSTL.) for authoritative 
• EISA Ethernet cards evaluations of standalone and networked 

systems and peripherals. • Pen systems 
• Mobile co mputers NSTL originated the concept of testing PC 

products. Today our state-of-the-art • Multimedia upgrades 
benchmarks and methodologies set the mark • Unix servers 
that others imitate. • High res monitors 

• Color notebooks ACCESS TO NSTL TEST RESULTS I. • SCSI disk drives 
PC Digest, published by NSTl../BYTE, gives you • Postscript printers
direct access to NSTL.'s test results. So you can • CD-ROMs make smarter, easier, more confident purchase 

• 9600 V.42 bis modems and upgrade decisions. 
PC Digest is published 20 times aNo other testing system uncovers core PC Digest's features charts are so complete that year by NSTL, the industry's first perfo rmance, versatili ty and usability differences. vendors consult them before designing and most authoritative

We force products to show their strengths and upgrades. Shouldn 't you consult us before independent testing laboratory.weaknesses in head-co-head, feature-to-feature buying yo ur next piece of equipment? 

609-426-5434 

MONEY-BACK GUARANTEE 
If at any time yo u are not 

COMPLETELY satisfied with your 
subscription, you will receive a full 
refund of yo ur entire investment. 

competition. In real-world, applications-based 
environme nts like the one you work in every day. 

FREE BINDER YES, please enter my subscrip1ion lo PC Diges1 for one year (20 
issues) al $445, and send my free hinder wi1h my ft rsl issue. If I ek cl 
10 include payment now, add ill'.!! alli!.Uillil.;t issues to my subscription 
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a FREE NAME 
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processor is as fas! as SuperCow and faster 
than the 486/25 . It wasn't like ly 10 be lhc 
Perceptive So lutions caching rnnlroller; 
so ii had to be the video card. On reflection 
that wasn ' t surprising. Whi le I am quick to 
experiment wi th my other machines, I do 
nol often make changes in Big Kai ; so as 
improved video boards came in , !hey wen! 
lo the other sys tems. Indeed. when I got 
oul !he records, I found 1ha1 I was using 
one of the earl iesl AT I Technologies video 
acce lerator boards, fully two years old (an 
cient in the Windows business) , and the 
video drivers weren ' t much more recent. 
Time for a change , and fortuna te ly I had a 
new A Tl Technologies Graphics Ultra Pro 
accelerator board. I figured it wouldn ' t 
take long to insta ll. 

That didn '1 turn out Lo be the case. 

I have often sworn to find and 
beat sense less the person who designed 
the IBM PC board-mou nting system, and 
I have just renewed my vows. I have yet to 
change boards in a big machine without 
los ing at leas! one screw down in the sys
te m and tearing the skin off one or more 
knuckles. Eventually I got the board in 
and powered up. No problems. so now it 

was Lime to install dri vers. 
AT I has a nifty installation program that 

guides you at every step, and there was no 
difficulty copying over and activating the 
Graphics Ultra Pro drivers; bu t when 
I tried to access Windows for 
Workgroups, the sys te m 
locked up to hardware re 
se t. This was serious, 
because the column 
was due, and thi s 
is n ' t a tes t-bed 
sys tem , thi s is 
Big Kat, the ma
chine r do all my 
work on. This was 
panicsville. 

T he ATI ins tallation 
program has an uninstall, and if 
I'd been thinking I wou ld have used that, 
but all I could think of was a line from the 
musical Li'f Almer: " Put ' cm back , the 
way they was!" I took out the Graphics 
Ult ra Pro accelerator board and put the old 
o ne back in , powered up. and whil e it 
worked j ust fine in DOS, I couldn' t get 
into Windows. That forced a realizati on 
on me: while l wri te this column in Q&A 
Write. a DOS word processor, and I send 

it in wit h Procomm Plus 2.0, a DOS com

munications program, 1would really hate 

it if 1had to operate wit hout Windows. in

deed. not only am I hooked on Windows, 


I' m hooked on Windows for Work

- groups and easy networking. 


1 like my system, wi th the 

six CD-ROM drives and a 


whole bunch of other 

assets avai lab le on 


demand. 
Fo rtunat e l y , 

there wa. a way 
to 	ge t back to 
where 1 was 

earl ier in the 
day. 1may do some 

s ill y things, but I ' m 
not crazy. Before I made 

any changes at a ll to Big Kat. I did a 
complete backup to the Palindrome DAT 
(d igi tal audiotape) drive. Restoration was 
a snap: 1de leted the entire C:\WlNDOWS 
cl i re c tory and subdi rec tor ies , invoked 
Palindrome 's Network Archi vist, and is 
sued the command T ARECOY. 

Having said that. hones ty compels a 
confession: it could have been that sim
ple, but it wasn ' t. Instead , I foo led around 

GREAT THINGS COME IN SMALL PACKAGES 

.	This powerful print server 
can tackle your biggest 
network printing problems 
• 	 Connects any parallel printer directly 


to your Ethernet LAN 


• 	 Fully Novell Netware 286 and 386 

compatible 


• 	 Can attach to 8 file servers simultaneously 

• 	 Fast and easy to install 
Parallel port 
plugs directly• 	 Combines high-speed printing and 
into any printerexceptional printer control 

• 	 Supports encrypted passwords, Press switch 

forms , notify, cancel , and others Ethernet port to print status 


available in thin 
• 	 Full one-year warranty and unlimited or twisted·pair Serial port can beStatus LEDfree technical support 	 input or output 

• 	 Made in the U.S.A. Power jack 

\~,~ ROSEMake the Rose Connection "-•" ELECTRONICS 

10850 Wilcrest Drive• Houston, Texas 77099 •Phone (713)933·7673 •Fax (713)933-0044 1-800-333-9343 
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At Username, enter JOINDELPHI. At Password, Enter SMM42 
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Attention Current Internet Users: See what DELPHI can offer you! Srock quotes, Gro/ier's 
Encyclopedia, newswires, and hundreds of other seNices are just a few keystrokes away. Telnet 
to de/phi.com and enter rhe username and password above for a free trial. 

DELPHI is the only major online 

seNice to offer you full access to the 

Internet. And now you can explore this 

incredible resource w ith no risk. You get 

5 hours of evening/weekend access to 

try it out for free! 

Use DELPHl's Internet mail gateway 

to exchange messages with over 20 

million people at universities, companies. 

and other online seNices such as 

CompuSeNe and MCI Mail. Download 

programs and files using FTP or connect 

in real-time to other networks using 

Telnet. You can also meet people on 

the Internet. Internet Relay Chat lets 

you "talk" with people all over the world 

and Usenet News is the world's 

largest bulletin board with over 3500 

topics! 

To help you f ind the information 

you want, you'll have direct access 

to powerful search utilities such as 

"Gopher," "Hytelnet. " "WAIS," and "the 

World-Wide Web." If you aren't famil iar 

with these terms, don't worry; DELPHI 

has hundreds of expert online assistants 

and a large collection of help files. books, 

programs, and other resources to help 

get you started. 

Over 600 local access numbers are 

available across the country. Explore 

DELPHI and the Internet today. You'll be 

amazed by what you discover. 
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with Palindrome's rather arcane command 
stnicture for a quarter of an hour and then 
in panic called Jeff Sloman, who often 
works wi th the Palindrome people. Alas, I 
was off by an hour on hi s ti me zone and 
woke him up. He was very nice about that, 
but he couldn't help, so I had to do the ul
timate: I fo und the Palindrome man ual. 
Much of that manual is no model of clar
ity, but one section, on how to restore an 
entire volume, is not on ly clear, but gently 
written in sooth ing language designed to 
produce ca lm. It told me to use TNARE
COV, which l did. Fifteen minutes late r 
all was wel l. 

I fired off another fax to AT! Tech
nologies and went to bed, disgruntled that 
Big Kat was still the slowest machine in 

the house. The next morning I talked to 
Jeff Sloman as we ll a the AT! technical
support people. They all told me the same 
thing: AT! makes wo nderful hardware, 
but their dri vers are perhaps not the best. 
Jeff put it more trongly: "When you get 
ATI boards, you join the driver-of- the
week club." Everyone agreed that the AT! 
board would work bu t I should get the 
latest AT! drivers. 

Those are avai lable from the ATl BBS 
or fro m CompuServe. I don' t currently 
have a CompuServe account, so there was 
nothing fo r it but to set the Demon Dialer 
to try to acces the A Tl BBS; after about 
20 tries I got through. The BBS gives clear 
instructions. and soon I was downloading 
the newest driver fi le. There was a lot of 
li ne noise , so this took longer than I 
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The AnyVlew Screen Commander for Windows 
($69.95) lets you change screen resolutions 
without having to restart Windows. Contact 
Blnar Graphics, Inc., 30 Mitchell Blvd. , San 
Rafael . CA 94903. (415) 491-4182: fax (415) 
491-1164. Circle 1146 on Inquiry Card. 

I like the Bravo LP 4/ 33 (with 4 MB, $1467 : 
with 8 MB, $1676: wi th 16 MB, $1885: 14
inch moni tor, $402; 15-inch monitor. $517). 
Contact AST Research, Inc., 16215 Alton 
Pkwy., Irvine, CA 92718, (800) 876-4278 or 
(714) 727-4141: fax (714) 727-9355. Circle 
1.147. 

The CD Sound Dimension Multimedia Upgrade 
Kit ($399) is easily installed and configurable. 
with easy-to-understand software. It gives pretty 
good sound. and the CD-ROM drive Is fast and 
reliable. Fortunately. when it was time to 
change the video accelerator board In Big Kat, 
I had a new Graphics Ultra Pro board ($499). 
Contact ATI Technologies, Inc., 33 Commerce 
Valley Dr. E, Thornhill . Ontario, Canada L3T 
7N6. (905) 882-2600; fax (905) 882-2620. 
Circle 1.148. 

Installing Dr. Solomon's Anti-Virus Toolkit (for 
DOS, £99: for Windows. £125: for OS/ 2, 
£149) is simple. and the program runs itself. 
Contact S&S International, Ltd., Berk ley 
Court. Mill St. , Berkhamsted, Hertfordshire HP4 
2HB. U.K. , +44 442 877877; fax +44 442 
877882. Circle 1.149. 

The Library of the Future, 2nd Edition ($299) 
has a number of classic works on CD·ROM . 
some of which aren't readily available. If you 're 
doing scholarly work. having the texts in 
electronic form for searches and comparisons 
is a real boon. Contact World Library, Inc., 
12914 Haster St. . Garden Grove. CA 92640. 
(800) 443-0238 or (714) 748-7197 ; fax (714) 
748-7198. Circle 1.150. 

MicroProse's Master of Orlon ($59.95) is a 
game of interstellar colonization. conquest. and 
diplomacy. If you like complex strategy games, 
you'll like this a lot. Contact MlcroProse, 180 
Lakefront Dr.. Hunt Valley. MD 21030, (410) 
771-1151; fax (410) 771·1174. Circle 1151. 

The Microsoft Musical Instruments CD-ROM 
(PC and Mac versions. $79.95 each) has 
hypertext links, pictures of the instruments, 
explanations of the parts. sound recordings of 
the instruments in action, and the Sound Box, 
which lets you click on notes and hear the 
result. This CD-ROM is definitely a keeper. 
Contact Microsoft Corp., 1 Microsoft Way, 
Redmond . WA 98052. (800) 426-9400 or (206) 
882-8080: fax (206) 883-8101. Circle 1.152. 

A small plastic stand wi th a spring to hold up 
your mouse tail , Mouse Tamer ($4.95) works 
wonders. I cannot Imagine how I ever lived 
without this thing. Contact American Business 
Concepts, 4400 Sunbelt Dr.. Dallas, TX 
75248. (800) 877-4797 or (214) 380-8724: 
fax (214) 407-9096. Circle 1.153. 

No sound board has as good quality for the 
money as Turtle Beach·s MultlSound ($599). 
If you·re serious about sound, get this board. 
Contact Turtle Beach Systems, 52 
Grumbacher Rd., York, PA 17402, (717) 767
0200: fax (717) 767-6033. Circle 1.154. 

When you get your CD-ROM drive set up. use 
Norton Speedrlve ($99). It does a great job of 
speeding it up. Contact Symantec Corp., 
10201 Torre Ave .. Cupertino, CA 95014. (800) 
441-7234 or (408) 253-9600. Circle 1.155. 

A wonderful CD-ROM called Twain's World 
($39.95) has everything Mark Twain wrote and 
includes biographical data. maps, historical 
background. sounds. and video; a Twain lover's 
delight. It's a lot more than just books on CD
ROM. Highly recommended. Contact Bureau 
of Electronic Publishing, 141 New Rd .. 
Parsippany, NJ 07054. (800) 828-4766 or 
(201) 808-2700: fax (201) 808-2676. Circle 
1.156. 
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SOLID STATE Disk Emulators and PCMCIA Products 
Board Level Disk PCMCIA Carddrives 31/z"and 51/4" Disk Features and 

Emulators and Host Adapters Drive Models Applications 
• Direct replacement for •Add PCMC IA sockets to your •Read/Write Flash IDE • Autoboot capability, all 

mechanical drives in embed drives with capacities desktop or embedded system drives. Support for all popular 
ded systems from 2.5 to 40MB • 100%, PCMCIA 2.1 compliant operating sytems. High 

•Capacities from 180K to 14MB •Dual socket models available •DRAM Based high performance and solid state 
•Flash, EPROM and battery •Software support for all types performance SCSI reliability. 

backed SAAM technologies 
•Mixed technology models 

of memory and 1/0 Cards 
•Support for Type Ill ATA 

drives with capacities 
from 16MB to 256MB. 

• Appllcatlons: Embedded 
Systems, Diskless PCs, High 

available Drive Cards Built-in battery back Performance PCs, LANs, 
•Dual Drive and Hard Drive •Internal model fits in 3 1h" up. Fast SCSl-2 Medical, CAD/CAM, POS, 
emulation support drive bay supports 1 OMB/s Industrial Control, Graphics 

•High performance and low •External models also available transfer rates. Imaging, Multimedia, 
cost models avai lable Database and On-Line 

• 8 and 16 Bit ISA Bus support Industry Leader in Disk Emulation Products Transaction Processing, etc. 
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thought, bu t eventually I had it. 
Once again I took out the old board and 

put in ATI Technologies ' Graphics Ultra 
Pro. Then I installed the latest ATI Mach 
32 drivers, accessed Windows, and found 
the machi ne locked up to hardware reset. 
This time, though, I ran the ATI uninstal
lation program. When I went to Windows 
Setup, I found there was no currently in
stalled video driver. One of my choices 
was the ATI Ultra Pro 1024 by 768 driver. 
I se lected that, entered Windows without 
any problem at all , and when I ran Win 
Tachometer, I got the results shown in the 
second entry for the Cheetah no problem; but copying 
486DX2/33. Prett y impres- a large directory can do 
s1.ve, no . ? some very wei rd 

As an epilogue, I things. More on tliat 
spent an hour today another time. 
with AT! T ech Meanwhile, 
nologies' technical the pan ting 
support people in a sound punctuat
fu ti le effort to make ed wi th cries of 
the Mach 32 dri  wi ld triumph you 
ver work with this may hear in the 
system. Eventual background is Alex 
ly we gave up , ce lebrating. He 
co ncluding that 
there's some conl1ict wi th Windows 
for Workgroups 3. 11 . I can li ve wi thout 
the Mach 32 driver until they get that fixed; 
meanwhile, it 's nice to see Big Kat up 
there in contention as the fastest machine 
in the house. This certainly wasn't bad for 
a 4-year-old computer. 

Last-minute Oash: the t11ird entry is with 
the Graphi cs U lt ra Pro with Mach 32 
drivers, which I was able to install by turn
ing off the 32-bit ti le access capability in 
Windows for Workgroup. I don ' t know 

why you must do this, and neither does 
ATI; but wow does it ever work . 

Bottom line on Windows fo r 
Workgroups: if you use Windows and are 
contemplating networks, seriously con
sider it; and if you are already using Win
dows for Workgroups, by all means up
grade to version 3. 11 . The new version 
fixes many bugs and glitches, although, 
alas, it does not solve the problem of it 
locking up when doing long writes across 
the network to optical drives. I can read 
from optical drives, and short writes are 

now has Windows 
for Workgroups 3.11 working 

with Novell Net Ware. Much more on that 
next month, along with a story from the 
front on Microsoft versus Novell. 

The gadget of the month is Mouse 
Tamer. Thi s is about the simplest thing 
you can imagine, a small plastic stand witli 
a sprin g to hold up your mouse tai l. It 
works wonders. I used to have mouse-tail 
problems every hour or so. Even when the 
desk is covered by a paper blizzard, I can 

now reclaim my rodent. I cannot imagine 
how I ever lived wi thout th is thing. Rec
ommended. 

The computer book of the month 
is by Daniel P. Dem, The Internet Guide 
fo r New Users (McGraw-Hill , 1993); 
everything you need to know about get
ting onto the information highway. The 
book of tlie month is by Nicholas Bomoff, 
Pink Sam urai, (Pocket Books, 1993); 
everytliing you ever wanted to know about 
the courtship, dating, and mating habits of 
the modem Japanese, with some interest
ing observations on Japanese culture. 

The game of the month remains Micro
Prose 's M aster of Orion, but do be sure to 
download the latest bug fix patches from 
GEnie or the MicroProse BBS. Master of 
Orion is a game of inter tellar coloniza
tion , conquest, and diplomacy, and, if you 
like complex strategy games, you' 11 like 
this a lot. 

Next month : Alex and the memory 
monster; the new Q&A for Windows; 
QEMM versus EMM386; Windows for 
Workgroups and Net Ware; and a roundup 
of the usual suspects. I t 's a great li fe if 
you don ' t weaken. • 

Jerry P1111me/le holds a doctorate in psycliology 
and is a science fiction wriler wlio also earns a 
comfonable living writing a/!0111 complllers prese/I/ 
and future. Jerry ivelcomes reader.~· co111111e111s 
and opinions. Send a self-addressed, .l'tamped en
velope IO Jerry Pou me/le. do BYTE. One Phoenix 
Mill Lane, Pe1erborougli . NH 03458. Please put 
your address on /he /euer as well as on !he enve
lope. D11e 10 tire higli volume ofle11ers, Jerry can
1101 g11aran1ee a personal reply. You cm1 also co11
1ac1 him on the ln1eme1 or B!X al j erryp@bix.com . 

418 W. County Rd. D •St. Paul, MN 55112 • 61 V631-9512•FAX 61 V631-9508 
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BEFORE SURE!MAPS, 
THIS WAS THE ONLY WAY 

TO ACHIEVE 
PIN·POINT ACCURACY. 

Now there's a better way: Sure!MAPS' · 
CD-ROM biL'ied desktop mapping software 
from I lori zons Technology. No more 
colored stick pins. No more holes in your 
office wall. Sure!~l-\PS brings detailed mapping 
capabilities directlyto your DOS or Windows PC. 
Import vour database into Surc!~IAPS to reveal geographic 
trends that wi ll help you make faster and better business deci
sions. Whether it's real estate listi ngs, office locations, customer 
sites or virtuall yany kind of point-specific data, Sure!MAPS can 
open your eyes to aworld of rnluable insights. 

The Sure!~IAPS base product incl udes a continental U.S. map 
and two world maps. You can exlnmd your map coverage by 
---- ordering full co or raster USGS ~lap Sets of 

$199 major metropolitan areas, complete wi th ter-
RETAIL! rain contours and details like aiqlOrts, parks, 
---- rivers, buildings and bridges. Street-level 
maps and satellite imagery are avai lable, too. All you have to 
do is pick the ~ l ap Set that contains your city or region and 
Sure!~ I APS does the rest. It even imports spreadsheet and data
base files , calculates distance and area. and scroll. from map to 
map in one seamless presentation. 

Pin-point mapping will never be the same after Sure!MAPS. 
So throw away those little pins and call 1-800-828-3808. 
Or plot a cou rse to your local distributor, reseller or computer 
store to get your copy today. 

_O__ lloizo1b Technology. Inc 
)')<lO lluffi n Rd. 

======-~- S:1nD1ego. GI ')2 11:\ 182(>
(800) 828-3808 ==== :'i 11~!MAPS l'> atradcm:11k of lh1rlwrt\ rcch1u.Jlogy. Inc 

HORIZONS T E CHNO L O GY. INC .'" Stnxt k'\'l!I m:q~ :in: cop)rl~hlt'J l1 ~ El:t.k. lne. 
Circle 278 on Inquiry Card (RESELLERS: 279), 

E.171t111d S111'i".l/APS with tleiailetl information 
on major metropolitan rm!as. 

Sfm'I ma/~' ld)'Oll pm point /001/ions by 
mlrlrL'S.>" or /alituddlnngilude. 
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307-KBps transfer rate with a 
burst transfer rate of 1.2 MBps. 
The PC has audio pass-through, 
letting you play standard audio 
C Ds in the background while 
you' re running an application . 
The included Beethoven Wave/ 
DSP 16-bit stereo sound board 
has record and playback resolu
tions of from 5.5 kH z to 48.4 
kHz and is compatible with most 
standard sound boards. 
Phone: (408) 456-8838. 
C ircle 1 331 on Inquiry Card. 

PRESENTATION SYSTEMS 
The Impact 256 dual-scan color 
passive-matri x projection system 
($4995) features a wireless re
mote contro l and bu ilt-in mem
ory that saves adjustments from 
previous viewing sessions. You 
can store up to 40 setup combi
nati ons; when the LCD panel 
se nses th e uniqu e in co ming 
VGA, SVGA , or Mac video sig
nal , it automatically applies the 
correct setting to provide the best 
image. The NovaCorp (Roches

ter, NY) panel also has the abil
ity to compress and d is play 
SVGA images of up lo 800 by 
600 pixels on the panel' s 640
by 480-pi xel displ ay. 
Phone: (716) 647-65 10. 
Circle 1317 on Inquiry C a rd. 

The DPS-I ($5995) from lntel
liMedia (Benton Harbor, Ml) is 
a self-contained digital presen
tation system with a Windows
based software utility. You in
sert a 3''2- inch disk containing 
your presentation, power up the 
system, and then use the infrared 
remote to contro l the presenta
tion or add audio and video ef
fects. Since the digital video sig
nals are produced directly within 
the system, the DPS-I provides 
computer-generated images and 
full -motion video. Two internal 
speakers prov id e sound from 
MlDI and WAV files . The uni t 
displays resolutions of up to 640 
by 480 pi xels. 
Phone: (800) 706-0077 or 
(708) 834-714 1. 
Circle 1318 o n Inquiry C ard. 

CELLULAR DATA TRANSFER 
A 1-pound cellular 
communications device 
designed for use with 
portable computers, 
the AirCommunicator 
lets you use your cur
rent software applica
tions to send and re
ceive E-mail, faxes, and 
data files. When you 
unplug the device, you 
have a fully featured 
cellular phone. 

The AirCommunica· 
tor connects to the serial port of your portable PC and trans· 
mits over standard cellular phone networils; an RJ-11 jack lets 
you connect to standard phone lines. You can send data at a 
transfer rate of up to 57.6 Kbps and send and receive faxes at 
up to 14.4 Kbps. The device automatically switches between 
different standard protocols for maximum efficiency. Cost is 
$1495. 
Contact: Air Communications, Sunnyvale, CA, (800) 247-3282 
or (408) 749-9883. 
C l rcle 1309 on Inquiry Card. 

DESKTOP INK-JET .t. 
Based on the company's first in
ternally developed engine, Lex
mark' s (Lex ing ton, KY ) IBM 
ExecJet fl 4076 prints at a speed 
of 300 characters per second in 
draft mode and at 167 cps in let
ter-quali ty mode for an output of 
3 ppm. The monochrome ink-je t 
printer (S349) includes features 
such as scalable fonts and Print 
Quality Enhancement Technol
ogy for 600- by 300-dpi resolu
tion.Built - in IBM Proprinter 
data stream and HP DeskJet 500 
emu lation provide compatibil
ity with most software applica
tions. 
Phone: (800) 358-5835 or 
(606) 232-2000. 
C ircle 1314 on Inquiry C ard . 

PARALLEL
PORT 
BACKUP 
A parallel -port tape-backup and 
recovery system. FileSafe Side
Carfl ($475) is designed for peer
to-peer networks, stand-al one 
PCs, and port abl e co mputers. 
From Mountain Network Solu 
ti ons (Scotts Valley , CA ), the 
system's integrated pass-through 
allows sharing of the port with 
a printer. The unit stores up to 
305 MB of data on a s ingle 
DC2 l 20 cartridge and has a data 
transfer rate of up to JO MB per 
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minute. The system is compati 
ble with FileSafe fo r Windows 
and ships wi th the company 's 
Format-on-the-Fly. which fo r
mats the tape as it is used. 
Phone: (408) 438-6650. 
C ircle 1 3 2 3 on Inq u i ry C a rd. 

SHARE APRINTER 
The Sprinter II line of printe r
sharing dev ices (from $499) lets 
multip le users share multip le 
printers. From Belkin Compo
nents (Compton, CA), the Sprint
er U queues the data in its buffe r 
as th e da ta is se nt and th e n 
directs it to the specified printer 
in the order received. With four 
output ports on each unit, Sprint
er II permits as many as fo ur 
printe rs to be hooked up at a 
time. A cascade feature allows 
any computer to access any pri nt
er anywhere on the Sprinter 11 
network. 
Phone: (3 10) 898- 1100. 
C ircle 133 2 o n In q uiry C a rd . 

MULTIMEDIA PC 
The Beethoven MPC-2 ($ 1495) 
is a T V- ready, 486SX-based, 
MPC Leve l 2-compli ant PC. 
The 25-MH z Windows-based 
system from Wearnes Technol
ogy (San Jose, CA) includes the 
company' s double-speed CDD
11 0 CD-ROM drive, which has a 



NETWORK IN AKIT 
T he Pocket WinLAN Instan t 
Networking Kit ($229 per PC) 
from Apexx Technology (Boise, 
ID ) provides everything you 
need to create a workgroup con
sisting of two to 30 PCs. You 
snap the included Pocket Win
LAN adapter onto your PC' s par
allel port, connect the PCs with 
the included phone cable, and in
stall Microsoft Workgroup Add
On for Windows 3. 11 (which is 
also incl uded) as your network
ing software. 
Phone: (800) 767-4858 or 
(208) 336-9400. 
C l rcle 1313 on Inq u iry C a rd . 

EASY SOUND 
The 16-bit AudioBlitz Classic 
sound card ($79) from Genoa 
Systems (San Jose, CA) is com
patible wit h all industry stan
dards, such as Sound Blaster, 
AdLib, and W indows Sou nd 
Sy. tern. You can record and play 
back sound in 8- or 16-bit mode, 
and you have a choice of com
pression methods. The card in
cludes an FM synthesizer, direct 
line level and microphone input 
for recording, and an internal 
4-W amplifier to enhance output. 
Phone: (800) 934-3662 or 
(408) 432-9090. 
C l rcle 1319 on Inquiry C a rd. 

NETWORK PROTECTOR 
The LANMax line of power-pro
tect ion devices (from $99) pro
tects your network from power 
surges and spikes on your data 
and AC lines. The Panarnax (San 
Rafae l, CA) suppressors provide 
ground-reference equalization 
between your communications 
and power systems, as well as 
protection against ground differ
entials between nodes on the net 
work. Targeted "toward worksta
tions and other equipment at the 
node, the devices have mu ltip le 
AC outlets and RJ-11/45 (in/out) 
outlets. The LA 1Max suppres
sors provide protection fo r Ether
net IOBase-T, token ring, Apple-

ADD APCMCIA SLOT TO YOUR PC 


The Docklt Socket lets you use PCMCIA cards with Your current 
386 or 486 desktop PC. You simply install the Docklt Socket in 
afree drive bay in your unit for access to most PCMCIA Type I, 
II, Ill, and larger peripherals. The socket reads data from the 
card at an average data transfer rate of 230 KBps. The unit 
costs $249; with a MiniStor 128-MB PCMCIA card, the cost is 
$948. 
Contact: MiniStor P.eripherals, San Jose, CA, (800) 943-0165 or 
(408) 943-0165. 
Circle 1310 on Inquiry Card. 

Talk , and ARCnet running on 
UTPcable. 
Phone: (800) 472-5555 or 
(4 15) 499-3900. 
C lrcl e 1324 o n Inq u iry C a rd. 

TWO COLOR TECHNOLOGIES 
IN ONE PRINTER 
Fargo Electronic ' (Eden Prairie, 
MN) Photo-Reali sti c Upgrade 
Kit ($249.95) combines dye-sub
1 i mati on and thermal -transfer 
technology in the Primera Color 
Printer. After you upgrade the 
printer driver in your PC, Mac. 
or Amiga, yo u can use your 
Primera to print quick proofs via 
wax-thermal trans rer and then 
replace the wax-thermal-trans
fer ribbon with tJ1e dye-sublima
tion ribbon to get high-quality 
prints. 
Phone: (800) 258-2974 or 
(612) 94 1-9470. 
C i rcle 1320 on Inquiry C a rd. 

PCMCIA ETHERNET 
The NE4000T ($299) and 
NE4000 ($349) adapters connect 

PCMCIA-compatible notebooks 
to Ethernet networks. From Mi
crodyne (Alexandria, VA), the 
NE4000T supports IOBase-T 
UTP cab le . The NE4000 in
cludes a stainless- ·teel base unit 
and a medi a coupler that sup
ports BNC 1 OBase-2 cable. 
Phone: (703) 739-0500. 
C i rcle 1.322 on Inquiry C a rd . 

AFLEXIBLE, 
PORTABLE PLOTTER "' 
The Draftsman 100 portable plot
te r from Para llex (India lantic , 
FL) produces full D- ize draw
ings . Designed with a traveling 
arm, the plo tter use standard 
Hew lett-Pack ard 
pens tJiat move in 
both the x and y 
axes at a speed of 
9 1 

/, inches pe r 
second while the 
paper remains sta
ti onary . T he 5
pound Draftsman 
100 ($ 1198) ca n 
be table- or wall
mounted. Connec

tion to your computer is via the 
parallel port. 
Phone: (407) 952-4310. 
Clrcle 1321 on Inqui ry Card. 

BAR CODE READER 
WITH AVOICE 
With a prerecorded custom voice 
prompt, the TriCoder Portable 
Reader (from $799) lets you 
record up to 65 voice messages 
to be broadcast at specific data
entry steps and errors. You can 
program the reader or use the 
built-in defau lt inventory pro
grams, and you can upload to the 
host computer with the provid
ed BASIC programs or yourown 
communications program, such 
as Procomm or Q-Modem. The 
package is from Worthington 
Data Solutions (Santa Cruz, CA). 
Phone: (800) 345-4220 or 
(408) 458-9938. 
C i rcle 1315 on Inquiry Card. 

VL·BUS CONTROL FOR IDE 
The CSA-6210 32-bit VL-Bus 
IDE disk contro lle r ($69) sup
ports up to fo ur IDE drives, two 
serial ports, and one bidirection
a l parallel port. From CMD 
Technology ( Irvine, CA), the 
card is compatible with software 
features such as NetWare disk 
mirroring; Windows NT RA ID 
0, 1, and 5; Windows FastDisk; 
and MS-DOS driver support. 
Sustained transfer rates are as 
high as 8.2 MBps, and peak 
transfer rates are a high as 8.33 
MBps. 
Phone: (800) 426-3832 or 
(714) 454-0800. 
Clrcle 1325 on Inqui ry C a rd_ 
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WORKGROUP DYE-SUBLIMATION PRINTER 

Tektronix's new Phaser 
480 is a full-bleed 11· by 
17-inch dye-sublimation 
color printer. Hs built-in 
support for Postscript 
Level 2 provides raster
image processing at 
speeds of less than 3 
minutes for a three-pass 
tabloid-size page and less 
than 4 minutes for a four· 
pass color page, Tek

tronix says. The Phaser 480 is designed to address a wide 
range of grlphic arts and scientific and engineering applica
tions, and it has automatic intelligent switching among its par
allel, serial, and AppleTaik ports and protocols. 

The printer's base 32-MB memory is expandable to 64 MB 
in 16-MB increments. Using the Phaser Print plug-in for Adobe 
Photoshop software, you can print large Photoshop raster files 
across a network at nearly the speed of a dedicated, directly 
connected raster printer, according to Tektronix. The printer 
costs $14,995. 
Contact: Tektronix, Wilsonville, OR, (800) 835-6100 

or ( 503) 682-7377. 
Circle 1311 on Inquiry C • nl. 

($395) operates in Windows 3. 1 
and works independently of your 
network software. A chip on the 
card stores information that lets 
you access your passwords: you 
activate the card via a PIN. The 
card encrypts files via DES with 
a separate key that's random ly 
generated for each fi le. In addi 
tion to storing private informa
tion. you can store information 
that's open to public view. 
Phone: ( 301) 983-8362. 
Circle 1312 on Inquiry Card. 

VOICE ANNOTATION 
ON THE ROAD 
The 2'h-pound , 486SLC-based 
DTR-So und Sys tem ($2995) 
provides voice annotation, busi
ness audio. and multimedia func
tions. From Dauphin Technology 
(Lombard, IL), the unit lets you 
perform tasks such as recording 
vo ice memos or desc ribin g a 
spreadsheet. The mobile system 
includes an internal fax modem, 
4 MB of RAM (expandable to 8 
MB), a 40-MB hard drive, stan
dard I/O ports, an internal mi 
crophone, two external speakers. 
and an ex ternal microphone. 
Phone: (708) 971-3400. 
Circle 1329 on Inquiry Card. 

ACELLULAR MODEM 
The Cellect 14.4 PCMCIA mo
dem ($549) from Motorola UDS 
(Huntsvi ll e. AL) feature . the 
company's Enh anced Cellular 
Control (EC') to improve ce llu
lar data re liability while retaining 
compatibility with CCITT- and 
Bell -compliant modems. The 
modem connects to any data-ca
pable Motorola MC' MicroTAC 
cellular phone. The modem has 
a maximum throughput rate of 

57.6 Kbps and supports 

PLUG-IN DIAGNOSTICS 
The POSTcard V2 plug-in diag
nostic board ($499.95) monitors 
POST routines. provides contin
uous bum-i n test ing of the pre
boot function . and supportS com
prehensive system-function and 
component diagnostics fo r 386, 
486, and Pentium PCs. From 
Unicore Software (No rth An
dover. MA), the diagno tic board 
tests, :ources. and pinpoints IRQ 
and DMA confli cts and moni 
tors any 16- bit port address. 
Phone: (508) 686-6468. 
Circle 1316 on Inquiry Card. 

TYPE WITH YOUR THUMBS 
The Touch Edit keyboard (from 
$99) adds eight extra keys be
low the space bar that you touch
type wi th your thumbs. Five of 
the extra keys are standard edit
ing keys, such as the arrow and 
delete keys; the other three are 
new keys that move the cursor 
by an entire word in e ither di
rection or delete a word. The Key 
Innovations (Minnetonka, MN) 
keyboard reduces the number of 

editing keystrokes by a fac tor of 
fi ve, according to the company, 
and it eliminates right-wrist flex
ion by shifting the strokes to your 
thumbs. 
Phone: (6 12) 724-7745. 
Circle 1333 on Inquiry C a rd. 

TAKE YOUR MOUSE ANYWHERE 
The Mouse Slide ($24.95). from 
Creati ve Computer Accessories 
(Walnut Creek. CA). attaches to 
the bott om of most notebook 
computers and slides out fo r use 
as a mouse pad. You can extend 
the platfonn to either side of your 
notebook. 
Pho11e: (5 10) 934-1 930. 
C l rcle 1330 on Inquiry Card. 

CD-ROM FOR YOUR NETWORK 
Procom Technology's (Irvine, 
CA) CD Tower-7 subsystem 
(from $2795) lets you share CD
ROM applications over a net
work. The CD Tower-7 has from 
two to seven doubl e-speed CD
ROM drives wi th up to 4.2 GB 
of storage; you can simultane
ously access data stored in any 
drive. The drives offer sustai ned 
data transfer rates of up to 330 
KBps and im average access time 
of200 ms. 
Phone: (7 14) 852 - I 000. 
Circle 1327 on Inquiry Card. 

DISPLAY SUPER VIDEO IN 
WINDOWS OR DOS 
Super VideoWindows-SL ($895). 
from New Media Graphics (Bi l
lerica, MA), displays full-motion 
video in a window on your PC 
screen. You can infinitely scale 
the window from full-screen size 
to icon size, and you can locate 
it anywhere on the screen while 
you run other applications. Su
per VideoWindows-SL runs in 
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Windows or DOS and can grab 
individua l frames of video in 
PCX, BMP, SVW. and TG A file 
formats for porting to other ap
plications. 
Phone: (508) 663-0666. 
Circle 1326 on Inquiry Card. 

SMART SECURITY ,.. 
The Smart CAT (Computer
Access Authen ti cation Termi
nal) from V-One (Virtual Open 
Network Environment, Potomac. 
MD) uses smart-card technol
ogy to safeguard the security of 
your computer network as well 
as your personal in form ati on. 
Compri. ing the card and a card
reader te rminal that attaches 
to your computer, Smart CAT 

standard asynchronous 
speeds down to 300 bps: 
it also support s UUCP 
spoofing for hi gh-speed 
Unix applications. 
Pho11 e: (205) 430-8000. 
Circle 1328 

on lnqurly Card. 



Theinspiration fur ournew OubWorld~seat. 


With an adjustable lumbar support, a newly designed foo trest and the privacy of side headrests, you'll 
think you're flying on cloud nine. It 's the way we make yo11 fccl that makes us the world's favourite airline. 

BRITISH AIRWAYS 
--------------Theworlds favourite airline·/ ____________..... 

Circle 74 on Inquiry Card. 
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DROP AND DRAG GROUPS ACROSS DISPARATE PLATFORMS 
The Gentium eis 1.0 analytical applications development environment is a multiplatfonn system for 
use with EISIDSS (Executive Information Systems and Decision Support Systems). According to Plan· 
ning Sciences, Gentium uses open-systems design standards and features a point·and-click oh;ect
oriented Interface, unlimited data access, and cross-platfonn portability. All EIS/DSS features, such 
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WORKGROUP DATA SHARING 
The network version of askSam 
for Windows ($ 1095 fo r five 
use rs ) is a free-fo rm database 
that combines database, word 
processing, tex t-retrieva l, and 
OLE func ti ons . From askSam 
Sys tems (Perry, FL), the soft
ware lets you share unstructured 
data such as personal notes, E
mail , market ing information, and 
government regulations. 
Pho11e: (800) 800- 1997 or 
(904) 584-6590. 
Circle 1275 on Inquiry Card. 

ZANY FONTS.,_ 
Font-o-Matic ($59.95), a 
utility from Allsys (Rich
ardson, TX) , enables you 
10 create unu sua l True
Type fo nt s from any 
TrueType or PostS cri pt 
Type 1 font. Via the GUI 
you can enlarge, rotate, or 
skew your font s and then 
add designs such as cow 
spots, swiss-cheese holes, 
o r cact us pri ckl es to a 
copy of the origi nal font. 
Each new fon t is access i
ble from any Windows 
application. 
Phone: (800)477-2 131 
or (2 14) 680-2060. 
Circle 1283 

on Inquiry Card. 

as multidimensional databases, data modeling, matrix 
reporting, charts and graphs, and exception reporting, 
are provided as objects that you can assemble and 
reuse without writing code. 

Gentium lets you create workgroups encompassing 
users across disparate platfonns and networks. Users 
can retain the operating-system interface they are most 
familiar with, share infonnation concurrently within a 
group, and be moved from group to group. Cost is $2340 
per user for 25 users or $1222 per user for 100 users. 
Co11tact: Planning Sciences, Roswell, GA, 
(404) 772 -9767. 
Cln:le 1271 on Inquiry Card. 

TCP/IP FOR DOS AND WINDOWS 
A TCP/IP package, Piper/IP 
($3 75) uses less th an 6 KB of 
base me mory and has a data 
transfer rate of up to 500 KBps. 
From lpswitch (Wakefield, MA), 
Piper/ IP has a Winsock interface 
and is compatible with NetWare, 
Vines, LAN Manage r. LAN 
Server, and Windows for Work
groups. The package has a set of 
TCP/IP utilities, NetBIOS , and 
an SNMP agen1. Support is in
cl uded for SQL databases, ter
minal emulators, the X Window 
System, and Internet utilities. 
Phone: (6 17) 246-1150. 
Circle 1276 on Inquiry Card. 
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EASY 3-D ANIMATION 
3D Choreographer ($ 149.95), 
from AniCom (Columbia, MD), 
offers a no-fuss way to integrate 
3-D animation into your presen
tation, report, or multimedia pro
duction. You select an ac lor by 
c li cking on an icon and th en 
draw a path that is divided into 
time points for the actor to fo l
low. You use commands to tell 
the actor what to do. You can 
also create your own actions (or 
co mplex actions via laye rin g 
multiple act ions) . The package 
supports OLE and generates an
imation fil es in Autodesk FLC 
format, allowing you to use 30 
Choreographer as a stand-alone 
package. 
Phone: (800) 949-4559 or 
(410) 799-1060. 
Circle 1277 on Inquiry Card. 

ADD ZIP TO WINDOWS 
The DynaZIP Data Compression 
Library for Microsoft Windows 
(S295 per developer station) lets 
you incorporate into your pro
grams the capability to read, test, 
creale, modify. and write indus
try-standard Z IP files wit ho ut 
havin g to she ll 10 DOS. Com
pati ble wi th any DLL-capable 
high- level language such as C, 
C++. and Visual Ba ic. the In
ner Media (Hollis, NH) package 

provides information about ZIP 
file items, dual-progress moni
tor callback capabilities, and sta
tus and error reporting. 
Phone: (603) 465-32 16. 
Circle 1278 on Inquiry Card. 

NETWORK DESKTOP MANAGER 
An SNMP-based desktop man
agement system for Windows, 
New twatch ($495 ) from Net
Manage (Cupertino, CA) lets you 
manage and analy ze re mote 
desktop PCs running the com
pany 's Newt TCP/IP stack and 
SNMP agent or other desktop 
SNMP agents. You can also use 
the software to manage and ana
lyze other ne twork resources , 
suc h as bridges, hub s, and 
routers. The system 's Newnrace 
software lets you capture, view. 
and analyze all inbound and out
bound TCP/IP traffic on yo ur 
Windows PC. 
Phone: (408) 973-7171. 
Circle 1279 on Inquiry Card. 

I,.; :.S -;.~.._,."7:Z. _. .,..__.. _,.,,.,A s ix- ---us ,..,.......,. ...._.._.., _.,,. 
in-one calculator "" ' 
utility for Windows, MasterCalc 
($49) includes Mini, Math, Busi
ness, Stati stical, Unit , and Pro
g rammer 's ca lcul ators. From 
Borys (Hanover Park , IL), Mas
terCalc includes user-friendl y 
graphi cs: a 15-digit prec ision 
rounding option: an unlimited, 
easy- to-access memory location: 
and pop-up windows. MasterCalc 
supports display formats. such as 
decimal, scientific, fractional , and 
combined , which you can cus
tomi ze. You can choose differ
ent formats for input and output 
and cont rol conversions from one 
representation to another. 
Phone: (708) 837-9680. 
Circle 1281 on Inquiry Card. 
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PUT SERVER CAPABILITY ON 
YOUR PC .,.. 
Entire Report.ing Workstation for 
Windows (from $270 per copy) 
lets you use Windows to access 
enterpri se da ta from multiple 
fil es and bring it 10 your desk
top PC for additional processing 
and analysis. From Software AG 
(Reston , VA), Entire Reporting 
Work station all ows you to ex
port and import reports into oth
er formats , letting you use the 
infomrntion in applications such 
as Excel or Word. 
Pho11 e: (703) 860-5050. 
Clrcle :1.287 on Inquiry Card. 

GET COMPUTER CLOCK 
ACCURACY 
Clockwright ($39). a utility from 
Barberry Hill Software and En
g ineering (Woods toc k, VT ), 
maintains the exact time on PCs 
running DOS , Windows , or 
OS/2. Able to reduce the error 
of the system clock to I second 
per week or less. C lockwright 

NOT JUST ADOCUMENT MANAGEMENT SYSTEM 
SoftSolutions 4.0 combines document management, work
flow control, and a client/server architecture to create a work
group environment that spans lANs and WANs, yet it gives 
Individuals the capability to solve their particular needs. The 
document desktop is customizable, with icons representing 
documents, applications, file folders, and saved document 
searches. 

OLE 2.0-compatible, SoftSolutions includes open database 
connectivity and is SQL compliant. The software is integrated 
with Reach Software's Workman and can work with word pro
cessing and spreadsheet packages such as 1-2-3, WonlPerfect, 
and Wonl. E-mail, the Enterprise Administrator, and the fuzzy 

logic-based In
telligent Search 
are included. 
Cost Is $495; 
additional work
stations are 
$295each. 
Contact: SoftSo
/11tions Technolo
gy, Orem, UT, 
(80 1 226-6000. 
Clrcle 1272 

on Inquiry Card-

YOUR OWN LAN MECHANIC 
LAN Mechanic (from $ 199) is 
a network management utilit y 
for Artisoft LANtastic networks. 
From Micro Mechanic (Boulder. 
CO). LAN Mechanic features a 
repai r modu le for ne tw ork 
shared-resource hard drives, an 
unattended hard drive integrity
check module. capacity 1hresh
o lds for hard dri ves. ale rts for 
DOS and Windows sc ree ns as 
we ll as for the paging mod ule, 
and a remote ed itor for worksta
ti ons and fil e servers. A view 
manager for each tile server and 
workstation shows RAM avail 
ability. resource use. and a sys
tem and memory summary. 
Phone: (303) 443-0091. 
Clrcle 1280 on Inquiry Card. 

JOB SCHEDULING MADE EASY 
EcoScheduler (from $8000) lets 
you schedule batch jobs for your 
enterprise system based on cal
endar events, 1he slat us of other 
jobs, and the leve l of resource 
required by a job. You can use 
the Compuware (Fa rmin g ton 
Hills, Ml) software 10 schedule a 
job or groups of jobs and specify 
limits on the amount of computer 
and database resources used by 
a job. EcoScheduler mainta ins 
a log of the current status of all 
jobs, which you can view, print , 
and manipulate. 
Phone: (3 13) 737-7100. 
Clrcle :1.285 on Inquiry Card . 

Software Update 

Saber LAH Workstation 2.0, 
Saber Software (Dallas, TX), 
adds central ized file and soft
ware distribution. an ad

vanced program
ming language, 
remote alarm no

tification, a desktop launch
ing utili ty, and a control panel 
that replaces the Windows 
control panel. From $ 179. 

Phone: (800) 338-8754 or 
(2 14) 361-8086. 
Clrcle 1288 on Inquiry Card. 

BookWise 2.0, Xerox Imaging 
Systems (Peabody, MA), 
includes an advanced version 
of the company 's OCR soft
ware, editing capabilities 
from with.in the BookWise 
program and file manage
mem, compatibi lity with 
Hewlett-Packard' canners, 
and automatic page orienta
tjon. $ 1295. 

Phone: (800) 248-6550 or 
(508) 977-2000. 
Clrcle :1.289 on Inqui ry Card. 

Learn to Speak Spanish 4.0, 
HyperGlot Software (Knox
ville, TN), features 60 Quick
Time or QuickTime for Win
dows movies, a 350-page 
workbook. and an enhanced 
interface. $ 149. 

Phone: (800) 726-5087 or 
(6 15) 558-8270. 
Ctrcle :1.290 on Inquiry Card. 

OpU-Net NLM 2.0, Online 
Computer Systems (Gemmn
town, MD), is Novell certi
fied and provides new 
diagnostics, improved admin
istration functions fo r large 
database manipulation, client 
caching, seamless use across 

et Ware 3.x and 4.x operat
ing systems, access to logi
cal-unit-number CD-ROM 
drives, and support for JSA 
SCSI host adapters in 
servers that are equipped with 
more than 16 MB of RAM. 
$ 1495 for a JOO-workstation 
license. 
Phone: (800) 922-9204 or 
(301) 428-3700. 
Clrcle :1.291 on Inquiry Card. 

calculates clock-speed error after 
two clock corrections arc made. 
The program automatically cor
rec ts the c lock settin g during 
start-up or any other mandated 
time . You ca n sw it c h among 
standard , day li ght sav ing, uni 
ve rsal , or loca l-mean-time 
modes. 
Pho11e: (802) 457-2654. 
Clrcle :1.282 on Inquiry Card. 
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CREATE YOUR OWN WORLD 


The Vream Virtual Reality Development System lets you draw 
whatever objects you want in your 3-D world using a set of 
3-D drawing tools within the Vream 3D World Editor. To make 
your virtual world interactive, you define the logical link struc
tures of the objects. After you've defined your world, you can 
enter it and interact with it in real time using the Vream Run
time System. You can walk through your creation and then 
grab and move objects with the virtual hand to activate the 
linked structures. The package costs $795. 
Contact: Vream , Chicago, IL, (3 12) 477-0425. 
Circle 1273 on Inquiry Card. 

LONG FILENAMES PERMISSIBLE 
A"Windows- and DOS-compat 
ible document manager that lets 
yo u crea te fil e and directory 
names up to 255 characters long. 
QuickFind ($49 .95) works from 
wit hin your application . From 
View Software (Palo Alto. CA). 
QuickFind lets ynu g ive mean
ingful names to your files. offer
ing an intuitive alternative to file 
searching and indexing systems. 
Integrated wi th an application. 
QuickFind e nh ances th e File 
Open a nd File Save As com
mands and dialog boxes; it also 
provides a migration path to long 
filenames that are nati ve to Win 
dows NT. 
Phone: (800) 487-8439 or 
(4 15) 856-8439. 
Circle 1284 on Inquiry Card. 

CROSS-PLATFORM CD-ROM 
The QuickView multimedia 
viewer for Macs (developer' s kit, 
$495) emulates the functionality 
of Microsoft' s Multimedia View
er 2.0. From Altura Software 
(Pacific Grove, CA). QuickVicw 
le ts you develop CD-ROM titles 

that will play on Macs and in 
Windows. The software includes 
complete fil e compat ibility with 
HPJ and RTF files; context-sen
s iti ve help; hypertext links; and 
PICT. BMP, and segmented hy
pcrgraphics support. Quick View 
also supports Mac sound files 
and Windows WA V fil es , em 
bedded panes and windows, full 
tex t search and retrieval. ex te r
na l commands, and support fo r 
QuickTime and A VI movies. 
Phone: (408) 655-8005. 
Circle 1286 on Inquiry Card. 

WRITE IN KANJI IN WINDOWS 
A Japanese word processor for 
Windows. KanjiWord ($ 199) has 
a fully confi gurable 
kana/kanji front-end 
processor that a llows 
you to enter Japanese 
phoneticaUy u ing an 
Englis h keyboard . 
Pacific Software 
Publishing's (Mercer 
Is land. WA) package 
comes complete with 
two built-in fonts : a 
16 - pixel Japane se 

bit-map font for on-screen view
in g and a 48-pixel Min c ho
Japanese bit-map font that pro
vides clean Japanese output. 
Phone: (206) 232-3989. 
Circle 1303 on Inquiry Card. 

SAFE PASSAGE FOR E-MAIL 
MailWatch (from $5000) alerts 
network administrators and mail 
rec ipi e nts o n a multiplatform 
LAN of blockages that prevent 
the delivery o f E-mai l. The Uni
plex Ente rprise Systems group 
(Greenwich, CT) tool monitors 
E-mail systems such as cc:Mail 
via graphical representat ion of 
the mail network and provides 
early warning of problems. One 
PC can monitor an entire mail 
network, or Mail Agents installed 
at several points throughout the 
network can do the monito ring. 
Pirone: (203) 66 1-4404. 
Circle 1338 on Inquiry Card. 

AFIRST ADDmON T 
Now a sta nd- alo ne package , 
lnfoPublisher Database Addition 
2.0 ($ 199) from Aldus (Seattle, 
WA) link s PageMaker 5.0 for 
Windows to database manage
ment systems such as Paradox 
3.5 , Access, and FoxPro . T he 
software provides impro ved 
ASCIT text-file support and com
plies with Microsoft's ODBC 
protocol. Features include the 
ab ili ty to launch lnfo Publi sher 
as an Addition from within Page
Maker and automatic updates to 
reflow stories based on data or 
format changes. 
Pirone: r206) 622-5500. 
Clrcle 1305 on Inquiry Card. 
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Software Update 

Raosoft Survey 2.5, Raosoft 
(Seattle, WA), offers addi
tional options for forms de
sign, additional capacity in 
analysis and reports, expand
ed data-entry support, and an 
intuitive calculation option. 
$495. 

Phone: (206) 525-4025. 
Circle 1292 on Inquiry Card. 

~~~=~ra 
(Otta~a, 
Ontano, 
Canada), 
combines 

Ventura Publisher, DataBase 
Publisher, support for Adobe 
Acrobat, and fas ter font load
ing. $249. 

Pirone: (800) 772-6735 or 
(613) 728-8200. 
Circle 1293 on Inquiry Card. 

lnsync 1.1, Syn
ergy Solu1ions 
(Mesa, AZ), 
includes a two
pon version of 

Modem Assist Plus network 
modem sharing. $495. 

Phone: (602) 545-9797. 
Clrcle 1294 on Inquiry Card. 

Rescue 5.0, AllMicro (Clear
water, FL), gives you the 
abil.ity to recover data from 
compressed drives bypasses 
bad or destroyed partitions 
and root-directory damage to 
recover by filename, lets you 
choose which FAT to use, 
and is friendlier and quicker. 
$349. 

Phone: (800) 653-4933 or 
(813) 446-6660. 
Circle 1295 on Inquiry Card. 

DeltaGraph Pro 3, DeltaPoint 
(Monterey, CA), has been 
redesigned with a streamlined 
interface and now has a mul
tiview configuration. New are 
13 charts; a charting engine; a 
chart advisor; support for 
multiple documents; compati
bility with Pantone ColorUP; 
and eyedropper, shadow, and 
blend tools. $ 195. 

P/wne: (408) 648-4000. 
Clrclo 1296 on Inquiry Ca~. 
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\Oursoftwarepro ams 

werebarelyspe ng. 


Then_s met · clicked. 

Ifyou're tired of playing matchmaker 

to software applications (even ones 

from the same vendor),you'll be pleased 

to hear this. There is a product that does 

it for you, now Prodea Synergy '" makes 

the programs you already have, and what you've built with them, work together. A few points 

and clicks, and applications will exchange just about everything but valentines. 

Mr. R. Lee Allen of Schering-Plough, a company already using Prodea Synergy, 

put it less romantically MS Access QuaLtro Pro Harvard Graphics CC Mail 

although no less enthusiasti- ---- @ 
Query D3 Sa l es Analysis Sales Char s Report Dist. 

cally "It's not like anything out Drag a11'() '()rop the icon.1, co111w:t them with arrowJ. Dataflow.1 a11to111atically. 

there before. It's more than OLE or DDE. It transcends both languages and APis '.' 

You should also know that what you build is easy to pass on to others, without 

worrying about hot links, paste links or file location.Prodea Synergy runs under 

Windows~ costs $495 and has a 30-day money-back guarantee. For a limited time you 

also get a $200 introductory cash rebate.Call us at 1-800-PRODEA-l. Your software 

programs will never look at one another the same way again. PROD EA Synergy·· 

() 1 ~1 r r.xlt'3 Alt Jllr'(lu(a imd b 1":u1d lliln!C''- ~H' lf'3dtm.ir~Clf rq:.mru:d tndmurks ,,, thw rt \flt'C-ll\(' (\\\T!('U 



l\~mll!Software 

ACCESS UNIX FROM OS/2 
XoftWare/32 3.0 (from $395 ) 
is now available for OS/2 plat
form s in addi tion to Windows. 
From AGE Logic (San Diego, 
CA). XoftWare/32 lets you use 
your PC to access and display 
network-based Uni x app lica 
tions simultaneously with OS/2, 
Windows. and DOS applica 
tions. Features inc lude a com 
prehensive etwork File Man 
ager utility wi th fil e tran fer and 
local printing capab iliti es, an 
interactive Te lnet c li en t, and 
a Windows- and OS/2-based 
Trace utility. The Windows ver
s ion adds a Unix print reroute 
utility, support for installation 
from a remote server, and 24-/ 
16-bit color support. 
Pho11e: (619) 455-8600. 
Clrcle 1302 on Inquiry Card. 

OS/2 SCHEDULER 
Sytos Scheduler ($99) is a sched
uIing utility for Presenta ti on 
Manager that runs automated or 
background events, such as com
mand and executable files, un 
der OS/2. Sytos Schedu ler en
ab les you to plan s ingle or 
multiple scheduled events to run 
once or accord ing to your speci
fied schedule. You can spec ify 
the start and end times and dates 
and exclude eve nts from running 
on certa in date s. such as holi 
days. You can use the Sytron 
(Westborough, MA) utility as a 
stand-alone scheduling utility for 
OS/2 or as an en hanced sched
uler for Sytos Plus for OS/2 pro
cedures. 
Pho11e: (508) 898-0100. 
Circle 1337 on Inquiry C a rd . 

SCREEN-SAVER SELECTION 
Art :md photographic image are 
the mainstay of Second Nature 
Software's (Portland , OR ) 30 
sc reen-saver/wallpaper collec
tions for Windows 3.1 ($ 15 per 
collection). Each co llection has 
22 256-color images such as but 
terflies, national park , impres 
sionist paintings , c lassic cars, 

2:1.2 RVTE F E BRU A RY l 9 94 

Clarislmpact 
1.0 for Macin

tosh automati

cally creates 

the graphics 

you define and 

updates them 

whenyou spec

ify changes. 

With its integrated word processing capability, Clarislmpact 

creates reports and memos with business graphics, automatically 

wrapping text around the graphics. The software enables you to 

create slide presentations with professionally designed back

grounds and special effects. The Claris graphics engine pro

vides seamless cross-platform compatibility between Macin· 

toshes and Windows for Claris graphics products. The package 

costs $399. 

Contact: Claris Co1p., Santa Clara, CA, (408) 987-7000. 
Circle 1274 on Inquiry Card. 

and space voyages. 
Pho11e: (503) 291-9500. 
Circle 1307 on Inquiry C a rd . 

Claris Clear Choi ce ' s (Santa 
Clara. CA) lmaginaria ($49) is 
a multimedia screen-saver co l
lection for Windows. Images, I I 
an imated transition screens, and 
15 surrea li stic story modul es 
come wi th original sounds and 
music. 
P'1011e: (408) 987-7000. 
Clrcle 1308 on Inquiry Card. 

HOP OVER TO PROBABILnY 
CALCULATIONS "' 
The Elec tron ic Ha ndb ook of 
Probability. or eHop ($49), cal· 
culates p values and percentage 
points for 28 probab ility distri 
butions. The Windows 3. 1 util

ity provides distri bution stati s
tics, formu las, random samples. 
and graphical output for each dis
tribution. From Crunch Software 
(Oakland , CA). eHop also pro
vides in fom1a tion and references 
for each distribution. 
Phone: (5 10) 562-9900. 
Circle 1304 on Inquiry Card. 

SIMPLICnY IS APIM 
An entry-level PIM , Ecco Sim
plic it y ($ 149) has an intuitive 
start-up screen that lets you start 
working quickl y. From Arab
esque (Be ll ev ue, WA ). Ecco 
Simpl icity has profcss ion-spe
cili c templates that access Ecco 
Professional 's dynamic infor
mation-linking ab il ities. Graph 
ical calendar views di splay the 
month and week at a glance; to 
do items can be in color to help 

Software Update 

SCSI Director Professional 3.0, 
Transoft (Santa Barbara, CA), 
features integrated driver sup
port for major CD-ROM for
mats, supports Apple's SCSI 
Manager 4.3, and is SCSI-2 
compatible. $199. 
Phone: (805) 565-5200. 
Circle 1297 on Inquiry C a rd. 

PackelView 1.10, Klos Tech
nologie (Merrimack, NH), 
supports the Open Data-Link 
Interface, expands support for 
the NetBIOS protocol, pro
vides enhanced data-sharing 
with the Network General 
Sniffer, add symbolic sup
port for S MP Object IDs. 
and supports FDDl networks. 
$299. 
Phone: (603) 424-8300. 
Clrcle 1298 on Inquiry Card. 

Coherent 4.2, 
Mark Williams 
Co. (North
brook, IL) can 
run over 50 
third-party soft 

ware packages, adds a user
interface sheU and a Unix 
System V-style print spooler, 
and supports SCSI and floppy 
tape drives. From $99.95. 
Phone: (708) 291-6700. 
Circle 1299 on Inquiry Card. 

Mirror-Fax with Voice 2.0, Soft
Klone (Talla
has ee, FL), 
features data, 
fax , and voice 
capabili ties and 
supports Cirrus 
Logic, Rock
well , Sierra, 

and ZyXel data/fax/ 
voice chip sets. $99. 
Plume: (904) 878-8564. 
Circle 1300 on Inquiry Cord. 

Trak/Report 2.0, Concord 
Communications (Marlbor
ough, MA), adds group 
capacity-plarming capability, 
faster performance, enhanced 
database functional ity, und 
suppo11 for token-ring and 
bridged networks. $7500. 
Phone: (508) 460-4646. 
Circle 1301 on Inquiry Cord. 

F - "'=""=' _ 

=---

h i =:: ! 
,..~~ · ~1·•~·1·~)~~ _..,..,, i_ ;=..::::_ ;a,_-------;:r;' , l 'i i.· • •, 

p.. 
- ... \, 

/ '-
' I • 

i~~~R~'i!!!ii~~~~ distingui sh them fromappo int ments. Ca len
dar. phone book. w1d 
outline views are in-
te.!!rated. so you don' t 
ha

-

ve 10 enter your in -
for mation more than 
once. 
Phone: (206) 885
4272. 
C ircle 1306 

on Inquiry C a rd. 



If It Were A 

Baseball Player, It 


Would Hit Home Runs, 

Toss No-Hitters, 


Steal Bases, And Sign 

For Under $200. 


Okay, it hasn't happened in baseball. But in the computer world, from your PC quickly, easily and privately. CommWorks also 

there's o major league player in the communications game that con fea tu res Remote Access, which bings remo1e 

pretty much do it all. Introducing CommWork.sTM for WindowsTM b}' files and printers directly to your PC wherever you ore. And with 

Traveling Software . The first com· 

plete communications package that 

g ives you more flexibility than ever lo 

do business away from the office. For 

starters, there's l aplinl<" 
the number one selling file transfer 

program. You can make 'U nattended, 

regula rly scheduled file transfers at 

anytime, from arry place. And for local file 

trans fers, use the included serial 

coble. CommWorks also 

ollovvs ~ lo send 

and recei\€ a 

>11 All innmf- l-"1'Unk \" 

~tbr p.r11,fffM/ l\h.bn kl il 

• Sell! &Receive FAX 

>Acceu ID Onilne Smlees 

• R!rnolertt. &PrinlttSllaring 

> incomiagFileH-oa 

WORKS 
for WINDOWS 

Call for $50 off 
(800) 472·4735 

....arvSc&wao.c t9931'°'""9Schwal>,1nc. 18702 No<i\c...l l'<>"-t. 
lltt~"""""'1'°"'"'9-· """"pte&m ... ~0."g"""9d 

',\·. 

the online program, you can lap inlo 

MCI Moi l~, CompuServe" , or other 

Online Services 
at the click of a button. Whal's more, 

the Com mWorks Control Center 

puts all of these communications tools 

at you r fingertips. See your local 

dea ler or coll Traveling Software 

fo r $50 o ff th e suggesled relo il 

price o f $ 199.95. And get the 

one who con do it all. 

Wi thout lhe 

sabry. 



Quatech's Solid State Drives 

for PCMCIA 


• 1OOo/o Reliability • No Moving Parts 

Quatech's line of Solid State Drives tor PCMCIA (Type I and Type II) fit into any personal computer and 
conform to the PCMCIA/JEIDA standards thus allowing your PC to access the newest technology used in note
books, hand-held computers and PDA's. These drives are available in three options: 3.5" front drive, rear card 
slot drive, or 3.5" front drive and rear card slot drive. 

, 
Quatech's line of PCMCIA FLASH Memory, SRAM and 1/0 Cards offer add on memory in one, two and four 
meg options. SAAM available in one and two meg options only. FAX/modem, Serial RS-232, RS-422, EPP 
Parallel Port, and Digital 1/0 give you maximum flexibility for your application. 

For more information on PCMCIA products g BUATECHor our complete line of communication, data 
FAX: 216-434-1409acquisition and industrial 1/0 products call: 
BBS: 216-434-2481800-553-1170 

662 Wolf Ledges Parkway, Akron, Ohio 44311 U.S.A. (216)434-3154. International: Australia/lnterworld Electronics 03-563-5011 , Canada 
(Westem)/lnterworld VOA 604-984-4171 (Toronto office 416-513-7027), England/Diamond Point International 634-722-390, Finland/Lab 
Hitech OY 358-0-804-2522, France/Elexo 33-1-69302880, Germany/Jupiter Electronic Systems 06181/75041 , Israel/ACM Ltd. 
972-03-5447885, ltaly/N.C.S. Computer Italia 03311 770-016, Netherlands/ACAL Aurlema 040-502602, Korea/Sam Boo Enterprise Co. 
82-2-538-400l, Spain SANTA Barbara SA 343-4188116, Singapore Bliss Services Pie Ltd (65) 338-1300, South Africa ~ Made 
Eagle Electronics 27 21 234943, Switzerland Amiro Tech. Engin. 37-2311-18. IBM PC-XT, AT, and Micro Channel are in 
registered trademarks of IBM Corp. All other trademarks are of their respective companies. U.S.A. 

Circle 133 on Inquiry Card. 



Mail Order 
The latest offerings from 

vendors supplying 
products of all leading 

manufacturers at extremely 
competitive prices. 

21 6 

Hardware/Software Showcase 
This categorized four-color display 

section makes it easy to find 
Hardware and Software products from 

a wide variety of manufacturers 
and suppliers. 

243 

Buyer's Mart 
From Accessories to laptops 
to Word Processors, you can 

easily find the dealers you are 
looking for in this directory of 

products and services. 

251 



MAGNAVOX 
CM9217 
Magnascan WHY PAY17'' SVGA 
Monitor 

e Maximum Display RETAIL? 
Resolution of 1280 x 1024 lll•ii~~E:!!i!:.J 
(Non-Interlaced) • 72Hz 
Refresh Rate • Horizontal Scan from 30 to 57 KHz 
e Vert ical Scan from 50 to 100 Hz • 1 Year Limited CDW® Setts 
Warranty e Tilt & Swivel Base •WW/.IMJ@ for less
CDW- Price .... .. ...$599.50 CDW 23261 


CANON 
BJC·600 
Color 
Bubblejet
Printer 
.r 360 dpi .r 240 cps 
./ Individual Color Car1ridge 
System: Less Waste 
,1 100 Sheet Feeder 
./ Laser Oualily Text 
,/ Optimized for Plain 
Paper: Vibrant Colors 
Without Special Paper 

CDW- Prlc~.$588.50 CDW 32009 

Et NOVELL 
5 USER CD .........~-~~.~~.r.~ .~~.:~.~......... .. ......889.00 
10 USER CD ... . .... .... . ..... ............. . ........ 1948.00 
25 USER CD ..... .......... 299.i.OO 
50 USER CO .. . 3337.00 

Notworo VJ. 12 

~: l~io .s; .:... :· :::.:::.... :::::::::: i·~~:gg
VJ.12 25 5" .. . ............... .2069.00 

V3.12 50 3.5" .................................. 2749.00 

VJ.12100 AJ.5" .. . ........ 3833.00 


Call !Of Prong on N1JIWat0 CO-ROM 
1Jors10 ns and UPOtnd9' 

NETWARE LITE I USER .... ... .... ..............69.49 


NODERUNNER 2000C ........ . ................ ..... 176.47 

NODERUNNERISI 2000A... .. . ............. 119.88 

NODE RUNNER/St 2000T. . . ............... 95A4 

NOOEAUNNER/$1 2000C ................... 97.44 

CENTRAL STATION 11 ................................... 389.89 

10BT 5 PORT INTERNAL HUB ......269.33 

NOOEAUNNEA STARTER KIT WINDOWS ... 499.57 

LANTASTIC Al V5.0 .. ,..._··- ...........................79.17 

LANTASTIC Al VS.O WINDOWS .. . ...... 79. 19 

LANTASTIC SOFTWARE .......................69.80 

LANTASTIC FOR WINDOWS SW ........ ......... 129.68 

T-RUNNEA a POAT ! OST............................. 299.88 

T· AUNNER 12 POAT IOCH .. .. ....................497.41 


SMC" 
ULTRA Hi ETHERNET COAX ........................ 105.25 
UL TRA16 ETHERNET COAX 6PK ...... .. .........583 .68 
ULTRA16ETHERNET I OBT ····-··· .......... .. 105.25 
ULTRA16 ETHERNET 10BT 6PK . ................ 583.68 
ULTRA16 ETHERNET COMBO ...................... 125.35 
ULTRA 16 ErnEANET COMBO 6PK .. ............159l.49 
ETHEACARD• ELITE 8 BIT COAX ........... 97.82 
ETHEACAAD· ELITE COAX . . .................. 119.64 
ETHEACAAD• ELITE COAX 6PK 628.73 
ETHEACAAO+ ELITE MCA COAX ........ ........ 189.26 
ETHERCAAD+ ELITE 10ST ..........................119.64 
ETHERCAAD+ ELITE l OBT 6PK ................619.22 
ETHEACAAO+ ELITE MCA IOBT ..............189.55 
ETHE ACAAD+ ELITE EJ SA I OBT ......... ·- ..... 579.78 
ETHERCAAD + ELITE COMUO . . .... 139.57 
ETHEACAADt ELITE COMBO 6PK .............. 753.59 
3606 ETHERN ET 8 PORT CON 1091 ......... - 329.61 
35 12 ETHERNET 12· 2 POATCON IOBT ....61 4.76 
PC600WS ARCNET CARO COAX. ... 125.93 
PC650WS ARCNET CARO TP .. . ...... 119.88 
PCr;ooFS ARCNET CARO COAX . .......199.29 
PC 130 ARC NET CARD COAX . -······ ...........68.50 
ARCNET 8 PORT ACTIVE HUB COAX .•... ..229.41 
TOKENCARO ELITE 1614 ......................... .289.88 

NETWAAE UTE STAHrEn K1T ········· ............339.39 
NE2000 PLUS ETH ERNET COAX CARD ....... 109.90 
NE3200 THIN COAX wff PA .... .539.82 
NE3200TH1CK~A ; ' I¥ I . .2 14.29 

\SJ HEW 
COACTIVE STAR! EA Kl I ........................... ... 189.91 
COACTIVE ADD·ON KIT .. ...... . ....•......•...139.89 

TCS143 
TCS143 
TCS143 
TC5143 
TC6242 
TC6245 
TC6242 
TC6245 
TC0040 
TC6250 
TC 5055 
TC6151 
TC4035 
TC4045 
TCNS 1 
TCNS I 
TCNS 1 
TCNS 1 
TCNS 1 

A 

TCNS I SMART HUB 
TCNS IOOMBPS 8 PORT SMART HU 
TCNS IOOMBPS aPOAT SMART t-IUB 

ii'. ARTISOFr 
AEJ ETHERNET COMBO CARO ................... 198.98 
NODERUNNEA 2000A ..•.. .,_ ....................217.34 
NODEAUNNER 2000T . . . . ................176.47 

.......... 314.89 

....... .. .26i.OO 
......... .. .268 .31 
.......... .236.30 
..........• 529.14 

..... .527.06 
....n.ao 

................ 489.30 

1BM TOKEN RING 16/4 ISA........ . ........ 50 1.40 
IBM TOKEN RING 1614 MCA ...... 659.95 
IBM TOKEN RING MAU .............. . .................. 458.88 

infel. 
16 COAX ........ . .......99 .33 
16 COAX SPK ..•............•.... 454.13 
16COAX 20PK ........... 1698.38 
MCA COAX ... . .......• 166.52 
16 IOBT ........ . ..........99.33 
16 10BT 5 PK ......................as.c .13 
16 10BT 20PK. 1618 .38 
MCA 10BT ................ ......... 166 .52 
16COP-.~BO ...................... .. 11 6.77 
16 COMBO SPK........•........ 546 .08 
16 COMBO 20FK ............. 2036 .93 
FLASH 1 OBT ........ .... ....... .. 111.88 
Fl.ASH 10BT SPK ............. . 519.62 
FLASH COMBO ..... .. .. ....... . 131.82 
FLASH COMBO 5 PK ...... 626 .84 
EISA COAX ........ ............... 415 .30 
1614.... . .. 399.53 

AX ..................... ...................358.97 
U 10BT ....... 368.85 

E HEAEXPRESS ISA HUB. . ......•..•.. 519.93 
ETHEREXPRESS ISA HUB EXP .....................44 9.96 

3Com· 
3C503 ET 
3C509 
3C509 
3C509 
3C509 
3C509 
3C529 
3C529 
3C509 
3C509 
3C579 
3C57!1 
3C 1627 t 

IOrcom 

ll!ill;l:Vl·i•M:!lj:lj4.JOJi·l; l(i)ij 

~Loe 
JUMOO 120MB INTERNAL. . ...................97.21 

JUMB0250MB INTERNAL... . ........•• 167.34 

TRAKK ER 120MB PARAUEl PORT .........•...277.58 

TRAKKER 250MB PARALLEL POAT .............327.44 

POWERTAPE 2GB SCSI INTERNAL .....•. ...... 947.58 

POWERfAPE 2GB SCS1 EXTERNAL .......... 1087.99 

POWEADAT 2GB SCSI INTERNAL .... .. ..... .. 1524.33 


f·M.:GA" 
TAPE 2~MB INSIDER HH ..... . .................... .. 107.'7 
FLOPTICAL 21 MB INSIDER ..... ···-· ............ . 379.27 
BERNOULLI 150MB INSIDER SCSI .. 429.11 
BERNOULLI 150MB PC POWERED ·· ·-········· 4n.u 
BERNOULLI 150MB TRANSPORTABLE ......$79.26 
BERNOULLI 150MB INSIDER JOE •................ 417 .59 ,,....__ 

SUMMIT. 
SE 120 120MO INT TAPE B·U ... . ...... 139.90 
SE250 2'..IO MB INT TAPE B·U ........................ . 178.63 
SE305 305MB INT TAPE 8-U .. ...... ............... .. 269.90 

MICROSOLUTIONS 
BACKPACK 3.s· I 44MB FLOPPY PARALLEL1n.8" 
BACKPACK 5.25" 1.2MB FLOPPY PAnAllEl1n.84 
BACKPACK 170MB HO PARAUEL ............... .368.59 
BACKPACK 200MB HO PARAllEl .. .•....•........427.59 
BACKPACK CO-ROM PARALLEL.. .............. 357.91 
llACKPACK 250MB TAPE B·U PARALLEL ..... 355.05 

TAPE, REMOVABLE & FLOPPY DRIVES 

Sy09$ 
PRO NOTE 42MB PARAUEL ...... ... .... ...........468.17 

PUMA 66M8 PARALLEL .442.44 

UARUN 10SMB INT IDE ........ ........ ...... ...........4V.S.26 

SSMB EXT SCSI WIADPT ...... .............. .... ......525.27 


Mountain. 
T0-250 250MB INT IDE..... . ... .. ... 189.32 
FSSSOO 305MB INT IDE .......... ................. .....449.SO 
SIDECAR II 30SMB PARALLEL TBU .... .. .... 358.n 
1200-4 4GB EXT SCSI .. .. 2019.Ql 
750MB· l .SGB INT mu W/ADPT . ....... ....... ... 103!1.19 
750M8· 1.SGB EXT TBU W/AOPT ................ 1254.M 

"•fi :t0 ;1 ' 11 .ML 
WYSE 30 AMBER OR GREEN ....................... .2n.u 

WYSE 50 AM BER OR GREEN ...................... .35.5.50 

VIYSE 55 AM BER. GREEN. WHITE.... ..358.43 
WYSE 60 AMBER. GREEN. WHITE . .279.60 
WYSE 150 AMBER. GREEN. WHITE ... .265 45 
WYSE 160 AMBER. GREEN. WHITE .. • ..•• 329.8.3 
WYSE 325 COLOR .......................... ... ... ..... . 519.40 


Al TEC LANSING ACS300 SPKRSISW ........ .. 274.26 

CDW 5 CO BUNDLE ............ ........................... 129.17 

CDW 5 CO BUSINESS BUNDLE .................. .. 119.86 

CDW 5 CO ENTERTAINMENT BUNDLE ......... . 79.3l 

COW 4 CO EDUTAINMENT BUNDLE ... .65.16 
CREATIVE LABS DISCOVERY 16 INT ... .....•.. 418.80 

CREATIVE LABS MULTIMEDIA STARTER INT .449.SI 
CREATIVE LABS SOUND Bl.ASTER PR0 ..•.• 117.0l 
CREATIVE LABS SB 16 ..- ....•.•..•.••....•......•...•.• 175.46 
CREATIVE LABS SOUND BLASTER 16 ASP.187.79 
CREATIVE LABS SB 16 SCSI ······· ············· ·-·- 187...56 
MEDIAVISION PAO AUDIO 16 BASIC ............ 116.36 

MEOIAVISION PAO AUDIO SPECTRUM 16... 159.6' 
MEDIAVISION PRO AUDIO STUDIO 16 .........214.30 

MEDIAVISION PRO 16 SYSTEM II BUNDLE ..798.57 
MEDIAVISION MEMPHIS SYS ........................755.17 

MS MULTIMEDIA BEETHOVEN ................•... .. 54.88 

MICROSOFT BOOKSHELF CO .... • .... 119.89 
MICROSOFT WIN SND SYS V2.0 ..•. .52.95 
MS W1N SND SYS V2.0 W/BOAA0 .......... .......139.n 

MICROSOFT CINEMANIA 1994 ..... ......... 52.81 

ORCHID SOUNOWAVE 32 ............... ............. . 219 .72 

ORCHID GAMEWAVE 32 ........ ..... ....... . ..... .149.90 

PROCOM INT MULTIMEOIA STATION ..739.Ii 
PAOCOM EXT MULTIMED IA STATION .......... 78.9.-41 

SONY DSKTOP LIBRARY INT ....................... . 267.o.t 

SONY OSKTOP LIB INT W/SND ........... .... .•..459 05 

SONY DSKTOP LIBRARY EXT WISND ....5-16 .74 
TURTLE BEACH MULTISOUNO .....................513 .97 


Mft •O;l•l '11 :W•Jilili·19·1;1l'lfW 
CHINON COSS35 INT CD·AOM KIT ................ 385.&0 

CHINON COX5J5 EXT COROM KIT. .449.88 
ACCULOGIC PARALLEL PORT CO -ROM ......4W.50 
HITACHI 1900S EXT CO-ROM .................... ... 499.85 

HITACHI CDR t950 EXT .. ...512.50 
HITACHI 6700 INT CO-ROM.. . . ... 409.85 
HITACHI CDA6750 INT ...... .... ......................... 412.51 

NEC COA74- 1 EXTERNAL CO-ROM ......... .... .l99.SO 

NEC 3XI INTERNAL UEW .............................. 479.!H> 

NEC 3XE EXTERNAL ~'EW ........ .. ..... ........... 569.90 

NEC 3Xp PO<tabkt ...................... ............... 439.90 

ORCHID CDS31 10 INT ..................•.....•... ....232.l!ll 

PIONEER ORM604X 6 DISC OUADRASPIN 1347.-42 
PROCOM 200MS JNT SCSI CD·ROM ......... ....452.09 

PROCOM 200MS EXT SCSI CO-ROM .... ...557.65 
SONY COU5J5 INT CO·ROM ... . .. 267.72 
SONY COUS4t01 INT SCSI CO-ROM ... .....349.15 
SONY CDU7205N EXT CD-ROM ...... ... ......463.11 

SYOOS PARALLEL POAT CD·AOM .... ..... .. .... 299.51 

TEXEL 3028 240MS INT KIT ...... ............... . .... CALL 

TEXEL 3028 WIPA SPECTRUM 16 ... ...CAU 
TEXEL 5028 2.tOMS EXT KIT ...... ...... CALL 

TEXEL 5028 WIPA SPECTRUM 16 ..... CALL 
TOSHIBA 3401 IN T SCSI CD-ROM ..•.....•....397.60 
TOSHIBA 3401 INT SCSI CO-ROM W!AOPT ..549.14 
TOSHIBA 3401 EXT SCSI CO-ROM.... ....... ..... 497.ril 

TOSHIBA 3401 EXT SCSI CO-ROM W/AOPT.649.55 
TOSHIBA 340 1 EXT SCSI 4 DRIVE TOWEA 2535.08 

MURTR" 
IS/ONE 12 X 12 4 BUTION .... ...... ........... . - .. -309.25 

IS/ONE 12 X 12 12 BUTION ........... ..... .... .2SKl.82. 

XLP12X124BUTION& STYl.US. ._.. .225..50 
XLP 12 X 18 16 BUTION ........................... - ...4$4.51 

XGT 12 X 12 .• . ............. ..... - ...m...llCI
..ucacomp 
DB Ill 12X12 WISTYLUS . ..•.•. ..305.98 

OB Ill 12X12 4 BUTION ............ .. ..... ............ .304..M 

DB UI 12X12 16 BlJTION •........................... .304.M 

DBlll 12Xl8 168UTION .................... .......... .389.85 

OB Ill 12X18 16 BUTION CORDLESS ........... 881.85 

12 X 12 16 BUTION .......... .. ...... .. ...... .... ........387.111 

24 X 36 16 BUTTON .................... ...... ............1352.S& 


~· 
SUMMASKETCH Ill 12 X 12 16 BUTION ..••..259.90 

SUMMASKETCH Ill 18 X 12 4 BUTION ........524.44 


r/1~ 
HI 7100 A·O SIZE 8 PEN ........................... . .2598.78 

HI 7200 A·F SIZE a PEN . . ...................... 3387.22 


(';]~!~~ 
HP SCAN.JET IJ P ... .. ... .... ....... .... ............. . ........733.48 
HP SCANJET llP DOCUMENT FEEDER ........ 269.93 
HP SCANJET UCX WI JSA NEW ........ .......... 998.50 
HP SCANJET 11CX DOCUMENT FEEDER -· .. 474.72 

ACTIONSCANNEA ES600C .........•..... ····-····798.86 

ESBOOC PARAUEUSCSI ...... • •........ - .. 10!9.8 1 

ACTIONSCANNER ES800C... ...... ..•.. 1on.29 

ACTIONSCANNER ES800C PAO ................• 1238.53 


111 .14.1:; ;t.J .11141 t 
VGA & SUPER VGA MONITORS 

ACER SVGA 14" ..... ···· ·············· ·· ··· ···········--·239.09 

AST VISION 4N 14"... ....... ..... ...........369.91 

AST VISION 4l 14• ...399.95 

IBM SVGA 14" ... •..................437.33 

IBM 17P 1T. .. . ..... 1043.71 

MAG INNOVIS1m1 MX 1SF. . .......• 517 .15 

MAG INNOVIS1m1MX17F... ...•. .899.50 

MAGNAVOX CM2079 14· .39 ......222.20 

MAGNAVOX CM2089 14" .28 ..................- .•275.90 

MAGNAVOX CM2099 14" .28 N1 ...................299.88 

MAGNAVOX CM9217 1r .............. ............_.. 599.50 

MAGANAVOX 20CM64 20· ........................... 1169.&a 

NANAOFJ.401VI 15" ... .............. ................ 719.83 

NANAOF550117" ..... ..............................• 1047,77 

NANAOF5501W 1r .................. .............. ..- 11 99.00 

NEC 3V 15" ..... ............................................ - . .4119.82 

NEC 3FGE 15" .......... ...................................... sn.11 

NEC 4FGE 1r .. .. ..........................................722.72 

NEC 5FGE 1r •. ..........•......•.........1099.90 

NEC SFGp 17"....... ........ . ............ .. ... ....... .... .. 1357.21 


~~:8~1~161·33;·1 ·;4·. ······ · ··· · ················· · · : ~~~: :~ 
PHILIPS 1557AS 15' ......... .•..479.89 

PHILIPS 1764DC IT ........... .............. 739.50 

SONY CPOl430 14". ._ .. 599.50 

SONYCP0173017" ................................ ...... 1049.15 

SONY 17SE 17" •.. . ..................... ..... 1199.48 


VGA & SUPER VGA DtSPLA Y CARDS 

ACTIX ULTRA PLUS !MB .. .._...r.J5.90 
ACTIX ULTRA PLUS 2MB •. - ..304.85 
ADS VGA TO TV ELITE ................................. 257.78 
All GRAPHICS ULTRA. 2MB .•...................•.. 237.58 
All GRAPHICS Ut.TAA PAO 2MB ................357.56 
ATI GRAPHICS ULTRA PRO 2MB EISA ........394.92 
ATI VGA WONDER Xl24 .. . ........ 119.32 
CARDINAL WARPS PEED 2MB VLB .. .... .....487.21 
CREATIVE LABS VIDEO BLASTER .... .... . 339.02 
CREATIVE LABS VIDEO SPIGOT ...... . ......... 337.73 
DIAMOND STEALTH PRO 1MO ... .. .......... 249.83 
DIAMOND STEALTH PAO 2MB ......... ··· ··-··-··336.61 
DIAMOND SPEEOSTAR PRO IMB. .. . .. - .. 107.43 
DIAMOND VIPER VLB 2MB ...................... - .•397.86 
HERCULES GRAPHITE lMB ...... ············-··229.72 
HERCULES GRAPHITE 2MB ··- .374.55 
HERCULES OYNAMrTE VLB..... ... . ._.. 157.33 
INTEL SMART VIDEO RECORDER ......... .486.88 
ORCHID FAHRENHEIT 1280• ...................... 153.84 
ORCHID FAHRENHEIT VA ..... ...................... 177.97 
ORCHID CELSIUS VLB !MB ........................238.97 
ORCHID CELSIUS VLB 2MB .. . ...................299.79 

No Surcharge For Credit Cords Cf7N• HOURSIf You Find a Better INASDAq l MOST ORDERS5*s7:::1H:3'.JCOTMmttlPrice, Call CDW9 ~lilJllOOBUY WITH CONFIDENCE 9!064'.tCOTS& 


Before You Buy CDW~ IS A NASDAQ o.. c.... -.,.. ...... -....,._,,,.._'-rl'•-·""_.., Tech~lcl~ 

SHIP THE 

TRADED COMPANY ~!:':;e:;,.-::.,--:_--::.,'°"::~:':!.-=.·; :..-;-,::: SJJ).74'.tCDTMcnnl .....__. •• "-1,,..,._ _..._ ..... _ .... ..___ 911)6£0CJTS& SAME DAY(800) 998-4CDW 
~~-·-::::---~::-~~-::.~:::.::::::::.:~ ~~~~~~~~ 

http:TOWEA2535.08
http:W/AOPT.649.55
http:ASP.187.79
http:103!1.19
http:PAnAllEl1n.84
http:299.i.OO
http:CDW-Prlc~.$588.50


-' i486SX/25 CPU 
-' 120MB HD, 4MB RAM 
"' Local Bus Video 
"' 4 16-bit Slots 
"' Midsize Case , 3 Ex1ernal 

l..iiiiiii~~~=~ Bays 

CDW- Prlc~.$997.97 CDW 30837 

WHYSITTLE 

FOR LESS? 


CDW® 

SERVICES YOU 


BEi IER 


US Robotics 
Courier 
V.32terbo 
Modem 

T 1950/120MB __ 18.H.OO T.4600Cl20CIM8 •• 3999.00 
T1950f200MB .... 2099.00 T4600C/340MB ..4359.00 

T4&00t'120M 8 ... 20l9.00 T6600Cl510MB ..6099.00 

T460CV200MB .. .. 2299.00 ll3£i0>:..51c.MBC06 599.00 
T4600C'120MB ..3069.00 
T1 950CSl120MB PAS CLR........ ............. .......2479.00 

T1950CTl120MB ACT CLA................. ...........2799.00 

T1 950CSl200MB PAS CLR.•......•.- ....•••.. ....•••2699.00 
T1g5QCT12QOMB ACT CLA.•.••.....•..••,,_____.,2999.00 
T1950CT/'320M8 ACT CLR·-··-···--···----·3399.00 
T3400r120MB UEW.·-······-·--····--·-·----2197..00 
T3'DOCTl1 20M8 ACT CLA NEW ----·-·---·-lUl.00T4700CS'200M8 PAS CLR HEW ___________ 3197.00 
T4700CTl200M8 ACT CLR NEW -·····-·-······U !N.00 
T<4700CS/320MB PAS CLR HEW - ................4231.00 

T4700CTl320MB ACT CLA HEW ....... ....48-i9.00 
TG600Cl510MB COIOVI ··············-· .... 1sgg.oo 

AS[ 
LC 41255 120MB ..997.'7 LP 412SS 3-&0MB .1591-35 
lC 41335 120t.tB 111l..17 lP4!330 170M9 1445.60 
LC 4133D 120MB 1257.17 LP 41330 340MB 118'.77 
LC 41330 210MB 1t97.17 LP «60 170MB 19S4.52 
lC .t/500 120M8 1528.95 LP "'660 340MB 2li4.91 
LC .t/500 210MB 1767.87 MT 4/J.3 0 170MB1497 .97 
LC 41660 \20MB 1787.97 MT 4fl30 340MB 1936 ,44 
LC 4/660 210MB 201'U 1 MT 41660 170MB 2018. IS 
LP 4/2SS 170MB . n n .97 MT 4166 0 340M9 2467.97 

1'tl't:!fflm~~ 
1867..17' 2!77.17 

K 

. ··--·-·---·-3211a1 
SPEClAL 2409..97 
SPECW....9959.17 

canon 

~ 
184 TURBO .•••- .• 222. 111 ML590 .·-·········--429.S 1 
IAL.320 - ................ 30-4 45 Ul591........•...._ .. 585.87 
IAl.321 - .............•.. 02.Al PACEMARK3410 1222...92 
1.tl.380 ______ ..•••...•214 .95 Ol..400E•.• - •.••..•••.. "'99..lll 
Ml395 - ................en.zo otB1 0 .................. eos..so 
Ml 395C ...•...•••.•. 1039.74 Ol.830 .. .............. 1079.95 

ML.520 ........ .. 369.12 Ol650 ................ 1195.20 

MLS21 .. .....•...•..•..499.11 ooc-rr 4000...... 2909.49 


Canon 
0J10SX UEV/ ··············-··········-···-··-·-·-··-··· 259..18 
8J200 ·-············-·-·······--·········--··-···-···289.IO 
9J2:30 --·-······-··-------···-··'"" 
BJC600 COlOA ..._ ---··-..-··-·-·-·-...·'° 
LBP430 LASER ······-···--····-·--·-··-··5ll.50 

EPSON 
AP2250...·-·····-···· 11 5.ll L0870 - ..·····-·····-·'"·' ' 
AP3250...._.•......... 112..i.S LQ 11 70 ....- ...........6 11.93 

AP3260..............._19t.15 L02550..•.........._•. 19108 

LX810 ..•. •.••....•...... 167.90 OFXS000 .......•.•.• 1327.14 

FX870 ..••....••.........267.59 OFX8000 •...••......22n.97 

FX l 170 ••••...........•• lSS.95 STYLUS 300•.•.•...•229.95 

L0570... ,................237.D7 SiYLUS 800......... 277.97 

LQ107D·• .•.......•.•. ..36.5 35 


ACTJON LASER 1500 .....•. ···············-········-··641.17 
ACTION LASER 1500 WllMB --··-·-·--··697.22 

NEC 
P3200 .....................225..71 SilenM'riiet 95F ........W7.10 
Jetmate 1000 ..... ......267.41 Sileniwriter95FX ..••10N.l5 
SuperSenpt610 ....... 628.49 Srlen1Wfller 1097 ....1.a.eo 
Sflontwfhor 640 HEW788.58 

Panasonic 

~~f:~~~~~L~ ~if:~~m~ 

2124 ...••••·-···-·····- 318..41 

...,TCXAS INSl lWMl:NlS 

m~= 

g:sskkfe~ ~..~.~ -~ :: :~:~ r:_::,1;;ew::: .=~~ 

Doskl:i sooc ........ 39;.so lmt.w..ki 4t&> HEW1.t&vm 

0es11)01ssoc ........ S98.12 LnserJe1 4 ....•.•.•.. 138!UO 


=i,~P5::r,::: t=:=: ~1:::::::=~;
HP Paiir.jet Xl..300.22·'51.lll LawJet 451 MX .450l.l6 

SHARP. 
SHARP JX9400 JOOOPI 4PPM ·········--··········499..57 
SHARP J X!M60 6000PI 6PPM . ····-······ Mt.II 

IBM LEXMARK 

7 131A 13 1MB IOE ••111.10 734SA 345M8 IOE •.309.18 
7245.A 245MB toe .. 255.fT 734SS 34SMB SC-51 365.63 
n 455 245MB SCSI ZM.A.4 7546A S40MB IOE .,6.37.87 

MICROPOLIS 
1050MB IDE..•.•••.. IU9.23 t .cBX>BSCSI AV...9Sl.lS 
1050MB SCSI ...949.31 1.765G8SCSI AV. 12S93"' 
1.7GB SCSI .....•• 1279.2'9 1936 JGB SCSI .2299.38 

c::::.::.:ER 
210MB IOE ..........2.55M S.tOMB IDE .........~ 


~~~W&;i::::::::m:: ~~~~-'.:::::: ..rn.21 
426MBIOE ..........411M 1.37GB SCS1 .••.•1.. 


&9S&l{Jal2 
ST3243A 200MB IOE ····-·················· ··-· ••••.•. 225.75 

ST3290A. 261M B IOE ......·-············ •... .... 2S5.5' 

ST33990A 34 1MB IDE ··-············· ······--·122.SO 

ST3550A 452MB IOE ...·-··-· .•.•• 455..54 

S T1 t200N 1.05GB SCSI...... .•... 969.ll 


CONTROUDIS 
ACCULOGIC IOE ...................... .......... ............ 23.ISS 

ACCULOGIC IOE W/ I PAR. 2SER. 1GAME •• ,.35.06 
ACCULOG IC !OE WIOIOS .... 48 .90 
ACCULOGIC Vl8 IOE ················-·--·····-··-···" ·71 

ACCULOGtC IS.A SCSU ···-·--·-·-····- -····-- 1t9 4-4 

ACCUtOGtC EISA SCSJ.2 ·-·· -···--····--·-··· 349.U 

ADAPTEC 1S42CF SCSI KIT . ····-·-··-·······-·259,..U 


SPORTSTEA MODEMS 
14.4INT ... .. ·········-·· 
14 .4 INT WIFA:I. ........- ..... 
14.4 EXT................ .......... 
14.4 EXT WlfAX . ,... 
WORLOPORT 14.4 

COURIER MODEMS 
V.32TERDO INT ...............•.•.... 
V.32TERIJO INT WfFAX....·-··-· 
V.32TERBO EXT ... 
V.32TERBO EXT W IFAX -··· 

. 139.50 
... 149.50 
.. .169.50 
.tn.so 

.. 149.00 

·::J~~~ 
.. -· ....37823 

. lW.07 
16.8HSTEXT ····--···· 

88~ ~l8 ~~n~~:tXYW,'FAX" f7i]fi~ 
(DHayes 

ACCURA 2400B N T59.10 OPTIMA 24 FAX . 119.34 
~ 2AOO EXT ,&9.25 QPTMA 0000 EXT 338.50 
ACCl..flA 2'4ECFA.X t!.49 OP11MA 96FAX 3S442 
ACCURA 96 FAX 17S:12 QPTMA 1H EXT 363.80 
ACCURA 96 EXT 199.U OPllMA 14 -4FAX378..l0 
ACQ.f\A 1' .t FA.X 19-5 .11 CPTMA 1.a 4Poc:Mic 296.93 
~1 4,400 211.45 LJ..TRAOCOOEXT 569.li 

~,\'ftff:'f.. ii F~~~rwYrlx"1lW~.W.~ 
ESJ~TEDSIG.E.OJN..~•...71.50 116.94 

I~ 
... .... ........................ 8 1.Ga 

i1tel 

...... 69.95 
... 89.65 

·::·.:= ! ~~ 
.113.20 

- ~~~fa 
374.45 

......... 339.95 

SATISFAXTJON MODEMS 

~Im:·~=-~::::~~ ~~ ... ·:::. ~~fil 
J(X)INT..- •..... ._•. 229.70 400EXT ····-·-·  309.59 
2400 V•.t2BIS INT ......... .............. 109.70=rN~~~~WJAX·::: : .. ::::::::iSl". 'f&i ~J~:~~ 
14.4 INTIE.XT VllfAX •.......•...•...• .. 168.45'197.28 

BOCA 
BOCA 14.4K INT WlfAX ........................- ...... 119.55 
BOCA 1• .4K EXT WlfAX.·-·········· ···-···-· U9.85 

M : t -1ii:f ;i4:f .Jl!J ;J I I iM·1\I •I i i if• 
9§) 

BC250, ·····~·····--"· '' ecOOo LAN ........... J.59.67 
BC400•.. .•.......- .....145.n BC1 250 LAN.........4-1 9.59 
BCSOO.••..•.•.••••....•.. 191 .42 OMN1 500 LAN .•..269.31 
BCSVO LAN .••.••.••... 19'9.40 OMNI 000 LAN ....309.89 
BC600 LAN .............239.50 OMNI 750 LAN .•...•399.66 
BCiSO lAN -··-·~····· 313 .90 OMNI 1250 LAN ...•599.03 
QMUI 1600 lAN UEW... ..... -.. ... •.. 113.13 
LAP PO\VER ACIOC INVERTEH _ __ .59.2l 
POWERMISEA .( ounET UEW. -· ..•.. 49.50 
1SOBAR 4 OUTLET................. ... ···-···-·· 38.95 
ISOBAR 6 OUTLET............... ···-·····-..alS.38 

AMERICAN POWER 
.. ...tt.34 SMART UPS 400 •. 299.95 

:::: : ~~;~~ ~Rl8~~ :: ~~:~ 
••••• 254.84 SMART UPS 1250 709.87 

••• 374.14 
...498.77 
PLUS....... ........ ... ...• 29.97 
PLUS W/TEl.........•. , ........ 54 .88 

... , 119.09 

LOOITECH OEXXA SERlAL MOUSE ...........27.37 
LOOITECH MOUSEMAN COMBO ..66.85 
LOOITECU l.AQUSEMAN CORDLESS ·-······· 89.93 
LOGITECH TRACKMAN PORTABLE •.........72.50 
LOO FOTOMAN .. WIFA EE MOUSE .........549.76 
~! CROSOFT MOUSE V2.0 SERIAL' ...••...... 59.00 
..,ICROSOFT MOUSE V2.0 P$J2" . .. .•59.00 
fl.~ROSOFT BAU.POINT V2.0 _ t 52.T7 

• SPECIAL THROUGH 11 '30 93 

OATARACE PCMCIA 2400 WiFAX.•....•........•.. 178.70 
OATARACE PCMCIA 14.•K WiFA.X ............._.248.24 
DUNK PCM CIA ETHERNET 109T ·····-··-·-· 2t7.12 
HAVES PCMClA OPTIMA 9600 \VIFAX .......... 215..55 
HAVES PCMCIA OPTIMA 14 4 WIFAX ........... 315.00 
IBM PC MCIATOKEN RING 1614 ...... ..........._. 499.19 
INlEL PCMCIA 2400 WIFAX .......... .. 189.00 
INTEL PCMC IA9600 WIFAX . ···-····· ··············· 249 00 
INT EL PCMCIA 14 4 WlfAX .. ·········· ·· ·-·········· 299.00 
L1NKSYS PCMCIA ETHERNET COAX............ 197.9 1 
UNKSYS PCMClA ETHERNET 10BT .......••,._ 197.9 1 
._tEGAHERTZ PCMCIA 2400 W/FA>C......- .... 181.8.s; 
MEGAHERTZ PCMCtA 2400 XJACK WiFAX •• 117.82 
MEGAHERTZ PCMClA 9600 W:FAX. ... --··· 259..90 
MEGAHERTZ PCLICIA9600 XJACK WiFAX. .. 277.11'1 
MEOAHERTZ PC MCIA 14 4 WIFAX.•....•.•.•___ 2-95.41 
MEGAHERTZ PCMCIA 14 4 XJACK WlfAX •.. lOt.31 
NOVEll.JEAGlE PCMCIA ETHERNET COAX 242.80 
PRACTICAL PCMCIA 14 4 W/FAX. ............. .....31 9.00 
T. CONRAD PCMCIA ETHERNET COAX ....... 28\UB 
USA WO RLOPORT PCMCIA 2400 WIFAX ..... 21W .llO 
USA WORLOPOAT f>CMCIA 14 4 \'//FAX ••.•.• 308.48 
XIRCOt.I PCMClA ETliEHNET COAX.....______ 276.IO 
XIRCOM PCMClA ETHERNET 100T ..._._ 269.92 
XIRCOM PCMCtA ErnERNET COJ.tBO .••___309.55 

·' 14.1 1.1-1llliJfj ·f .j ,JJ 
CDW• Features Daikin, Kingston, 

Pacific Data and Simple 
Technology Memory. 

AST BRAVO 486LC 2MB ·- .................... . CALL 

~:;'~1~1T~u4rct~c»S · :i-=:~.=::::g!tt 
AST PREMMIA SIJ.8 UPO _ .• ------· ..CALL 
COMPAQ DESKPRO 8MB ... --··- --·-···-··CALL 
COMP.AO CONTURA 486 BMB .. ······-·······-··CALL 
COM PAQ COt-ITURA 4M B ........ .......... ..CALL 
COMPAQ OP 386116 4MB.......... .. CALL 
COMPAQ LITE 4125C 4MB ... ...... .......CALL 
COMPAQ PAOUNEA 486133 4MB ... ....... CALL 
COMPAQ PROSIGNIA 16MB...........................CALL 
EPSON ACTION LASER 2-8MB ·······-···-······· CALL 
HP OESKJET 500 & SOOC 256KB ····-··---·-···CAU 
HP 11.lS MEM UPG . --··-·····-··CALL 
HP 2Pr1112MB -·· ... ··········-···--··· CALL 
HP 3514MB ... ····-······ .•._ .•CALL 
HP 44M B .... ·- ...........CA.LL 
l lP PAINTJET Xl300 4M B ......... ···········-·········CALL 
IBM DESKTOPS-All MODELS . .. . .....•. .CALL 

~rcT~t~~~R~rJ~ti~ 2Mii................ ........ g:tt 

NEC VE RSA 4MB.............................................CALL 
OKILASER 400 2M8 .•.•.,.. --···········-······-········ CALL 
OKll.ASER 800 2MB - ......•.•...•.• ···-· ·--·········-·CAU 

~~:g t'~';oi'~a2.~~:~~--:::.:.::::=::=~::: g:tt
Tl M ICROLASER 1._18................ ·---····-·····-··CALL 

Tl TM4000 4MB ••._................................... ....CALL 


+=1,~ _1,~.~=~:::::: g:tt 
1~~:: !~4~~~~BB~~~.::: ::::::~:::::g:tt 
'TOSHEA TUl X), 1850. 2CXXISXIE.2200SXEl.e ...CALL 

~~ert1:g:~ ~~~s~~~ig~~~!!1r0t~c 
Best, Most Curronl Pricing ond 


Avallablll ly Information. 


-:J;l·I+f =£$1•l;t111:;r3 ;t -t 1 IJ'WM 
CYRIX "860 RX/2 UPGRADE •. ····-··-···-· ···· 299.29 
INTEl OVERDRIVE 16/20M)tl . ····-·····--·······2-"·' " 
tNTEL OVERDRIVE 25MHZ ..... .....•..•3!7.90 
INTE LOVERORlVE 331.tl lZ ,.... ........... $29.S5 

KINGSTON SXl1'JOW 2SMHZ ...• ··············-····· t69.4S 
KINGSTON SXINOW 3JMHZ ····-············ ·-······ 191.25 
KINGSTON 486/NOW 2SMHZ ... ·-··········- ......328.78 
KINGSTON 486.'NOW 33MHZ . .........•....... 516.25 
ACTIONNOTE 4000 BOMB. •...........•.. 1699.50 
ACTJONNOTE 4000 120MB -·-····················· 1665.55 
ACTIONNOTE 4J3J 80MB .. ··-· ·-··············- 14'9.50 
ACTIONNOTE 4133 120MB W/\.100Ef.t ••.-_. 1689.50 

ACTIONNOTE 4.'3:1 180MD WiUOOEM ........2019,21 


INTEL 267XL .. ............•..•84 .80 

INTEL 387SX 1&20/25MHZ ····-····· 78.95 
INTEL 387SX 33MHZ • ·······--···· ·······-91.20 
lNTEL 387Sl --···· .. ···-··-·····---- 71.9S 
INTEL 3870 X-·-·· ·······---·· ll.ll 

NEW! CALL FOR FREE 
Lease Option CDW®CATALOG

Call for Details 

http:MX.450l.l6
http:HEW788.58
http:170MB1497.97
http:48-i9.00
http:CLR�-��-���--���----�3399.00




to 

With Backpack's unique printer port connection, 
family support has never been easier. 

directly to the backpack drive, you don't haveAdding addit ional storage to your IBM 

enjoy the new member of the family. computer . And because your pr inter attaches 

Just plug and play. 

It's the no-hassle approach 


to additional storage. 


compatible , laptop or notebook has never 

been easier. The backpack 0 fami ly of no-slot 

dr ives p lu gs directly into your parallel 

printer port to provide you with additional 

storage instantly . Using them one at a 

time, or daisy chaining up to four together, 

there are no interface c ards to instal l so 

you don't have to open t11e cabinet of your 

d isrupt your print operations . With the 

backpack fam ily of d iskette. hard, tape or 

CD-ROM drives , you can easily transport 

your information wherever you go-just plug 

backpack into the parallel printer port of any 

IBM compatible or portable. And, of course, 

all backpack drives work with Windows '.M With 

backpack, there's no hassle. Just sit back and 

I Micro5olutions I 

132 W. L1ncoln Hwy. DeKalb, Illinois 6011 5 Telephone 8 15.756 3411 FAX 815.756.2928 

Call Toll Free 800.295.1214 

Circle 196 on Inquiry Card (RESELLERS: 197). 



WE ACCEPT PO'S 
FROM QUALIFIED FIRMS 

MO SURCHARGE 
FOR MC, VISA AE & DISCOVER 

I CACHE ~art ' - IBM PS/1, PS/2 MEMORY MODULES TOSHIBA LAPTOP MEMORY . 
12NS 1SNS 20NS ZSNS 

81<>8 6.50 600 5.50 
32 1V.8 29.00 9 .00 e.oo 7 00 

11.00 9.00 8 00 
11 .00 900 8 00 

t 6KJ:4 e.oo 7.00 6.00 
"'"" 64K.<4 ' 
l 28Kx8 "00 36 00 

lncl1vfdual D·RAM Chips 11:1 d9;rn,11(ftn 
MEMORY FOR IBM & APPLE 8087 45.00 

&ONS 70NS 3UNS 100NS 8087-2 49.00
11.taQ (l 7.35 7.25 6.75 4.95 808 7·1 85.00 
1Meox-1 35 .00 29 00 27.00  80287·Xl 5500 
IF-Ae<1 14 25.00 23 00 21.00  8038 7·16 ox 4.!i.00 
(ZlpPack) 80387-20 ox 55.00 
256x4 11 95 10.95 80387-0 X (Does AU i " 00ivrcreo Zrpl 8G487·0X ~Dou All) 33900 
256i<4 4 .75 4.50 ln!el SX (Ooes AU) " 00
25Gx1 3.00 2.75 2.50 2.25 lmel SL Mobll 85.00
256'1. l 6VAAM - 39 00 39,00 1111e1 1nsx 4900 
64'4 3.25  lritti120 SX 54 .00 

2 DO""' Change Your 3B6 to a 486DLC ~l!Jlau 

:~li~:'to'S"~No'h·~:c~~~121::1:c111 ' Ltindmart V2.I 
Cyr!• 486 OLC 	401.1HZ 199.00 130 

33MHZ 17900 107 2 
251.!BZ 11800 AIA 

Cyr1•486SLC JJU l!Z 159 00 103.5 
25t.ll iZ 128.00 i8.4

Cyrlc4860RJo:2 Cull 

CYRIX DRx'1386 to 486 Upgrade
I 	 aoc1c Doubler 

IBM PART NO. WORKS WITH MODEL NO. 
30·286r12K)

2M<O 30·286. 25·286. 50 MHIR BO 
80-041 


2Mtg 80· 111 . 3 11 · 

80-A.2 1, A·61 
l i~t""•:g! 

1~~~ 25 ' ·' 35$1(4Meo 
5SSX~r:~ PIS I· 


2Meo 

4Meg ~~l 
2Meg 56. 5 

v .... 
6450 1Z8 (4Meol 	 169 00~I~~2 

Vakle 
J~X. ~~ :~rn~:J 56.57 
Vitlue 

40I0 !'6Meg kltf AISC CALL 
4033 JZMegklt RI SC CALL 
<1 036 64 Meg kit AISC CALL 

IBM NOTEBOOK & LAPTOP MEMORY 
, PS Uoti ;· ~ 09.IXV209.00!~~:~ 
, PS lkl tt, . Th :q~350. 350c 199.00 
PS rklto • '._.. J.t9.00 

: . 103.00 
-~ 199.00 

419.00 
11900 
239.00 
4.!9.00 

11.!900 
229.00 
439.00 
35900 
759 _00 
10900 

. 
·' • 

MODEL AMT. UPGRADED 
TI OOOSEJXEILE 2MoO 
T200WT2000SX 2t.!eg 
T2000SX/T1 000LE' 4M eg 
T2 000SXIT 1000LE SMeg . 
T2000SXF,m005l'1T!BOO, 1850, C 2Me0 . 

·\~=~~~:: .;:~: ·g AM~ 
S \~eo.. 

· T4400 SX, SXC Tf4Q9 ';·,, \'' 4'.'ieg 
' T4400SX. SXC TE400 1 

• . a·~eo .· 
T4400SX. SXC 16400~~ 16\.leg 
14500. T4!)00C, 14600, f1900. f1900C ( 3 .Jv)4~ 

T4SOO, T4500C, 1'4600, Tt 900, f1900C (J_JvjSMeo 
um. T4 S-OOC, T4600. Tt900. T1900C (J J v) 161Jl eg 
T3300SL 4~g 

T3300SL .,,.. 
T3300SL 8Meo 

TJJOOSL 16Meg 

Tl 200XE 2MC';I 

T1600 2Mcg 

TJ1 00 2M"' 

T3100e 2M"1 

T3100SX 2..... 
T"J1 DOSX ...... 
111200 
rnoosx ,...."""' moos• 
T3?00SXC 
T3200SXC -.tMeg """ 
T5100 2Mt9 
t r1200/TB500 2Meg 
15200/TBSOO BM ea 

MANU . PART I PRICE 
PCl4·PA8J l 2U 94.00 
PC1 B·PA8J 17U 9'.00 

PC·PA8J lo! U 219.00 
PC1 .l·PA8J l 5U 419.00 

PC-P.A.2000U 94.00 
PC-PA200 1U 219.00 
PC:PA2002U 419.00 
PC·PA2CJ0.1 U 219.00 
Pe-PA2oosu 419.00 
PC·PA20 10U 7 13.00 
PC·PA2{112U 249.00 
PC·PA2013U "79.00 
PC·PA2'0 14U 1399.00 
PC·PA2007U 234.00 
PC·PA2008U 3-1 9.00 

P~/A 469.00 
PC·PA2009U 719.00 


PC13·PAB30G 99.00 

PCB·PA8302U 99.00 

PC3 ·PA713SE 179.00 

PC9·PA83 40U 109.00 

rt l 5·PA8308U 109.00 
PC 1 ~·PA83 1 0U 20900 

PC6·PA7 137U 18500 
f C1 2·P/.830 7U 119.00 

PC l 2·PA8909 209.00 
Pp l 9·PM31 8U 119.00 
'PC19·PA83 19U 219.00 

PC7· PA 830 1U 95 .00 
J'ICIO·PA830.1U 114 .00 
J'IC10·PA83 1JU 419.00 

MOTEBOOK, LAPTOP MEMORY 
PO/CE

109..'209i.t.l ;t 
19':;/~WSf:9 

279CQ 
189 .00 

19!l00 
319.00 
199.00 
111 900 
2'1l.00 
109.00

I'"" 229.0-) 
199 00 

'"" 1991XV1>i9.C-O 
29900 

10100,199.00 
7900 

19900 
11 9.00 
399.00 

7900 
199.00 
109.00 
199.00 
3(1900 
!89 00 

209.m. 5-ts. 1~ 
109. 199 

49.00 
CAlL't:Al.WJ.l 

CA LllCALl 
99 .00 

10JOIY199 00 
79.00 

11 900. 4: 29 .00 
7900 

""' 1gg ·)") l >S 9Q.) 

191())359.00,,,,., 
I U OO 
119_00 
9900 

1i900 
179.00 
179.00 

12<.1.oom9.oo 
:i691'S191839 

389 

- -
HP 3. 30. J P. 2P 2P• - - 109 - 189 
HP 4, J M . .CS I. 4SIMX 
HP .S L " 

89 - 195 - J99 

llP JSI 69 - 189 - - 379 
HP451 69 - 189 - 3 79 
tlP ()es,gn Jet 600 - 189 - - 3 79 
HP [}es).jCI 500. 500C. 550 - 59 
llP OW.: jet 1200C. 1200C/F  89 - 189 - 379 
\IP P:il nljel XLJOO 109 
IBM L~sef 4019, 4019£ - -

-
169 

304 
- -

- 4!)9 007 

I UM L i1 ~r4029 - 189 
IBM Lase r 403 9. 4079 
NEC !X>. 290 

-
-

-
-

99 
139 

-
-

- 189 - - 369 

fjEC 95. 97 
Oi..1400 

- 99 
- .. 

0'..1400 E - IJ5 189 
Oki 830. 840 - - 109 
PacJ.~rd Bell PB 9500 - 124 - - '°" Pa 1 1a sornc 44 20/44~1 - 129 - 209 
P~nasonlc 441 0/4<130 - 126 - 195 
l'an~sonlc 4450 
11 XU PS17/PS35 

99

" -

H.P. COMPATIBLE FONT CARTRIDGE 
BAR CODES Bar Code Re2:le1 f onts . . ..... _ •. .. 99.00 
DCSIUn SOLUTION tor OUl 500 & Plin, 92 Fonts. 4.5 Pl·JO pt .... -·····99 00 
18M 40 19. 401!1[. FONT CARtnlOCC 209 r onis. Turbo C.Ud ........ . . ._... 105.00 
TURBO 25 Comoaratlle 10 .:>ac;11ic O.i l.i "s 25 CM~ ffi l OGE S IPl 011£1"' 143 

r on1s (comtJJ t. with EpsiJn Acti<Jn L.1s~r 11.Jnd :111 HP Prmte1s M ceP1flP.t ) .. 69.00 
fURBOSCRIPT' '" 109. 109 Sca1.1 t1 to f onts 10 An~ Poi nt Sia 
ftl P 2. 20 - 139 159. 199) ................ ..... ...... ....... ... ..... _ . 179.00 

TAX & FINANCE FOR IBM 4019. 4019E, 4029-. . ... .. .... .... , ................... _ .139.00 
TAX & FINANCECARTRIDGE ... ... . ......84.00 
OJll 400, aoo 41 lonls. 11 ry;ie~lylo:. ........................ . ............... - .. 169.00 

0 Sinl;lle~uwaot'°"'6oll 
·Clodldmmlftai.:twlo!OIW 
• CompatibAe rih ntumy '1lnltwd 386DX ail,J s:ocUt 
" ~wiZhDOS, W\n5ows, l:X,OSl2 1.3and2. 1 
• Uses ndusby ~ IMll chip 
" Euylokmall-WxlUl15!NIUles 
The Cyrht upgrade 1uns :1 1 twlce IM speed ol your 
o•iglnat 386 mlcioprocesscr combmttl with a I K 
on-chip r:.ach 11 yo u will cnjOy a pc1lonnance boost 
ol 100% ancl more. l!l 1111 l I01 .:tnv 005. Windom or 
0512 apol1cation which 1eQul1cs a b rue amouni 01 
mkraproc.essor hor:ep0wtr. 

SIMM MODULES (Add $5.00 for SIPP) 
lQNS SONS 60NS 70NS BONS 100NS 

!Meg • 9 (3chiol 51 00 51.00 47.00 45 00 44.00 
1M~x 9(9ch1p 1 6J 00 56.00 54.00 52.00 43.00
4Mcg x 9 165 .00 159.00 149.00 
1CIMeg c9 (9 Ch1p) 829.00 
t GMeg lC 9 (3G chip ~ 

i 72 PIM SIMMS (EISA) 
256x36 1MC"g 59.00 
512 x 36 2 ~.~eo 9J 00 87 00
1 l36.:Mcg 21 4 00 199 00 189.00 


4.,:9 00 4:?9 00 379.00 
~;~~~ ~~~~~~I) 424.00 u .1.00 4,:9 oo 

4 x36 16Meo 709 00 G79 00 679.00 
8lC3032Meo 1699.00 1599 00 1599 00 
\ 6 x 36 6-IM~ 3699 00 J499.00 

CYRIX FASMATH PROCESSOR 
Programs t •ecuted up to 3X laster • Pluo & obj&:t code com11a1. wflnlel 

83087·4DMH.z - 89.DO 8J0 87·33MHz - 79.00 8JSB7·25SX Ver. - 69 .00 
83S87·335X- 89.~0 y PC Weak"' l'l led I I 0\'~ I allmalh chips 

>OOllO OOt 
"-39E.."1~. JJ.l!ll6/ll l 3!6SX116 .........,
f>Jem ll ll56.SX10~ i001IO<ll1 ,,_ 	 IOtl )M!O: 

ii0 11 )900J -P"tt.-.;i I0 11 ~9-oc;.t,,_ 
.0 11 $')-<m 

ZENITH MEMORY MODULES 
MODEL AMf . UPG RADED ASf PARf t PRICE
l 36G/33. 25. 20, 33[ 1Meo l .\J800M[ 59 00
Z386J33, 25. 20. 33[, 486n5E 4Meg l.l.3800Ml\ 195.00 
Z386SX 2Meo Z·605· 1 mOOules 11 9.00 

I MAGNAVOX 
285f.1B6SX· IG, 3e6SX·20, 486SX·20 & 386·33<'n ;J1e 72PIN SIMM 

-

PRICES SUBJECT310·539-0019 	 CALLTO CHANGE FAX: 310-539·5844 TOUFREE WITHOUT HOTICE 

CX4B6 OR'7·16132 .......259.00 

m asoR,.·20/•0 .._...299.oo 

CX486 0Rx'·151'..0 ·- ..359.00 

CX486 3316S ... ...... ..... .... CALL 

CX4B6 SRX1 16132 ... . 249.00 

CX486 SAX1 10/40 .... . 249.00 

Cl/486 SRX125150 .... CALL 

MOD IL AMT . Ul'GRAD(O 
9~'1')LC4.125S . .vJJ. lJJ'l. 41~. .t.'fhS ~ !~ 

~J.\19 
t Mt0 

1 6~1eQ 
32 Llf0 

PM IC( 

"" ' "'"' 41900 
~ 1 9 00 
13~. 0Q 

COMPAQ MEMORY MODULES 

Desk:Pro l86S-16M.Hz 

~I.Pro Ja5J20E 
OeslProJS6125E 

CeskPro 285fl. l86t( 
386SX/20. 38&25M. 48&'1'.lM. 
4865125M, 486S/16M 

Port 48C.C 
M Se1ies Exp Bci 
OeskPr o JB6/ 16 

Cnn1ma 4125. -1/25C,4125CX 

NODU 
l.C(R1>J 
ACER750 
ALR\'~urt 
ASTllcleDoo~ Pr?:mtlec. 

'"""' Twir.hucl. Abml.~ 

1~~ox 
l~ t.b1.tuSoort386SX 
lm::i MJ~!etSoortSl. SlE 
len1r.. Supe1Span 236. m E 

286£.SX 
SXArpt1.i 
sxeeu 

ZMr rh z.tlct~ 325L LC 
ZMtth z.ttolt 4~LN LUC, WP 

JIU.HU. PART I 

CE62 10 
NBlBOS X·?O 

25680 3J ® l 
2566"6-I 

Zl.·300-1 
U.·..t · ~ 

ZA· l !~ 
lA· l M-64 
l.A-U!0·&6 
ZA- 180·87 

ZA32!>0·'i'5 

LASER PRINTER MEMORY UPGRADES 
AMOUNT UPGRADED Ok Id 25~ 1 2 3 3.5 A 5 II I 1ti 32 
Cw10ll LBP4 , 4LJ:e. 4pUs 
Comp.\q P.\Ql!rNfQ 
Epsonli-OOO. Ac:llonLase1 -
Epson Ac: llon L.as~r II 
Eii sonSOOO 
Epson 1000. 1500 
llP2. 20

- 159 219 
- 99 
- 125 

8!1 - Catt 
8!) - Ca.U 
- cau 

11 9 

- 195 -
- 209 
- - can 
- - Ca ll 
- Call - Citu 

199 

PCMCIA VERSION 2.0 ~!.°' & 

MODEL PRICE MODEL PRICE 
S·RAM CJ.rds 1 MEG 159.00 14.4 00,14,.;QO O;i la.'f:\~ l MEG  59.00 4MEG- 183 00 8MEG -4 29.00 16MEG - 689.00 S·RAl.t C.11ds 2MEG 
Card Pro (made by Data I/OJ 

Translers d ~!:t Imm PC MC!f\ 
r.ll nl To deskt op PC . conn i:cls 
!o a parallel por1 

179 00 Moatms 
9600/9600 Oatalf":ix Modems 
240Qt9600 0 J1a/fax M odems 
Lan Ethernet (10 Oaso n 

299.00 Vi sual Med 19 (C D Rom , h p& Or) 

FLASH MEMORY 

319 00 
25900 
179.00 
219.00 
279.00 

25MtQ 299.00 5Mt.~ 41 900 I OMeg 689.00 15Mcg CALL 20Meg CAL L 

tM) ~RJl 1'J.S'if.RCAAf'.INI"X.. \UCJl. OISCO";Ul~ Dl\!llRS .l.Ctl: ?flD f~ fOO· 
tUS£;'!»J. [;.7.{.:0.'MEJ(f ~ NSnMlONS ~autt: .11r::U ! 1!i~.WM lP Retre:i orZl'\ Cf~ 

=~~"..!.~.~.:r~~~+;~==-= 
ri:~~~~,~ cm: un \lfr'lofC ~~~ S(JUI ~ ""':!o,, ....i;.' ~..!1~go 
{~~nr~~~ 1. Y • MIN!UL\1 ~~00 
"-~~~~~""~· = ~"""';;;::;~.....::::::."""':::::;~- ~~~~....J 

22825 1,c>c:kness Avenue·'~. To~ance, CA 90501 

£STAB. SORRY, Mon-Fri, 8:00 a.m. to 5:00 p.m. PST1-800-433-3716 
(US and canac1a) 1985 HO WILL CAI.LS Sat. 10:00 a.m. to 12:00 noon 

Circle 210 on Inquiry Card !RESELLERS: 2til. 
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It's fast. It's small. It's reliable. It's incredibly compatible. 
Backpack is the best selling parallel port t ape drive and I Mbps transfer rate. Backpack is the smallest 

on the market. We'd like to te ll you why. and fastest parallel port tape drive you can buy. 


With Backpack, tape backup is quick and simple. Micro Solutions is dedicated to the perfection 

Just plug it into your printer port and it's ready to of backup technology. 

use. No hardware conflicts. no slots required. One 
 CD-ROM. hard drive. and diskette Backpack 
model fits all IBM PCs, compatibles and portables, drives are also available. Call today for ordering
regardless of CPU speed. information and c. dealer nearest you. 
Backpack can store up to 250MB on a t ape using Telephone 815 . 756 .3411 FAX 815 .756.2928 
data compressio n, is completely Q IC80 compatible, 

and r·eads QIC40 tapes. With its compact size Mic:rn5olution5 132 We Lincoln Highway D eKalb. IL 60 11 5 


Call toll free: 800-295-1214 
Circle 198 on Inquiry Card (RESELLERS: 199) . 
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Rackmount Monitors 
• 9· to 20" Oilgona.I Sizes 

• Monochrome or Color SVGA Monitor 

• Moni1or Ki l for Desktop Monilors A\'ai lablc 

Rackmount Keyboard 
•Full Tr:lvcl 	Drawer Moun1cd IOI Keyboard 

with MoU5c: Holder 

•"'·tcmbranc 10 I Keyboard 

•Keyboard Drawer for Full Size 101 Keyboa rd 

Redundant Power Supp~ 
• Designed to pro\·idc continual AC Powt.r Soun:c 

• Zero System Down-time 

Appro International, Inc. is 
dedicated in providing our 
customers with top quality 
products, unsurpassed service 
and support at an extremely 
attractive price. With extensive 
experience in the rackmount 
industry, our representatives 
can offer a wide range of 
products to fit a variety of 
customers' needs. 

3687 ENOCHS ST, SANTA CLARA, 

COMPUTER SYSTEMS 

- : : J _I . • 

. , r . . 

Rackmount Enclosures 
• 20 Di ITcrcnt Models 
• Designed for 8,12,14 ,20 Slo t Board 

• Up 10 8 Drive Bay & 600W PO\\'Cr Surply 

• Red undant Power Supply (Optionul) 

CPU Cards 
• Des igned for lhc 16 bil 32 bi1 VES A local Dus 

• Upgradeable from 386DX to 486DX2 66Mllz. 

• 1~tll 1 0 64 MB On-boll rd Memory 

• IS A/E ISANt Bus 13ockplnnc • 3 slot to 20 slots 

• Segmented Badplanc (Oplional) 

Industrial Rackm ount System 
• 286, 386, 486 ISNEIS1WESA System 

• 9" Monochrome or IO" VGA Color Monitor 

• 3 E.xtcrrol and 2 lntcm::il Driv~ 

Ai'i'=tO 

INTERNATIONAL, INC. 

800-927-5464 


Hard Drive Enclosure 
• Dcsig.ncJ for 4 Fu ll lki l;hl or 8 I II I Drives 

• Up to 600 \V Power Supply (Two x 300\V PS) 

• Redundant Power Supply {Optional) 

We provide a wide range of 
rackmount enclosures, 
monitors, keyboards, Single 
Board Computer (SBC), and 
backplanes. Whether your need 
is to ruggedize a current system 
or acquire a completed 
rackmount system, APPRO has 
the solution . Call our 
representatives for more 
information on our rackmount 
products. 

CA. 95051 • TEL, (408) 732·6091 FAX C408l 732-6095 

Circle 202 on Inquiry Card. 



...With Sid Meier's CIVILIZATION 

• Best Consumer Entertainment 

!J r r r !.!! r r r r r r:, 1 
r r r rrrr rr 
rrr r r 

Program Compuln Camlt1g Worltl 

• Best Strategyprogram PC Special Achievement Award 
Gnmt Playffl l'C Ent•rtmnmi!Jot• Critic's Choice 

Game of the Year 
Game of the Year 

Softwpre P11bl~llers Associalio11 
Byte 

Best Simulation 
Game of the Year 

Tilt 

PCM 

Strategy Game of the YearByle 

l'C Games Plus 

Rout Ramses... Outwit Alexander... Knockout Napoleon... 
History is ,littered with the bones of great men who thought 
their achievements would live forever. Now you can 
succeed where they failed as MicroProse brings you 
Sid Meier's Civilization. Guide a culture from its earliest 
stages, through agricultural and industrial revolutions, all 
the way to your own Space Age. Survive and dominate 
by outmaneuvering mankind's most legendary leaders. 
Carve your name indelibly in the pages of history. With 
Sid Meier's Civilization, you really can build a brave 
new world. 

ENI E l?IAINMENi • SOFTWARE. 


© 1993 MlcroProse Software. Inc., 180 Lakefront Drive. Hunt Valley, MD 21030-2245. 

For Macintosh, IBM-PC compatibles, and Commodore Amiga personal computers. 


To get our free catalog, call 1-800-8'79-PLAY, 8:30 am ta 5:00 pm EST. 


Clrcle 196 o,n lnqµl!'Y C~rd. 



CONTROL UP TO 96 PC 

FILE SERVERS WITH 1 KEYBOARD 


AND MONITOR USING•.. 


COMMANDER™ 


• Select via Keyboard 
• Dual access up to 250 feet 


away <optional> 

• No external power 
• Mix PC, PC/XT, PC/ AT 


and PS/2 

• "AutoBoot™" Feature 


boots attached 

computers without 

operator intervention 


• Able to Broadcast to all 

attached computers 


Dealer Program Available ltcYBEX 

4912 Research Drive 

Huntsville, AL 35805 U.S.A. 
PC, PC / XT, PC / AT and PS/2 are trademarks o f 

(205) 430-4000 Int ernational Business Machines corp. 

-------------- FAX (205) 430-4030 --------------' 
Circle 187 on Inquiry Card (RESELLERS: 188). 

• PS I 2 and serial Mouse 
support available 

• Each unit accommodates 
from 2 to s PCs 

• Up to 12 units can 
be cascaded 

• Mounting kit available 
for 19" and 24" rack 
installation 



----------------------! 
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Equinox 
MEGAPORT XP 

Stall ion 
Brumby 

Special ix 
51/ XIO 

-..L:l'iiiliiilm-...J u u 
Computone 
lntelliport HEX 

Tests Prove Our Boards 
Withstand Surges That 
Make Other Boards Fail 

D irect buyers want the best products. 
l11e best performance for the price, and 
- above all  relinbilih1. · 

That's why Arnet uses a unique feature 
called SurgeBlock to protect every port 
on its 1/ 0 boards from power surges. 
They're the leading cause of 1/0 board 
failures because they' re caused by count
less sources  from lightning storms to 
simply walking across the floor. 

SurgeBiock gives our II 0 boards unbea t
able reliability. It was the first onboard 
surge protection, and independent tests 
prove it's still the best. Call us and we'll 
send you the results that prove it. 

The Dest 1/0 Uoards lo Buy Direct 
Not only are our boards the most reli
able - with a field failure rate of less 
t/1n11 1%  they' re also the best direct 
buy around. Here's why: 

Unmatched Pr.kc/Performance 
Our I/ 0 solutions support from tvvo to 
512 users and operate at speeds from 
2400 to 1lSK baud  with prices start
ing at less than $70 per port! 

Compatibili ty 
Our 1/0 boards are compatible with 
more than 30 operating systems, includ
ing UNIX, Windows, DOS, Multiuser 
DOS and NetWare.TM 

3Q- D.1y Money-Back Guarantee Plus a 
Lifetime Wa rranty 
We back our reliability with a 30-day, 
hassle-free money-back guarantee plus 
a Lifetime Warranty. 

211-Hour Hot Swaps 
If your board does fail , you can have a 
replacement at your site with in 24 hours. 

ttractivc Term.s 
Qualified customers can buy with our 
convenient Arnet Gold credit card or 
other major credit cards. And we offer 
next day delivery! 

Reseller Discounts Available 

ClusterPort 
Iluild large systems tha t can support remote users w ith 
Clus terPo rt. A host adapter ca rd with two h igh-speed syn
chronous links connects to multiple 16-port C luster Boxes or 
to mod erns for remote locations. Remote users ca n be con
nected without using costly multiplexers. 

Supports 128 ports per slot, 512 ports per system 
Supports local users thousands o f feet fro m the host 
without mod ems (miles with optional Fiber Link Kit) 
1.2 Mbps RS-422 synchronous link between host 
adapter and local Clus ter Boxes; Up to 64 Kbps 
synchrono us for remo tely-a ttached Cluste r Boxes. 

H ost A dapter From $I72 I 
Cluster Boxl!s From $I I 2 I 

Ask for Your FREE Catalog of Arnet PC Connectivity Solutions! 

800-377-5515 A RR.NET 
Rock So lid Comrtctions from Dig/ Internn Houal 

618 Grassmere Park Drive 
Nashville, TN 372 11 

(615) 834-8000, (615) 834-5399 FAX 

Circle 213 on Inquiry Card (RESELLERS: 214). 
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Arnet's SurgeBlock"' Protection 

Keeps Our 1/0 Boards From 


Frying Like the Rest 
. ~ .... 
0 

E 
.s 
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Cost-Effe ctive, Expa11rlable llltellige11t Serial 110 

SmartPort and SmartPort Plus 
Create PC systems that can grow as you do with SmartPort and 
Smart Port Plus. Smart Port is best suited for systems supporting 
up to 8 users per slot. SmartPort Plus is most cost-effective for 
systems requiring 16 to 32 users per slot. A powerful onboa rd 
processor offl oads serial 1/ 0 from the host PC to d ramatica lly 
improve da ta throughput. 

• Suppo rts 1/ 0 speeds up to 38.4 K baud per port 
Up to 64 Kb of dual ported RAM 
Full signal support for modems and other devices 
R5-422 support o n SmartPort Plus fo r longer d istances 
SimulPort te rminal paging software 
SimulPrint transparent prin ting u tili ty 

Fro m $446 
111tellige11t 110 Co 1111111111ica tio11s S11/Jsyste111 for PCs 

COMStax 
Add a CO MStax host card to your PC to support up to t28 
users per slo t. An onboard high performance 20 M Hz RISC 
procL>ssor enables transmission rates up to l 15.2K ba ud per 
po rt. 

Desktop stackable mod ules for asynchronous, 
synchronous and high-speed parallel p rint in g 
Up to 8 stackable communication mod ules per 
host card 
RS-423 support for longer d is tances 

l-l o~ l Ada p te r Fro m $S96 
Modu les From $371 

Workgro11p Co11 cc11trntor for Loca/ 1111d Remote Users 

----------------------! _g 

Amel 
Smart Port 



Take Note: 
The World's Best SCSI Adapter 

Just Got Better .~ ~, 
. 2'85·: . 

SmartCache ill 

is the total, growable SCSI solution! 

The world's best SCSI adapter is now the world's greatest bargain-priced lower 
than any major competitor. An unprecedented value, SmartCache .Ill offers top 
performance and universal connectivity with all major SCSl-1, SCSl-2 and Fast 
SCSI devices, including hard drives, tape, CD-ROM and WORM. 

It also comes with built-in support from all major operating systems, including 
DOS, Windows, OS/2, NetWare, Windows NT, NextStep and all versions of Unix. 

And only SmartCache Ill gives you a growth path. Optional plug-on modules 
let you migrate easily to caching (with up to 64Mb cache), as well as ·full RAID 
capability. Storage Manager, our GUI utility, makes installation quick, easy and 
automatic. Plus, it gives you on-line and remote control over subsystem man

agement, diagnostics, performance monitoring, and disk array configuration Call DPT, today! 


800-322-4DPTand control. ii llDPTDistributed Processing Technology. Inc. 

140 Candace Dr. Maitland, FL 32751 USA FAX 407-260-5366 

"List price for ISA model PM2021/90 SCSI Adapler Board 

Circle 189 on lnoulrv Card (RESELLERS: 1901. 



~Your One Stop Component &Computer Source<¢? 

Jameco Motherboards 

• Motherboards now 
available withoul 
CPU! Call !or delalls 

• Diagnostic and 
operating system 
software available 

• One-year warranty 

95231 80486DX 50MHz w/CPU..$799.95 
93534 80486SLC 50MHzw/CPU •• 399.95 
95222 80486DX 33MHzw/CPU ...549.95 
79214 80486SX 25MHz w/CPU ...289 .95 
82333 80386DX 40MHzw/CPU ...239.95 
82350 80386DX 33MHz 1•1/CPU ... 219.95 
101821 B03B6SX 33MHzw/CPU ...124.95 
84945 XT 10MHz w/CPU.. .. .. .. .....79.95 

RAM Memory 

41371 
41398 
42251 
42219 

SIPPS 
41700 
41718 
41697 

SIMMS 
41523 
41486 
41689 
41742 
41751 
41769 

41256·100........256KBx1....$1 .75 

41256·120........256KBx1 ... ..1.59 

51 1000P·80 ........ 1MBx1 ..••.6.95 

511000P·10 ........ 1MBx1 ...•.5.75 


421000A9A·70 .... 1MBx9 .. $60 .95 
421000A9A·BO ....1MBx9 ... .49.95 
421000A9A·10 ....1MBx9....49.95 

41256A9B·B0 ...256KBx9 ..$14.95 
41256A9B·10 ...256KBx9 ....14.95 
421000ABB·BO ....1MBx8 .... 49.95 
421000A9B·60 ....1MBx9....59.95 
421000A9B·70 ....1MBx9•...54.95 
421000A9B·80 ....1MBx9 ....48 .95 

SIPP to SIMM Converter 
• Use SIPP's In place 

of SIMM's 
• Upgrade from aSIPP 

Motherboard to a new SIMM Motherboard 
wilhout buyino new RAM 

• Fits Into standard 30 pin SIMM socket 

933B2 SIPP Module Converter ...... $9.95 

Keyboards & Keypad 
78271 32·key keypad..•. ..••...••..$59.95 
20431 84·key keyboard ... .. .. ... .. ..39 .95 
17128 101·key enhanced ...........74 .95 
17136 130·key enhanced ....... .. ..99.95 

Computer Power Supplies 
• Fits most popular desktop 

mini vertical, and vertical 
cases • One·year warranty 

• B088/802B6/803B6 and 
compatible • Built ·In fan 


19465 150 Watt (8088) .... ........$69 .95 

67467 200 Watt ...... .. ............ ..89.95 

19545 200 Watt ..... ............ ... ..89.95 

19553 200 Watt mini .... ..... .......89.95 

6572B 300 Watt ..... .... ...........139.95 


Graphics/Memory Cards 
• B088/80286/80386 

and compatible 
• One-year warranty 
• Expand your memory or enhance your 

graphics capab1lit1es 

93542 VGA Hi·color card .. .. ... .$139.95 

67459 VGA card .... .. ................59 .95 

91230 Monochrome Graphics •.....39.95 

29313 32MB Memory card ..... ...144 .95 

19975 (8088) Memory Card .. .. ... ..49 .95 


Parallel Printer 
Cables and Adapter 
28695 PPC 
28716 PPC6 
28708 PPC12 
28741 PPR6 6' ·right angle Centronics 6.95 

9-Pin Serial Cable 
31721 SAT6 9·pln serial cable .. ..... .$4.95 

0825-Pin Extension Cable 
39538 25M10M Male to malo ....... .$8.95 

~ EPROMS . 1;,Floppy Disk Drives 
11111111 ' off'''' 

• 8088/80286/80386 and 39909 270B .... ........ ......... ... .... .....$4.95 

compatible 33611 TMS2716 ............................ 6.95 


• One-year warranty 40002 27t6 ................................. 3.95 


74392 FD505 3.5'/5.25' .. ..... ...... .$149.95 

74384 FD235J 2.BBMB 3.5' ........ .. ..119.95 

40774 356KU 1.44MB 3.5' .. .. ....... .. .79.95 

17099 FD55B 360KB 5.25' ....... .. .. ...89.95 

17101 FD55G 1.2MB 5.25' .. .... ... .. ... 99.95 

79396 SD540 360KB 5.25' ..............59.95 
 39677 27C12B·15 ........ ................ .. 5.39 


40037 27256·15 ............................ 5.39
Floppy Controllers 40061 27256·25 ... ... ... ... ...... ... ....... 4.75 

39714 27C256·15 .... ... ..... ... .. .... .. .. . 5.49
and 1/0 Cards 
39722 27C256·20 .... ........ ... ........... 5.25 


• One·year warranty 39781 27C512·15 ....... .... ... .. .......... 6.49 

• 8088/80286/803B6 and compatible 65699 27C020·15........ ... .. .... .. ... .. . 10.95 


Mulli 1/0 with Floppy Controller 

19B95 BOBB Multi 1/0 ..... ... ... ..... ... ..$69.95 

1990B 2B6/3B6 Multi 1/0 .. ... .... ...... ....59.95 


Floppy Disk Drive Controller Cards 

19617 Two·drive controller ......• .. ... ...$34.95 

19668 Four·drive controller .............. ..44.95 


RS232 Card (4 ports) 

76726 4 Port RS232 Card ...... ....... ...$59.95 


RS232 Serial Cards 

7B713 16450 UART ... .. .. ............ .....$29.95 


1Socket16K·2MB E(E)PROMConner IDE 
Programmer 1a451Hard Drives 
• Programs EPROM's.• One-year warranty 

1405B CP3000 4DMB ...............$169 .95 

14066 CP300B4 BOMB ...... ...... .. ...209.95 

93286 CP30174E170MB .................249 .95 

93294 CP30254 250MB .... .............299.95 

93307 CP30544 545MB ...... ...........749.95 


Silicon Valley 
IDE Disk Drive 
Adapter Cards 
• One·ycar warranty 

10233 ADP20 16·bit hard ....... .... .. $22.95 
10250 ADP20F 16·bit hard/floppy .......29.95 
1026B ADP50 8-bit hard .... ... ......... .59.95 
10276 ADP60 16·bi1hard w/ BIOS .. .. .69.95 
102B4 ADP60F 16·bit hard/ .... .... ......74.95 

floppy w/ BIOS 
74114 ADP65F 16·bit hard/quad ........99.95 

fl oppy drive adapter 
101670 ADP90VL Super 110 Card (VESA) ..99.95 

D·Subminiature Connectors 

40125 2732A·25 .. .. .. .. .............. ... .. . 4.19 

140230 2764A·20 .. .. .. ......... ..... ........ 4.49 

39829 27C64· 15............... ............. 3.75 

39933 2712B·25 ....... .............. .. .... . 7.75 

3996B 2712BA·20 .. ... .. ..... ....... .. ... .. 4.95 

39984 2712BA·25 .......................... 4.49 


43692 68766·35 ....... ....... ........... ... 4.95 


UVP EPROM Eraser J 
• Erases all EPROM's 
• Erases t chip in 15 minutes 
• Erases 8 chips in 21 minutes 
• UVintensity: 6BOO UW/CM2 
• Size: 9.0'L x 3TW x 2.6'H 
• One-year wairanty 

15712 DE4 B·Chip eraser. .. .. ........SB9.95 


• Compatible with 24 • Supports TTL. CMOS. DRAM 
AWGCable • Metal shell 41 . and DRAM 44 Series 

• Solder cups for 22 AWG 
wire • Male connectors wilh grounding 1angs 

part No Product No Gender 1 ·9 10·99 


15747 DE9P M .. .......$.43 .. ......$.35 

15771 DE9S F............47 .. .... .. ...39 

15034 DA15P M.... .......53 ........ ...45 

15051 DA15S F.... ....... .57 .. .. .. ... ..49 

15114 DB25P M...........63 .......... .55 

15157 DB25S F......... .. .73 ..... ...... 63 

15472 DC37P M .. ..... ..1.15 .... .. .. ...95 

15499 DC37S F...... ....1.25 ...........99 

15675 DD50P M.........1.79 ........1.49 

15691 DDSOS F....... ...2.25 .. ......1.69 


D·Subminiature Slim Line 
Gender Changers 
18497 Interlaces two D·sub 9·pin F......$3 .95 
18489 Interlaces two D·sub 9·pin M... ....3.95 
56071 Interlaces two D·sub 15·pin F......4.19 
56063 Interlaces two D·sub 15·pin M .....4.19 
18446 ln!erlaces 1wo D·sub 25·pin F..... .4.29 
18420 Interlaces two O·sub 25·pin M .... .4.29 

COMPUTER PRODUCTSP'• ~ 

EEPROIA's. and Flash 
memories 

• Programs 16KB to 2MB 
EPROM's 

• Programming speeds/algorithms: 
Normal, Intell igent, and Quick pulse 

• Menu driven software • Full screen buffer editor 
• Fiie formats supported: Intel Hex. Mo1orola 

SHex, Tek1ronlx Hex. and Binary 
• 2 & 4-way Binary file splitting programs 
• 2 & 4·way Binary file shuttler programs 
• Includes adapter card, software and manual 
• Size: TL x 5.5W x 1.75'H • One·year warranty 

78457 1Socket16K·2MB (above) ......$199.95 
101400 1Socke116K·512KB ..... ........129.95 
78465 4Sockel 16K·2MB Programmer .269.95 
78473 8 Sockel 16K·2MBProgrammer .469.95 
784B1 1Sockel 16K·BMB Univ ersal ... ..679.95 

Portable IC Tester 
Our hand·held IC tester is an 
easy·to·operate. cost effective unit 
that includes excellent functions. 

• Size: 7'Lx 3.625W • One·year warranty 

73525 Portable IC Tester .. ... .. .......$144.95 

Microprocessors . ;;Libirrn111 ... 
26147 MM54104N ....................... ..$24.95 
26227 MM5B274N .. .. .. .... ... ......... ... ...7.49 
4315B 6402 ... ........... .... ......... ... ....4.95 
43166 65C02 ........ .. ... ... ... ..... .... ... .5.95 
43254 6522 .. .. ..... ........... ...... ....... .3.75 
43596 6B21 .... .. .. ..... ............ ........ .1.95 
51844 8031 ...... ... ............... ..... .. ......3.59 
51676 80C31 ....... .......... ............ ......6.95 
52003 8052AH ............ .. ............. ....6.95 
52142 BOBB .. ... .... ......... ....... .. .......3.95 
52652 B25 1A ..... .. ... ... .... ................2.95 
52724 B255 ..... ...... .............. .... .. ... ...2.75 
52732 8255A·5 .... ......... .. ... ... .... ......2.95 
52417 82C55A .. ... .. .......... .... ..... .....3.95 
53022 874B .... .... .. ... .. .... ... .... ..........B. 75 
53057 8749H .... .. ... ........ .... .. ... .... ...9.75 
530B1 B75 1H ... ..... .. ........ ...... .. ..... 24.49 
52978 B7C5t ...... ...... .. ................ .32.95 

1355 Shoreway Road 

Belmont, CA 94002·4100 

FAX: 1•800•237•6948 (Domestic) 

FAX: 415•592•2503 (International) 
...,,,., Call /or our new 1994 Catalog today.

V.IP ff 

"' © 1994 Jameco 2194 

Call 1•800•831 •4242 to order today! 


Waber Surge Protectors 
• Electrical Rating: 15 Amp, 

120 VAC, 60Hz 
• Protection devices: Metal 

oxlde varistors • OEM pricing 
• EMl/RFI noise re jection: up to 

15dB • Easily installs Into wall outlet 
• UL 1449 suppressed voltage rating: 400volts 
• Clamping response time : <5 nsec 

99291 EP6 6 Outlet Wa ll Plug·ln ..$5.95 
99979 EP 6M 6 Outlet Wall Plug -In .. ..9.95 

with telephoneprotection 
999B7 EP6M 6 Outlet Wall Plug -in ....9.95 

with ca ble TV protection 

7 Outlet fower Strip 

• Audible alarm sound for surge protection 
• Master power switch • 4' Power cord 
• Push-to-reset 15 Amp circuit breaker 
• High·impact thermoplastic case 
• Size: 3.25'L x 2.125W x 1.125H 
• One-year warranty 

9B749 LR69225 Power Strip...... $9.95 

Apple II, II+ and lie 
Switching Power Supply 

• Can drive four floppy disk drives and 
up eight expansion cards 

• Short circuil and over load prolection Inside 
the Apple It , fl+ . fie • 60 Watt 

• Fully regulated +5V @SA. t 12V @2.5A. ·5V 
@SA. · 12V@. 5A • One·year warranty 

• Same size as original power supply 
• Apple type plug·in power cord included 
• 11 OV/220V swilchab lc 
• Size: 9.B75'L x 3.5'W x 2.25'H 
• Data included • Weight: 2.Blbs. 

22269 KHP4007 Power supply ... .$49.95 

Apple llGS Switching 
Power Supply 
• 	Fully regulated +5VDC @ 6A. +12VDC @ 2A. 

·5VDC @ 0.5A, •12VDC @0.5A • 60 Watt 
• Input Voltage: 115VAC •One·year warranty 

B5518 Switch ing power supply .. .. ..$69.95 

Metex Digital Multimeters 
• Handheld high accuracy 
• Measures AC/DC voltage. 

AC/DC current. resis!ance, ·a"' '!
diodes. audible continuity test, "' 1 
transis1or hFE > 

• Man ual ranging w/O\~rload ~•i •-~ 
protection t ! ; g 

• Comes with probes.batteries. 
case and manual • One-year warranty 

27078 3.5 digit multimeter. .... ..... $59.95 

27086 3.5 digit multimeter with 

frequency &capacitance ......69.95 
27115 3.5 digit multimeter .... .... ... 39.95 

27140 4.5 digit multimeter with 

ta ch and dwell ......... .........69.95 

27158 4.5 digit wlfrequency and 

capacitance/data hold switch. 99.95 

AC and DC Wall 

Transformers 

• MalePlug · 3.5 mm 
• FemalePlug • 2.1mm 
• UL listed 
• Curren! rating to 1Amp 

Part No Voltage Cuueol Plug Price 
10129 9VAC 500mA Male .. ....$4.95 
10073 12VAC 500mA Male .. ......5.49 
10081 12VAC 1000mA Female .....5.95 
101266 6VDC 500mA Female• ....6.25 
15561 9VDC 500mA Male' .......5.49 
15368 12VDC 500mA Female• ....5.95 
15392 12VDC 1000mA Male• .......7.95 

0-C--G 1 0-C--0' 

Adapter· straight.. ... .. ..$5 .95 
s· · strai ght. ... .... .........4.95 
12' • straigh t.. ...... ....... .8.95 

Circle 193 on Inquiry Card. 
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EMBARC Unlocks the Potential of Your Personal Digital Assistant 
At EMBARC. we·ve expanded our wireless reach to include today" · newest. most ponable cla s of computer- the personal 
digital assistant! ow. a wealth of wirele news and information comes traight to your PDA over the EMBARC wireless 

network. All you need is the EMBARC Motorola NewsCard wireless data receiver. 

Yinually anywhere you travel in the U.S. and Can<.1da. the EMBARC wireless network keeps you sha1v and 
productive with a broad array of subscription news and infonnation services. Dozens of subject options from such 
leading sources as USA TODAY. RE UTERS and INDIVIDUA L. Inc. keep you up to speed with everyth ing from 
linancial market updates. Lo industry-specific news. to sports and weather. Plus. you' II be on Lop of business wi th 

ful l- tex t wireless E-mail and fi le transfers from your office. 

The EMBARC Motorola NewsCard fits many of today"s popular PDAs. including the Casio Z-7000. 
Tandy Z-PDA and GRiD 2390, and operates for a fu ll month on one AAA battery. For a mere '249. it turns your 

personal digital assistant into a wireless wonder! To learn more about EMBARC wire less serv ice for PDAs. 
anc.l to ask about EMBARC compatibili ty with other 

platforms. call 800- EMBA RC4, Ext. 330. 
u , JAokvt>ta and NcwsCard are rcgs&e1cd ~ ot Motoroa Inc. 

Al other names and prcxU;ts ~nm thO proporty ot lhcit rospecllW or9:n.mt1C:1M. 


by Motorola 
Circle 207 on Inquiry Card (RESELLERS: 208). 



You,. Sfnyl& Resou,.ce Fa~ A'll' Youl"' Camput;et"' Need'st 

PACKARD BELLa 

a 


":;.JL;i" ~+ 
~ I/Li 	 IBM-Formatted $ .36 


Non·Formatted $ .36 

MAC-Formatted $ .52 


-...90M 12.0 G~ $13.99 

60M l1.lCl2 $11 .00 

Clooning Cart. s1~.96 


1f41ub 
~ 

112MtiD GB) Stl .59 
ll.%iX T'.:::.-.. = i!!!.IBll!! Oooning Cort. s19.90 

B~GrodoP>l~\~8KaMn1:i l t~~ ~~::~ 	 i!!
OC2000 S 9.69 $12.59 /.'" RBWrTIAlllE 512k/6.SCW6 $89.00 
DCJOOXLP S12.69 .S'/,• REWRITLUU 1020/ 6.SOMB $89.00 Oe!!f! 	.S 1

DC600A 	 $ 1:Z .99 m:~~ 3'/i" Rl'Wl!TEA8lf 512k/ 128M! $45.00 
DC6150 	 $13.49 $18.99 3'/i" HOPTlCAL l1MB $18.79
DC6250 	 s 16.49 524.99 .S '/•' CI>l74MN.l!£COQDA!l.E CD S2U9 

.S '/ •• a>-R6JMN.RfCORMBl.fCD 519.SO 

Oecning Cartridge• ~.c:tM 
2000 Seriei $ 18.99 
6000 Seriei. s18.99 

SUPPLIES 
F//;'I HEWLETT 
~t:.al PACKARD 

,_c-
IUIH u.wurT I . ID. .. DJ, WIU I •.. -._$77.H 

1221~ LLWUCTl?, IP-, DP------"1..H 

Nau L&.5l.RICT'N, uu ___.•_.$!Ut 

tZ2Ut WDUIT, W6U'Il•, sto•. Wlll 1_$1U5 

Ull1l u.sDU(T 1151. US!. ...... &Q _ --S1ct.IJ 


l§U-1·'~' ~c-
~c- S02002S STYLUS 800 ... . .. ... .............5 14 .99 

5051 011 ACTION LA~ l":R 1000/ 1500 .. ... ......... $ 110.00 

8051098 EPl 8000 •...• ...........6 148.00 ~ Ul970/ 0 70 • .................•..••.SS.OD 

S050002 ACTION LA!itR 11 .• ....•..•.....578 .00 8015032 IU:TION PRINT£R.. •.•- . .•• SB.OD ff\RDJ3:tJ~ $83900 

.:cro.va:n 1~o :JJJ [)"I $65900 
srru.s 9.'.Xl r¥...£r S279 00 
:;rvu.s , .,.._,.., $ 24900 
LO 5:-0 OT -.UTRll :wl CPI ;<i-1 Pr4 S269 00 
~PR:11T~ 3""..D;>4 ..-, S 189 00

CD ROM SoFJ'WARE 
WORLD ATLAS ..................... $13.75 VOYAGE/STARS I .... ....... $35.00 GREATCITI E5 ............. ..... ...S20.00 R~ MEMORY 

CIA WORLD FACT BOOK ... $16.25 VOYAGE!SfARS II ........•. $35.00 GUINNESS ... . ... $22.50 

CLASSIC COLLECTION• .... $47.50 VOYAGE/STARS Ill ... ...... S35.00 HAWAII .. .. ............ ......$13.75 

FAMILY DOCTOR ................. $22.50 VOYAGE/STARS IV ........... $35.00 INTERACTIVE STORY II . ... .. 515.00 1 X3X70 - 1 MB ....... . ..... $ 47 00 72 P·n s~m 1X36X70 · 4MB . $187 00 

VOYAGE !PLANETS I ... ...$35.00 ENCYCLOPEDIA ............ S37.50 LOOM .. ... . ........ S 17 .SO 1X9X70 · 1MB ..... .. ... .... ...$ 61 00 2X36X70 · BMB . ... . .. $373 00 

V0YAG8PLANETS II .. . ... .$35.00 FOOD ANALYST ...... S22.50 MAGAZINE RACK ... . ...... .$16.75 4X9X70 • 4MB ................. $174.00 4X36X70 · 16MB .. 5669 00 

VOYAGE/PLANETS Ill ..... $35.00 GAME PACK . _SlJ 75 i.V.MMA.1..$ ..... $16 25 
VOYAGE/ PLANETS IV $35 00 GAME PAO< II ···-·· . $15 00 MARJO DELUXE ~---51625 BX36X70 · 32MB S 1.499 00 

Circle 21 5 on Inquiry Card. 
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TFT Active Matrix Color 
640 x 480 256 colors 

STN Passive Matrix Color 
640 x 480 256 colors 

Monochrome Backlit VGA 
640 x 480 32-grey scale 

Intel 486 SX/DX/DX2 CPU 

80M-340M Hard Disk 

Built-in 15mm Trackball 

1.44MB Disk Drive 

2-hour Ni-Cad Battery 

High Performance 
'If you need a notebook with rocessing gower for massive spreadsheets and databases, to pe1foun 

gray-scale imaging, or for other demanding tasks, the.H CP 6568 is for you. It ran our Windows per
formance test twice as fas t as the Compag lfE lite 4/25E, . . . Jn fact, this was the :fastes monochrome 
notebook in our entire test sample. The HCP 65681 f1's monochrome sareen quali ty is the best we saw 
from passive-matrix monoahrome displays ... and an excellen keyboard.' 

October 1993 BYTEINS'fL LA B REPORT 1 
t • 

MICRO-INTERNATIONAL INC. l 0850 Seaboard Loop, Houston Texas 77099 

National Sales:(800) 967-5667•Local Sales:(713) 495-9096•FAX:(713) 495-7791 


$2740 fo r a monochrome 4862/66M system with MS-DOS 6.0. Windows 3. 1, 8MB RAM, and 250MB hard disk. 
Prices fo r other configura tions are avai lable upon request. 

Office hours Monday- Friday 8:00-6:00 • Saturday I 0:00- 1 :00 • Sunday- Closed 

Clrcle 204 on Inquiry Card (RESELLERS: 205). 
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LEAVE IT TO US TO RACK THINGS UP 


RECORTEC's Rack Mount PC 

compatible computers, monitors, 

keyboards and printer continue 

the tradition of manufacturing 

excellence RECORTEC started in 

1969. With our broad product 

line, fast delivery, excellent pre 

and post sa le service, it's no 

wonder more and more people 

"leave it to us to rack things up ". 

QUALITY 
All products 100% tested and 
verified prior to shipment. 

RELIABILITY 
Field proven components backed 
by a comprehensive warranty. 

SERVICE 
Large stock for fast delivery plus 
assistance by knowledgeable sales 
and support personnel. 

SOLUTIONS 
Choose from many models which 
offer a wide range of solutions for a 
variety of rack mount needs. We 
also offer custom designs when a 
standard product just won't do. 

CALL OR FAX FOR MORE 


INFORMATION. 


1-800-729-7654 

RECORTEC, INC. 

1290 Lawrence Station Road Sunnyvale, CA 94089 Tel: (408) 734-1290 Fax: (408) 734-2140 

Clrcle 201 on Inquiry Card. 



.. .. . .. . 

Everyone 
makes claims. We make sure. 

When the industry wants 
product testing taken to the nth 
degree, they take it to NSTL. 

In every fi eld, one name sets the 
standard. In microcomputer testing, 
the name is NSTL. the leading 
independent testing lab. 

The NSTLcompatibility certification 
seal on a product says that it withstood 
the toughest lab in the industry - and 
it's ready for your business. 

The seal saves you a lot of comparison 
and guesswork. It says you'll find the 
product compatible with a v.ide range 
of business applications and hardware. 
It helps you make the right choice. 

Real-world testing for real
world use. 

Beyond compatibility testing, we 
·access nearly every conceivable 

problem - from engineering-level 
hardware bugs to the everyday usability 
of business software. 

And we test with the end-user in 
mind, in a real-world environment, just 
the way your staff uses equipment 
Except our trials are more punishing. 

Our publications, and others 
that publish our work. 

In a separate facility we also do 
compatison testing for our own 
Ratings Reports: Software Digest®, PC 
Digest® and LAN Reportet®. They're 
read by people who purchase an 
average of more than $500,000 in 
microcomputer hardware and 
software annually. 

And because of the respect we've 
earned, some of the industry's leading 
publications, like Data Communications, 

LAN Times, Unix World and Datapro 
Research Group publish our test results. 

Look for the NSTL seal and 
be sure. 

Experts rely on the NSTL name: 
now you can, too. TI1e final test of a 
product is its compatibility in a 
business environment The NSTL mark 
tells you it's already met that test Look 
for it when you compare products. 

NSTL 

Plymouth Corporale Cenler 
Box 1000. Plymouth Meeting, PA 19462 
215-94 1-9600 
~1 1cro Ch.nnnel"" and OS/2""arc lr.ldemnrks orthe IBMCorporation. 



Designed, built, tested and warranted in the USA 
Total compatibUfty: SVC systems accept all 8 and 16-bit ISA cards. VESA 
systems accept both ISA and VESA Local Bus cards. 8/7 ISA slots. All systems 
are software compatible with MS-DOS, Windows 3.1, Windows for Workgroups, 
Windows NT, Unix, Novell, Interactive, Theos, Mach and Next operating systems. 

Pylon I Desktop Pylon II 

World Leadership in ultra-fast Systems and VO 
Since 1982, SVC has slipped over 1,000,000 units. Worldwide. SVC is a world leader 
in design and integration of high-speed motherboards and IDE drive controllers. All 
controllers carry a 5-year warranty. SVC offers a wide variety of controllers for all 
IBM-compatible ISA and VESA systems: 8088, 286, 386, 486 and Pentium. 5 times 
faster than other interfaces. Control for hard disks to 8Gigabytes. 

Fast, fail-safe Mirroring Hard Drive Controllers 
100% Fall-safe for Programs & Data 100% Software transparent 
100% Data Integrity at all times 100% of the speed of the drive 
100% Automatic data backup 100% Automatic backup 
100% Compatible with all OSs 100% FCC Compliant 
100% Compatible with all Apps. 100% Self-Installing BIOS 

400% faster than software solutions 

NEVER requires a user interface, software 


or expensive software upgrades 


ISA 16-bit Mirroring IDE Drive Controllers: 32-Blt VESA Local Bus Super 110, Floppy 

ADP104  Controls 2 sets of 2hard drives to 8GB $99 and Mlrro~,J~EJ!~:~tl~~econtroller. 
ADP108  Controls 2 sets of 2hard drives to 8GB 
plus 4mixed capacity floppy drives $139 
VESA 32-bit Mirroring IDE Drive Controllers: L~ 
ADP111VL Super VO -Single-board control for 2 

sets of 2mirrored hard drives to 8GB, plus 2 lDE devices 

(bard drive, tape or CD-ROM) and 2 mixed floppy drives. 

Provides 2 serial, 1parallel and I game port $185 - mlnond ..,~ ol {2)t0E ,,.. tot"'""''" 


0VESA 32-bit Super VO Controller ........... .,.a,...,..._. .......... _«<... " 


Suatalned T~nsfer Rate (Core Test 2.7) 

ADP90VL -Controls 4independent IDE hard drives of 3624 Kb;.;.: ::C'rri':~ s~~,:r.svc ••• 
any capacity to 8GB, plus 2 mixed floppy drives. $ How Hardware Mirroring works:Provides 2 serial, 1 parallel ancl 1 game port 59 All data written to the primary drive
Universal IDE Controllers is "mirrored" on the second drive. 
ADP60F 16-bit IDE Controller.Works with all 16-bit Should the primary drive fail, an 
ISA systems. Controls 2IDE drives to 1.6 Gigabytes. alarm is sounded and the system 
Controls 2 floppies of anycapacity. On-board intelligent is automatically shifted to the 
BIOS is relocatable. 'mirrored"drive until the primary 
ADP50 8-bit lDE Controller. Interfaces 2 16-bit !DE drive ca~ be repair~d or replaced. 

. . ,. . . Backup 1s automatic, continuous 
~ard d:1ves to 8-b1t bus. \\orks with all XT compatibles and totally transparent to the Qper
mcludmg IBM, Compaq, Tandy and ATI. ating System and applications 

85 MB IDE Drive, cable & either controller $179 software. 

210 MB IDE Drive, cable & either controller $259 ~ . _ . 

Volume pricing is available on motherboards, 1/0 and systems lliiii!ll 

Circle 274 on Inquiry Card. 

ALL SYSTEMS INCLUDE: 
• 4 MB 70ns zero waft state DRAM 
• 1.44 MB Teac FDD 
• 210 Megabyte 14 ms IDE Hard Drive 
• 20 MBPS HD interface 
• (2) Serial, (1) Parallel, (1) Game Port 
• Real time clock & battery backup/ Audio speaker 
• 15,000V static discharge drains, venting fan 
• 104-key enhanced (Alps click) keyboard 
• Complete technical manuals 
•MS-DOS, Windows 3.1, Works & Anti-Virus 
• 72-hour dynamic burn-in. 
MTBF: 300,000 Hours. Three-year limited warranty 

SAMPLE SYSTEMS: 
66 MHz Pentium DXC VESA LB System 
•Pentium"' Processor 
•On-board DRAM to 128 MBytes 
• 50 MHz VESA Local Bus/256K cache $2195* 

66 MHz 486DX2 VESA LB System 
• i486UX2 Processor EISA/VESA systems 
• 64K cache (expandable to 256K) * 
• EISA/VESA/ISA Motherboard add: $195$1099 

33 or 40 MHz 486DXC VESA LB Systems 
• 486DXC Processor 
• 64K Cache (expandable to 256K) $995* 

33MHz 486SXC VESA LB System 
• 486SXC Processor 
• 64K Cache (expandable to 256K) $775* 

Drives* Add 
• VESA Mirror Board and 2nd 210 ~m ~ID $289 
• Conner 340 MB IDE 12 ms Access Hard Drive $ 85 
•Conner 540 MB IDE 10 ms Access Hard Drive $315 
• 1Gigabyte IDE 10 ms Access Hard Drive $765 
• 250 MB Tape Drive and backllp software $149 
•Dual-speed CD-ROM, controller it software $239 
Monitors & Accellerators Add 
14" SVGA Interlaced (Hitacl1i tube) $289 
14" SVGA .28 Non-int. VESA-ready (Hitachi) $349 
15" SVGA .28 Non-int. VESA-ready (Hitachi) $445 
17" SVGA .26 Non-int. VESA-ready (NEC) $845 
VESA 32-bit accellerator (Cirrus processor) $ 99 
VESA 32-bit accellerator (S3 processor) $169 
VESA 32-bil accellerator (Weitec processor) $389 

SILICON VALLEY 

C 0 M P U T E R 

1-800-600-8111 

441 North Whisman Road, Bldg. 13, Mountain View, CA 94043 

Phone: 415-967-1100, Fax: 415-967-0770 



Ultra High Resolution 
Graphics Display Controllers 

from the World's first 
TMS34020 Manufacturer 

Our PC/AT boards provide programmable 
display resolutions up to 1600 x 1280, and 
provide 72Hz or higher refresh rate for 1280 
x 1024 and lower resolutions. 40 MHz 
TMS34020 Graphics Processor, VGA pass
through and RGB cable set are included. 
Software drivers are provided for TICA, MS
Wmdows, and AutoCAD~. Drivers for the X 
Window System for Interactive and SCO 
UNIX are optional . 

THE ALAMO $2,995 
24-BIT TRUE-COLOR at 1600 x 1200 
6 MByte VRAM + 1 MByte DRAM 

THE TEXAN 1600 $1,450 
256 Colors at 1600 x 1280, 60 Hz 
2 MBytes VRAM + 1 MByte DRAM 

THE TEXAN 1280 $1,250 
256 Colors at 1280 x 1024, 72 Hz 
2 MBytes VRAM + 1 MByte DRAM 

THE TEXAN 1024 $995 
256 Colors at 1024 x 768, 72 Hz 
1 MByte VRAM + 1 MByte DRAM 

Multimedia Graphics: 
Everything you need to get 
video into or out of the PC 

M&M PRO $995 + 
24-bit TRUE-COLOR NTSC/ PAL/ 
SECAM video window frame grabber. 
Optional 12-bit per channel digital stereo 
audio, hardware JPEG compression, on
board 1024 x 768 SVGA, composite and 
S-Video NTSC/PAL output with flicker filters. 

M&M Basic (composite video) $500 
(composite & S-Video) $600 

NTSC/PAL frame grabber displays live video 
window on VGA screen. 

ViVA Basic (NTSC or PAL) $300 
Internal or Externa l VGA to Video converter 
outpu ts VGA to compos ite and 5-Video with 
fli cke r filte rs . No TSR required fo r 640 x 480 
modes. 

NEW PRODUCTS AVAILABLE! 
Call o r fa x for the la tes t information on o u r 
grow ing range of computer g raphics hard
ware. We a lso s pecia li z e in services such as 
custom ha rdware and software d esig n. 

Omnicomp has been providing graphics hardware solutions for Systems Integrators, OEMs, 
and Resellers in domestic and international markets for over 10 years. 

....ifB
:···.;·......··=· .... 
"' 

MICROSOFT 
WINDOWS 

'/J;,..'V..r.~ Qso 

AUTODESK 

Windows drivers provide 1600 x 
1200, 24-bit TRUE COLOR on the 
ALAMO, 1600 x 1280, 256 color 
on THE TEXAN, and HI -COLOR 
on the Vil/A HC. 

Video for Windows compatible 
MCl/AVl Multimedia Windows 
drivers for the M&M PRO and 
M&M Basic. 

DL-Xpress (included) and Soft 
Engine (optional) from Vibrant 
Graphics allow 24·bit TRUE
COLOR display o n THE 
ALAMO and 256 color display on 
THE TEXAN for AutoCA~ 3D 
Studio™, etc. 

Monitors .. . IDEK 21" flat screen multiscan 
monitors 30-80 KHz . . . others available. 
MF 5421A 1600 x 1280, .26 Dot Pitch $2,525 
MF 5321A 1280 x 1024, .31 Dot Pitch $2 ,125 

Phone 713-464-2990 
Fax 713-827-7540 
For more information, call or fax our Systems 
Engineering Department, M-F, 8:30-5:30 CST. 

We .1cccpt VISA. MASTERCARD 

and AMERICAN EXPRESS 


Direct from 

Ma1111fact11rer 


12-Mo11t/1 

Warmnty 


F.O. B. Ho11ston 

Omnicomn 

O ur products cover a wide range of popular computer platforms and operating systems including PC/ AT, 
VME, Micro Chan nel*, DOS, Windows, UNIX and others. GraphicsCorporation 
O mnicomp. THE TEXAN, THE ALAMO, M&M PRO. M&M Basic, ViVA , ViVA Basic and ViVA HC are trademarks of 
Omnicomp Graphics Corporation . All other trademarks or registered trademarks are property of their respective owners. . .. 171e Texas Graphics Company Specifications subject to change without notice. 

1734 W. Sam Houston Pkwy, N. 
Clrcle 280 on Inquiry Card. Houston, Texas 77043 
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IBM 1:/~ . AST 

AMBRA Enttrpris.e 386, Hurdlo 386, Spri11to 386 (all models) ~Prmmio BMB SOl\S .


lMB II/A .. ......... .. 194 BMB II/A ..... . .. ..... 1319 ~·Ma4~i~ na~~~i9 ·00 1 ..... 1179 9 002 


AMIRA fn.ttrpr ltt 486, Hutdla 486, 5ptinto 486 (all modtl1) 16~A3 50114].001 . 1135 

4MI H/A .................. 1195 llM8 H/A........._.... 1659 Bravo 3/251 


PS/ I 216 386SX lMB I00/10 004 ....... 196 8M8 I00811-007 ... 5319 


1M1 imm ____ 111 4M1 11f1m ____ 1111 A"i:ir·1·1slJ~W.Ji°'~~:M'"''1~i'0 \MJMiii~¥ili1 


PS/ I Consuhon1, Emnliol.. h ptrt modtts 143, l44, AdTcnlC1;9fl Pro 4860X/ll; SX /25, l rcl't'O lC 4/2Ss; ll; 33s; 

PS/ Yokitpoinl oil rnodfls ucepl Cu series SOd; 4/ 66d 


4M8 96f91911 .......... 1199 llMB 96fl191 ........ 1639 lMB 50098/ .QOI ....... 159 4M8 500981-001 ... 5159 

PS/ I Ccns111tont, Enenlio~ hperl modtts x76 Premium 386/25; 33; lJT, Prtmfum.ll 3865X/ 16; 20; 25 


16Mrn 96f9191.. ... .. 1639 Ad~!logo l 486/25; 3iJi:~~~~N~J,;4/3ii486/N3 


PS/125/286, 30/281>, memory CJdoptu 1497259 Premium 4/ 25; 33TE, Server St 4/ 33 


IMS 6l5060l ____ SJ9 '1M9 64Sol0l,_ ..... ll6 4/ 33;3 1; S0d;66~ Po..Uo~ 386/ 331~ 486/71;~75H; 

PS/ 7 7o-A71; A61 ; 871; 861 , Pl/ I Con1~1ao1, h " nl iaL ~;;~ e,r,~ts~'/3311386/2 S ; 33, 486/33, 4861X/70 


hpert 11odds x11 , 113, x14, PS/ V11lvepoin1 C.u stflti 4MB 500180·004 ..... S119 8MB S00780-001 ·- 5349 


1Mrn l0f5360 .. _.................................. 18 1 2Jl8 I00118·00C; 180 00 5 ----·--·-- -- 169 

Pl/2 JSSX; LS, 40SX, SOZ. SSSX- LS, 6SSX· LS 10 XSIOt loo Ad"'''j'l 416(2S; 33; 33p; SXlO, Powor p,.m;,,, 3/ 33, 


PS~~835SX; LI, 40SX, 11:~'.W16six;-i1;·11;~~i;~ p·5f76 . Compaq 

Yal11tpoint Cu wies, cdopter boord 34F3011 or l4f3077 Prolineo 3/2 Ss; 3/2Su 


4M8 3.Jf1933~.llf9911 ·: .... . .... 1181 p,;~'° iJi~~~~~); 4):ri &MB 141741·001 ... 1319 

Pl / 2 35SX; LS, 40SX, Ps;v.~.po~tCu lfOfl IMB 141687-001 - .. 139 7M8 141683-001.._ l/6 


!MB 64l0119 ______ 5314 · 4MB 141181 001 .._ 1181 iMI 141685-001_ 13>1 

PS/710XI, 9S XI, 175 lro'iL 56, SI lolJ, Pl/I P"M2123 DukPoo 386-20, 20o, 2S 


lMB 64SO!il ..............- .................... 176 41'9 113131-llD I ..... 1180 4MB 113645·001 ... 1141 

PS/2 90 XP, 9S XP, P71 lpoln), S6, 57 loll), DukPoo 3861 / I 6 

PS/ I Consultant, Emnliol, hpert m11dtls xll , xll, xl4, 4MB 112534-001 ..... SIBO 4M8 113634·001 ... S2SS 

PS / I Poo M2123 Dt1kPoo 3/ 2Si; 3Ji, 4/ 751S; 33, 66c 286N; 386N; 386SX/20; 


4MB 6450128 .......... 5181 BN.B 6450130 ·--- S3H 20N, SflltmProlT Srrie1, Porlablt 436c, M Stties 

hpoo lioo boo•d1 f., 50 SOZ. SSIX 60 6SIX IMB 118618·001 ,, __ 539 l/AB 118689·001 ·-- S/6 


J.!M8w/2Jl3 ' 1491119 ' ' 1119 lMB 11869C·OO I __ 1181 8M3 111111·001 _ 1314 


hpouicn bootds for al modtls 70,-io_____ Pr~~a fC ~~v;; 486/~!~ Dl2~~i U91 47.00I . 51280
4 9 1
4·16MI w/~MB 34FJa1 I ···-·---·-·-·---·-·· 531l Dt$kPro 386·33, 486: )1, SysltmPro 


:#4 lMB 310-1116 ........... S76 8NB 310·1468 ....... S351 Vott" 386/ 16N, 386/20N, 386/2SN PC 

~· PowHllnt Woru1alic1 120; 41S; 433; 4SO; 450SE/2, 466SE lMB D1406A ,___ 192 81!8 01401A ...._. 1310 


Dell !MB 115144-001 ...... 199 BMB 116561-llDJ... 1319 

Paw" Duklap 32lD; P, llJD, JJJP, 433P, 486P, 486D Hcwlett•Packard 


;flli IMS 310-1S05 ........... S39 m 310-1l01 ....... S181 v.o.. OS/16S; 10P(,RS/10; 20C;2S, 2SC 

~ Powtrline Wof..s101icn420; 425; 433; 450; 4SODE/2, 466DE 4MB Kit Dl542or 1641A -..·-··------· 5189 


ll!IJ 1'.it 310·1630 ----·---· S1180 Vetha 486PC; 151; 331; 4861/20; 4/2SN; 33N; SON; 66N 
PHlonnon<e ! , ~ & M itrlti lMB D7381A .._.___ $/6 IMS 01151A ·--- 131-1 

4MB 310-3325 ......... S181 16.l\B JID-llll 1640 Vtdra 386/2S; 486/2SU; 486 / 33U; 486/ SOU; 486/ 66U 
Performance ME serin ...._. 1MB D2381A ...... ·-·-·· 576 BMB D2152A ....-... . $354 


4MB 310-3334 ......... S152 8MB 310·3335 ....... ll61 & Vt<!" 486 / 2SN; 416/ l3N; 486/ ION; 486/ 66H 

;I; Zenith ~v~~s386/33N; 33NI D7616A .................................... 1640 


~. z.J00/ 400 Snit1 z.420/SX, z.425/51, z.433/ DX. 2-433/ IX !MB 01114A --·-·- 191 !Mi Ol115l ___ 1310 

:#11; 4M8 ME ·IOO ............ 1111 16118 ME-90 ·-·-- 164-0 /~ NEC 


--.::,.\ Z·Strvtf 42SSE, 4l3DE, 4SODE · ~4 1mogt 425, 433, 466 

4MB Mf.437 ............ 1152 811.8 >IE-101 ........... 1361 /~ 4M8 410-11001 .. ......... 1181 16M84 JO.J1003 ___1641 


l-11011.. ms~s.420Slb;Sh;S•42Slh,433Dt~D~4SOX!n ~ Rtody 425, 433 

IMB Ml./0 .. ........... S39 411.8 ldf.100 ........... S181 4MI H/ A.................. 1195 l6MB II/A .............. 1649 


Ztollh ! ·386/ 20; 25; 33, 33E Pow.,Mol t 286/1 2; SX/16, SX/20 

IMB z.rnoo.~1 .......... 139 m Z.13800MI - . 118 1 1MB Kit op.410.1101 ................ 196 


Ztnilh z.Jl6SX(20, 216LP.. HI Po;;::Ti11~a0 OP~I0-8101 --·-· ..-·--· 1159 


l mlh416/33£1; 1SE Powe1Molt 386/lli; hpms t., t iniu 

4M8 IA4100/jl ........ 1181 l6MB IA4700M8 ..... 1640 4MB OP~IO 6205 .... 1181 l6M8 OP-410·6101 . IHO 


~-t.'1~ ~•l iJ".1:r•i~l•I•l :ftl1~~l tC 


l~.8 1'.it 1-605-1 ---  ..........................- 111 2Jl9l<p. 1,..d OP~1 0·8101.8 103 ............_,_ S180 


5
Pownhr< 4/155L 4!A8 ··-···· ..·-·· 5179 · Ultrolilt Vm o (oil modtbl 4M8 .....- .... ... 5129 


l!m .............. 1769 SMB ...- ......... 1449 

Powttbte 3/71S~ 3/2Sll·C, El 4M! .-..- .. S1S9 Ultrolll t & Ctllulor Workslotion Sl / 20 2M! .. _...._, Sin 

p,.,.ium Enc 286, 386SX/20, 2S, 71C 110 	 BMB ........._ 1309
m ___ 

UllooUlf Ill, Sl/2SC 	 2JIB ..........- .. 5119 

4M8 ....... ll S9


Compaq 
Con1"0 l/20, 3(2S, 3/2Sc 	 4MB ............... Si69 
 u11 .. me Sl/70, Sl/ 201 	 1M8 ................ . S89


8MB ... .. .. ....... 1309 


lTE 286 


6M8 .........._. l159
~ Contun1 4/2Sstriei lMB ................ Sl19 Pralpood 286, 3861X/16 4MB ................ 5m 

1ML.. ___ ll 19 
~: :::=-~-I~:: PooSpttd 386 

m ___,_. 1121 ~ IBM 

lTE 316S/ 20 4MB .....____ II/I AMIRA To tl<a 1M8 .....--. 1111 

lTI Ult 20; 25; 25<. 25t 
 m __,,__..... S171 Thh•lod 300 1M8 ............... 11 19 


!MB ............... 1391 8M8 . ............. 1361 

1 6.~B .............. S899 /;,, •PS/2ClS7SX and lhinkPad 700, 4MB.. .. ........ 1109 


LTI Ute4/2S< 8MB ............... 5389
:~: ::::~~: ;::: ~\~~~;,~oi{o;oc 4Ml .............- 1189 

Sll 286 <MB ..........-. 1119 SMB ................ 1319 

Ill 3161/lO m ___ 1199 NII Nol.book (Ali) lMB ..........- .. 169 


m __ IJ89Toshiba 
l401X, NJJIX. Pl/ Nott 187 	 4MI ............... 1185


llOOOSE/ll/XE; 2000, 2000IX; IX., 	 1ML .............. 199 

l40SX, PS/Hote 187 	 8M8 ._ ......._. 1319
moosx, moo s..1.. 	 4M8 .... S179 
PS/ Hole H4SSl 	 1M8 .... ..... .... 191 


112DOX~ 1600, 3100E 1M8 
8M8 ........ ... ... . 5319 


. . 119 
 Texas Instruments 
!31 OOSX, 37001X, SXC 	 2MB ····-·--···-· 579 Travt lMole ]000 (ol modeb) lMB ................. 119 


4M8 ·-·····--.... 51 49 TrcnlMole 4000 (a l mcdds) 4M8 ·-·-- Sl89

lMB ____ \179311! ------- 5119 loonlMolo WlnSLC/2S 

1~£ __119 4r. Zenith 

·~.B ....- ......... SIU --Z\ z.u.. 370l 1Ml....- ...._ lll! 

8M8 ...- ......... S369 Z·Nott 320~ 320lb, JlS~ 32Slc lMB................ llOS 

16MB .............. sm sMs ................ 5384 


14400, 16400 loll madol1) 4MB ................ S709 !·Spool 4201, 4711 m .........._... 11ss 

Z·Sport 3255 J.6MB ............ 1106
IMB _____.... 1359 


l!MB ........- 1699 4118 ...._.__ 1194 


16.~B lll"'J 11319 MosltnPorll86Sl 

..!f'!.moo, moo,moo 1anonodtl1J 81""8 fJJ-.d!J _ S4S9 Mc1ttnP0t1 3!6Sl. SLC. Sh 2MB ..- ...- ... S90 


11•1 _____ 119 

ISIOO SirptnPort Sl;286e-; 5lims Po rt WB ................ 11 39 7M8 ..__. S89 

moo.moo;mooc, moo lMS .................. 189 SvpmPorl286;286t IMB ...- ............ 191 


BMB... ....... 1319 Suptr sPort 286t; SlirnsPorl 4MB .... .. ..... .. 1119 


"Mainstream Choices!" 
MiaoScanj)-Y'JJ 

• Mluo5(cn3[+,14", 0.18mm, 10241 768111 @11H1 

IJ.i11optoctu0t·~digitol con r1 ok, JOK-60KH1 ...... 5359 


• Mk1o51cJ1 4G, l ns1, D.28mm, 1780t1024Hl@ 60H1 
J.l.it1op10<tHor-bmdi5;rol controk, JOK- 64KH1 ·----·.. -- .Sm 

• Mkro5ctn SA. ITFlT, 016mm. 1WhlQ24Ul @60Hz 
IJJnopicmwdmtd digitol conttok. JOK-64KHi -··-· ··- S869 

Ii 1 M'!tl~ 
1x9...... $43 

IM8'9-70..ll<hipl ....... SO 511Kd6-/0fl~.BI ......... . S/ 6 

4MBx9./0n1. . ... 1151 IMS. 36 ·10(4MBI ....... 1181 

l6MBxrnn1 ..... .. .. ..... .. .. Im 1Mhl5·10(8MBI ........ 1354 


For Laptop and Notebook Systems. 

PCMCIA 2.0 Dal u/ Fa x wflh XJACK 

IH~f.IX/ll<dtrn .. .. -- ' ' ... S379 

74/96(~"" fU/Mocl"" ................__ . -·- 1109 


lnlcrnal Dalo / Fax w/ MHM, Y.42/ Y.42bi1 

14 ,41l<l>ps fAX/W•dom ............. S-119 

96/ 9600°'"FAl/Mcdem ... . sm 

W96CO°'" FAX/Modem .............._.............- ........ 1209 


Po<ket Modems for any sei ial port 

14,411!1Jps FU/11,,;.m _,......._ .._________,_ 1319 


96/9600bps I.IX/Modem -·-·-·-·----1115 


ftt' :fllliJ VJ (fj •J JM 
5X / Now! JU CPU Uw-* 


llMHz (511 ...........- ... 1169 ll~Hz ~II ___,, __ 1119 


~8 6/Hcw l O• cru v,,_-. 

15MHzllXl ................... 1399 llMHzlOX) ....- .......... Sl79 


SlC/ Nowl ta• C1\I Upp..W

l5UHz 151() _____....... 1119 SOMHz ~l() ______ 1199 


MCMcs tu 4U U'\I Unr..1• 

l lMH1llX) ...... .. ........... 1699 V"1h4Mladd .... ....... .Sill 

llMHz IOXI ............... 1959 Vr.oh BMl odd ................. 1354 


LASER MEMORY 
Co.011 LBP--4,-4li1t,4 Ph11 


IMB 163-2130 .......... 51 06 2JIB H/L .. _,__... S145 

CononlBP·lll & 8111 Pio 


1MB 163·13SO ......... 1141 ]MB 563-1360 ........ sm 

lp1on EPl 6000 


lMB 115401......... ... 1170 4MB H/A................- .. 1198


44\ [pi~:aAt1iwi~~'~. ~~ '. . ~-~-~·t1°3~0 4M3 NIA -·...·-·.... -..... 5213 

-.;::,; ·HP lanrJtt llh~ 4, 4M, 4SL 4SiMl, Xl300, lnk.ltl 600 


HPlmtrJel llP, llL lllP, lllD 


HP LaserJet 11& llD 


IBM lom 4029 all modeb 

2MB llB333L ......... 196 4MB llB 333S ........... Slll 


Okiloser 400 

IM9 70014701........... 161 1MS H/A - ...- ...- . 11 06 


4MB Cl~SA __ Sl!I l!U Cl~!A ·-  ..·-· 131-1 


lMI 334111 .............. 197 CM! 3341/B 1110 


lMI 331448 ............ 1110 4MB 334458 .............. 1195 


PaHsonl< 4410 & 4430 

2Jl8 Kl-N44 _ .. Sill 4MB H(A.._______ 1191 


P11osoni< 4• 501 & 400 

2JI! Kl·fl4 1 ........... 1119 4M8 H/A... ..____ ..... S189 

Tuoi htslnmitti ls Mkrolom and IL 
110 2555739·0001 ... 146 4MB 

WE SET1HE STAlflDA9.: 
' 100% COMPATIBLE IN FORM, FIT, AND FUNCTION 

• All PRODUCTS USER INSTALLABLE 

• INSTALLATION INSTRUCTIONS INCLUDED 

• TOLL·FREE TECHNICAL SUPPORT 

• MANUFACTURER'S WARRANTIES 

• CORPORATE PO'S, APO/FPO'S WELCOME 

, GOVERNMENT AND EDUCATIONAL PRICING 

' INTERNATIONAL ORDERS WELCOME 

• SPECIAL VOLUME PRICING 

• SAME DAY SHIPPING 


, OVERNIGHT DELIVERY AVAILABLE 


• VISA, MASTERCARD, AMERICAN EXPRESS, 

AND DISCOVER ACCEPTED 

• NO SURCHARGE OH CREDIT CARDS 

DON'T SETILE FOR LESS! 

TOll FREI FROM USA & CANADA 

1:r1r•A'?·' u.z:r.t.J 
INTERNATIONAL ORDERS 

714·448·7750 
fAl ORDERS 

714·448·7760 

Business hours: 

Monday - Friday, 8am-5pm, P.S.T. 

Saturday, 9am-3pm, Orders Only 


Mail or fax orders to: 

First Source lnternalianal, Inc. 


7 Journey

Anso Viejo, CA 92656 


Circle 191 on Inquiry Card (RESELLERS: 192). 

http:511Kd6-/0fl~.BI
mailto:ITFlT,016mm.1WhlQ24Ul@60Hz
http:Prtmfum.ll


- - - ---

1235.00 

Clrcle 209 on Inquiry Card. 

CAD Warehouse 


1-800-487-0485 

Hewlett-Packard Houston Instruments 

Call For 

Pricing 


h 
:!:'

ll iPlu1 7100 Plonct 

OMP 160SerieslHl-Plot 

DMP 162R · 512K ...... Lowest 
Hl·Plot 7100- !MB ..... Lowest 
Hl·Plo1 7200. 1MB .... . Lowest 

DMP 60 Series 
OMP 61·8 Pen ......... 1995.00 
DMP 62 · 8 Pen ...... ... 2750.00 

Roland 

Calcomp 


Pacesetter''*1 

2024A·D ............ 1995.00 

2036 A-E ............. 2595.00 


Design Mate" "' 

Priced At .......... ~ 


S:and &Cable E•tra1 

Classic '"' 

SpecialOller ....... 4195.00 
4 MB Buller Free' 

DrawingMasler " "' 

Scanners 
Ideal/ Calcomp ................................ Call 
300 DPI. 500 DPI. 800 DPI. 1000 DPI (H ) 

GTX Raster CAD........ . . .. ................ Call 
Laser &PaintJet Printers 

Ca1Comp600DPI 16MB ........ .....:a;m:oo 

HP Pamt Jet XL300 . . .... . ........ 237000 

Data Produm llR 1555 2 tray.. . . 289; 00 

Data Products llR 1560 2tray ... .. .<sg; 00 

Data Products llR 1580 . . ........... Ca11 

Calcomp 513 XF .. . .. .. ... ................ Call 


Houston Instruments 

JetPro VSO ........... 1310.00 

Je1Pro VlOO ... . ....... ...... 1875 00 


loline 
Studio 7 36" & 24" ...................... ........ Call 


Roland Digital 
PNC IOOOA<il" ................... ....... 2450.00 
PNC 1100 24 ' ... . ........... . 3150 00 
PNC 1800 48" ... . .... . 7895.00 
Letter An 7.5 ... ...°ENCAD ....... Cal l 

SP 1800A-D ..... ........ 20 19.00 

SP 2800 A-E ... ... .. ... ... ... ... ........ 2530.00 


Pacific Dala Protracer II 
512K ......... ......... 1230.00 

2MB/HPGL ........ . .'jf)i_ ' ... . . 1725 00 


Express Plotter II A·E 52MB HD ... . 8250 00 
Graph ics Cards 

Artis t XJ1000 50MHz ..... . 1050.00 
ATI Ultra Pro 2MB . 365 00 
ATI Ultra Plus 2MB ... 335.00 
Bravado 8 . 720 00 
Oramond Stealth ... 175 00 
Dramond Vrper . 425 00 
Melheus Premrer VL2 . 340 00 
Melheus Premier VL4 555 00 
Melheus Permrer S3 325 00 
Matrox . Call 
Nth Edge 875 00 
Targa +64 ... .. .. . . ......... 1695 00 
TrueV1s1on WGAB 890 00 
#9 Level 12 41 8 00 
#9 Level 23 . . .. . .. 965 00 
#9 Level 29 Trucolor 1339 00 

February Savings! 
Drming Board Ill 12xf2$252°0 

{Ark about cordless option} 
Summa Sketch Ill $252-00 

12 x12 Oigitim WI Cursor 
CalComp 12x18 ....... S565 

CalComp 24x 36 ..... S1325 

Ca/Comp 36x48 ..... $1495 

Summa Ill 12x18 ... .. $499 

Hitachi 12x12 .. ........ . 295.00 

Kurta XLP .. .. ... ....... ... 219.00 

Kurta IS1 ............. ..... 305.00 

Calcomp Esli-Mat ... 1175.00 


All 12x12 Digitizers 

(Except Kuna & H11achi) 


Include Free Autocad Templates 


Monirors 
H11ach1 elite 17'' 

Hitachi 2088 20" 

H11ach1 2095 20" 

Hrlach1 2187 21 · 

H11ach1 2188XL 21" 28DP 

Hrtach1 Accuv1ew PS21AM 

M1tsub1sh1 Diamond Pro 17 

M1tsub1sh1 6955 W ' 

M1tsub1sh1 7955 W ' 

M1lsubrsh1 7165 21 " Flat Ser 

Nanao F340W 

Nanao F5501 17" 

Nanao F5501W I 7" 

Nanao T5601 I 7" 

Nanao T6601 20· 

Nanao Fi601W 

NEC 5FGP 17" 

NEC 6FGP 21'' 

Panasonic C795 IT' 

Vrewson1c 17 

Viewsonic 21 

ldek I Ma 


1625 00 
1335 00 
2050 00 
2290 00 
2590 00 
1059 00 
1795 00 
2039 00 
2130 00 

705 00 
1029 00 
11i9 00 
1695 00 
2395 00 
2275 00 
1550 00 
2475 00 
1145 00 
1025 00 
1975 00 

Call 

SONY 173017" ........ .... .. .. .................... 1025.oo 

Authorized Dealer NewGDM2038·128072Hz •. ... 2150.00 


PRINTER SHARING &MEMORY 

110 =input/output 
Q =serial 
D =parallel 

LCX-1000 (1Mb) $495 
8ports; 4 serial VO; 57,600 bps 
2 parallel in, 2 parallel out 

LC-256 (256Kb) $399 
LC-512 (512Kb) $449 

8 ports; 4 serial VO; 19,200 bps 
2 paral lel In. 2 parallel out 

LXFR·ETC $49 
PC-to-PC File Transfer for DOS, 
Windows &OS/2. 4 user license 

PB-42PP·256Kb $249 
PB-42PP·1Mb $299 
PB·42PP·4Mb $449 

6 parallel ports; 4 in / 2 out 
Upgradable to 4Mb; 25,000 cps 

LC Jr.·256 (256Kb) S199 
LC Jr.·512 (512Kb) $249 

5 ports; 4 serial in. 1 parallel out 
Up to 115.200 bps 

LC-41 PAS S69 
5 parallel ports; 4 in / 1 ou1 
Smart-switch; 25.000 cps 

SPPS ~ S49 
9600 bps to 115.200 bps, 
Serial I Parallel Converter 

PB-11PP·1Mb $199 
2 parallel ports; 1 in / 1 out 
Upgradable 10 16Mb; 25,000 cps 

LOGICAL CONNECT/ON8 4660 Portland Road NE #108 Salem, OR 97305-1658 

236 BYT E FEBRUARY 1994 

800-238-9415 


EISASIMMs 

HP4 &HP/llsi 

PCMCIA 

TOSHIBA 

MACS/MMs 

POWERBOOK 

Tech .: (503) 390-9375 FAX: (503) 390-9372 

Circle 206 on Inquiry Card. 



Recognized as the two best 

PC-diagnostic tools on the market. 


NOW AVAILABLE IN ONE GREAT PACKAGE... 

ALL NEW 	 VER. 5.0 

M 

,_ . ,_ . .~ 

~ 
UNIVERSAL DIAGNOSTICS SOFTWARE 

Fully operating system independent 
diagnostic software. 
llfl'UMRADE Recently named as PC Upgrade r... Magazine 's Utility of the Month. UTILI TY OF THE MONTH 

FULLY OPERATING SYSTEM INDEPENDENT, 
BJOS INDEPENDENT, AND CMOS INDEPENDENT. 

MICRO-SCOPE Universal Computer Diagpostics was developed to 

sat isfy the expanding need fo r accurate ·system diagnosis in the rapidl y 

growing desktop computer market. 


e CACHE MEMORY - · Micro-Scope' Ver. 5.0, 'l 

now full y tes~ cache memory and the cache 
contro ller subsystem. 
e LO LEVEL FORMAT - Abi lity to do 
fac tory style ini1i1ilization of :ill IDEdrives. 
together with the ability to do factory style-low 
level formauing on all drives. including MFM, 
RLL, ESDI, SCSI, and all IDE drives. 
e 0 /S, BIOS and C!MOS INDEPENDENll 

oes not rely on 0 /S for diagnostics. Talks lo 
PC on a hardware level regardless of tlle 0 /S. 
BIOS or CMOS seuing. 
e TRUE HARDWA RE DI AGNOSTICSl
Accurate te,11ing of CPU. IRQs. DMA, memory. 
hard drive, fioppy drive, video cards. etc. 
e DISPLAY DRIVE 'fYPE - Reads and dis
plays the actual drive parametm for any drive 
type automatically. 
e CPU DE'f,ERMINATION - This capability is 
necessary for acc urate system diagnosis on 
386SX, 386DX. 486DX and 387 and 487 chip 
implementations. Because each of these specific 
ohips has its own unique ins1ruo1ion set. and 
thcrcf'orc cannot he accurately diagnosed with 
any program which cannot recogni ze these differences! 
e \1EMUKY TEST - "Micro-Scope" 5.0 has no limitations as 10 the size of 
memory ii can accurately le ·1. Micro-Scope now al o tests up to 2 meg of video 
memory' 
e MEMORY EXi\Ml"JE - Displays any physical bit of' memory. Very usefu l for 
determ in ing memory conlliols. Very usefu l fo r detennining available 
memory space. 

e BATCH CONTROL- All teSIS, even destruc1ivc. may be 'clcc1cd for testing. 

e ER ROR LOGGING - Automatically inputs errors during testing 10 an error log. 

e AUTOMAPPING-Automat ically bad sector maps errors fo und on hard disks. 

e IRQ DISPLAY - Show bits enabled in IRQ chi p for fi nding c:ards that are 

soft ware driven. ( 1ctwork. etc.) 

e IRQ CHEC K - Talks directly 10 hardware and how 1/0 addrc;s and IRQ of 

devices that re pond. 

e SECTOR EDITOR - Allows the editing of any sector of lloppy or hard disk 

media (even track 0). 

e AND MUCll MORE.. . We don't have enough space here for everything thb 

,oftware can do! 


The only Power-On Self-Test card 
you need to debug any "dead" PC! 
-
SERVICE NEWS Named as Product of the Month 
PRODUCT OF THE MONTH in the July issue of Service News. 

" This is the only card that wi ll ~uncti on .in every system on the 
market. The documentation 1s extensive, and not only covers 

the expected POST Codes fo r diffe rent BIOS versions, but also 
includes a detailed reference to the bus signals monitored by 
the card." - Scott Mueller from his globally recognized book, 

'Upgrading & Repairi11g PCs Second Edition' 

e Includes pads for voltmeter 10 auach 
for actual voltage testing under load. 
e 4 LEDs monitor +5vdc -5vdc 
+l2vdc -l 2vdc. 

e Monitors Hi & Lo clock and OSC 

cycl to distinguish between clock chi p 

or crystal fa ilure. 

• 	 Monitors 1/0 Write mid 1/0 Read 

lo disti nguish between wri te and 

read errors. 


• Monitors memory write/read to 

distinguish between address line 

failures and memory chip fai lures. 

e Monitors ALE for proper <l:PU/DMA 

operation. 

e Monitors Reset to determine if reset is 

occurring during POST, indicating shon. 

e Monitors progress of POS'Jl wirhmu 

POST codes. 

• Reads POST codes from m1y LBM 

or compatible that emits POST codes. 

ISA/EISA/MC A. 


• Compatible with Micro Channel 

computers. 

e Dip switch allows easy selection of 1/0 pons to read. 
e Ihclude; tri-state LOGIC PROBE to dctcnninc actual chip fa ilures. 
e Manual includes d1ip layouts mid detailed POST procedures for all 
major BIOS's. 

This is the perfect package for all repair 
technicians and self-maintainers. 

Call MICRO 2000, Inc. for volume 

discounts and after sales service! 


800-864-8008 -
1 JOO E. Broadway, Suite 301 	 ~D_ -=.,S== Pl_ IA Rt_
Gle11dale, California 91205 II 

818-547-0125 • Fax 818-547-0397 ===== 
Circle 203 on Inquiry Card

• AUSTRALIA - MICRO 2000 Austral ia, P.O. Box 1777, Woll ongong , NSW 2500. Tel: (042) 564446. 
•UK - MICRO 2000 Euro pe, P.O. Box2000, Latchworth . Herts. 5661 TG .. England . Tel: +44 462 483483. Fax: +44 462 481484. 
•CANADA - Business Data Systems. 169 Burnside Drive. London, Ontario. Canada N5W 5V5. Tel : (416) 77 7-2479 Fax: (519) 249-5420. 



Circle 212 on Inquiry Card. 

It's FREE! Absolutely, positively, totally FREE! 
No strings! No commitment! No shipping! No 
handling! No nothing! FREE! FREE! FREE! FREE! 
It's your FREE introductory issue of 

NalitilusCD~' 

This is not a misprint. It 's an honest-to-gosh offer fo r a FREEintroductory issue of 
1 autilusCD, The Multimedia Magazine 0 11 CD ROM. 

f\alllilusCD is the premier sho\rcase of mult imedia creativity. Our contributors 
are multimedia's superstars. wizm-cls who can make you rcomputer screen 0;L5h to 
life with moving piclures.. .pl ay music or sing fo r you...dazzle your eyes with 3-D 
graph ics ...aml even talk to you! It 's an experience not lo be missed. 

Yeah. you' ll get asubscription offer with your FREE issue of Nauli lusCD. but 11 0 

more wi ll come -and neither will any bills-until you tell us ''OK. I've gotta have 
it!" You've got hours of thrillingmultimedia entertainment lo gain and nothing 
to lose. So ca ll the number and <L5k for your FREE issue now! 

The Multimedia Magazine•m 
on CD ROM 

To order your absolutely, 
positively, totally FREE issue, 
call toll-free 
1-800-448-2323. 
\\;ul.lhh•111 ~tlnm1 t-.h ;md \\ . 1t1.~r.i.... \tr..uHl!t.. Cll IHl\l 1\111~· n'1mn.,I 

IJ1111tt,J Tin~ OJTtr Onh I Clllm\\ 1i..•r llltflllli lnlt1ll.l'to11;1! onli..1' ! (11 1 ~,~, Hli' 


NautilusCD The ~ lultimedi a ~ l agazine 
700 I Oiscoverv Boulevard, Dublin , Ohio 430 l 7 

How to make powerful new 

connections in 10 seconds.. Or less.. 


The new Adaptec·SlimSCSr host adapter instantly connects your PCMCIA- ready notebook or PDA to SCSI-based 
peripherals. including the latest CD-ROMs. tape drives. and scanners. It's the quickest way to tap into your database 
or add some pizazz to your presentations. no matter where you are. 

Getting started is just as quick. SlirnSCSI comes bundled with SCSiworksC the DOS/Windows software that 
makes it easy to load drivers for the peripherals you're using. 

Ask your dealer for Adaptec's latest IOware· product. the new SlimSCSI host adapter. Or. for PDAs and note
books with parallel port connections. ask for Adaptec's MiniSCS[ For more information about either product. call 
1 -800 -934-~766 (1-408-957-7150 for mformati~n by fax) . ,Qfladap..ec· 

They re great ways to make new connections. Fast. ~ I' 
NOW MORE IMPORTANT THAN EVER. 

Cop)'Tlgh t 0 1994 Adlptec. Inc All nghts r~ervcd Ad.lptec. the Ada ptec IOjio. SllmSCS I. Jnd ICW.·Ju: Jte trademarks of Ad.lptec. Inc. . and SCS l\.l."Ocksl and Mln\SCSI are 11.idemarks of Tf'Jntor 
Sys lcm~ l.lmi1cd. ;m Ad.iptcc company. a ll of wh ich nuy be registered in some 1urtsd lct1o ns 
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Serious Speed For 
Serious Modem Users 
Nothing Else Comes Close! 

Serious PC users demand 
serious speed from their 
modems. 14.4 Kbps? 
You must be joking! 
Waiting for a large file 
transfer is like watching 
corn grow. 

METACOMP's 
COMMPORTERN/56 is 
a 56 Kbps digital modem 

card that offers performance 
no other modem can touch. 

Fast and Reliable 
COMMPORTER uses 56 Kbps 
digital telephone circuits, 
either switched or dedicat
ed. Because they're digital 
end-to-end, you can accu
rately transfer files four 
times faster than a V.42 
modem and six times faster 
than V.32! 

Software and 
System Compatible 
DOS, Windows, 05/2, Unix, 
PROCOMM, Crosstalk, 
Hyper Access - it makes no 
difference. COMMPORTER 
works with any OS or com
munications software. It 
configures easily, emulating 
a standard COM port with a 
Hayes-compatible modem 
attached to your lSA/EISA 
system. 

56 Kbps - It's Cheap and 
It's Everywhere 

Switched 56 is priced 
similar to analog phone 
lines, and is widely 
available. Since your 

actual connect times will 
be a fraction of those 

with an analog 
modem, you could 

save the $995* price of 
the COMMPORTER in the 

first month of use. 
Now you have a choice: 
watch the corn grow while 
waiting on your slow 
analog modem, or call 
METACOMP. Get serious. 
Get the COMMPORTER/56. 

I 0989 Via Frontera 
San Diego, CA 921 27 
Tel: (619) 674-5000 
Fax:(619) 674-5005 

• Quantity one. end user price. 
coMMPORTER is a trademark or MfTACOMP. Inc. All rights reserved. DOS, Windows, OS/2. Unix. PRO COMM, Crosstalk. and HyperAcccss arc trademarks or 1heir respectrve companies. 
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INTERFACE CARDS 
Fast Multi VO Card 
• Includes two NS16550 serial 

ports, one parallel port and 
one game port 

VGA Package with 
Accelerator Card 
• 1024 x 768 in 161256 colors. 

800 x 600 in 16/256/64K colors, 
640 x 480 in 16/256/64K/16M colors 

• 14" diagonal screen; 0.28mm 

3-Button Mouse $1495 

• Accuracy 290·1450 DPI 
• Opto -mechanical design 

Dynamic RAM 
PART I SIZE PRICE 

• 8-bit 28613861486 compatible card 

MCT-AIO+ ........................ .. ......... .. ... ........... ......... $89.95 

MCT-AIO As above with one NS16450 ................. $49.95 

MCT-IDEIO+ IDE w/NSt6550 compatible serial ........$99.95 

MCT-IDEIO IDE w/NSl6450 compatible serial ........$69.95 

MCT-VID V L Bus IDE and Mulll 1/0 card ............. $99.95 

MCT-IDEFH 16-bit IDElloppy card ...... .. .. ...... .. ........ $29.95 

MCT-VCFH VESA Local Bus cache IDE controller .$229.95 
MCT-VSCSI VESA Local Bus SCSl-2 contro ller ...... $299.95 

• 16-bil 28613861486 PC compatible Windows 
accelerator card, Interlaced and non-interlaced modes 

VGA·PKG-1024N ........... ................................................ $459.95 
VGA-PKG-1024 0.39mm, 1024 x768 VGA package ... $349.95 
VGA·MDNITOR 0.39mm, 1024 x768 Int monitor ..... $269.95 
VGA·MON-1024N 0.28mm, 1024 x768 non-int. mon.. $379.95 
VGA·MDH-17N ff. 0.26mm 1280 x 1024 non-int. mon. $799.00 

Low Cost Windows 
Accelerator 
• 16-bit 28613861486 PC compatible; 

supports interlaced and non-interlaced. analog or 
multisynch monllors; VESA software compatible 

• Up to 1280 x 1024 resolution in 16 colors 
MCT-VGA-5000 .......... .. .. .. .. .......... ............................ $99.95 
SPEEDSTAR-PRO 16·bil Windows accelerator ......... $129.95 
MCT-VGA-4000 16·bit 1024 x 7681256 color card .$129.95 
MCT-VGA-1000 16·blt 640 x 480 VGA card ............. $49.95 

POST Code Display Card $7995 

• 286/3861486 compabble 
• Displays Power On Self-Test codes 
• Works when software won't boot computer 
• Includes AMI Diagnostics software 
PCODE+ ....... ... ..... ......... ... ... ........ ............................ .. .. $79.95 · 
PCODE Above without AMI Diagnostics .............. ...... $49.95 

: ~ ·:1 .:-~~Wire·Wrap 
Prototype Cards . ; · i': ...: I 
JDR-PR2 8-bll wilh 1/0 decode layout ............ $29.95

1 


JDR-PR2-PK Parts kit for JDR-PR2 decode ............ $8.95 

JDR-PR10 16-blt with 1/0 decode layoul .......... $34.95 

JDR-PR10-PK Parts ki t for JDR-PR10 decode ........ $12.95 

PDS·601 8-bll breadboard with decode .......... $79 .95 

PDS·611 t6·bit breadboard with decode ........ $89.95 


EPROM Eraser $3995 

• Quickly and simullaneously erase 

JDR·MOUSE-3 ......... ······················· ·········· .............. $14.95 

MOUSE-PAD Keeps mouse ball free of dirt ... ................... $4.95 

MCT-GAME Dual port game card .......... ..................... $29.95 

JSTK-300 Joystick ......................................... ........... $9.95 

JSTK-500 Pilot-style joystick ... ...................... $19.95 


MULTIMEDIA 
Low Cost Internal 
CD·ROM Drive 
• 5-114' half-height internal drive 

with 112 length interlace card 
• 150Kb-175Kb per second. 350ms average access time 
• Includes drive. interlace card . cables and manual 
CDROM-1.... .. .. .. .... ............................. ........... ... .. ..... $199.95 
CDR-84 NEC internal dual speed CD-ROM drive $499.95 
MCT-SOUND 8-bit sound card .......................................$49.95 
SB·DLX SoundBlaster 8·blt sound card .... .. ..........$89.95 

VIDEDBLASTER 16-bit video card with software ............. $329.95 


STORAGE DEVICES 
TEAC5·V4" & 3·t'2" 

Combination Drive 
• 5-V4" half-height beige drive 
• Supports 1.44Mb. 1.2Mb. 

720Kb & 360Kb diskettes 

FD-505 ............... ..... .. .. .................... .................................... $149.95 

FDD-2.B8A 2.88Mb 3-112". Beige ................................... $99.95 

FDD-1 .44A 1.44Mb, 3-112". Beige . ............. .. $59.95 

FDD-1.44X 1.44Mb. 3-112". Black .......................... ........ $59.95 

FD0-1.2 1.2Mb, 5-114". Beige ...... ........... .....$59.95 

FDD-360 360Kb. 5-t/4". Black .................................... $59.95 


Prefonnatted Bulk Diskettes In Quantities DI 250 
MD2D·BULK 5·V4" 360Kb OS/OD disks w/labels & labs .$.25 ea 
MD2H·BULK 5-V4' 1.2Mb OS/HD disks w/labels & tabs . $.45 ea 
3.50-BULK 3-112' 720Kb OS/DD disks wnabels & tabs .$.39 ea 
3.5HO-BULK 3-112· 1.44Mb OS/HD disks w/labels & tabs $. 59 ea 

250Mb Tape Drive $16995 

• 286/386/486 PC compatible 
• DIC-40 read and OIC-80 

read/wri te compatible 
• Up to 3.5Mblminute transfer rate 
• 5-1 /4' inlernal half-height drive 
• Includes DOS backup software and manual 
92501 ....................................................................... .. ...... $169.95 

IDE Hard Drives 
PART I BRAND CAP SPEED TYPE PRICE 

~ .~ 

t9ms 3-t/2" IDE $189 .95 
ST-3096A 
CP-30084 Conner 84Mb 

89Mb t6ms 3·1/2" IDE $189.95 
ST-3144A 

Seagate 
t6ms 3-1/2" IDE $209.95 

CP-30174 
Seagate 131Mb 

t7ms 3-1/2" IDEConner 170Mb $229.95 
CP-30254 3-112" IDEConner 250Mb 14ms $269.95 

41256·80 256K x 1 BOns DIP $2 .39 
1MB-80 tMxl 80ns DIP $4.99 
41256A9B·80 256K x 9 eons SIMM $14.95 
41256A9B·60 256K x 9 60ns SIMM $16.95 
421000A9B-80 tMx9 80ns SIMM $49.95 
421000A98-60 tMx9 60ns SIMM $59.95 
424000A9B-80 4Mx9 80ns SIMM $159.95 
424000A9B-60 4Mx9 60ns SIMM $179.95 

DUE TO CURRENT MARKET CONDITIONS, 
CALL FOR CURRENT ORAM PRICES 

Math Co-Processors infel. 
PART t SPEED PRICE PART I SPEED PRICE 
8087-2 BM Hz 129.95 80387-SXP S25MHz 74.95 
8087 SM Hz 89.95 80387-DXP s33MHz 79.95 
80287-Xl 12MHz 74 .95 80487-SX s25MHz 369.95 

OverDrive Processors 
DDP486-SX20 For 20MHz 486SX OverDrive socket .$299.95 
DDP486-SX25 For 25MHz 486SX DverDrlve socket . $359.95 
ODP486R-DX25 Replace 25MHz 486DX w/SOMHz DX2 .$359.95 
ODP486R-DX33 Replace 33MHz 486DX w/66MHz DX2 .$529.00 
DDP486-DX33 66MHz 486DX2 for DverDrivo sockel ... $529.00 

MODEMS & fAX -
14,400 Baud 
Internal FaX/Modem 
• 14.400/12.00/9600/480012400 

haud modem & fax 
• Full Hayes command set 

compatibility 
• Ouicklink II communications software 
MCT-1441F+ t4 .400 baud internal fax/modem ..... $149.95 
MCT-241 2400 baud internal modern with s/w . $49.95 
FAXM-SWITCH Connect fax/modem/phone on 1 line $89.95 
FAX·SWITCH Above without modem connection .... $59.95 

MOTHERBOARDS 
VESA Local Bus 
486DX Motherboard $599 
• 33MHz Intel 80486DX or ·..,.- - - . 

66MHz Intel 80486DX2 CPU 
• 	Uses 256K x 9, 1 M & 4M x 9 , ' I . 

60ns SIMMs (0K Installed) r:_ 1)1-11 ' 
" ., - . 

• ZIF CPU socket for upgrades 
• Eight 16-bil expansion slots 
• MS-DDS. Windows 3.1, DESOview 386. Novell NetWare 

and OS/2 compatible 
MCT-M486Vl·33 33MHz 486DX VESA local bus .... $599.00 
MCT-M486Vl-66 66MHz 486DX VESA local bus ....$899.00 
MCT-M486EV-66 66MHz DX2 wNESA &EISA bus $999.00 
MCT·M386SX-33 33MHz 386SX .............. ................$129.95 
MCf.C386-33 33MHz cache 386 ........................$249.95 
MCT-C386-40 40MHzcache 386 ........................ $299.95 
MCT-M486SX-33 33MHz cache 486SX ...................$449.95 

up to 4 standard EPROMs 
• Includes wall plug power supply 
DATARASE fl ........... .. ................... $39 .95 

EPROM Programmer 
• Programs devices up to 512K bits, plus 

27C100, 27C101, 27C30t, 27C1000, 
27C1001 , 27C2001 , 27C4001 & more 

• Wilh 8-bil 8088 & 286/386/486 PC compatible card 
• ZIF socket accepts 0.6" wide DIP IC's to 32 pins 
MOD-MEP-1A ... .... ............ .... .. ....................... ......... $199.95 
MOD-MEP-4A As above with 4 ZIF sockets ........... . $269.95 

Seagate IDE 
Drive Kits \ ~ 
• 16-bil 2861386/486 PC \ 

compatible card 
• Includes hard drive 
• 16-bit controller interlaces 

two hard and two floppy 
drives 

HDKIT-80 Kil with 89Mb ST-3096A drive .. .. ... ... .. .... $209 .95 
HDKIT-130 Kit with 131Mb ST-3144Adrive .............. $229.95 
HDKIT-210 Kit with 214Mb ST-3243A drive ........ .... .. $269.95 

MCT-M486·66 66MHzcache 486DX2 ................. $849.00 
LITHIUM-6V 6 volt lithium battery ........... .......... $10.95 

FREE 
JOR CATALOGS! 

PC EDITION AND 
COMPONENTS EDITION 

AVAILABLE NOW! 
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PERFORMfitiCE 

• Easy to Configure 
: FoultT oleront 
• Hot Swap Power Supply 
• Hot Swap Drives 
• Drives hove their own power 
• supplies 
: Up to 70 high capacity 

removable drives. 

stamgftom 

$450 

Rack Mount Monitors 
Id" 18 lo..pot VGA colOr (NI) 

D00t CRI COVOI' . 

()poonci !ouch Screen. 

Ir & 20' model5 av

S785 
Rack Mount Disk Array 

• Ho l Plug Pwr Supply 
• Hor Plug Drives 
• 	EochOrivehasovm 

Power supply 
• Fou!l l oleronl 

: ~~g~~~alf~S 
• Va11ableSpeedFons 

'l~EGA TOWEA 
- Dimensions: 

25.5"(H) 
xll ' (W) 

x17.5' (0) 


- 2 color op11ons:

B1oci<. 2-Tone Beige 


- Lodcoble Dooa 

- 3 Co<*lg f<ros 

- Roomfof 14Slots 

- 12 Dltvo Bavs 

• 41ockoblewheels 
• Slide-In Drive Rolls 

0 (!) II 
486-33 - $ 998 
486-50 - $1160 
486-66 - $1283 
486-80+ - CALL 
Pentium - CALL 

System Includes: 
Intel 486 CPU Upgradeable to Pentium 

based processor with Intel Pentium 
Overdrive ready ZIF socket. 

Programable Flash EPROM (optional) . 
Easy to configure frequency synthesizer. 
256K Cache (Exp. To I meg) 
Five 16-b it Expansion Slots 
Three VL Bus / 32 b it slots 
4MB RAM(Upgrodoble to 128MB) 
IDE HD/FD Controller with 2s/lp/lg 
1.2MB or l.44MB Floppy Drives 
101 Enhanced NMB Keyboard 
7 Boy Mighty Tower (Beige or Block) 
2 Low Noise Cooling Fons \v1th filters 
300W UL CSA Power Supply 
Block Mouse/KB/Monitor Options 

486 EISA System 
CCSI 486-33-$1198 Ca ll for 
CCSI 486-50-$1374 AMIPricing ! 
CCSI 486-66-$1497!b~ 

~ 

Configured As ~ 


Above 256K ~· 


Cache On MB. ~~ 

8 EISA and ~ 


1 VLB Slots 


Complete lnteradiw Kiosks 
)> Point ofPurchase Displays 
>- Demonstration Console 
>- DataCollectlonsTerrnlnal ,,...0\101>\el

1)- Training Center ~ tAod0 

Features Include: 
iouchsCJeonrnonltors( lot! ' & 17") · 19' Rock Bose Uri!· Stythh 

& MOdulor ~n · Credit Card Reode1 • Te~pnooe I 

Vk'eophono · Pnntcn · Custom Prog1onvning 


.~~:~0~~1~.~~:~~ 

• Ed11ing SoflwoJo lnctvoed • Coptum\lkleo upTo 16 I MJli.onColots! m • ComplctcNon linocuS:>ly!lonl • S.....PPOt t~ olvidco SlondordM 

~-- • ·o,1ondGoaph1c Ovo•1av Less than $1ODO 

• 	Sound Blasto r 16 Olscovery CD Kit 
w/Duol Speed C D ROM & 5 llllos 

• C ANON RC·360 &. RC-570 Cameras • MATROX m ull!modlo produc ts 
• SLIDE SCANNERS 

• ALDUS PHOTOSTYLER
• DIGITAL FILM fl ·COl?DERS by Polrnold 

• tmooo Q Multlmodla So1two10 
• BRAVO Shdo Molo:cr by Polaroid • MULTIMEDIA EXPLORE!? tor \Yln ows 
• UMAX 2'1 ·bll O(X)- 1200 DPI Colo r Scanners • ANIMATOR PRO 
• COLOI? POINI CH4 104 6MB RAM A ·Silo • 3 ·0 STUDIO (with systems o nly) 

: ~i,~~~ ~i0~~,~~~T 340MS a ccess) • IV Dtkfgo Professk>not (VGA·NTSC> 
• PANASONIC CR562 C320/300KO) • TV Bridge Externa l <Ext . V G A -NTSC) 
• TOSHIOA XM3"0 I (200MS/J2 ?KB fransfc r) • JVC t llRes ComCordor (4 10.0:'.Xl Plxols) 
• Sony & JVC C O.ROM Recorde rs • Shc1d o wPro Image dotoboso :;.orrworo 

o Up to 256 MB RAM onboord 
o Up to 512K write -back CACHE 
o 12 32-BIT EISA Slots, with B Bus master slots 
• Supports 4B6·33. 50. or DX/ 2 M 
o Mode In USA 

EISA Bus 486/ P24T CPU Card 
The Ultimate Single Boord Computer 
(ISA andPC! 104 Versions also avaRable) 

~..7toh-~ • 3781tFISA/PentA..mReody 

• Upro 128 r....';.ogRAM / I Mogcochomomory 

• Cornpc11tble wlfh PCXI EIS.A Bockp&cno Standard 

• RotlOblo cloSlgn is ldeol lo1 lnduslr lotapplicollons 
~~~~~~~~~~~~~~ 

EISA Bus 14SlotBackplane 
SupportsEISA andPCXJ Slandadcard$ 

ISA Bus4-20 Slot Backplanes . 
4.5.6.8. t2. 14. 18.&20slotcon/fg..ro11oru 

Sogmented""""""' olsoovoloble. 

--.--..~ .... ,. 19" Rack Color Workstations •,,..~ ' • Eosyocccss tob0otd1.powor supptv. onddiskdnvos 

• Hokls up lo 7 lul longlh boards ·.... )-~:~:- :-. ;£' ·:~ • COOfing ran controb opo10!1ng terrpetalute of boorch 

• Bui!! In membrano keyboard and keypads / external keyboard Pof I. 

"Power 
For demanding TechnoWizorm on the go! 

386 and 486 EISA, !SA, or VL 
MotherBoords Available 

6Expon~on Slots Color LCD and Color 

3Drive Boys Portoble Systoms 

LCD &Gos Plasma Now AvA1LABL£1 


Coses Available 

http:10.0:'.Xl


Bar Coding • Communications/Networking 

Portable Bar Code Readers 

TimeWand~ I DuraWand~ TimeWand II 

Data collection is fast, easy, and extremely accurate 
when using Vid ex portable bar code readers. 
Cordless operation, compact size, .and light weight 
allow you to take the wands wherever the work 
needs to be done. Call Videx today for your free 
information kit: 503-758-0521. Prices starting at: 

TimeWand I ............ $298 
DuraWand ............... $495 
TimeWand II ........... $698 

See us at MacWorld Expo, booth #4261 
1105 NE Circle Blvd ., Corvallis, OR 97330-4285 

503-758-0521 • FAX 503-752-5285 

TimeWand, Dura Wand, and Videx are registered 
trademarks of Videx, lnc. GC0355 

Clrcle 241 on Inquiry Card. 

Four more reasons why great Sysops 
choose Gtek for their multi-line BBS••• 

BBS550 
Eight pon Seri al VO card 
CS)l<.'Ci all y suited for 
BBSsystems . 
I6550 UA RTS an: 
standard. Pons 
are individually 
oddrcssable. 
Ind ividual 
interrupts (IRQ 2 · 15) 
may be assigned to each pon or interrupts 
maybe shared among several or all pons. IO 
conductor RJ-45 connector,; with FULL 
modem suppon . Up to eight cards may be 
in stalled in a single PC for up lo (>4 1x1rts. 
DigiBoard & Galacticomm compatible. RS· 
232. 422 & 485 interfaces a1•ailable. Call fo r 
a Jis! of supponcd BBS soitwarc. 

PCSS-8X 
Eight pon Serial 1/0 card. Mas 8 DB·25 
style conncrlo" with f-Ul.L modem suppon 
in an c~ 1 c rna l enclosure which mounts to 
the n:ar of vour PC. 16-150 UARTS an: 
standard. 16550 UARTS arc opt ional. Each 
pon is indi1•idually address;1hlc or may be 
localed at a single address nnd selected via 
control code. Int 14H and Windows de vice 
driver and cxomplc code incl uded. RJ -12 
vm ion ava ilable. RS-232. 422 & 485 
interfaces avail ab le. 

PCSS-8f 
Ei ght chan nel 

Intell igent Serial 
carcl. Unit has 

eight RJ -12 
connectors. up 

tu 128 Kof 
· dyna micall y all ocated 

Fl FO memory and 
its 24 MM z 

processor handles 
input speeds up 

to I I 5.200 Kbp . 
DOS , UNIX. XEN IX and 

FOSS IL drivers included. RS·232. 422 & 
485 in terfaces avai lable. 

PCSS8FX 
ltr.i high spec'd Intelligent Octal Serial 

Card . Unit hns eight Rl · 12 connector.;. up 
10 512K of dynamicall y allocated Flr-D 

memory and a 24 MH Lpnx:i:ssor. 
Custom gate array provides OMA transfer 

ru les to I Megabyte :1cross th e PC bus. 
VO Mapped register.; so no host memo!)' 
is used. Input speeds up to I 15,200 Kbps. 

DOS, UNIX. XENIX. and FOSSIL 
drivm indudL-d. RS ·232. 422 & 485 

interfaces available. 

r\11 produa nr cnmpany 11amrs a~ 
trademarks of1hrir rnprctfre Jwldrr.f. 

OEM & DEALER INQUIR IES INVITED 

800-282-4835 (GTEK) 
l'.O. Uo1 lJ IO • Hay SI. Louis. MS 3952 1·2..l lO USA • l\l issk\i ppl & Ttthnlr.dSupport 601-.&67-SMS • f:n 601-*61-0935 
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Communications/Networking 

CENTRAL SERVER CONTROL 
FROM ONE KEYBOARD & MONITOR 

"No other solution 
. stacks up." 

Ma.\·1erCm1sofo sm'es span' . 
t•liminates clwter, cuts cost. 

.t implifies 11 e/H'ork server 
co11trol wi1h 100% reliubilirv. 

CeBit'94 Booth #014809 

with MasterConsole® 

COMPARE QUALITY AND 
PRICE PERFORMANCE! 

• "Plug and Play"' Any Mix of PC/ATs 
& PS/2s: Supporu All Video 

• Dcsk1opor 19'" Rackmount Models 
for2 . 4, 8, 16 PCs, Expand to 64 

• Keyboard Emul ator for Error Free 
PC Autoboot and PC Operation 

• AUTOSCA N1"1 to Monitor All PCs 

• Add Mouse Control 
Add RcmOlc Access up to 150 Feet 

• 1110usands in Use Worldwide 
GSA Schedule for US Fed. Govt. 

CALL TODAY! 
(908) 874-4072 x 71 

RARITAN COMPUTER, INC. ~ 
10-1 Ilene Court. BelleMead, NJ 08502 RMCI 

Fax (908) 87 4-5274 

Germany- ElsncrCompu1cncchn ik. Tel: 4952 1-889877 Fax: 49·521·889925 
Japan - Proside Corp.. Tel: 81-3-3254-6131 Fax : 81 ·3-3254-6 134 
Tlie Ne therlands. Anelcom B.V.. Tel: 31- 1-442-331 3 Fax: 31-10442-3443 
Uni ted Kingdom · Kcmitron LTD.Tel: 44·244-536123 Fax: 44-244-53 1043 

JO-l>AY 1\10:'\EY HACK CUARANTEE Ft JLL 1-YEA!t WARRANTY 
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LET YOUR COMPUTER DO UIE TALKING! 
Integra ted 

Voice/Fax Mail 
I Automated Attendant 

I Unlimited Audiotex 

• Voice Mail 
lnt<'grnU:S major \'Olcc/fax applications plus 
program control Into one fuJJ.featun.-d Wgh 
performance sofiwarc. PCAT/ 386/ 486 basai. 
Menu driven. Easy to use. Full support for I Talking Yellow pages 
llhctorcx, New Voice, Dlaloglc, Blcont, Pika, , 
1TI and Intel rnlcc und fa.'C hardware. Support.• I Telemarkettng 
up 10 32 \"Olcc lines and up to B fa.-. lines. I F _M ii 
ll a 1·dwarc+ ~oftw:1rc: Ki L< $650 ax a 
! \•okc: lines kit ' tans :u I Fax-on-Demand 
Fax on-Dcm:md Jim·' 8 1 8-368~\ 5(i1or 8 1 8-3~·8.'HH 

SigmaTech Software I Fax Broadcasting 
Tel: l818) 368-61.U fa"\:: (8 18) .368- g59 I Date/Party lines 
llJOO I 131 marck Ave., ~onhridgc . CA 91_>26 l' A • I t'I Call B k 
I l(<',cllcr.;IJ)e:ilel"10E.lb1Priv.11e bi>cls nrc welcome! n ac 

Clrcle 250 on Inquiry Card (RESELLERS: 251). 

i~
Let our . . . 

Call Processing 
Fax-on-Demand 

Circle 238 on Inquiry Card. 
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Computer Systems • Oata Acquisition 	 Data Acquisition 

Develop code on PC 
Burn DOS in ROM 
PC Compatible 
KS-2 XT eqtivalent V40 CPU card S139 • ql 
~ PCMCIA. 1M ram 512K 1001. 256k NV sram. 
3 serial, 2 paralel, dad<. modem. Ml, La:>, ke,'pad. 
KS-7 AT equivalen1 V53 CPU card $269 · q 1 
~ PCMCIA. 4M ram. 2M rem. 512K NV sram. 
5 serial. 3 par. clod< VGA. l<e\OOatd. l'qi, modem. Ml. $139up 

303-444-7737 Fax 303-786-9983 
Boulder Colorado 80301-2842 U.S.A.KILA 

Circle 231 on Inquiry Card. 

Rackmount Solutions 
RACKMOUNT COMPONENTS - QTY 25 PRICING 

Rackmount Chassis 1!rxrx1 r Sl 83 
Rackmount VGA Monitors S53t 
Rackmount Monitor Shell Sl 13 
Rackmount Keyboard Shell S88 

RACKMOUNT PLATFORMS - Qty 1 Pricing 
RMS486·33EISA S1799 RMS386·40 S814 
RMS486-33 S1443 RMS386SX-25 S693 
System Plallorms include r RackmJunl Chassis, 
200W Power Supply, Motherboard, I .OMB Memory. 
IDE, FDC, 2-Ser, Par, 1.2MB or 1.44MB Floppy Disk 
Drive, 1 Year Warranty 

RACKMOUNTCHASSIS - t5 Models up 10 20 Board Slots 
SLOT CPU BOARDS - 486, 386, 386SX 
RACKMOUNT MONITORS - Super VGA and Monochrome 
RACKMOUNT CABINET - Modular from 21' lo 96" high 

'W"~·~·~· • ••ffE".1\, .~ \~.~ ..,.,.. • 
TECHllOLOC't' lllC. 

2468 Armstrong Street, Livermore CA 94550 
(510) 447-2030 FAX: (510) 447-4559 

Circle 246 on Inquiry Card. 

PC-based Solutions for 
Industrial Automation 

• Industrial PCs & Workstations 
• ~nclosures and Card Cages 
• 466/386/286 CPU Cards 
• RAM/ROM Disks 
• Industrial 1/0 Cards 
• RS-232/422/485 

1-800-800-6889 
1	·408-245-6678 in CA 


fa)(: 4011-245-8268 


Circle 228 on Inquiry Card. 
U VTE FEBRUARY 1994 

INTELLIGENT DATA ACQUISITION 
ow you can run high speed 

data acquisition under 
Windowsnr. A Data Acquisition l ll~~i=:Jl;ll;:=
Processor"' with on-board I~ 
intelligence* handles the criti
cal part of an application: the 
tasks that run in real time. The 
DAP can be controlled from 
any Windows language or 
application that can make DLL 
calls. The one shown here is written in Visual Basic™ and 
uses only seven DLL functions. *i486 

MICROSTAR Phone: (206) 453-2345 

LAHORATORIES.j or fax: (206) 453-3199 


Circle 247 on Inquiry Card. 

The Classic Color Trasportable PC 
• Available in 486-33150166 system or In aSKO enclosure 
• Build-in 10' color SVGA SONY Trlnltron monitor 
• 6 Slots with 3 lull 3hall arrangemenl 
• 2x5.25' 00 and 1x3.5" HOO bay 

Trans 2000, Inc. 
11558 E. Washington Blvd. Suite A,Whittler, CA 90606 
Tel: 310 • 908 • 6814 • Fax: 310 - 908- 6819 

Circle 261 on Inquiry Card. 



Disk & Optical Drives Disk & Optical Drives • Diskettes/Duplicators • Keyboards 

Circle 254 on Inquiry Card. 

SeogcnoST3144A 130mb/16ms ICE $169........ Ccrnef 0'30170 170mo/17ms SCSI ~ 

110mo/19nu $305 "2xJOf M'024SA 245mb{15ms ICE 225 
21lmb/16mti .•. 30.S Q..cn:un Q240S 245m0(1 6ms SCSI 239
3"'°"7'C>11 4ms $$Q Mador M>C7345A 3AOmbl15ms IOE 2"90 
~l Omo/l!>nu ~ h"ar'IOf WJ 34$5 340mb/14ms SCSI 330 

Connet CP30544 545mo/10ms IDE 585
I 0Jgo/10m1 . . 1229 

L'n'!.RKAL m'8 FOR MODELS Connor CP30540 645mb/1 0ms SCSI 585 
20mbAS5ms .~'. .. ~:~:..~·..~ ..... . M:nrtOf XT l240S 1.2gb,9 .5ms SCSI 1105 
30mb,140ms llARD DR.IV£ C\R.05 
40m0.? ! nu 4Drnb/28tns ................. ...••.. . .... . S150

•omoM"" 110mb{19ms....... . 225

120mcll 710mb/15ms ••.... ..290
21 3mb/1Mu .. - · l40mD{15ms ..... ... 309 

lf ..-O~l"cl.ol: Ol>4.o:r... 
c:a:iic. era"' a: INHf IRNilS Nil IWD IO Fiil DIMS II S!OCI: 

t t t DISC DRIVE REPAIR PRICES • +t 

180 DAY WARRANTY ON ALL HD REPAIRS 
MFM. RLL. SCSI , !DE & ESDI INTERFACES 

20·39mb ......................... ....... .... S32 16 1·299mb ..... ................. ........ S135 

40-59mb ..... .. ...................... ...... ...48 300·399mb ............ .. ........ .. ........ 175 

60·99mb .. ..... .... ... ...... ............... ... 80 400 + ...... .. .. ......... .. ...... ... .. .. .. ..... 275 

1CJ0.160mb..... ... ... ............. .. ....... ..90 TEST &EVl'l..UATION .. ... ..... ...... .... .10 


DATA RECOVERY SYSTEM / NOTEBOOK 

$75 F.va lua llon Chnrae. Additional REPAIR 
Chnrgcs fo r Successful Hecovery. 


Call For Pricing 


Circle 252 on Inquiry Card (RESEUERS: 253). 

Money Back Guarantee & 1Yr. Warranty 
Popular 


Space-Saver 

Keyboard 

$98.00 

Saves 60'1c desk space. Foot

print 27.3x15.2 cm. 100 full 

travcl tactilly responsive keys. Standard left-right spacing fo r easy touch 

typing. 113M XT/ AT I'S 2 compatible. Many language versions available. 


Call Toll Free To Order: 1-800-DATALUX 
~.ft•.ft • !!!!~ I 55 Aviation Dr.• Winchester, VA 22602 
..........___ Tel 1-703-662- JSOO • FAX 1-703-662-1682 

- VISA, MC, Am X - Autu·FAXed Specs FAX 1-703-662-1675 

·Circle 223 on Inquiry Card_ 
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laptops & Notebooks laptops &Notebooks • Memory/Chips/Upgrades 

Boost data entry speed, accuracy and convenience 
with Genovation ~ Micropad, TM the innovative 
numeric keypadfor portable computers. 

Unique tri -speed motherboard design 
supports CPUs from 486DX/33 to 
486DX2/66 and beyond so you will 
never outgrow your SL T notebook. 
RAM is upgradable from 4MB lo 
52MB to satisfy the most memory 
demanding applications and a 
removable hard drive allows for easy 
storage expansion. 

1-800-88 AMREL AMREL TECHNOLOGY INC.
11eo I Gold~ng Rood, A1codlo. CA 91006 

Tel:(818l 303-6688 • Fox:(818l 303-8538 
Circle 244 on Inquiry Card. 

Most Cost-effective Pen Based 
Personal Information Processor 
Meets Your Specific Needs. 

Infoman 
• Model J: 

For project 
design 

• Model CFX: 
Universal Fax 
computer 

Programmability • Very easy-t~se 4 GL for different infor

mation processing 

• Development System on VGA PC for 

downloading the applications 


Data Compatlbillly I • DOS file system compatible 


• dbl, wk1 , pcx, bmp, txt, etc. 

compatible 

Communication RS232, Modem, Fax, Infrared, Radio fre

quency links available 


Cost Very reasonable 


DIALOGUE TECHNOLOGY CORP. 
2nd Fl. , 38, Ch ing Shing Rd., Wen Shan District. 117, 

Taipei, Taiwan, R.0.C . 

TEL: 886-2-9327680 
DIALOGUE 

FAX: 886-2-9317814 TECHNOLOGY 

Circle 259 on Inquiry Card. 
BYTE FE13R ARY 1994 

TOCOl\IPUTER ... 
n I , ~ ,_, , , ,~J,,.. 

... 
TO PRINTER 

1774 I Mi1chell. 'onh 
Irvine, CA 92714 USA 
TEL (7 14) 833-3355 
FAX (714) 833-0322 
(800) 822-4333 

Is the unhandy numeric section of your 
ponable computer 's keyboard dragging you 
down?.... Givc your productivity a boo t by 
using our Micropad.The ergonomically 
designed Micropad is ideal for spreadsheet 
and accounting applications that require fast 
and accurate entry of numeric data. 

The Micropad attaches to the parallel port 
of any MS-DOS computer while providing a 
clean pass through connection to the printer. 
Power u age is negligible. Lightweight and 
compac~ the Micropad is fully compatible 
with and programmable under botl1 DOS and 
Windows. h is also available with connector 
to li t keyboard and serial ports. 

CiENOVATION~ 

Circle 225 on Inquiry Card. 

Convert obsolete RAM into useful RAM 
NEW BOARD retrofits surplus memory into a SLMM module fonnat 

DfP to SIMM SIP to SIMM 
Bourd Only (You Solder) S 8.50 Send Your SIP Modules 
Send your Chips (We Solder) S 13.50 & We Retrofit to SIM M St3.50 

J~l.JTl~:ll"ll"'lllN1E : li<J05 SW Macadam - Portland, OR 972Al l 
24 Hr Fuxbnk (503)452-0208 Ph: (503)452-8:>77 Fux: (503)452-8495 

Circle 260 on Inquiry Card. 



Modems/Multiplexors • Monitors & Terminals 

~ ':'">-:-::::: t~ • :~1rIl"l.'l.> 1 

. . 1:~iHlii:l1Hn 

Circle 258 on Inquiry Card. 

STAND-ALONE LCD MONITORS 
STN Color or Monochrome 

$1595 1DATALUX introd uces its new highqu alit y. high bright nc scolor 
LCD monitor in thesame case as the popular Monochrome version. 

• 640 X-ISO. 256 Colors. VGA compatible, 2 CCFf backlights 
• Driven by ISA Bus Controller Ca rd. no external powe r supply. optional CRT out put 
• Adjustab le desk stand ,fo lds fo r wall mounting or port abi lity. l.75Kg weigh t 
• 19i X 147mm di splay (9A inch dia g), non-renective gla face 
• Contrast rati o of 15:1. 200ms Ri se and JSOms Fall time 

$7951Mon ochrome version 640 X~sn. 64 gray shades. 
Wide viewing angle. 

Also Avai lable 
• Mobile/Industri al modd sealed against pill- and pla hes in rugged drawn alu mi num 

housing with opt io nal swivel mount. 
• Touch Screen Version. Capacit ive technology. Provideshigh resolution. fa st response. all 

glass scra tch proof optically clear sensor. Compl ete with built -in controll er and software. 

To Order Call Toll-Free:1-800-DATALUX 
- ....Al!!! •••...,
AiEiii#tfjmU.A 
155 Avi ation Dri1·c • Winchc11cr. VA 22602 

Tet l -7Q1--061-l:.OO 
FAX: l-7m-662-1682 

Au10FAXcd Specs: 1-703-662-1675 

Circle 222 on Inquiry Card. 

Multimedia • Programmable Hardware 

C ontaining new Shareware, 
Public domain & Commercial 

(Demo) software for DOS, 
Windows, OS/2, Linux 
and Macintosh. 
These CD's contain every 

software imaginable 
including Games, Business, 
Programming, Graphics, Sounds, 

r,iJ Databases, New Drivers, BBS, 
Utilities, Communication, etc. 

(lt~(o ~ .. ~..!.;.. ~ Costs less than $I 0.00 a CD 

Powerful Windows and DOS 
based viewing software for fast 

retrieval and easy installation. Ready to be used on a 
BBS with fiies.bbs support. (Sysop discount ava ilable) 
Dealer Inquiries and International Orders welcome. 

I year (12 issues) only $99.95 · SAVE 58%* 
2 years (24 issues) only $149.95 ·SAVE 69%* 

!!i£, Sample (One issue) only $19.95 • 
•off annual cover price - 5239.40. Monthly payment plans available. 

Jana Technology Group Inc.. 908 Niagara Falls Blvd., Suit 479. 
North Tonawanda, NY, USA. 14120-2060. Phone 14161633-2007 
Fax (4 16) 922-5597, BBS 14 161 633-3527, E-Mai l : info@'ana.com. 

• Programs PLO . PROMs. and 
EPROMs and microcontroilcrs 
up to48 pins 

• Algorithm upda!es available 
via electron ic bulletin board 

Special Introductory Price 

32-pin version: $895 
48 -pin version: $1495 

To order, call: 

1-800·3-DatalO, 
Ext. 911 

(1· 800-332-8246) 
Also distributed by: 

Promark Technology West 
(1-800-227-3345) 

JDR Microdevices 
( l-800-538-5000) 

DATAl/O 

UNIVERSAL/GANG PROGRAMMERS 

Fi ll ALL of your EPROM, PLD, GAL, FGPA, MPU, ITL .. . 
programming and testing needs w ith one unit! 
• Supports vi rtua lly ALL 

programmable devices. 
• Supports DIP, PLCC, QFP, 

SOP, PGA ... up to 256 pins. 
• Gang programming 

option for production. 
• Free software upd ates via BBS. 
• Algorithms approved by IC 

manufacturers. 

~HI-LO Systems TEL (510) 623-8860 
~ 44388 S. GRIMMER BLVD.. FREM ONT, CA 94538 fAX (510) 623-7260 

Circle 239 on Inquiry Card. 
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Programmable Hardware • Scanners/OCR/Digitizers Scanners/OCR/Digitizers • Tape Drives 

Price: $495.00 U.S. VISA accepted 

For more information or to order: 


P.C. Compatible Camera: 

Captures images and displays on VGA Equipped PC. 


•Utilizes CCD image sensor technology •Resolution 192 (H) x 165(V) pixels 
P.C. Control Software has the 
following features: 
• Snap shot image or quasi-video 

image acquisit ion 
• Auto exposure control 
• Electronic shuller 
• Image pixe l-by-pixel editing 
• Variety of image oulput formals 
• Flexible camera set up under 

menu control 
Package includes: 
• Camera complete with optics 
• Image acquisi tion board for P.G. 
• 6 fool cable 

Call Smart-Tech, Inc. at 1-800-267-9263 • PC l'.u11trul su(l\1,.·arc 

1051 Clinton Street, Buffalo. NY 14206 • Instruction manual 


Circle 263 on Inquiry Card (RESELLERS: 264). 

3480/3490 & 9-Track Tape Subsystems 
1/411 DAT Bmm Optical 

Windows Software Now Available 
• Tape Backup and Restore 
• 	Make Your Own CD ROM 

with our CD ROM Maker 
• Optical Storage from $99s.oo 
• Fujitsu Quality Drives 

Circle 232 on Inquiry Card. 

Clrcle 234 on Inquiry Card. 

Desktop 9-Track Tape Subsystem 
#1-selling 9-track system on desktop. 

Qualstar's low cost 1/2· inch 9-track Streaming tape 
syslems bring full ANS I data interchange to IBM 
AT, PS/2 or Macintosh , giving your micro the 
freedom to exchange data files with nearly any 
mainframe or minicomputer in the world. 

Syslems include DOS or Xen ix compatible 
software, coupler card and cables. High reliability 
1600 or 6250 BPI capability may be used for disk 
backup as well as data interchange. 

Call us today! For details and
QLJRLSTRR: to order: Fax (818) 882-4081 
- "' Phone (818) 882-5822 

9621 Irondale Ave ., Chatsworth CA 91311 
©1989 OualstarCo1p. 
All product and company names and trademarks are lheexclusive property of !heir respective owners. 

Circle 235 on Inquiry Card. 

Save time. Save money. 
Our wide range of C-progr:1111mable miniatun: 
cont rollers arc ideal for cont rol app lic:11ions. da ta~---:::w:=s 
acquisi tion, and test and measurement. Compact and low in price 
(the Lillie l'LC"' above is 2"x3" and . 195), these controllers arc progr.unmed with 
our easy-to-use Dyna mic C" devdopmcnt system. Our controllers fea ture digita l 
110, AOCS and OACS, relays and solenoid drivers, RS232/HS4S; serial pons, h:iucry
backed memory :md limd datc clock. LCOs, keypads. enclosures and more! 

1724 Picasso Avenue 24- l-lour lnfonnation 
Davis, CA 95616 Service 916.753.0618. 
916.757.3737 Call fromJ'Ollr FAX <tnd 
916.753.5141 l'AX fo llow the inst ructions. 

Circle 243 on Inquiry Card. 

RI:<:. 
AV l 00 - AV ISIONGray. Dc•k/Laptop S<·a111wr 


600 DPl.Uuilt-in AD~; Direct print to Printer 
 $1~) 55.56.67iPlooto Plus & OCR (L.nptop nrlaptcr acldi1ionnl) 

A V68UG · AVISION 256 G"'l'· Oa1bcd •c:onnr:r 
7RO.'J'J111ax. l. (10Ux 1,600 DPI, Legal Size. OCR $ ) :~ 

A V660C - 1\V ISION 24- llit. Tnw Color Vlnthc<IScanner S l .7~1 IJ'JO.Y9Max . I, ~tX> DI'!. Legnl Size. il'hoto Plus c\(, OC B . 

A V680C · AV lSION 24- Bit .Tnic Color Flo1hecl Scanner 
' / .J.lfJ.ltlMax. 1.600 DPI , Legal si>.e. l111Jgc Pal & OCH ' -~' 

A V800 - A\l lSION lliglo -spccd (!Oppm) Scamwr 
24 Bit , I,21XI DPI in Flu1bc,l l111ngt: Ftc•t &OCH S2.x )O .S/ ,H.i5.Y'J 

Fla1bed '/hi11s1u1rency Scm111ing Adapter St.c* 'J ;!.),{/() 

.ttO'TUEHBU.tno..... ,.,.,,, «·r u .'lloT.tnTnG Pnon Sml.~J~j 'r 

1C'OlYIPILTER§ cl\=- )10RE

A DIVISION O P 1.ITECll COHl 'OHA TI OX 

1-800-548-3246 n :m ::it~N --i~.·~M IF.SI) 
l.ITEC ll t:O IW • f1 l ·I N. MAIN S11"1. , l.OUl!" ll UIU;, N.C. 27:·.Vl 

TECHNICAL SUPPORT: 1-800-LITECH-6 
VAH and Dealers ..elcome• PllONf. (919)496-2669 f.IX: (9 19) 4%-il 11 

1\VISIOS 15 ·nu: m:r.1sn:HEU TIIAnt: NMU: fW .\\' lSIO~ 1v :. • I'll/Cl:... :"t:HJEt.,' TO t.:11\~C•: \l, rnlOLT r\O'nc•:. 

Circle 262 on Inquiry Card. 
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Tape Drives • CAO/CAM• Communications/Networking 

r •~ 

•Tape Transfer and Format Conversion 

• EBCDIC ...... ASCII Data Manipulation 

• AS/400, TI<SO. and 14" CIC Drives 

• UNIX Tar and DEC save Set Options 

• Reseller Inquiries Invited 

QutcKCaPY- TapeDuplication 

READ/WRITE 9-TRACK 
3480 • 8MM •DAT on 

YOUR PC NOW! 
ea.tt 1(4, ••. (317) K42-2077 en 

G SHAFFSTALL 
CORPORATION 

1-800-248-3475 
FAX: (317) 842·8294 

Circle 256 on Inquiry Card (RESELLERS: 257) . 

HiWIRE"' II Schematic 
and PCB Software 

Wi th support for ex
panded and extended 
memory, HiWIRE II can 
handle your most de
manding schematic and 
PCB designs. The unique 
HiWIRE II editor allows 
you to display and edit 
schemat ics and PCBs 
simultaneously , using 
the same commands for 

Wintek Corporation each. HiWIRE II is $995,1801 South Street 
Lafayette, IN 47904 and is guaranteed. 

Call (800) 742-6809
( 8 0 0 ) 742-6809 or (317) 448-1903 

Circle 242 on Inquiry Card. 

Only One Peer-to-Peer LAN 
Gives You Four Connectivity Options 
At One Low Price -- $99 Per Node! 

Only one peer-to-peer local area 
network offers you a solution that 
reflects the reality of business automa
tion: a mix of different cabling and 
connectivity options on one LAN. 

Modem Networking LANUnk Professional gives you 
your choice of remote modem. or 
local ethernet. parallel and/or serial 
connections In any combination on 
the same network. And you can 
connect PCs running DOS. Windows or 
PC-MO~ operating systems seamlessly. 

Ethernet Networking All this flexlblllty In one product from 
one company at one price: $99 per 
node. Plus you get rich networking 
features like print spooling . NetBIOS 
compatibility and more. Coll The 
Software Link today. 

Parallel Networking Call (404) 512-0600 
Fax (404) 396-6628 

LAN LINK™ 
PROffll/0 \ \1Serial Networking 

Dealer Inquiries Welcome 
Policies and speclffcatlons sub/ect to change without notice. PC-MOS Is a 


registered trademark and LANUnl< Is a trademarl< of The Software Unk. 


Circle 237 on Inquiry Card. 

Data Acquisition • Engineering/Scientific 

Free Data Acquisition Software Tool 

DAQ Desi gne r is a free software tool that 
help s d e te rmin e which hardw a r e and 

software combinations are best for your PC

based data acquisition system. DAQ Designer 

will (1) ask questions about your applica tion, 

(2) analyze your answers to determine your 

system n eeds , and (3) d esc rib e what 

hardware and software you need to develop 

your d ata acquisition system . 

National Instruments 
6504 Bridge Point Parkway 


Austin, TX 78730 

(512) 794-0100 . (800) 433-3488 


Circle 233 on Inquiry Card. 

DADiSP 

• Collect, analyze, and display • Statistics 


data in a multi-window graphical 
 • Peak analysis 

environment 
 • FFTs and Convolutions 

• Point and Click menu driven • Digital filtering
operation 

• XY plots
• Data red uction and edi ting 

• 3-D/4- D graphics
• Series and scalar math 

• Spreadsheet environment
• Matrix math 

DADiSP is currently in use in engineering, laboratory data 
collection, matrix processing, manufacturing, science, signal 
processing, chemical and mechanical applications in automo
tive, aerospace, defense, medical, and other indu tries. 

CALL 1-800-777-5151 
for your free DADiSP Trial Kit for SUN, HP, IBM, NeXT, 
DEC, Concurrent, and Silicon Graphics workstations, and of 
course, PCs under Windows""· 

One Kendall Square 
Cambridge, MA 02139 

DSP tel: 617-577-1133 
Oc:nlopment 
Corpor:uion fax: 617-577-8211 

Circle 224 on Inquiry Card. 
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WindowsUtilities • Windows 

- FAST LOAD ~ 
FILE-WISE DISK SPEED UP 

BEYOND DISK CACHE ! BEYOND RAM-DISK ! 

• Keeps files you Specify In l'JXMS for ullrafast access 
• Works alone or to speed up existent cache/RAM disk 
• Unlike cacre, your files do not get nedlessly flusred 

out of XMS. but are always ready for instant access 
• Unlike RAM disk, no need to copy files/ reconfigure 

applications. no EJXMSwasled on granularity slack 
• Reduce LAN !rattle.Speed up DOS I WIN. Uses <5k 
• Price: S49 VISA. MC,AMEX 

OMEGA POINT, Inc. 
25 Birch Rd. Frarnlngl\Jm, MA 01701 

TEL (508) 877-1819 
FAX (508) 877-0915 

(j}S2i!JJJ 
,,~QAPOMH: 

Circle 249 on Inquiry Card. 

TCP/I P 
Windows Developer's Kit • 

· Binary TCP/I P Transport - "*' s,.ttw.·_J • .• PDS for DOS f'; .., ~ 
• Windows Sockets API 

. Development Components 

wlnsock.dll is a dynamic link library (DLL) which allows windows 
' applications to dynamically bind for TCP/IP services. The winsock.h, 
.lib, .def files are also provided for the CIC++ developer. 
/bulld contains the source and executables for Windows Sockets 
finger client. This is useful lor testing winsook. configuring the build 
environment, and as an example of both message-based and 
synchronous Windows Sockets programming. 
wlnsock.HLP provides on lne hell! for Windows Sockets v8111on 1.1 . 

Circle 236 on Inquiry Card. 

International 
Sell your computer produc 
growing markets today! 
REACH 78,000 LATIN AMERJi 
BYTE R EAD ERS 
Now you can advertise in 1, 2, or 
all 3 Latin editions of BYTE: 

BYTE Mexico 
BYTE Brazil 
BYTE Argentina 

Give Liz at Global Ad-Net a call t 
info: 603-876-4311. 

Circle 216 on Inquiry Card. 
250 llYTE F E BRUARY 1994 



I 

THE BUYER'S MART 

~ -- --= 

A DIRECTORY OF PRODUCTS AND SERVICES -.11 _ -:--. "";7. ''"f'l]'l' ~ ..~ 
,)1, t ,,;,f_t 

THE BUYER'S MART is a unique classified section or

ganized by product category to help readers locate sup

pliers. Each ad has Inquiry numbers to aid readers re

questing information from advertisers. 

AD FORMAT: Each ad will be designed and typeset by 

BYTE. Do NOT send logos or camera-ready artwork. 

Advertisers should furn ish typewritten copy. 2"x1 '/,." 

ads can include headline (23 characters maximum), de

scri pt ive text (300 characters is the maximum 

recommended) plus company name, address , tele-


ACCESSORIES 

RADIOACTIVE? 
Plot don your PC W>th The RM.£0 RAOIATION MONITOR 


s.nal or pM!e< pon DetOds: ALPHA • BETA • GAMMA• X./IAY. 

UiacR. 1000 tmes IN resoh.l!ion cl standard geqet co..l'tet$. 


Esool<m I« !r1lCb1g RAOOtl GAS. F111d scucos. Now: V"""'13. 1 

• YltlOOl'/S, Plot: • 8ackgroutl • Cosme Rays • C1ouls • Foods 


Ca!Wlmo lor PC MAGAZINE leview. • TSR. GM TLbe 

VISM.\ctOURO Phone OldelS. NOi saltsfied? F.. 1.W. 


800-729-5397 or Tel/Fax: (302) 655-3800 
Aware Electronics Corp. 

P.0 .Bo• 4299, Wdmklglon, DE 19007 $149.50 

How's your MonKeyMouse™?lll 
Your MONitor. KEYboard. and Mouse can be much 
more effective!!! Control more than one PC/Server 
with a single MonKeyMouse'"1!! Use two. l, or even 
8 MonKayMouse'" units on a sing le PC/Server!! ! 
Locateyour MonKeyMouse'" up to 80m (25011.) from 
your PC/Server !! I 220Vand 110V available. 

CR International, ALABAMA, usA 
FAX: 1 (205) 461·9762 

Inquiry 651 . 1 
'I 111 " 

KEYBOARD, VIDEO, MOUSE, AUDIO 
Extend signals from PC wilh EXTENDER 


Split signals wilh COMPANION/PC EXPANDER 

Swllch signals among PCs wilh COMMANDER 


Boosts signals up 10 600 leel. Con11ol up 10 96 PCs 
with one keyboard , monilor and mouse. 

CYBEX CORPORATION 
49 12 Rosoarch Dr., Huntsville, AL 35805 

Phone: 205-430-4000 Fax : 205-430-4030 

Inquiry 652. 

VGA Splitters 
Connect 2, 4, or more monitors to your computer 
Br ight and crisp prosental ion simullenoousty on all 
monitors · Guaranteed 
Works with ell VGA, SVGA. and RGB monilors 
Sm11ll duroblo mo t.:tl case. MADE IN USA 
Ex1ensK>n cables nvnilable 

H&R TECHNOLOGY'. 
Sanla Ana. CA (7 14) 64 1-6607 800·959·6439 

Inquiry 653. 

BAR CODE 

Labeling Software 
On EPSON , IBM . O KI . o r La se rJ et. Easy 
WYSIWYG design. Any formaVsize. Up lo 120 
fields per label. t 8 text sizes to 3• -readable at 
100', AIAG. KMan. Sears, MIL-STD, Penr>ays, 2of5. 
128, UPC/EAN, Code 39. File Input & Scanned 
PCX graphics - $279. Other programs from $129. 

Worthington Data Solutions 
(408) 458-9938 800-345-4220 

I • 
~I,- 111 

phone and fax number. 2"x2'/a" ad has more space for RATES (Jan. 1994) 
descriptive text (850 characters is the maximum recom J.5 6·11 12 lJ 

Issues Issues Issues Issuesmended). 
2"x1'h" DEADLINE: Ad copy is due approximately 2 months 1ad $696 $668 $585 $557

prior to issue date . For example: November issue 2 ads/Issue 557 529 
closes on September 8. Send your copy and payment 3 ads/issue 529 501 
to: THE BUYER'S MART, BYTE Magazine, 1 Phoenix 2"x2'h" 
Mill Lane, Peterborough , NH 03458. For more infor 1ad S1 ,392 $1 ,336 S1170 $1,114 
mation call: Margot Gnade at 603-924-2656. 
FAX: 603-924-2683. 

BAR CODE 

Portable Reader 
* AA Ballery Operated. 64K or 256K 

* Prompt Operator with your prerecorded voice 
messages for data entry and error messages. 

* 4x20 Supenwist LCD Display, 36 Rubber Keys 

* Real·lime Clock Buill· ln for Dale/Time Stamps 

* 2 Buill· ln Inventory Programs 

* 3 User Defined Programs. & 3 User Data Files 

* Wnnd, CCD, or Laser Scanner Input 

* Doubles as Non·Ponable Reader 

* Serial Interface and Keyboard lnferfaco 

* Reads 2of5. UPC/EAN, 128, Code 39, etc. 

* Uploads with fu rnished Programs or Xmodem 

* 2 year Warranty on Reader & Wand 

* 30 Day Money Back Guarantee 

* 64K Complete with Wand and Voic(}- $799 

* New Smaller Slza - weighs only 12.5 oz 

Worthington Data Solutions 
3004 Miss10n Stroot, Santa Cruz , CA 95060 

408·458-9938 FAX 408·458-9964 800·345-4220 

111111' 
'"t111 ,fl·~~i 

H..H 

Bar Code Readers 
For PC, XT, AT, PS/2, Macintosh 

and Serial Terminals 
* Allaches as 2nd Keyboard or to any ADB pon 
* Reads 2ol5. 128, UPC/EAN, Code 39, otc. 
* External or Internal allachmenl on PC 
* Wand, CCD. Slot Badge, Magstripe or Laser 
* Two Scanners per Reader 
* 100+ Configurable Options 
* 2 Year Warranty, 30 Day S Back Guamntee 
* Direct From Manufacturer 
* Top Rated by Independent Review 
* Complete with Laser Scanner - $1250
* Complolo with Stainless Steel Wand - $399 

Worthington Data Solutions 
Swiss Otflco 3004 Missk>n Street 

ROll1tro11e 6 Santa Cruz, CA 95060 
CH 9050, Appenull Switzerland 408-458·9938 
071 87 51 17 FAX 
071 87 51 15 Phone 800-345-4220 

Bar Code Printer & Software 
Alleg ro Th ermal T ransfer Prin ler-2· per sec 
speed. Up 10 4" label width-Only 20 lbs. weighl 
Prinls UPC/EAN. 2of5. UCC·128. Code 39. 128 
Prints scalable text and PCX graphics with bar 
codes - Packaged with LabelRIGHT Sollwa re. 
serial cable, ribbon and labels-Complele-S1895 

Worthington Data Solutions 
(408) 458-9938 (800) 345-4220 

2 ads/issue 1
1
114 1,058 

3 ads/issue - 1 :o5B ~.002 

BAR CODE 
~~~~~~~~~~~~~~~~-, 

Portable Bar Code Reader 
> Use as a PORTABLE, WEDGE. or SERIAL 
> 9V Ballery Operation with Lithium Backup 
> 2x16 Supenwist LCD Display 
> 54 Koy Keyboard with Separate Numeric Keys 
> Real·llme Clock Suppons Dale & Time Stamps 
> Reads all Popular Bar Codes (16 types) 
> Wand, CCD. Laser, or Serial Input Devices 
> Built·ln Program Generator 
> Create Your Own Custom Programs 
> 6 BullH n Inventory Programs 
> Up 10 250 Programs Can Reside in Memory 
> Create up 10 250 Data Files per Program 
> Up lo 250 Look-Up Files in Memory 
> Built· In Calculator 
> Supports HAYES Compatible Modems 
> 64K Memory wilh Data Compression 
> 30·day SS Back Guarantee - 1 Year Warranty 
> Complete Unit with WAND Scanner - S795 

AMERICAN MICROSYSTEMS 
2190 Regal Parkway. Euless, TX 76040 

(800) 648·4452 (817) 571-9015 FAX (817) 685-6232 

...l = 

BAR CODE READERS 
For PC, XT, AT, PS/2, & Serial Terminals 
> Emulales Keyboard: Works Wilh Any Software 

> Data Appears as Keyboard Input 
> Uses Enhanced Decoding Algorithms 

> Accepls Wand, SloVBadge, CCD, Laser, 
Magnetic Stripe Reader, & RS232 Serial Input 

> Reads All Popular Bar Codes (16 types) 

> Reads HIGH, MEDIUM. & LOW density codes 
> Auto-Discriminates Between Bar Code Types 
> Easily Programmed with a Bar Code Menu 

> Over t40 User Configurable Options 
> Daisy Chain Up lo 96 Readers 
> Supports NOVELL Networks 

> Supports US & INTERNATIONAL Keyboards 
> Direct From Manufacturer 
> 30·day SS Back Guarantee. 1 Year Warranty 
> Complete Unit wllh LASER Scanner - S1095 
> Complelo Unit wilh WAN D Scanner - S395 

AMERICAN MICROSYSTEMS 
2190 Regal Parkway. Euless, TX 76040 

(800) 648-4452 (817) 571-9015 FAX (817) 685-6232 
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SCANNER SALE 
• WELCH ALL YN Steel Wand w/decoder $249 
• SYMBOL Laser LS2000. LT1700 or SP400 wldecodor $699• 
- SoftwnWedge tooSV"""'1 Nlil' Wand a PSC i-s1:is. 
• Mag Strfpo Encodor/Rendor (2 or 3 tracks) $1099+ 
• Printing Software (COS~ $149+ 
• POS Products • VAR Discounts • USA Mado 
• 2· 5 YR WARRANTY • SPANISH Dept. Avail. 

BARCODE INTERNATIONAL SYSTEMS (BIS} 
12 140 Sevem Woy. Riverside. CA 92503 

(909) 270-0016 • (800) 6534 252 • FAX (909) 270·0920 

Inquiry 654 . 
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THE BUYER'S MART 

BAR CODE BBS INCOME CD-ROM 

Bar Code Printing Software 
LabelWorks for Windows 

>- Prints all Popular Bar Code Types (19 Types) 

>- Desktop Publishing Fea ture s: WYSIWYG , 
Scalable Fonts. Rulers. Guides, Lines. Shapes, 
Page Zooms (25%-400%), Templates 

>- Rotates Text, Bar Codes, and Graphics 

>- Supports Windows Compatible Fonts 

>- Choose From Over One Hundred Popu lar 
Label Formats or Design Your Own 

>- Rich Tex1 Support: Mix Styles, Types, & Sizes 

>- Automatically Prints Serial Numbers 

>- Imports & Exports Graphic Files: 
TIFF, GIFF, BMP, PCX, WPG, WMF, TARGA 

>- Supports Virtually all Windows Compatible 
Printers (Postscript, Laser, & Dot Matrix) 

>- 30-day Money-Back Guarantee. 5295 

•••CALL FOR FREE DEMO SOFTY/ARE• ' • 

AMERICAN MICROSYSTEMS 
2190 Regal Parkway, Euless. TX 76040 

(800) 648-4452 (817) 571-9015 FAX (81 7) 685-6232 

NEED A ONE STOP SOURCE 
FOR YOUR BAR CODE SOLUTIONS? 

ND PROBLEM! WE OFFER Duality • Pe~ormance • Val ue 
A fun line cf READERS• PRINTERS • PORTABLES• BAR 
CODE READERS FOR NOTEBOOKS• HEWlETT-PACK
ARD SCANNERS • MAGNETIC STRIPE READERS. Our 

~=~~~r:%~r :'1o~~~~o~e;:u~~~: 
TECHNICAL SUPPORT• OEMNAR DISCOUNTS. 

INTERNATIONAL TECHNOLOGIES &SYSTEMS 
Eas tern USA (800) 826 · 1688 804 -272 -0138 lnll. 
Western USA (800) 22 8-9487 804· 272 -03 57 Fu 

Inquiry 655. 

PC BAR CODE SPECIALISTS 
Bar code readers designed for fast. reliable, cost
ettective data entry. They emulate your keyboard, so 
data looks just like it was typed In! Choose from 
stainless steel wand, laser gun, CCD, and magnetic 
stripe scanners. Al so. powerfu l label printing 
software . Grea t warranty . Generous reselle r 
discounts. 30-DAY MONEY-BACK GUARANTEE. 

Seagull Scientific Systems 
15 127 N.E. 24th, Sulto 333, Redmond, WA 9S052 

1-800-758-2001 206-451-8966 

DATA INPUT DEVICES 
Bar Code, Magnetic Stripe Readers for microcomputers 
& l o rm ina l s, l n c lucHn g IBM P S / 2 & oth e r s, D EC , 
Macintosh, AT &T, CT, Wyse. Wang. All readers connect 
on lhe keyboard cable & are 1ransparent to all soltwaro . 
UPC & 39 pr lnl programs. magn e11c e1c od ers. & 
portable readers are also available. 

TPS Electronics 
4047 T ranspon, Palo Alto, CA 94303 

415-856-6833 AppleLink: BARCODE 
1-800-526-5920 FAX: 415-856-3843 

Inquiry 656. 

VARIANT MICROSYSTEMS 
BAR CODE READERS DELIVER 

WAND/LASER/MAGNETIC CARO CONNECTIVITY 
Koyboard wedgos (lntomaVExtemal) for IBM PCIXT/AT. 
PS/2, and portables 
RS232 wedges !or WYSE, Link, Klmtroo teurinals 
Bar code and label pmUng software 
Fun two-year wl'.llTtlnty 
3o-Day Money·Back Guarantee 
Extensive VAR/Denlet Discounts 

46560 F""""1l 81.d., 5"" to&Fremont. CA 94538/lslOl 4<0-ZSIO 
800-666-4BAR FAX: (510) 440-2873 

Inquiry 657. 
252 B YTE FEB R UARY 1994 

Free Report on how to go from 
SO to S3,000 per month in BBS 
income in as llttle as 90 days! 

This valuable report outlines powerful marketing 
secrets to help you - find new subscribers. collect 
top dollar fees, get lree publicilY., take credit cards. 
plus much more. Limited quantity. 

lnfolink - t (619) 228·9653. FAX 116t 9) 369- t 10s 
56089 29 Palms Hwy. Ste. 254-BY 

Yucca Valley. CA 92284 

Inquiry 658. 

ELECTRONICS CAD 
Schematic Capture & PCB CAD 


Analogue Simulation, Dlgltal Simulation, etc. 


Prices from S195. Credit cards welcome. 

For brochure use Inquiry I! or contact us nt: 

NUMBER ONE SYSTEMS 
Harling Way. ST. IVES. Cambs. UK. PE 17 4WR 

Tel : 011-44-480-461n8 Fax: 011 -44-480-494042 

Inquiry 659. 

CAD/CAM 

CONTOURING MOTION CONTROL 
F~~~! rP~'~T!f...~~RT! $249 

NEW VERSION 3 VISNMC 
• ControJs up to sOc step mo1ors s.multaneousty. 
• Linear and Circular lnterpolalion. 
• Now features to accommodolo machine controt 
• Easy-to-use DOS dovke drive r. Super Manual. 
• CAO-CAM interface ovnllnblo. 

Corporation , 1422 Arnold Ave.
Ability Systems R.,1yn. PA 19001(2151051·•336 

FAX: (215) 657-76 15 

Inquiry 660. 

CAD/G.l.S. 

Digital Quad Maps 
Local Street Maps, State Maps, and World 


Maps in DXF, PC X, PICT, PIC or TIF 


Formats. Gigabytes of Map data available. 


Micro Map & CAD™ 

(303) 988·4940 

Inquiry 661 . 

CD-RECORDABLE 

Geared to CD·technology 
GEAR, the ulllmale CO-Recordable lool tor any CD·Slandu d 
II you demand a simple. easy to use solution lo creale co·s. GEAR 
is everything you need. GEAR suppons all major CD·Recorders. 
JVC. KOdak, Philips. Rlcon. Sony and Yamaha. GEAR Is aw1llablo on 
DOS. Windows, Apple MaclnlOSh. Sun Unix and Hewlell Packarel 
Unlit. 

Elektroson 
America. 31 Walertoo Avenue , Borwyn, PA 19312. USA 

tol 1·215·660-9038. fax 1·215-667-9387 

Eurll(ll! &Asll. ' 0 B.:u 1'36. 5600 CKE""'°'"'· The ~ 

tel 31- (0) 40·515-065. fax 31 · tO) 40-514920, 

E·mallE lektro@sci.kun.nl 


Inquiry 662. 

CD-ROM 

:;: TOSHIBA :f: T EXEL :;: TEAC * 

:;: SCSI INTERFACE: TRANTOR :i: 


:;: MEDIA VISION :;: 

• WIDE SELECTION OF CD·RDM TJn ES 

• CD· ROM CADDIES AND ACCESSORIES 


Computers at Large 
Sarotogs, CA 


Dedicated fo CD-ROM technology. 

PLEASE C ALL FOR OuR PR1ce LlsT 


800·642·4 194 . 408-255· t081 

Fax 408·255-2388 VISA & MaslcrCard accoptOd 

Inquiry 663. 

OPTI-CDcRche'" 
Im p rove C D -H.O M wor ks l ado n pc rfo m1an cc! 

Only S89! 
OPll .ClkadJt-l'M ukai adnm2ftc of Ex.tended Memory (XMS) 10 
n chc CD·kO~I d:u2 . Hctr\c' \'C d:&12 from ;& hlj: h ~peed cac he 
lmt l":i.d of <llrcc l l)' from lhl' CD-ROM drh'e :and ~ l t: nifi c:i. n ll )' 
lmprtH"c m ur CD-ROM worbl.:itlun 1x·rfonn~occ! 
A..-.k for our frtt c:i1:ito~ uf cxcl1lng Cl >-kOM pnxhld.S lnclullln>t 
thl" nmkcl·l~ding O l'll ·N~ 0).RQM ne1worklng sof1w:m:I 

ONLINE COMPlITER SYSTEMS, INC. 
:\member uf 1hc Rt:ctl FJ3C\'icf gmup. 
FbshFAX Info ~hnlinc 30 1·60 1-2120 


30 J-i28-3i00 o r 1=A.'( us :u ;i0 1,.,i28-3700. 


Inquiry 664. 

New and Updated CDROM Titles 
Cica MS V~ndows CDROM.Thsnds ol Windows prgrms.. S29.95 

GI~ Games CDRDM. Games for DOS/Windows ...............S39.95 

Space and Astronomy. ThsndsNASA irnages/data .............539.95 

C Users Group Library. C source code... .. .....S49.95 

Simtel MSDOS COROM. DOS Shareware/Freeware .. S29.95 

ORZ Ham Radio COROM, FCC Callsign Ob & Shrwar ..... S29.95 

Gils Galore COROM, Over 6000 Glf Images .. ..539.95 

Hobbes 0512 CO ROM. 0512 Shareware/Freeware . ........$29.95 

Source Cole CO ROM. 650 Mb source. DOS/Unix.. ..539.95 

Gu:enberg P1ojecl, Ltteraturt and docs ...... .... .............. ...539.95 

Linux Operating Sy>, 386/486 OS. Xt 1, lull src ..S-19.95 

Llbris 8ri1innia. MSOOS Tech/ScVEngineer ... .. .....$69.95 

XI IRS/Gnu CORO M. Full src. SPARC binari es .$39.95 

Nebula for NeXTSTEP. Prgms !or Intel NeXTSTEP . .. .. .....559.95 

Ada Programming COROM,Compilers. soutce, docs ...... ...539.95 

Aminet COROt.I, Amiga Shaievr.ire/Frel!l,~re ....................S29.95 

COROM C;ddies. Lifetime Guarantee........... .. .. $4.95 


Top quality COROMs. 100% satisfi ed or lull refund . 


WALNUT CREEK CDROM 
4041 Pike Lane. Ste 0-211 , Concord. CA 94520 

1-800-786-9907 Visa/MC AMEx, Fax: +1-510-674-0821 

Inquiry 665. 

CELLULAR PHONES 

TWO CELLULAR PHONES 
WITH ONLY ONE NUMBER 

Our cellular software will allow you to 
change phone numbers and elec 
tronic serial numbers on 

MOTOROLA• MITSUBISHI• PANASONIC 
NEC • RADIO SHACK • NOKIA 

WHY PAY TWO CELLULAR BILLS? 

Put the same number on as many 


phones as you like! 

Only $495! 


We can also sell you a hand held 

cellular phone with your existing 


number for only $395.00! 


Cellular Press 
421 N. Rodeo Dr. U15318. Beverly Hills, CA 90210 


Phone: 310-289-2174 

Fax on Demand: 305-346-7674 


Call from your fax handset and follow the voice 
prompts to receive complete technical specifications 

Inquiry 666. 

COMMUNICATIONS 

PC VOICE MAIL KIT $1795 
• Voice Processing on your PC • Software and 4 
line board Included • Order Taking • AUDIOTEX • 
Voice Messaging • Never miss another call I • 
HUN DRED S OF USES • Don ' t pay 51 .OO Os 
CALL TODAY FOR Free DETAILS • 2 yr warranty 

Amerifax Services Corp. 
572 W. Marke t St. #5. Akron, OH 44303 

(216) 253-8787 • (216) 762-6050 Demo 

Inquiry 667. 

mailto:E�mallElektro@sci.kun.nl


COMPUTER BOOKS 

ADVANCED COMPUTER BOOKS 
at a discount 

• 	We specialize in ADVANCED books for devel
opers, programmers, computer professionals, 
engineers, and academics 

• Windows, CH , OS/2, UNIX, Mac, OOP, Analy
sis/Design, Al , Neural Nets 

• 15% discount on any quantity on most books 
• Computer literate order processing statt 
• AudioNideo training tapes, CD-ROM software 
• MIT Journal subscriptions 
• Special orders, hard-to-find books 
• Latest books from over 100 publishers 
• Free 16-page catalog 
• UPS domestic & international shipping 
• CompuServe~ 70007, 1333. GO CBK 
• Nifty-Serve. GO WSN 
• Internet 70007.1333@compuserve.com 

CompuBooks 800-880-6818 
Route 1, Box 271 D 51 2-321 -9652 
Cedar Creek TX 78612 Fax 321 -4525 
USA MCNisa/AmEx/Disc/JCB 

Inquiry 668. 


COMPUTER INSURANCE 


INSURES YOUR COMPUTER 
SAFEWARE Computerowner's coverage provides 
replacement of hardware, media and purchased 
software. As little as 549 a year covers accidents. 
theft, power surges and more. One call does It all. 

1-800-800-1492 
SAFEWARE, The Insurance Agency Inc. 

PO Box 022 11 , 2929 N. High SI. , Columbus, OH 43202 

Now available In Ontario!!! 

Inquiry 669. 


CROSS ASSEMBLERS 


PC BASED DEVELOPMENT TOOLS 
Wo off er IOW· COS I offtclent CROSS ASSEMBLERS ond a 
suporb lino ol SIMULATOR·OEBUGGERS with lull built·ln 
DISASSEMBLERS for Intel's MCS-48, 51, 85 ond 96, ond 
for lhe 280 fomlllos of embedded controllers . Our now slm· 
ulalors for !ho 80C196KB and 80C196KC aro unlquo In tho 
market . and have been received wilh rave reviews. Tho price 
ot our software iochJdes unlimited lroo upgrade prfvllogosl 

Lear Com Company 
2440 Kipllng SI. , Ste. 206. Lakewood. CO 002 15 

(303) 232·2226 FAX (303) 232-8721 

Inquiry 670. 

Cross Assemblers 4q. ~ E>1t,
Simulators 19, "cS>~ 


Disassemblers E'/E>cS>~cE>Q' 


PseudoCorp w 
716 Thimble Shoals Blvd. Newport News. VA 23606 
(804) 873-1947 Fax (804) 873-2154 

BBS (804) 873-4838 

Inquiry 671 . 

DATA RECOVERY 

Tape & Optical Data Recovery 
Any Tape, Optical , Cartridge of any tormat whether 
panially overwritten or damaged, Vogo.n the world 
leaders in Tape & Optical Data Recovery can recover 
any data anywhere on the surface. Recoveries from 
112", 1/4", DC2000, 4mm, Bmm Exabyte, DEC TKxx, 
3480, Worm, Magnelo Optical etc. 

I~' I I 
VOGON International Ltd. 

USA: 405-321-2585 Fax: 405-321 -2741 
UK: +44 (0) 734-890042 Fax: +44 (0)734-890040 

Conversion & Duplication Systems & Bureau 

Inquiry 672. 

' 
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DATA RECOVERY 

Data Recovery & Repair 
• High Success Rate/Fast Turnaround 
• 24 Hour Service Available 
• Lowest Prices on Disk Drive Repai r 
•Clean Room 

We Repair MFM/ RLL/SCSl / ESDl / IDE 
AA Computech, Inc. 

28 170 Avenue Crocker Ste• IOS, Valercia. CA 91355 

(800) 36()-6801 (805) 257~801 Fax (805) 257-6805 

Inquiry 673. 

Ontrac 
DATA RECOVERY 

• Professk>nal service recommended by major hard 
drive manufacture rs • Expertise In virl uaJly ev ery 

operating system & media storage devico • 24·hour 
support with weekend. priority, & on-site service 

avnllnble • For fasl, successful results , call: 

MN:1-800-872-2599 • CA: 1-800-752-7557 
UK: 44-81-974-5522 •GERMANY: 0130-815·198 

Dfrve. Eden Proitio, MN 55346 

Inquiry 674. 


DAT A/DISK CONVERSION 


THE #1 CHOICE 

in disk & tape conversion 


for many loading corporations, government agencies. 

law firms. and companies In every industry-wor1d·wkle. 


Free test •Satisfaction guaranteed 

Graphics Unlimited Inc. 
3000 Socond St. North, Minneapolis. MN 5541 1 

(612) 588-7571 FAX: (612) 588-8783 
1·800-745-7571 

Inquiry 675. 

CONVERSION SERVICES 
Convert any 9-track magnetic tape to or from 
over 5000 fonmats including 3W, 5X", 8" disk 
formats & word processors. Disk-to-disk con
versions also available. Introducing CO-ROM 
conversions. Call for more info. 
Pivar Computing Services, Inc. 

165 Arlington Hgls. Rd.. Dept. #B, BuftaloGrove, IL 60089 
(800) Convert (708) 459-6010 

DISK DUPLICATION 

FULL SERVICE DISKffiE DUPLICATION 
• All disk formats, 100% virus checked 
• Avallable in a variety of colors 
• Custom silkscreening 
• Bulk diskettes also available 

Manufacturing diskettes In the U.5. s ince 1978 

Syncom Technologies, Inc. 
1000 Syncom Drive, Mitchell , SD 57301 

1-800-843-9862 

Inquiry 676. 

E-MAIL 

WEEMAIL and Tickles! 
Simple and inexpensive E-Mail 
and personal planning 'Tickler" 

One Price for any s ize network - $149.00 
Unique screen handling 
quicker and easier than even a mouse! 
Works on any Netbios network 
Call tor a FREE sample disk 

W.E. INC. (000)900.9054 

Inquiry 677. 

EDUCATION 

B.S. & M.S. In COMPUTER SCIENCE 
Tho American lnslllulo for Computer Sciences olfers on In· 
depth home study program to eam your Bachelor of Sclonce 
and Master of Science d egrees in Computer Scionco at 
hOmo. B.S. subjects covered are: MS/DOS. BASIC, PASCAL, 
C , Fllo Processing, Data Structures & Oporaling systems. 
M.S. program lncludos subjects in Software Enginooring and 
Ar1iflcial lnlolligenco. 

AMERICAN INST. for COMPUTER SCIENCES 
210\·BY Magda Ave. South, Se. 200, llmlilglam, Al. 35205 

800-767-2427 205-323-6191 

FLOPPY DISKETTE 

3.5" FLOPPY DISK 
RELIABLE & DURABLE 

• We are 	a manufacturer under the licence 
of Sony corporation. 

• Our disks are all 100% Tested & Certi fied 
Error Free with guaranteed Clipping Level. 

• Available products: 2HD, 200. Clam Shell. 
• 	Our own brand MEGA and OEM or bulk 

are also available. 
• Duplicator & wholesaler are welcome. 

INMARK IND. LTD. 
(HK) 


1 A Man Foong Industrial Bldg. 

7 Cheung Lee Street 


Chnl Wan, Hong Kong 

Tel : (852) 558-2203 Fax: (852) 897-3700 


YHC CASSETIE IND. LTD. 
(TORONTO) 


75 Snintsbury Square, Scarborough 

Ont. Canada MlV 3K1 


Tel : (416) 321-1179 Fax: (416) 321-8451 


Inquiry 678. 


FLOW CHARTS 


FLOW CHARTING 3 
• High resolution print outs .•. 

dot matrix or laser ~ 
• Mulli·page charts ... 

Por1rait or landscape ~ 
• lmporVexpon capnblhtlos 
• 35 shapes. 10 fonts, 4 line stykJs 

c;,,ntor /roe clomo disk! 

PATTON & PATTON 800-525--0082cxt.1317 
So I 1 w a re C orp o r o t I on 485Coc:tnnt0 .• MorgM! Hlll, r.A 96037 

Inquiry 679. 

-1 

WINDOWS FLOWCHARTER $129 
RFFtow 2.0 is a professional drawing tool lor 
flowcharts & org. charts. Requires Microsoft Win
dows. 100 shapes auto adjust in size. Diagonal 
lines and curves. Auto line routing and re·routing. 

~~~~~ gu;'e~af~~~v\':~~e 'L!li;~~.c~~io~~: 
trial disk. 

RFF ELECTRONICS 
t053 Banyan Court. Loveland. CO 80538 

Phone: (303) 663-5767 FAX: (303) 669-4889 

HARDWARE 

Pre-Owned Electronics, Inc™ 
THE Independent Provider, serving the Dealer, 


Protessional, Corporate, Government. and 

Educational Buyer since 1985 


APPLE 11® & MACINTOSH® 
SYSTEMS• PARTS• EXCHANGE REPAIRS 

Call for a Ca talog ...800-27 4-5343 
INrL: 617-275-4600 •FAX: 617-275-4848 

205 BURLINGTON ROAD• BEDFORD, MA 01730 

Inquiry 680. 
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THE BUYER'S MART 

HARDWARE 

HEWLETI-PACKARD 
Buy - Sell - Trade 

LaserJet ColorPro 
DeskJel DraftPro 
RuggedWri!er DrattMaster 
Electrostatic Plotters DesigoJel 

HP 9000 Workstations and Vectras also available, 

Ted Dasher & Associates 


a117 Second Ave., S. Birmlngham, AL 35222 

Phono: (205) 591-4747 Fax: (205) 591-1108 


(800) 638-4833 

Inquiry 681 . 

HARDWARE/COMPUTERS 

NEW! ZOMHz 16-bil FORTH Single Board 

Controller wllh Bch 10-b// A/D, 3ch 8-bll DIA 

TOS2020 FORTH COi/TROLLER AHO OATA-LOGGER-<x3" tmrd uses 

Hitlchi 16-lllt 1181532 CMOS pP, SCre•ms llonQ a13MIPS ll<ll nm> on Onl'/ 


t2~d0~~!~~~\1 :?1~RJ7~".t~~=·= 
~~3i'~~·=~~: 
r:r=c~.:i':~~=t~ir~~:~~'4~~pttl10n. 

CALL //OW f OR OfTAJLS/ Saf<-ot·rrturn 
Sae/lg Company tel: (7 16\425·3753 

European Technology fax: (715 425-3835 

HARDWARE/EMBEDDED 

SC/FOX™ EMBEDDED COMPUTERS 
~"'::~=~n1~~~~.\° MIPS MI. 
VME llu10t/S1m System Con1rollet SBC: 18 htPS aYJ 70 MIPS Ml. 
uses RTX 2000 C!", SCSI, 2se<, 1,., po!U, I0 6'1lK b)'ICS. 

!~~=-S~~~~~e~.:!~~~1'~~PStxJ~ jU 

Ideal lor .,,,._ roaJ.lin'< contr~ . dala ncqulsition, rotJollcs, and slg<ial 
_.-.g,OEM tollware developmenl system lrdudcd. 

SILICON COMPOSERS INC <•1s1001-ene 
American Technology 

Inquiry 682. 

LANS 

The $25 Network 
Try the 1st truly low-cost LAN 

• Connect 2 or 3 XTs, ATs, 386s, 486s 
• Uses serial ports and null modern cable 
• Runs at 115K baud - approx 8500 bytes/sec 
• Runs in background, totally transparent 
• Share disks and printers, etc. 
•Needs only 15K of RAM 

Little Big LAN 
The most flexible network 

• Peer to Peer LAN to 250 nodes 
• $75 total software cost, not per node! 
• Link via serial, parallel, or Arcnet 
• Link via Ethernet or Moderns soon 
• Mixed mode routing 
• Typically only 35K of RAM 

Skeptical? We make believers! 

Information Modes 
P.O. OraNer F. Denton. TX 76202 

Tech 817-387-3339 Orders 8()()-628-7992 

Hours 1-5 Mon/Wed, 9-5 Tue/Thu/Fri CST 


Inquiry 683. 

MEMORY CHIPS 

64-bit co-processor chip 
ANUCO Is on uUra-high perfo rm ance molhemallcal co
processo r chip (FPU). Up 10 6 limes II) fos1or than 
comparable products. 0.75 Unpack perlormanco at 33 MHz 
clock speed, 64 ·bit internal chip arch itoctu re. IEEE 754 
singlo and double precision. For use on molhort>ollrds with 
32·bit CPUs, on graphics cards. In printors, pho1ocoplers. 
scanoors, carnoms, e1c. 

SWABIAN 
Unler den Linden 15, 0-72762 ReuUingen. Germany 

+4!1-172-7123777 •Far: +4!1-7121·370411 • MCI: 523-2219 

Inquiry 684. 
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NOTEBOOK PERIPHERALS 

Second Serial Ports 
Texas Instruments, Toshiba, Everox/Snnyo 

• R.s~f~g '. ~~:~2:-;fb; ~irg~6~~~~R~~~i~8~RT 
• Cus1om I/~~~- 1~g~rJl.biH~O,f~ conneclor: 

Cust om doslgn capability . Also Auto/car ndop1ers lor 
portable laptops, no1ebooks, and printers. 

Designed and made in USA!! 

Empire Engineering
CaMomia USA 


tel 8051543-2816 fax 8051543-2820 


Inquiry 685. 

SCIENTIFIC SOFTWARE 

Scientific &Technical Software 
Free catalog 


Call 1.800.622.3345 

SciTech Is your source for the best value in scicnlifC and 

lochnk:al software. More than 750 prodUCls. 

1.31 2.472.0444 223 1 N. Ctyboum AYe. 
FAX 1. 312,472.0472 Chicago, IL 60614 

Inquiry 686. 

SECURITY 

FIGHT PIRACY!
* EVERLOCK 3.0 * 

SOFTWARE COPY PROTECTION 
New O ptton Board Safo~New Remote Rog lstrnl ion 

Now CPU LO CK·CD ROM LOC K a nd m ore 

* EVERKEY HARDWARE LOCKS * 
A:z:-Tech Software, Inc. 

Call fora 201 Eosl Franklin. Richmond. MO 64085 
FREE (BIG) 776·2700 
Demo (800) 227-0644 FAX (8 16) 776·8390 

Inquiry 687. 

THE ULTIMATE SOFTWARE SECURITY 
e STOPCOPY lamily- UNCOPIABLE copy protoctlon 
• STOPVIEW software encryption 
• NETUMIT network license me1onng 
• DOS, Wlndows, Macintosh, 0 512, support 
•	 No source code changes required • tor ANY of our prod· 

ucts In ANY environment 
• Our products destroy All ol our compelitlon 
e Cnll lor FREE demo disk. or lo discuss our producls' 

MANV oplions 

BBi Computer Systems, Inc. 
14 105 Heritage Lane, Sltver Spring, MO 20906 

BDOITRHBll • 800/879'2224 • 301/87 1-11J9.1 • FAX:301/46D-75l5 

lnq~iry 688. 

Cop's Copylock II 
The professional software protection with 
TRUE Machine Install. Option Board safe . 
OS/2, Networks, Windows, and CD-ROMs. 

LINK Data Security 
Jnt'I: + 45 31 232350 Fax: + 45 31238448 

New: Access Control by Dia!Cops 

KEY-LOK'" SECURITY 
Piracy survival 11 years proves effec!lvoness 
of powerful multilayered security. Algorithmic 
response. Programmable memory. Econom
ical. Transparent to PARALLEUSERIAL port 
Counters/Real-T ime-Clock. Multi-producV 
feature licensing. DOS/UNIX. Also, access 
control system and diskette drive locks. 

MICROCOMPUTER APPLICATIONS 

3167 E. Olero Circle, Linklton. CO 80 122 


(303) no-1917 FAX: (303) n0-1863 


Inquiry 689. 

SERVER MIRRORING 

No*Stop Network 
The software solution to provide full 

Level 3 Fault Tolerance for PC LANs . 


• Server Mirroring 
• Uninterrupted Processing 
• Continuous Backup 
• Any Network Operating System or 


Server environment. 

Nonstop Networks Limited , NY, NY 

212-481-8488, Fax n9-2956 

Inquiry 690. 

SOFTWARE PACKAGING 

FREE SOFTWARE 

PACKAGING CATALOG 


E"erylhlng you wllJ need to Package. Oislnbulo, and Ship Your 
SottwnrO!I From rnanuats and binders to maijefs and a111ppors 

LABELS LABELS LABELS 
For your diskeltes, plain or cuslom prinled 
dot matrix or las.er printer . . . lrce samplos 

...FREE CATALOG.. • 
Hice & Associates 

8586 Monlicello Or., West Chester. OH 45009 

Phone/Fax: 513-777-8586 

Inquiry 691 . 

STOCK PACKAGING 
to help you 

market your software 
ask for catalog 93082 

Call 708 390-77 44 
or fax 708 390-9886 

PolyQuick Co. 
1243 Rand Road, Des Plaines, IL 60016 

Inquiry 692. 

SOFTWARE/BUSINESS 

DATA ENTRY SOFTWARE 
Full featured. heads·down data entry


wilh two-pass verilicalion, edit language, 

operator slats, much more! Designed for 

the P~. PC. XT, AT or compatibles. 


PCs from $395 LAN versionavailable 

FREE 30 day trial 

Computer Keyes Tel: 206/77616443 
21929 Mal<ah Rd.. Fax: 2C6177&-7210 
Woodway, WA 98020 USA: 800/356-0203 

SOFTWARE/ENGINEERING 

Circuit Simulation 
New Windows/Windows NT CAE Tools 

la!c2ducing Ib~ Fies! ;md Qal~ 
Interactive SPICE 
Experience Ana log and Mixed signal slmu lalion 

like you 've never seen before 

"Just like being at the Bench. " 
includes: 

• New lsSpice4; Interactive Circuit Simulator 
• Real Time Cross Probing between 

Schematic editor and Simulator 
• Model Libraries , more than 5000 Parts 
• For PC , DEC Alpha , Mips, Macintosh 

Full SPICE programs start ing at $95. Complete 
systems with schematic entry, lsSPICE4, models, 
and waveform graphics only $2595. 

Call or Fax for your Free Demo kit 

P.O. Box 710 San Pedro, Ca 90733-0710 

Tel (310) 833-0710 
intuso~FAX (310) 833-9658 

Inquiry 693. 
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SOFTWARE/ENGINEERING 

SpiceAge*4W 

Windows Analog Circuit Simulator 


The following and MORE at under $1000: 

•AC. DC, Trartmon1, Fourier, Temperature analysis • Fully 
ex pandable llbrn ry • Analog & digi tal compononts 
• Transmission Uno primitive • Renl signal node nnmes 
• Graphical roal limo • Group delay • Component swooping 

Tatum Labs, Inc. 
1287 N. SHo Ridge. Ann Atbo<, Ml 48108 

313-663-8810 

Inquiry 694. 

SOFTWARE/GRAPHICS 
Tiff . PCX , lAAgA. GIF, 018, BMP. DCX. EPS . WM';-_WPG. PICT. JPEG 
AccuSott Image Format Liorary 4.0 

(now version) 
·Th~ most comprehensive raster support library on tht na1ktr 

Import. export corwert. display, and print all above fGrmatsl 
Includes sevml wnple programs with source code. Supports 
all languages. formal compallbllily guarante ed! GJ. G4.TIFF·f . 
multi·page Images etc. Rotate. zoom, scale, color re.juc11on, 
sharpen. spcclal·ollccts etc. Versions 101 005. WtndllW1l, NT. 
Walcom. Osrz.and others. 

AccuSoft Corporation 
160 E. Main St. , P .O. Box 126( Westboro, MA 01581 

1800) 525·3577 (508) 898·2770 FAX (508) 898·0062 

Inquiry 695. 
:; I 

Windows Graphics library 
Easy to use library for Image manipulation. 

:- read/write: BMP. FLC. FLI. GIF, JPG. PCX. TGA. Tiff 
>- ettccts: bnQhtncss. blur. edge dltectioo. llip. rotate. scale. etc. 
:- Image compression up to 100:1. 

Available as DLL or MS/Borland C library. $199 
Dlstribulors welcome. 

AiN\ Inc. 
Lj.Sram 8, 41000 Zagreb, Croatia 


Fax/phone: +J85 41611 tZ6 E·m•ll: CompuServe T.1413,31 '3 


Inquiry 696. 

CAD/CAM/CAE Developers Kits-Windows/DDS 
NEW RELEASE! TG-CAD Professional v.5.0. 

Roplncos TG·Prolosslonal v.4 .0. Includes upgraded 20 & :JD 
geomclric dovolopmont kits, OXF In/Ou! release 12 ond 
(NEW) TG·CAO Draw v . 1.0 . All In C. Th is l ou r porl 
d ovolopmon t kl1 Is lruly ·1 he U11imale CAO/CAM/C AE 
Programming Engine:· Comes wtth or without sourco code. 
30 day guaron1eo. Fme 30 page !ochnC..I paper. 

DISK SOFTWARE, Inc. 

109 S. Murphy Rd., Plano. TX USA 75094·9971 


Tot (214) 423-7288 Fax (214) 423-7288 


Inquiry 697. 

SOFTWARE/MODELING 

Announcing GMS 2.0 from Probots, Inc. 
Easiest & most powerful modeling & simulation tool avail. 

• rlow with Super Sprud Sheet. Super 1Jser Interlace & lntelllgenl 
Ag ent Modeling capabflllies! 

• sys1emsspeclllod1>y natu ra lmalhemallcal1elalionshlps 
• automa ltd design. oplimlzat1on. td ling & venlicallon 
• ldul lor cnglnee1ing. business/financial & scientific apptcations 
• crule sund·alonc a:ppliullons and lnllue ntiil presenlatlons 

Full System sllll only $495, Call lor $99 Intro alferl 
Probots, Inc. 413-586-8929 
~..~=C::.°':~il56~ ·~7 800-Sim-Easy 

Inquiry 698. 

SOFTWARE/PHOTOGRAPHY 
The Photographer's DataGulde contains many uselul 
tables for tho amateur and prolessional. Sun/moon 
almanacs available for UK, USA, Aus/NZ and Canada 
also CineGuldo option. The Photographer's DataBase 
is for the storage of shot details and includes label 
printing and an image display option. Reviewoo U.K. 
pholo mags. From £60. 

Douglas Software 
14 North Drive, Littleton, Winchester 

Hampshire , United Kingdom, 5 0 22 60A 
Tel: (44) 962 880495 Fax: (44) 962 n6671 

SOFTWARE/SCIENTIFIC 

VTEX Scientific Desktop Publishing 
• Scalable Fonls • Font elfecls • Typeface customization • 
Equations • Tables • Graphics • Foreign lanouaoes • 
Mulli·lingual spell &hyphenation • IOE • On·line help • 
Dos, Dos-32 and Windows versions • From S 199 
'Tpr of Tomorrow-...Notices of AMS, March 199 1 

Call now for a FREE DEMO DISK 

MicroPress, Inc. 
68-30 Harrow Street, Forest Hi iis, NY 11375 
Tel (718) 575-1816 Fax (718) 575-8038 

Inquiry 699. 

SOFTWARENOICE/FAX 

HIGH LEVEL C LIBRARIES 
Mulli·Voico M d Mulli·Fax are complete devclopmonl C loolkils to 
access all tne lo111u1es for most voice and lax processklg boards 

=::r·~=::~•=LINE VOfC!.l~F~ 
- ... " ~amnetlled """"'CX>de~Aa:opced
Mulli·Voico for Oiak>gc. RtlOlornx, or Powerti"lo II : $599 
Multi·Vok:o lor Single Uno Watson Board: $99 
Mulll·Fax lor CAS (lnlol SatisFAXtion): $199 

ITI SOFTWARE 
Fax-On·Oemand for lnlormatlon: (514) 835-2216 

STATISTICS 

NCSS 5.x Series - $125 
Easy·IO·uso menus & spread sheet Mullipto rogrossion. 
T- l os l s. ANOVA (up lo 10 !actors, rop. moesuros, 
covarienco) . Forecasling. Feclor. cluslor, & dlscrlm lnanl 
analysis. Nonpa ramelrics. Cross Tabulnllon Gmph1cs: 
hislograms, box. scatter. etc. Reads ASCIVLotus. Many now 
add-on modulus. 

NCSS 
329 North t000 East, Kaysville, UT 04037 

Phone: 801-546-0445 Fax: 801-546-3907 

Inquiry 700. 

TRANSLATORS 
software 

TRANSLATORS 
FORTRAN IV lo C Pl/I (SubsetG) lo C 
CMS·2M lo Ada ASSEMBLY (PAL· I l)lo C 
METAMORPHOSIS CUSTOM T ranslalors 

(U ser·dchncd) 

Call or write for product brochure to: 


J. H_ Shannon Associates, Inc_ 
P.O. Box 597. Chapel Hill, NC 27514 

(919) 92~863 

Inquiry 701 . 

YOUR SALES MESSAGE 
about the 


special computer product or service 

that you provide 

belongs in print 


THE BUYER'S MART 
can help you reach 

computer professionals and 
produce valuable inquiries 

for your company! 

Call 
Margot Swanson 

for more information 

603-924-2656 
or 

Fax: 603-924-2683 

Inquiry 702. 

- ..:: 

I. 

UNIX ON CD-ROM 

UNIX Clone for $39.95 
Trans·Ameritoch presents LINUX Plus and BSD CD· 
ROM. Latesl versions ot LINU X and BSD with X· 
windows, TCP/I P development environments. 

ALL SOURCES ARE INCLUDED. 
! REAL UNIX POWER for the PRICE of DOS I 

ONLY $39.95 
Trans-Ameritech Enterprises 

2342A Walsh Ave .. Sanla Clara , CA 95051 
408·727·3883 FAX 408-727-3882 

Inquiry 703. 

" 
UTILITIES 

PEN PLOTTER EMULATOR 
FPLOT turns your printer into an HP pen plotter. 
Fast hi·res. no jagged lines. Vary line width. color. 
Screen pre•lew - zoom. pan. Works with most 
CAD programs. Supports most printers. Requires 
DOS 2.1 or higher. $119+$3 S&H. VISNMC/Chk/MO. 

FPLOT Corporation 
24-16 Steinway St .. Sui te 605, Astoria, NY 11 t 03 

718-545-3505 

Inquiry 704. 

WINDOWS 

FOREIGN LANGUAGES 
Arabic, Hebrew, Russian, Chinese, Japanese, 
tndlan, S.E. Asian - all the world's languages In 
Windows. Full support for mixing Arabic, Persian, 
Urdu, Hebrew + English. Chinese and Japanese 
type vertically / horizontally. Easy to use! From 
$ 149.95. Call or write the WinLanguage- experts! 

Gamma Productions, Inc. 

Tel 310-394-8622 Fax 310-395-4214 


7t0 Wilshire Blvd. #609. Santa Monica. CA 90401 


Inquiry 705. 

THE ULTIMATE BBS 
FREE FREE FREE FREE FREE FREE FREE 

Latest Windows and DOS Utils, Pgms, Source 
Code, Lively CHAT, online games, Internet Access 
and more and all FREE. Call from home or ollice 
up to 14.4K and download for FREE. (n/8/1) 

217-792-3663 
Cus1omor SoMcc 415·281-4429 

Inquiry 706. 

International 

Marketers: 


Sell your computer products in one of 
the fastest growing markets today! 

Reach 78,000 LATIN AMERICAN 
BYTE READERS 

Now you can advertise in 
1, 2, or a/13 Latin editions of BYTE 

BYTE Mexico 

BYTE Brasil 


BYTE Argentina 

Give Liz at Global Ad-Net 
a call today for more info: 

603-876-4311 

Inquiry 707. 
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YOUR DIRECT LINK 

ADVERTISER CONTACT INFORMATION 

To order products or request FREE information, call advertisers directly or send 
in the Direct Link Card by mail or fax! Let them know you saw it in BYTE! 
Inquiry No. Paga No. 

61-62 
A 
ABACUS SOF1WARE 

63-64 

185 

539 

ADAPTEC /TRANTOR 

ADVANCED LOGIC RESEARCH 

AETECH 

A·FOUA l Et:H GO l'l D 

162·163 AGE LOGIC (NA) 

66 

65 

221 

67-68 

273 

69 

244 

275 

202 

AITECH INTERNATIONAL 

ALADDIN KNOWLEDGE SYSTEMS 

AMBRA COMPUTER CORP (NA) 

AMBRA COMPUTER CORP (N.A.) 

AMBRA COMPUTER CORP (N.A.) 

AMERICAN ADVANTECH 

AMERICAN MEGATRENDS 

190 

238 

191 

240 

Phone No. 

800-451-4319 
ext 82 

800-934-2766 

714·581-6770 

619-431-7714 

481S 22 +886·2·218·9908°0 

173 619·455-B600 

167 800·882-8184 

75 800-223-4277 

32A·D 800-239-5731 

33 800·239·5731 

44-45 800-239-5740 

244 81J0.800-6889 
183 800--892-6843 

AMERICAN POWER CONVERSION 94 81J0.81J0.4APC 
DPT.A2 

AMERICAN SMALL BUSINESS COMP 88 9 18-825-4844 

AMREL TECHNOLOGY. INC 246 800-BBAMREL 

ANGOSS SOF1WARE INT1. 85 

ANGOSS SOF1WARE INT1. 121 

ANGOSS SOF1WARE INT1. 133 

ANGOSS SOF1WARE INT1. 175 416-593-5077"' 

APPRO INTERNATIONAL INC 222 800-927-5464 

1n·173 ARISTO GRAPHIC SYSTEMS (EUROPE) 39 +49-408500425°0 

172-173 ARISTO GRAPHIC SYSTEMS (U.S.) 39 800-631-7646 

Inquiry No. P111teNo. Phone No. 

CIV 205-430-4030° 0 

143 +886-2-725-1111·· 

247 800332·8246 

245 BOO·DATALUX 

247 800·DATALUX 

102· 103 609-764-0100 
ext2n7 

117 314-443-3282 

481S 20 +886·2·782-0305°0 

109 800-348·322 1 
oxt.4600'' 

187 800-348-322 1 
ext 63DD 00 

Clll 800€26-8260 

CIV 800-626·8260 

199 617-491 -3393 

481S 12 +32·2·7'5-4275'" 

246 .a86-2·9317814"' 

61 .aac;.2-1111-9099·· 

507·508 CYBEX CORP (INTL) 

545 C.E.T.R.A. 

D 
245 DATA 1/0 

223 DATALUX CORP 

222 DATALUX CORP 

DATAPRO 

91 DATASTORM TECHNOLOGIES 

509 DATATRONICS TECHNOLOGY 

88·89 DCA 

90 DCA 

DELL COMPUTER CORP (N.A.) 

DELL COMPUTER CORP (N.A.) 

281 DELPHI INTERNET SE RVICES 

536 DIALOGIC TELECOM EUROPE 

259 DIALOGUE TECHNOLOGY 

530 DIG IOOM INC 

93 DIGITAL EQU IPMENT CORP 

276 DIGITAL VISION 

188-190 DISTRIBUTED PROCESSING TECH 

510511 DR HUGGLE & PARTNER GMBH 

224 DSP DEVELOPMENT CORP 

E 
534·535 ELEX INFORMATION SYS INC 

94-95 ELIASHIM MICROCOMPUTERS 

207·208 EMBARC I MOTOROLA 

512·513 EUTRON 

215 EXXUS 

F 
514-515 FAST HARDLOCK (INTL) 

213-214 ARNET CORP 

174 ASK ME MULTIMEDIA CENTER 

258 ATRIE TECHNOLOGY INC 

177-178 AT&T MULTIMEDIA SiW SOLU 

71 

260 

533 

450 

n-73 

74 

209 

501 

AT&T · MODEMS 

AUTOTIME 

AXIS COMMUNICATIONS 

B 
SIX 

BORLAND INTERNATIONAL 

BRITISH AIRWAYS 

BYTE BACK ISSUES (INTL) 

BYTE BACK ISSUES (N.E.) 

BYTE DECK 

BYTE READERS' CHOICE QUEST 

BYTE SUB MESSAGE 

BYTE sue MESSAGE 

BYTE SUB SERVICES 

c 
CAD WAREHOUSE 

CHERRY MIKROSCHALTER 
GMBH (I NT1.) 

504-505 COBALT BLUE 

76·77 COLORADO MEMORY SYSTEMS 

78 COMPAQ DESKTOPS (N.A.) 

284 COMPAQ SYSTEMS (N.A.) 

5-02·503 COMPEX INC (INT'L) 

COMPUSERVE 

80 COMPUSERVE 

81 COMPUTER ASSOCIATES 

82 COMPUTER ASSOCIATES 

186 COMPUTER DISC WAREHSE 

COMPUTER PROF 
BOOK SOCIETY (N.A) 

COMPUTER PROF 
BOOK SOCIETY (N.A) 

506 COMPUTER QUICK (I NT1.) 

277 COMPUTER & CONTROLS SOLU 

542 COMPUTERLANE UNLIMITED (PC) 

COPIA INTERNATIONAL LTD 

83 COREL SOF1WARE 

225 

42 

247 

135 

59 

246 

261 

261 

Cl ~ 1 

207 

173 

240NE 4 

188 

184A·D 

194 

481S 24 

184 

236 

200201 

481518 

19 

8-9 

60-61 

33 

152A·B 

153 

127 

139 

216-217 

200 

200A.Jl 

144 

242 

234 

182 

46 

800·377 ·5515 

612·531 -0603 

800·448-6727 

800·372·2'47 
ext. 920 

503-452-8577 

+46-46136130"' 

800-655-4775 

800-336-6464 
ext. 7672 

800-487-0485 

+49·964·3180 

404-518·1I16 

800-451-0897 

800-345-1518 

800·345-1510 

714·630-7302 

800-848-8199 

800-848-8199 

800-531·5236 

800·225·5224 
Dept 20500 

800·959-4.COW 

717-794-2191 

"' 15-861-8330 
800-775-3525 

818-884-8544 

708-682-8898 

800· 772-6735 
ext 28 

158 CREATIVE LABS INC 95 800·998·LABS 

183·1 84 CRYSTALOGIC, INC 120 615·391-4412 

114-85 CTX INTERNATIONAL INC 55 909·595-6146 

86-87 CURTIS INC 202 612·631·9512 

187-188 CYBEX CORP 224 205-430-4030"' 

256 UYTE F E BRUARY 1\>94 

96-97 FAST (MULTllAEDIAJ (TELEFAX INrL) 157 +4~2C!i06-199"" 

96-97 FAST (MULTIMEDIA) (U.S.) 

529 FIRST INTERNATIONAL COIA? 

191-192 FIRST SOURCE INTL 

98 FUTURESOFT ENGINEERING 

G 
GATEWAY 2000 
GATEWAY 2000 

254 GENERAL TECHNICS 

225 GENOVATION. INC 

516 GFK HAMBURG 

99-100 GLENCO ENGINEERING 

252·253 GRAlllTE DIG ITAL 

517 GREY MATIER LTD 

226-227 GTEK INC 

H 
HEWLETT PACKARD 

239 Hl·LO SYSTEMS 

278-279 HORIZONS TECHNOLOGY 

101 HUMMINGBIRD COMMUNICATIONS 

102 IBMDIRECT(N.A.) 

103 IBM NETWORKING SYSTEMS (NA) 

105 IBM PERSONAL SN/ SYSTEMS 

104 IBM PERSONAL SiW SYSTE•AS 

283 IBM WORKSTATIONS 

540 IBM~NrLJ 

541 IBM(INrL) 

106 INTEGRAND RESEARCH 

107 INTELCORP 

108 INTEL CORP (N.A.) 

Inquiry No. Pago No. Phono No. 

156·157 ITERATED SYSTEMS 

J 
230 J 8 TECHNOLOGIE S 

193 JAMECO ELECTRONICS 

267·268 JANA TECHNOLOGY GROUP, INC 

JDR MICRODEVICES 

K 
111 KEA SYSTEMS LTD 

112 KFC(NA.) 

231 KILA 

113· 114 KINGSTON TECHNOLOGY 

518 KUO FENG CORP (INTL) 

L 
210211 LA TRADE 

232 LAGUNA DATA SYSTEMS 

546 LANSOIJRCE 

519 UGATIJRE LTD 

262 LITECH CORP 

206 LOGICAL CONNECTION 

176 LOGICIELS ET SERVICES DUHEM 

M 
544 MAGIC I MSE 

547 MANCHESTER 
EQUIPMENT CO (N.E.) 

179-180 MARX OATENTECHNIK GmbH 

116·117 MATHSOFT INC 

118 MATROX ELECTRONIC SYS LTD 

MCGRAW HILL NRI (N.A.) 

159 MEDIA VISION (N.A.J 

218-219 METACOMP 

212 METATEC SYSTEMS 

203 MICRO 2000 
543 MICRO DESIGN INT'L (INT'L) 

196-197 MICRO SOLUTIONS COMP PROD 

198-199 MICRO SOLUTIONS CCMP PROD 

538 MICRODATA SYSTEM SRI 

204·205 MICRO~NTERNATIONAL . INC 

195 MICROPROSE SOF1WARE 

IAICROSOFT CORP 

MICROSTAR LABORATORIES 

MICROIVAY 

520 MINOLTAGMBH 

524 MINUTEMAN 

269 MOTOROLA RISC DIVISION 

N 
119-120 NANAOUSA CORP (N.A.) 

233 NATIONAL INSTRUMENTS 

521 NATIONAL INSTRUMENTS 

181 NATIONAL PRODUCTIONS INC 

121 NEC· SYSTEMS 

194 NEVADA COMPUTER 

122 NORTO'l·LAMBERT 

NSTl. 

123 NSTL (N.E.) 

75 NSTL/ PC DIGEST 

0 
522·523 ODYSSEY TECHNOLOGI ES 

124 OKIDATA 

249 OMEGA POINT, INC 

280 OMNICOM? GRAPHICS CORP 

531 ON TIME MARKETING 

182 ON TOP SYSTEMS 

234 OVERLAND DATA INC 

p 
PACIFIC DATA PRODUCTS 

248 PACIFIC SOF1WORKS 

125·126 PC POWER & COOLING 

2-3 

142 

226 

481S 10 

249 

481S 23 

42 

228 

481S 8 

229 

7 

800-332-2717 

800-346--0090 

800·322-4DPT 

+49·241-403117"" 

800-777-5151 

415·325·807 1 

+972-4·528613° 0 

800·EMBARC4 
ext. 330 

,39.35.592.229·· 

800557· 1000 

+49·89·53980020 

157 800-248 FAST 

481S 2 +886-2·7 17-4500° 0 

235 714·588·9866 

196 713-496-9400 

88A·N 800846-2058 

89 800·846·2058 

245 800-487-2538 

246 800-822-4333 

481511 +49-40231-789° 0 

131 800·562·2543 

245 510471·6442 

481S 17 +44·0364 ·5307 1'" 

243 

35 

247 

203 

84 

96A·D 

69 

87 

15 

26-27 

69 

71 

192 

16-17 

16A·B 

800-282-4835 

800-443-1254 
ext. 785 

510-623-8860 

619·292·8331 

905-470·1207"" 

800-426-7731 

800·1BM·CALL 
ext. 583 

800-342-6672 

800-3-IBM-052 

800-IBM 4FAX"" 

209-65 1-1203 

800·538-3373 

800-538-3373 

109-110 INTERGRAPH 102· 1 03 800-345-4856 
228 10 TECH 244 216-439-409 1 

229 10 TECH 248 216-439·4091 

134 

245 

227 

247 

241 

96 

145 

244 

119 

B00-437·2285 

800-688-0908 

800831-4242 

B00-363·2083 

800·538·5000 

800·663-8702 

800·253·2872 

303-444-7737 

714-435-2600 

45 +886-2·754-8498°0 

220 

248 

4815 14 

48lS 6 

248 

236 

184 

800-938-TAPE 

+4·223-23n58 

+972·2·513395" ' 

81JO.LITECH5 

800-238·9415 

+33 149700455 

481521 • 972·3·75 1·190 1° 0 

240NE 1 

116 

140 

160 

40A·B 

7 

240 

238 

237 

44 

219 

221 

4815 18 

230 

223 

11 

244 

132 

481S5 

481S 9 

3031 

71 

249 

4815 19 

182 

11 2· 114 

239 

29 

232 

240NE 2 

197 

481S 12 

151 

250 

234 

4815 24 

194 

248 

163 

250 

51 

516-435· 11 99 

+49·8403· I 555 

716-873-0906° 0 

514-685-0 174° 0 

800-845·5870 

619-674-5000 

800-448-2323 

800-864-8008 

407-677-8333 

800-295· 121" 

800·295·1214 

+39 1 87 988 460 

800·967-5667 

800·879·PLAY 

206-453-2345 

508-746-4678°0 

.48-511-77000 

214-446-7363 

310325·5202 

800·433·3480 

512·794·0100 

800800-5600 

BOONEC·INFO 

800654·7782 

805·96-Hi767 

215·941 ·9600 

215·941 ·9600 

800-257-9402 

508-393-5780 

800-0KI· TEAM 
cxt. 264 

508-877-1819 

713-464·2990 

.48-40437472 

800-454-4426 

800-729·8725 

619-625·367 1 

800-541 ·9508 

800-722-6555 

800-433-3726 



I 

YOUR DIRECT LINK 

ADVERTISER CONTACT INFORMATION 

Inqui ry No. Pago No. Phone No. 

127 PEASOFTINC 193 800-368-5283 

525 PHAA LAP SOFTWARE INC 481S 13 617-661·1510 

526 PHILIPS MONITORS 8-9 ..Jl-40-73-39-03"' 

PINNACLE MICRO nA·B 714-727-3300 

128-129 PINNACLE MICRO 73 714-727·3300 

130 PKWAAE INC 128 414·354·8699 

131 POPKIN S/W & SYSTEMS INC 43 212·571·3434 

532 PORA CORP (INTL) 60 ·-2~582" 

PAODEA SOFTWARE CORP 211 600-PAODEA I 

11 5 PROGRAMMER'S PARADISE 36-37 800-445·7899 

160-161 PAOXIMA CORP 159 619·457-5500 

Q 
220 CUADRA INTERACTIVE 218 619-'31 ·9530 

235 OUAlSTAA CORP 248 818·882·5822 

132 OUARTERDECK OFFICE SYSTEMS 53 310·392·9851 

133 OUATECH INC 214 800·553- 11 70 

R 
134-135 RAINBOW TECHNOLOGIES 65 800-852-8569 

265-266 RCI 243 908-874-4072 
ext 71 

527 RECOGNIT A (INT'L) cm +36- 1-2018925 

201 AECOATEC INC 23 1 800-729.765-l 

136-137 RGB COMPUTER & VIDEO INC 110 800-535-7876 

138 ROSE ELECTRONICS 198 800-333-9343 

Inqui ry No. Pago No. Phone No. 

s 
139 SEOUITEA SOFTWARE INC 170 403-437·2410 

256-257 SHAFFSTALL CORP 249 800-248-3475 

250-251 SIGMA TECH SOFTWARE 243 818-368-6 132 

SILICON GRAPHICS (INT"l) 136 415-940-4343" 
ext 823 

SILICON GRAPHICS (NA) 136 800-43 1-433 1 
ext. 023 

274 SILICON VALLEY COMPUTER 233 ,115-967-1100 

236 SILICONSOFT. INC 250 800·969·44 11 

263-264 SMART-TECH, INC 248 800-267·9263 

166 SOFT ARC 110 416-754-1856' ' 

237 SOFTWARE LINK, THE 249 404-512·0600 

140 SOFTWARE SECURITY 124 203·329-7428" 

282 SONY(N.A.) 164 201·476-8199 

141 STATSOFT 79 918·583-4149 

528 SYMANTEC 481S 7 800-453· 1077 
ext. AP80 

142·143 SYSTAT INC 195 708·864·5670 

T 
238 TALKING TECHNOLOGY INC 243 800-685.J884 

144 TEKTRONIX 67 800-835-6 100 
CXI. 33.J 

247 TIEPIE ENGINEERING 244 +31-5106-704'' 

145 TOSHIBA AMERICA INC Z0-21 600-S57-77T1 

251 TRANS 2000 244 310-908-6814 

146- 147 TRAVELING SOffiVAAE 213 800-4 72.4735 

Inqui ry No. Pago No. Phone No. 

246 TAI VALLEY TECHNOLOGY INC 244 510-447-2030 

148-149 TRIPP LITE 186 312·755-8741 

S48 TYPHOON SOFTWARE (N.E.) 240NE 3 805-966-7633 

v 
240 VICTORY ENTERPRISES TECH 245 600-727-3475 

241 VIDEX. INC 243 503·758-052 1 

1S0-1 51 VIEWSONIC 63 909-869-7976 

16!1-1 71 VISIONWAAE 90 415-325-2 11 3 

537 VOCALTEC LTD (INT'L) 145 •972·3·6964065 

w 
549 WALKER. RICHoR & QUINN (INTL) 164 206-324-0-107 

152 VIATCOM 25 519-886-3700 

216 WEST COAST MICRO 250 619-58 1 ·6040 

242 WINTEKCORP 249 800-742-6809 

WORDPERFECT CORP 12·13 800·526·2515 

x 
153-154 XVT SOFTWAR= INC 189 600-678· 7988 

z 
155 ZEOS INTERNATIONAL 122·123 800-554-5226 

243 Z-IYORLD ENGINEERING 248 916-757-3737 

164-165 ZVXEL USA 111 714·693--0808 

• Correspood directly •itn company. .. Indicates FAX Number 

BYTE ADVERTISING SALES STAFF 
David B. Egan. Associate Publisher1 One Phoenix Mill Lane. Peterborough, NH 03458, Tel. (603) 924-2678. Fax: (603) 924-7620 
Diane Lieberman, Director, Inside Advertising Salet;, One Phoenix Mill Lane. Peterborough, NH 03458. Tel. (603) 924-2518, Fax: (603) 924-2683 

HEW EHOIAH D 
._(.IE. NH , VT, MA, Al, CT, ONTARIO 

CANAD A & EASTERN CANADA 
Sanlord L. FibiSh (617) 86o-6344 
Pa "' {jlyno (603) 924-2654 
McGraw·Hill PutXcatioos 
24 Hartwell (\vonuc 
Lexington, MA 02173 
FAX: (81 7) 860-6899 

EAST COAST 
NYI NYC. NJ. DE. PA 
Kirn Noms (212) 51 2-2645 
Jona1han Sawyor (6031924-2865 
McGraw-H1U PUbicabel\S 

SOUTHEAST 
f:IC , SC . GA. FL. Al. TN, MS. AH, LA . 
KY. DC, MD, VA. WV 
MaryAnn Go..ld:ng (404) 843-4782 
Brlan H.ggins (603) 924--2651 
Mc:Grnw-H1n Pubhcations 
4170 ASlll0<d-Dunwoo<fY Ad .• Surto 520 
A!!anta1 GA 303 19 
FAX: (404) 252-4056 

MIDWEST 
IL MO. KS, IA, NO. SD. MN. 
WI. NE, IN. Ml, OH 

SOUTHWEST, 
ROCKY MOUNTAIN 
CO. OK. TX 
Jenmlor Wn!lo:c r (214) 701 •8496 
Bnan Higgins (803) 924-2651 
McGrnw·H 1I Publications 
1 l;850 OuOfUm Or., SIJj to 380 
Oa!las , TX 75240 
FAX: (214) 99 1 ~208 

SOI/Ill PAC IFIC: Los Ant..... CA 
LOS ANGELES COUNTY. AZ tlM. NV 
AGn El Faye (213) '80-5243 
Barry ECN1vama (603) 924-2574 
McG raW·Hll Publ.calions 

NORTH PACIAC 
NORTHE8 N CA. OR. ID. MT. WY , UT 
Roy J. Kops (415) 51 3-686 1 
James Ball (603) 924-266 2 
SILICON VAll.EY. HI. WA. AK. 
W. OANAOA 
8'll McA!oe (415) 513-6862 
James Bntl (603) 924--2662 
McGraw-HI I Pub(ica tion s 
1900 O'Fanoll S1reet Suite 200 
San Malco, CA 94403 
FAX: (415)513-6867 

1221 Alienuo ol Amenc.ts-281h Floor 
New York, NY 10020 

Kln Kelloy (312) 616-3328 
Ed Ware (603) 924-2664 
McGrnw·H1a Publ.caboriS 
Two Pruoon1ial Pia.la 
180 Nont} S1 e1son Ave. 
Oiicago, IL 6060 1 

3333 W1lstM ro BoulOvard •500 

i::'x~~~s~ 1 0 FAX: (212) 512-2075 

F,AX: (312) 616-3370 

Peterborough, NH Office: Inside Sales FAX: 603-924-2683 
Hsdw../ Soft•... Showcate 
Marl< S1one (603) 924-2695 
Ellen Perham (603) 924-2598 
BYTE POb'i1Ct1 t1ons 
One Phoo; mc Mi~ Lane 
Pet e1botoogh. NH 03458 

Tho llvyot'o Moot/ Claoolfiedo 
Margot L Swa nson (603) 924-2656 
BYTE Pubhcatioos 
One phoenix Mill Lane 
Pelerborougl\ NH 03458 

am Dodi 
Bra d Dixon (603) 924-2596 
BYTE PubhcahOns 
One hoentx Mlll La no 
Pmefborough, NH 03458 

INTERNATIONAL ADVERTISING SALES STAFF 
UNITED KI NGDO M, 
FRANCE, BENE LUX 
Ga ry LUC.is (+44 71 495 6780) 
Jonathan McGowan 
(+44 71 495 6781 ) 
J.1cGraw·H1q lll:Shlng Co 
34 Dovor St. 
Lorden WI X 4BA 
England 
FAX: +44 71 4956T.l4 
TEI. EX: 892 191 

GERMANY, SWrrzERLAND, 
AUSTRIA 
JOrgen Heise 
~!aw-HiU Publrs.tung CO. 
Uct:igstrasse 19 
0 ·60323 Frankfun 
Gonnnn·f 
Tel : +4969 71 40 7140 
FAX: +49 69 71 40 71 46 

ITALY, 
SCAHOIHAVI AH COU NTRIES 
Zena Cou~. Arnandn Blalikell 
A·Z 1n1emauona1SJli:l~ ua 
70 Chalk Farm Road 
Londoh NW1 
Engt.1nd 
Tel: +44 71 2843171 
FAX: +44 71 2843174 

ISllA£L 
Dan Ehrhc:ti 
EhtJ,ICh Communeat.on Inn 
fl' O. Box99 
Horzliya 46101 
Israel 
Tel :<+ 9n 9 586245 
Tel: +972 9 586246 
FAX: +9n 9 5&5685 

Advertising FAX: 603-924-7507 

TA IWAN 

~~~'iv~~~~~hl ng Corp. 
2nd r-1 r No 19-2. La ne 23 t 
Fu lising No ri! Road 
Tal~i 105 
Taiwan A.O.C. 
Tel: +888 2 7138959 
FAX: +886 2 7189467 

HONGK ONG 
Zoe Ven 
Third Wave Pubils:tung Corp , 
u"" 2. 6F ,r."'ll w ah c~cr 

~~~. H~w:~~oa 
Tel: +352 764 3830 
FAX: +852 764 3857 

KOR£A 

JAPAN 
Masaki Mori 
Transwor1d Media Inc 
702. 2·26-3 NlShigotal"da 
Shregawa-ku. 
Tokyo 14 1 
Japan 
Tel: +81 3 33887466 
FAX: +81 3 378 80674 

A. SuzUkl 
Nexus. Inc. 
2-35-8. Unold; Ola-j<u 
Tokyo 146 
Japan 
Tel' +a1 3 37573n1 
FAX' +81 3 37572266 

SINQAPOR£ 
Derek Ng 
Stept-..n Tay 

50llTH PACIFIC: lrYlne, CA 
ORANGE COUNTY 
SAN DI EGO COUNTY 
Bclh Dudas (714) 753-8140 
Bany Ech•varpa (603) 924-2574 
McGraw·h&U Pubhcatlom 
15635 Moo P>My.• Suoo 290 
IMno, CA 927 18 
FAX: (714) 753-8147 

AUSTRALIA 
Ptill Bush 
Natk>nal Advcnislog SC rvicos 
7 • 1'3 Pairawoon Stroot 
Cr cmomo NSW 2090. 
Au$lrnlia 
Toi: +81 2 908 9329 
FAX : +612953 8274 

IHDIA, IHDOH EllA, PAKISTAN, 
PM IUPPINE&, OT1IOI ASIAN 
AHO PACIFIC COUHTIHE& 
KT Wu 
ThWOIY•ve ~Corp. 
2nd Fi , No. 19- 1, Lane 231 
Fu HsU>g N0<1h A-Oao 
Taipei 1044 5. o.rwan 
A.0.C. 
Tel: +888 2 7136959 
FAX' 486 2 7151950 Subscription Customer Service 

U.S. 1-800-232-2983 
Outside U.S. +1-609-426-7676 

j~!,"':~t:'oona1 
Rm, 704 . llonhyup Bldg. 
37-12. Chamwon•O 
Seocho-Ciu 

Eastern ?Ubksnmg As.soc. P.e , lU1 
1123 Sera11900Q Road. #03-01 
Singapore 1232 

lllAUYSIA 
H Un 
~rvex 1Mala)'$i0) Sdn 6hd 
5th Floer; 8cn.1 Tower 

For a New Subscription 
u .s. 1-800-257-9402 

Outside U.S. +1-609-426-5526 

Seoul 137-030, Korea 

i:: : r:~ ~ ~~= 
FAl +82 2 5498861 

Tel: 1:65 296 6 166 
FAX: +65 298 7551 180, Ja~n ArJlpang 

50450 KU.1ta Lumpu r 
~lnyala 
Toi ~ +60 3 2624592 
FAX: 40 3 2624591 
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YOUR DIRECT LINK . 

PRODUCT CATEGORY INDEX 

For FREE product information from individual advertisers, circle the 
corresponding inquiry numbers on Your Direct Link Card! 

To receive information for an entire product category, circle the category 
number on Your Direct Link Card! 

Category No. 

Inquiry No. Pll/leNo. 


HARDWARE 
1 
282 
247 

2 
67-68 
277 
116-37 
530 
189-190 
516 
193 
118 
159 

133 
238 

3 
241 

4 

533 
88-89 
90 
207-208 
226-227 
218-219 
265-266 
138 
250-251 
238 

5 
63-64 

202 
284 
78 

93 

102 
283 
540 
541 
107 
109-110 
231 
547 
121 

123 
125-126 
201 

274 
246 
216 
155 

6 
221 

258 

ACCESSORIES/SUPPLIES 
SONY (N.A.) 164 
TIEPIE ENGINEERING 244 

ADD-IN BOARDS 
AMERICAN MEGATAENDS 183 
COMPUTER & CONTROLS SOLUTIONS 242 
CURTIS INC 202 
DIGICOM INC 61 
DISTRIBUTED PROCESSING TECH 226 
GFK HAMBURG 
JAMECO ELECTRONICS 
MATAOX ELECTRONIC SYSTEMS LTD 
MEDIA VISION (N.A.) 
PACIFIC DATA PRODUCTS 
OUATECH INC 
TALKING TECHNOLOGY INC 

BAR CODING 
VIDEX, INC 

COMMUNICATIONS/ 
NETWORKING 

AXIS COMMUNICATIONS 
DCA 
DCA 
EMBARC I MOTOROLA 
GTEKINC 
METACOMP 
RCI 
ROSE ELECTRONICS 
SIGMA TECH SOFTWARE 
TALKING TECHNOLOGY INC 

COMPUTER SYSTEMS 
ADVANCED LOGIC RESEARCH 
AMBAA COMPUTER CORP (N.A.) 
AMBRA COMPUTER CORP (N.A.) 
APPAO INTERNATIONAL INC 
COMPAQ DESKTOPS (N.A.) 
COMPAQ SYSTEMS (N.A.) 
COMPUTER & CONTROLS SOLUTIONS 
DELL COMPUTER CORP (N.A.) 
DELL COMPUTER CORP (N.A.) 
DIGITAL EQUIPMENT CORP 
GATEWAY 2000 
GATEWAY 2000 
IBM DIRECT (N.A.) 
IBM WORKSTATIONS 
IBM (INT'L) 
IBM (INr L) 
INTEL CORP 
INTEAGRAPH 
KILA 
MANCHESTER EQUIPMENT CO (N.A.) 
NEC - SYSTEMS 
NSTL 
NSTL (N.E.) 
PC POWER & COOLING 
AECORTEC INC 
SILICON GRAPHICS (INT'L) 
SILICON GRAPHICS (N.A.) 
SILICON VALLEY COMPUTER 
TRI VALLEY TECHNOLOGY INC 
WEST COAST MICRO 
ZEOS INTERNATIONAL 

DATA ACQUISITION 
AMERICAN ADVANTECH 

BYTE FEBRUARY 1994 

481S 11 
227 
160 

7 
163 
214 
243 

243 

261 
109 
187 
228 
243 
240 
243 
198 
243 
243 

191 
32A·D,33 

44-45 
222 

60-61 
8-9 
242 
Clll 
CIV 
2-3 

88A-N 
89 

96A·D 
26-27 

69 
71 

16-17 
102-103 

244 
240NE 1 
112-114 

232 
240NE2 

51 
231 
136 
136 
233 
244 
250 

122-123 

244 

Category No. 

Inquiry No. Pll/le No. 


228 

233 
133 
236 
247 
261 

7 

67-68 
116-37 
254 
252-253 
230 
543 
19&-197 
198-199 

128-129 

8 
240 

9 
532 

10 

172-173 
172-173 
276 

11 
501 

223 

12 
502-503 
187-188 
507-508 
88-89 
206 
125-126 

13 

244 
259 
529 
225 

230 

204-205 
145 
155 

14 

186 
542 
534-535 
215 
102 
193 
204-205 
194 
75 

10 TECH 244 
MICROSTAR LABORATORIES 244 
NATIONAL INSTRUMENTS 249 
QUATECH INC 214 
SILICONSOFT, INC 250 
TIEPIE ENGINEERING 244 
TRANS 2000 244 

DISK & OPTICAL DRIVES 
ADAPTEC I TRANTOR 238 
AMERICAN MEGATRENDS 183 
CURTIS INC 202 
GENERAL TECHNICS 245 
GRANITE DIGITAL 245 
J B TECHNOLOGIES 245 
MICRO DESIGN INrL (INrL) 44 
MICRO SOLUTIONS COMP PROD 219 
MICRO SOLUTIONS COMP PROD 221 
PINNACLE MICRO 72A·B 
PINNACLE MICRO 73 

DISKETTES/DUPLICATORS 
VICTORY ENTERPRISES TECHNOLOGY 245 

FAX BOARDS/MACHINES 
PORA CORP (INrL) 60 

GRAPHICS TABLETS/MICE/ 
PEN INPUT 

ARISTO GRAPHIC SYSTEMS (EUROPE) 
ARISTO GRAPHIC SYSTEMS (U.S.) 
DIGITAL VISION 

KEYBOARDS 
CHERRY MIKROSCHALTEA 

GMBH (INT'L) 
DATALUX CORP 

LAN HARDWARE 
COMPEX INC (11'1T'L) 
CYBEXCORP 
CYBEX CORP (INrL) 
DCA 
LOGICAL CONNECTION 
PC POWER & COOLING 

39 
39 

142 

200-201 
245 

33 
224 
CIV 
109 
236 

51 

LAPTOPS & NOTEBOOKS 
AMBAA COMPUTER CORP (N.A.) 
AMBRA COMPUTER CORP (N.A.) 
AMAEL TECHNOLOGY, INC 
DIALOGUE TECHNOLOGY 
FIRST INTERNATIONAL COMPUTER 
GENOVATION, INC 
HEWLETT PACKARD 
J B TECHNOLOGIES 
JOA MICRODEVICES 
MICRO-INTERNATIONAL, INC 
TOSHIBA AMERICA INC 
ZEOS INTERNATIONAL 

MAIL ORDER 
AMBRA COMPUTER CORP (N.A.) 
AMBAA COMPUTER CORP (N.A.) 
COMPUTER DISCOUNT WAREHOUSE 
COMPUTERLAtlE UNLIMITED (PC) 
ELEX INFORMATION SYSTEMS INC 
EXXUS 
IBM PC DIRECT (N.A.) 
JAMECO ELECTRONICS 
MICRO-INTERNATIONAL INC 
NEVADA COMPUTER 
NSTL/ PC DIGEST 

32A·D,33 
44-45 

246 
246 

481S 2 
246 

35 
245 
241 
230 

20-21 
122·123 

32A·D,33 
44-45 

216-217 
234 

481S 23 
229 

96A·D 
227 
230 
239 
197 
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263·264 
247 

15 
260 
191-192 
107 
193 
113-114 
21().211 
206 
269 

16 
106 
160-161 
216 

17 
258 
71 
509 

218-219 
164-165 

18 
84-85 
222 
112 
518 
11&-120 
526 
15().151 

19 
277 
158 
9&-97 
267·268 
159 
280 
160-161 

236 
263-264 
537 

20 
209 
206 
520 
124 

144 

21 
245 
94-95 
514-515 
239 
229 

17&-180 
124 
243 

22 
209 
534-535 
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SMART-TECH, INC 248 
TIEPIE ENGINEERING 244 

MEMORY/CHIPS/UPGRADES 
AUTOTIME 
FIRST SOURCE INT'L 
INTELCORP 
JAMECO ELECTRONICS 
KINGSTON TECHNOLOGY 
LA TRADE 
LOGICAL CONNECTION 
MOTOROLA RISC DIVISION 

246 
235 

16-17 
227 
119 
220 
236 

30-31 

MISCELLANEOUS HARDWARE 
INTEGRAND RESEARCH 192 
PAOXIMA CORP 159 
WEST COAST MICRO 250 

MODEMS/MULTIPLEXORS 
ATRIE TECHNOLOGY INC 247 
AT&T· MODEMS 59 
OATATRONICS TECHNOLOGY 481S 20 
JOA MICAODEVICES 241 
METACOMP 240 
ZYXEL USA 111 

MONITORS & TERMINALS 
CTX INTERNATIONAL INC 55 
DATALUX CORP 247 
KFC (N.A.) 145 
KUO FENG CORP (INT'L) 45 
NANAO USA CORP (N.A.) 71 
PHILIPS MONITORS 8-9 
VIEWSONIC 63 

MULTIMEDIA 
COMPUTER & CONTROLS SOLUTIONS 242 
CREATIVE LABS INC 95 
FAST (MULTIMEDIA) 157 
JANA TECHNOLOGY GROUP, INC 247 
MEDIA VISION (N.A.) 7 
OMNICOMP GRAPHICS CORP 234 
PROXIMA CORP 159 
SILICON GRAPHICS (INrL) 136 
SILICON GRAPHICS (N.A.) 136 
SILICONSOFT, INC 250 
SMART-TECH, INC 248 
VOCALTEC LTD (INT'L) 145 

PRINTERS/PLOTTERS 
CAD WAREHOUSE 236 
LOGICAL CONNECTION 236 
MINOLTA GMBH 481S5 
OKIDATA 151 
PACIFIC DATA PRODUCTS 163 
TEKTRONIX 67 

PROGRAMMABLE HARDWARE 
DATA VO 247 
ELIASHIM MICROCOMPUTERS 42 
FAST HAADLOCK (INT'L) 7 
Hl·LD SYSTEMS 247 
IOTECH 248 
JOA MICRODEVICES 241 
MARX DATENTECHNIK GmbH 116 
OKIOATA 151 
Z·WORLD ENGINEERING 248 

SCANNERS/OCR/DIGITIZERS 
CAD WAREHOUSE 236 
ELEX INFORMATION SYSTEMS INC 481S 23 
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124 OKIDATA 151 
160-161 PAOXIMA CORP 159 
527 AECOGNITA (INTL) Clll 
263-264 SMART-TECH. INC 248 

23 TAPE DRIVES 
67-68 AMERICAN MEGATAENDS 183 
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234 OVERLAND DATA INC 248 
235 OUALSTAA CORP 248 
256-257 SHAFFSTALL CORP 249 

24 UPS 
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148-149 TRIPP LITE 186 

SOFTWARE 
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2711-279 

26 
69 
1n-113 
172-173 
109-110 
538 
280 
242 

27 

162-163 
21 3-214 
91 
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90 
98 
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237 
146-147 
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81 
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ON TOP SYSTEMS 
WOADPEAFECT CORP 

203 
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249 

173 
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187 
196 
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30 EDUCATIONAL 
61-£2 ABACUS SOFTWARE 190 
185 AETECH 240 

MCGRAW HILL NAI (N.A.) 40A-B 

31 ENGINEERING/ SCIENTIFIC 
51().51 1 DA HUGGLE & PARTNER GMBH 481S 10 
224 DSP DEVELOPMENT CORP 249 
2711-279 HORIZONS TECHNOLOGY 203 
109-110 INTEAGRAPH 102-103 
156-157 ITERATED SYSTEMS 134 
116-117 MATHSOFT INC 140 

32 ENTERTAINMENT 
212 METATEC SYSTEMS 238 
195 MICAOPROSE SOFTWARE 223 
220 CUADRA INTERACTIVE 218 

33 GRAPHICS 
66 AITECH INTERNATIONAL 167 
172-173 AAISTO GRAPHIC SYSTEMS (EUROPE) 39 
1n-113 AAISTO GRAPHIC SYSTEMS (U.S.) 39 
1n-118 AT&T MULTIMEDIA S/W SOLUT 135 
83 COREL SOFTWARE 46 
119-120 NANAO USA CORP (N.A.) 71 
136-137 RGB COMPUTER & VIDEO INC 110 

35 MAIL ORDER 
186 COMPUTER DISCOUNT WAREHOUSE 216-217 
506 COMPUTER QUICK (INT'L) 144 
517 GREY MATIER LTD 481S 17 

36 MATHEMATICAL/ STATISTICAL 
141 STATSOFT 79 
142-143 SYSTAT INC 195 

37 MISCELLANEOUS SOFTWARE 
531 ON TIME MARKETING 481S 24 
548 TYPHOON SOFTWARE (N.E.) 240NE 3 

38 ON-LINE SERVICES 
450 BIX 261 

COMPUSERVE 152A-B 
80 COMPUSERVE 153 
281 DELPHI INTERNET SERVICES 199 

39 OPERATING SYSTEMS 
104 IBM PERSONAL S/W SYSTEMS 15 
132 QUARTERDECK OFFICE SYSTEMS 53 

40 PROGRAMMING LANGUAGES/ 
TOOLS 

185 AETECH 240 
ANGOSS SOFTWARE INTL 85 
ANGOSS SOFTWARE INTL 121 
ANGOSS SOFTWARE INTL 133 

275 ANGOSS SOFTWARE INTL 175 
n -73 BOAL.AND INTL Cll-1 
504-505 COBALT BLUE 481S 18 

COPIA INTERNATIONAL LTD 182 
183-184 CAYSTALOGIC, INC 120 
51().511 DA HUGGLE & PARTNER GMBH 481S 10 
103 IBM NETWORKING SYSTEMS (NA) 69 
105 IBM PERSONAL S/W SYSTEMS 87 
544 MAGIC / MSE 481S 21 

MICROWAY 132 
531 ON TIME MARKETING 481S 24 
525 PHAA LAP SOFTWARE INC 481S 13 
131 POPKIN S/W & SYSTEMS INC 43 
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139 SEOUITER SOFTWARE INC 170 
528 SYMANTEC 48157 
548 TYPHOON SOFTWARE (N.E.) 240NE 3 
152 WATCOM 25 
153-154 XVT SOFTWARE INC 189 

41 SECURITY 
65 ALADDIN KNOWLEDGE SYSTEMS 75 
501 CHERRY MIKAOSCHALTEA 

GMBH (lllT'L) 200-201 
94-95 ELIASHIM MICROCOMPUTERS 42 
51 2-513 EUTRON 481S8 
51 4-515 FAST HAADLOCK (INTL) 7 
99-100 GLENCO ENGINEERING 131 
179-180 MARX DATENTECHNIK GmbH 116 
134-1 35 RAINBOW TECHNOLOGIES 65 
140 SOFTWARE SECURITY 124 

45 UNIX 
COPIA INTERNATIONAL LTD 182 

101 HUMMINGBIRD COMMUNICATIONS 84 
522-523 ODYSSEY TECHNOLOGIES 481S12 
169-171 VISIONWARE 90 

46 UTILITIES 
183-184 CAYSTALOGIC, INC 120 
176 LOGICIELS ET SERVICES DUHEM 184 
203 MICRO 2000 237 
249 OMEGA POINT. INC 250 
130 PKWARE INC 128 

47 WINDOWS 
61-£2 ABACUS SOFTWARE 190 
539 A-FOUR TECH CO LTD 481S 22 
174 ASK ME MULTIMEDIA CENTER 42 
1n -178 AT&T MULTIMEDIA S/W SOLU 135 

COPIA INTERNATIONAL LTD 182 
91 DATASTOAM TECHNOLOGIES 117 
90 DCA 187 
101 HUMMINGBIRD COMMUNICATIONS 84 
111 KEA SYSTEMS LTD 96 
195 MICROPROSE SOFTWARE 223 

MICROSOFT CORP 11 
119-120 NANAO USA CORP (N.A.) 71 
182 ON TOP SYSTEMS 194 
248 PACIFIC SOFTWORKS 250 
127 PERSOFT INC 193 
220 CUADRA INTERACTIVE 218 
236 SILICONSOFT, INC 250 
548 TYPHOON SOFTWARE (N .E.) 240NE 3 

48 WORD PROCESSING/ DTP 
519 LIGATURE LTD 481S 6 

GENERAL 
49 BOOKS/ PUBLICATIONS 
61.£2 ABACUS SOFTWARE 190 

COMPUTER PROF BOOK SOCIETY (N.A) 200 

51 MISCELLANEOUS 
74 BRITISH AIRWAYS 207 

BYTE BACK ISSUES (INTL) 173 
BYTE BACK ISSUES (N.E.) 240NE4 
BYTE READERS' CHOICE SURVEY 184A-D 
BYTE SUB MESSAGE 194 
BYTE SUB MESSAGE 481S 24 

545 C.E.T.A.A. 143 
DATAPAO 102-103 

536 DIALOGIC TELECOM EUROPE 481S12 
181 NATIONAL PRODUCTIONS INC 182 
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A 
1346, Actix Systems 
1347, 1348 

146 

1349 Advanced Integration Research 146 
1080 Advanced 129. 181 

Logic Research 
1450 Advanced Micro Peripherals 401S·3 
1302 AG E Logic 208 
1309 Air Communications 204 
1350 Alaris 146 
1on, Aldus 47, 137. 208 
1305 
1295 AllMicro 208 
1283 Altsys 208 
1286 Altura Software 208 
1081 Ambra Computer 129 
1153 American Business Concepts 185 
1351 , American Megatrends 
1406 

America Online 
1468 Andersen Consulting 
12n AniCom 
1313 Apexx Technology 
1352, Appian Technology 
1382 

Apple Computer 

1306 Arabesque 
1438 Arcom Control Systems 

Art isoft 
1275 askSam Systems 

Asymetrix 
11 48, ATI Technologies 
1353, 1383, 1407 
1441 Aydin Controls 

B 
1282 Barberry Hill Software 

and Engineering 
1457 Basic 
1332 Belkin Components 
1146 Binar Graphics 

Blossom Soltware 
1354, Boca Research 
1384, 1385 

Borland International 
1281 Borys 

146 

22 
401S·15 

208 
204 
146 

22, 41,47. 
76, 125 

208 
40IS-3 

22 
208 

22 
146, 185 

401S·3 

208 

401S-15 
204 
185 
56 

146 

76 
208 

1156 Bureau of Electronic Publishing 185 

c 
1355, Cardinal Technologies 
1356, 1386 
1087 Century Software 
1421 Chaplet Systems 
1475 Cherwell 

Scientific Publishing 
Chips & Technologies 

1428 CIC Computers 
1308 Claris 
1325 CMD Technology 

146 

104 
40IS-3 

401S-15 

129 
40IS·3 

208 
204 

1387 Colorgraphic Communications 146 
1388, Compaq Computer 146, 177 
1408, 1409 

CompuServe 22, 56 
1449, Computers 4015·3. 40IS·15 
1452 Unlimited 

Computer Technology 22 
1285 Compuware 208 
1301 Concord Communications 208 

Conduct us 22 
1293 Corel 208 

Cray Research 22 
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1330 Creative Computer Accessories 204 
1304 Crunch Software 208 
1451 CIC 401S· 15 

D 
1436 Datapath 40IS·3 
1085 Datastorm Technologies 104 
1329 Dauphin Technology 204 

DEC 22, 76. 81, 177 
1075 Delrina Technology 22, 141 
1086 deltaComm Development 104 
1296 DeltaPoinl 208 
1357, Diamond Computer Systems 146 
1358, 1359 
1083 Digital Communications 

Associates 

E 
1360, Eisa 
1410 
1456 Eleklroson 
1472 European Software 

Publishing 

F 
1320 Fargo Electronics 

Fast Electronic 
1361 , Focus Information Systems 
1362, 1363 
1458 Formula 
1088 Freesoft 

G 
1082 Gateway 2000 

General Magic 
1429 Genius LAN 

104 

146 

401S-15 
401S·15 

204 
22 

146 

40IS-15 

129 
22 

401S·3 
1319, Genoa Systems 146, 204 
1364, 1365 
1467 Guildsoft 401S-15 

H 
1473 HebreWare 401S-15 
1460 Helsinki School of 401S·15 

Economics 
1366, Hercules Computer 146 
1367, Technology 
1389 

Hewlett-Packard 81, 125 
HSC Software 22 

1455 HumanWare 401S-15 
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Intel 76, 81, 129, 177 
1318 lnteUiMedia 204 
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K 
1333 Key Innovations 204 
1298 Klos Technologies 208 
1431 Klughammer 401S·3 

L 
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Lotus Development 
1462 Lotus Development 

Russia 

M 
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1368, Matox Electronic Systems 
1369 

Matsushita 
Maxtor 

1370 Media Vision 
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204 

22 
401S·15 

401S·3 
41 

208 
22 

146 

22 
22 

146 
401S·15 

204 
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1292 Raosoft 
1398, Raster Ops 
1414 
1454 Richmond Systems 

s 
1149 S&S International 
1288 Saber Software 
1307 Second Nature Software 
1433, Seikosha 
1440 
1447 Sharp Electronics 
1375, Sigma Designs 
1399 

Silicon Graphics 
1376, SixGraph Computing 
1400 
1300 Soft Klone 

Page No. 

208 
146 

401S-15 

185 
208 
208 

401S·3 

40IS·3 
146 

81 
146 

208 

1280 Micro Mechanic 208 
1151 MicroProse 185 
1152 Microsoft 56. 76. 181 , 185 

Mips Technologies 81 
Mitsumi 129 

1465 M.L. Electro-Optics 401S·15 
1328 Motorola 22, 47, 56, 76, 204 
1323 Mountain Network Solutions 

N 
1463 	National Instruments 

NCR 
NEC Technologies 

1279 NetManage 
1326 New Media Graphics 
1430 NMB Marketing 
1317 NovaCorp 

Novell 
Now Software 

1371 , Nth Graphics 
1390 
1076 Nuko Information Systems 
1391 Number Nine Computer 

Numerical Algorithms Group 81 

204 

401S-15 
177 
22 

208 
204 

401S·3 
204 

56, 76 
56 

146 

141 
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1422 Oce Printing Systems 
1291 Online Computer Systems 
1372, Orchid Technology 
1373, 1392 
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Pacific-Sierra Research 

1303 Pacific Software Publishing 
1324 Pana max 
1374, Paradise I Western Digital 
1393, 1394 
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Philips 

1395, Pixelworks 
1396, 1397 
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1327 Procom Technology 
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Pure Software 
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Superconductor Technologies 22 
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1284 View Software 
1381, Volante 
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1312 V-One 
1273 Vream 
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1331 Wearnes Technology 
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1150 World Library 
1315 Worthington Data Solutions 
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1289 Xerox Imaging Systems 
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BIK: Vour [oa1:h 

to the Int~rnet~ 


Give BIX a try with our new 5 for Free Offer! Join BIX 

today and get 5 hours of evening and weekend access for free! 

--::. 
-::._ provided during registration . Using any communicat ions 

Oqu ~\\q,"- program, di al 1-800-695-4882. At the " logon " prompt enter bix. 

Cfor'} Then at the " nam e?" prompt enter bix.byte39. If you have any 

questions. cal l us at 1-800-695-4775 (voice). Or fa x us at 617-491 -6642. 

Send Intern et mail to info@bix.com. Windows users can order BIXnav, our graphica l 

interface for BIX, for easy point and click access. Detail s are available during registration . 

The Internet connects you with 

more than 10 million people , at 

universities, companies, and other 

online services. Now, get full access 

to the Internet free of charge when 

you subscribe to BIX! You'll also 

get expert assistance from BIX 

moderators who can help you find 

your way around the Internet. 

These experts can guide you through 

the many services and features 

available, and help you find the 

information you're looking for. 

Anytime you need help, just join our 

special 'internet' conference and get 

fast answers to your questions. 

As you become more familiar with the 

Internet. you'll be able to download 

f iles from all over the world using FTP, 

connect to other sites and services 

through telnet. read and reply to 

Usenet Newsgroups, access utilities 

like finger and whois, and much more! 

BIX and the Internet together provide 

the largest and most effective technical 

resource for computing professionals. 

And with over 600 local access 

numbers in the U.S. , plus telnet access 

via the Internet, BIX makes it easy to 

connect. Try BIX today through our 

special 5 for Free offer - and become 

part of the top technical team! 

lllX 
If you can hack itUndcr thC 5 IOf Frco Pl.1.n. daytime r ote~ (S9.tir) apply IOf' OC'CC!>~ during prime 11me hours. The 5 lor F1ee oflcr is vali d l0t flfSMvno mcmbOcs CT!ty. 

Circle 450 on Inquiry Card. 

mailto:info@bix.com


Commentary Steve Evangelou 

Layoff Software 
A program concept whose time 

has unfortunately come 

or the computer indusuy, the /-word (lay
off) is the crazy aunt down in the base
ment- there's no way to gel rid of her, 
and you know she's going lo pop her 

head up sooner or later. Sure, a company can scare off 
some people by freezing salaries and canceling the Friday 
beer bust. Or they can try early-retirement incentives, 
and risk losing thei r besl employees. But sooner or later, 
it always seems to get back lo the /-word. 

In an industry tJiat o ffers 17 different desktop orga
nize rs, you'd expect someone to be working on new ap
proaches 10 this problem, and you ' d be right. One soft
ware company has instituted an Employee Departure 
Bonus Program. Instead of paying a bonus for gelling a 
friend to join the ftm1 , the EDBP offers a sliding scale of 
payments for each employee hounded into leaving the 
company. Demoralizing a vice president of marketing 
into jumping ship earns a $ I 000 reward, whi ch is a Jot 
cheaper than a golden parachute. In fact , the EDBP has 
been so success ful there is hardly anyone left to depart. 

Even more promising are a bunch of new layoff pro
grams that are filling an ever-expanding market niche. 
Layoff software is any program used to minimize pe r
sonnel costs or otherwise smooth the process of laying off 
employees. These programs won ' t make layoffs go away, 
but they can make them a Jot easier 10 deal with. Consider 
the following marketing literature for Layoff Pro, coming 
soon from Belly Up Software of Novato, California. 

Customer Profile: Layoff Pro is aimed at the following 

group: employees. 

Multiple resume fonnats: Layoff Pro has more than 20 

editable resume formals, each designed lo be both eye

catching and impressive, giving new luster to the same old 

job ex perience. Popular format s include: 


Senior Sojiware Engineer: Regardless of where it is 
printed, your resume wi ll look like il came from a dol
matrix printer. It includes Acronimm Generator (AC) 
and Random Mispeller ( RM ) (we ' re us ing both on this 
. dcoument) for genuine techie feel. 

Technical Write1~ Your capabilities arc explained in 
words and phrases so simple even a user could under
stand them. Correct grammar, spe lling, and punctuation 
guaranteed. 

Project Manager: Using the special thesaurus with 
only positive adjectives, you can turn 1er111ina1io11 into 
career adj11s1111ell/ opporfllnity with the touch of a key! 
Jargon Ex pander algorithm makes you sound like an ex
pert withou t knowing anything. 
Job prospect database: Updated quarte rly to remove any 
companies that have had recent layoffs or their own . 
Cover-letter generator: Uses our patented auto-brag tech
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nology, which enables you lo claim sole responsibility for 

any project you were even remote ly involved with. 

Letters of reference: Choose from Bill Gates, John Scul 

ley, Scott McNealy, Hillary Clinton , and other heavy

weights. Includes imitation lellerhead. 

Layoff etiquette: Layoff Pro includes an on-line guide to 

correct office behavior under the stress of layoffs, e ilher 

real or impending. Topics include: spotting the next lay

off, exi t interview do's and don ' ts, investment opportu

nities for severance pay, and inexpensive disguises for the 

unemployment office. 

Quick erase: This fea ture lets you quickly and perma

nently erase any embarrassing personal lcllers or game 

software from your hard disk or any disk accessible 

through a network connection. (Not to be used for im

portant company data. ) 


Belly Up Software plans to release the following re 
lated products in the near future: 

Layoff Pro II: This release will address addi tional market 

segments, including doctors, lawyers, Indian chiefs, rich 

men, poor men, beggars, and thieves. 

Expense Slasher: This utility randomly deletes items from 

your current home budget; works with most popular 

spreadsheets and finance programs. 

Let's Make a Deal: Set up like the familiar TV game show, 

this program dispenses helpful negotiating tips for deal

ing with banks, utility companies. car dealerships, and col

lection agencies . 

Best Offer: An on-line guide to running a successful garage 

sa le. 

Bankruptcy Pro: Everything you need to know about Ii l

ing for Chapter 11 . 


Layoff Pro is not vaporware- my boss le ft a beta copy 
in my in-box the other day. My only quest ion is, am l 
supposed to review it , or is this his idea of a subtle hint ? 
Let's see now, how does that spoiling-the-next-layoff 
feature work? • 

Su•vc Evange/011 work.< for himselfas a freelance 111ri1cr i11 Oakland. 
California. You ca11 r:onwr:1hi1111111 8/X clo "' cdi1ors. ·· 



Pentiumrn performance doesn't have 
to mean premium price. As the Dell 
Dimension XPS P60 clearly prove . 

Powered by a 60MHz Pentium chip 
with 8MB of RAM, a 256KB external 
cache, and a 450MB hard drive, the 
Dell Dimension XPS P60 is built for 
raw speed and performance. 

The Pentium processor inside the 
Dell XPS P60 delivers nearly twice the 
performance of an Imel 486: And unlike 
lesser machines that arc trying to jump 
on the Pemium bandwagon with 

yesterday's tired, old 
architecture, the XPS 
P60 fea tures a PC ! bus 
that delivers every ounce 
of the processing power 
of the Pentium chip. But 

DELL DIMENSIONni XPS P60 

$2,999 
Business Lease¢: $111/MO. 

Pentium power is just the beginning of a 
long list of innovative features fo und on 
the Dell XPS P60. 

There's a double-spin, multi-session 
Photo CD drive that transfers data at 
300KB/sec vs. the l53 .6KB/sec transfer 
speed of single-spin CD ROM drives. 

Our PCI #9GXE video card creates 
a virtual screen that effectively doubles 
the viewing area on the Dell XPS P60's 
UltraScan'"' l4C monitor, provides 
three levels of magnification, and gives 
you on-the-fly resolution switching. 

Of course, the XPS P60 comes fully 
loaded with DOS, Windows;'' a 3.5 
inch disk drive and a mouse. 

To make your XPS P60 sound even 
better, add our Multimedia Upgrade Kit 
($ 199) with its 16-bic Sound Blaster 

audio card and Dell's exclusive Peavey® 
200 speakers. 

The Dell Dimension XPS P60. Pure 
power. Pure speed. Pure Dell. The 
company char ranked highest in the 
].D. Power and Associates 1993 
Customer Satisfaction Study of Desktop 
Personal Computers among business 
users~ 

Call today. Because now you know 
what price Pentium. 

TO ORDER, CALL 

SQQ,433 ,8093 

HOURS: MON-FRI 7AM-9PM CT SAT 10AM-6PM CT SUN 12PM -5PM CT 


IN CANADA: CAil B00-668-3021. PLEAS: REFERENCE #11 E84 


Order Code #5000294 


t 1993 J.D. Power and A.uooatel Dcskwp Personal Compmcr Satisfaction S11ul:-i· cmulucrrd rmum;: I ,9-56 ILH'T tl'St.J01u lt'11h . '" Source: lnrd T echnolosa Brief, Pl'n!ium Processor. 
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U{Ji;rade ro • 
virtual screen 
cechnology by 

adding our o/iriona1 1MB 
VRAlv! and /MB DRAM 

11/ii;rade. It's like having rwo 
moniwrs in one. 

g Millions of WINIAARKS•• 

By adding rhe #9GXE card , 
rhe new Dell Dimension XPS 
\V'INMARK performance 
is u/i ro 1.6 rimes faster rlwn 
swndard VGA': 

Our multi-session, double
spin, CD HOM dri ves come 

wirlt a s/Jecial edition of Aldus 
PhowSryler and are Kodak 

Phow CD compar ible. 

DELL DIMENSION XPS 466V 
(Ocher svscems feawred are nor /1icr11 red .) 

This is the very top of the power curve . Each and every Tuke the CD ROM drive as an exa mple. Its do uble-spin 

Dell Dimension XPS system on this page features accelerated technology delivers nearly twice the data transfer rate of single

local bus video . The XPS P60 systems are Pentium processor spin drives (JOOKB per second as opposed to l53.6KB per second). 

based , and every other i486 based system can be upgraded to It's multi -session, which mea ns it's Photo CD compatible and 

Pentium Overdrive"" fo r more power and performance. you can have yo ur CD disk printed on up to four different 

Built for raw speed and power, the Dell Dimension XPS occasions. E\'en its motorized loading tray is state-of-the-arr . 

PCs' specs read like a power use r'.~ wish list Video on the XP systems is sCJpplicd by a #9GXE video 

of technolooical desktop PC innovations. card that delivers 26 million WINMARKs;· provides three 

t 1993 ) .D. Pourer 1md ..\ssuc-Ul!es IJl.·sktoJ , Pl-rs(1 tt.il Cu111:11 1i.o·r Smaj!icrum .S1 11d'.\" l<w.ducrt.'d 11111011/'.! 1.956 11.s.•r rt'~ponJl..'n t~. • l'rias wzlid in ilk' U .S . onl~. Some protlucl5 and promo1ion.s 


and i\li(Tuso[I aTt.' n·~ut.' rcd mukmmk.s mul \\.?indou · ~ is 11 m.uk.,ruirk uf :..Hcro~o/r Cmp.m1tto1i. r l'CUt.') ' lS a rt.'$!1S ft.-rl•.:I rndi."11u1rk of /lt.'im .ry Elc·cm;mc!i Cnrp . ••\\l lNMARKS re.st rc:.mlts ubwint.', 
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WER CURVE WITHOUT 

FYOUR BANK ACCOUNT. 


PICTURED SYSTEM DELL DIMENSION XPS 466V i486 DX2 66MHz SYSTEM 
DELL DIMENSION XPS 466V i486 DXZ 66MHzSYSTEM $2,999

$3,397 Business Lease: SI I I/Mo. 
Business Lease: $125/Mo. 16Mll RAM • 64Mll Max RAM • VS!5 Monitor ( 15", 1024 x 768, 

• 16MB RAM • 64Mll Max RAM • VS !S Moni1 or ( 15", 1024 x i68, • 256KB External Cache 28mm , NI) 
• 256KB Exiernal Otehe .28111111 , NI) • 450Mll Hard Drive • l.5" !.44Mll Diskerre Drive 
• 450MB Ha rd Drive • 3.5'' l.44MB Diskette Dri,·c • Multi-session, Double-spin CD ROM• UpgraJcahlc to Pt:nt ium On:n.lrivc 
• Muki -scS>inn, Double-spin CD ROM • pace awr Keyboard • 7 Expansinn Slot s"fowl Drive 

Drive • Sound B!aS1er 16 Sound Card (4 ISA, I VL/ISA .'\vailahle) • '.v1S-DOS 6.0/Microsofi Windows 3. 1/ 
~lou se• UpgraJcahlc 10 Pent ium Ovcrdriw • l\:avcy Speakers • Microphone • VL"9GXE Video Accelerator Card 

• 7 Expansion Slots Total • MS-lX )S ' 6.0/Microsuf1 ' Windows with V1<lco Control P.ulcl So ftware 
(4 ISA. I VL/ISA Available) 3.1 /lvlousc • IMil Video RAM Order Code #5000240 

• VL,«JGXE Video Accdcrator Card • Sound Eifoc1 s Library 
with Video Comrol l~md Softw;m.: • Special Edi1ion .-\ \Jus Phmo Styler 

• JMB R.'\M (ZMB VRAM. !M B DELL DIMENSION XPS P60 PENTIUM 60Mlh SYSTEMDRAM) O rder Code #5000241 
$2,999 

Business Lease: $111/Mo.
DELL DIMENSION 425SV i486 SX 25MHz SYSTEM 

• 8Mll RAM • 128Mll Max RAM • IMB Video RJ\M
Sl,399 • 256KB Exrcrnal Cache • VSl4 Moni tor (14", 1024 x 768, 

Business Lease: $52/Nlo. • 450MB Hard Drive .28mm, NI) 

• 4MB RAM • 64MB Max RAM • VS!4 Moni1or (14", 1024 x 768. • Mu lt i-session, Double-spin CD ROM • 1.5" l.44MIJ Diskette Drive 

• 2iOMB Hard Drive .2Hmm, NI) Dri\'e • f..IS-OOS 6.0/Microsoft Windo"~ 3.1/ 
• J. 5" l.44Mll Diskette Drive • 7 Expansiun Slots Tc.r:il (J IS1\, I Mouse• Upgr01dc<1blc co Pcm ium Overdrive 

PCI. I !'Cl/IS.A A'·" ilablc)• 5 ISA Expansion Slors Tora! • MS-DOS 6.0/Microsofi Windows 3.1/ 
Mo use • PCI =9GXE Video Accelerator Card 

with Video Control Panel Sofrwa rc Order Code #;000242
(3 !SA. 2 VL/ISA Available) 

• ...\ccclcrmcJ Local Bus Vidt:o Order Code #500023 7 

DELL DIMENSION DIRECTOR 433SV i486 SX 33MHzSYSTEM DELL DIMENSION XPS P60 PENTIUM 60MHZ SYSTEM 

Sl,999 $3,599 
Du5inc55 Le015c; $74/l\1o. Busincsl'i Lease: $ 13 0/Mo. 

• 4Mll RAM • 64MB Max RAM • JS• l.44~1R Diskercc Drive • 16MB RAM • I28MB Max RAM • IMB Video R:\M 

• 170MB Hard Drive • Sound Blaster 16 Sound Card • Z56KB Exierrnl Cache • VSl5 Monicor (15", 1024 x 768, 

• Multi-sessio n, Doubk: - .~pin 
CD ROM Drive 

• Upgradeable LU Pentium Overdrive 
• 5 Expansion Slots Tcaa l 

(2 IS.'\, 2 VL/ISA Ava il able) 

• Peavey Speakers 

• M. -DOS 6.0/lvlicrosoft Wi ndows J.I/ 
Mo use 

• Microsofl Offi ce, Microsofr 
B<>okshclf, Quicken, Micn>soft Home 

• 528M B Hard Drive 
• Multi-session, Douhle-spin CD ROM 

Drive 
• 7 Expansion Slots ·foca l (3 ISA , I 

PCI, I PCl/ ISA Av;i ilable) 

.28mm, NI) 
• J. 5" l.44MB Diskette Drive 
• MS-DOS 6.0/Microsoft Windows 3.1/ 

Mouse 

• Accclcr"'ed Local Bus Video Sampler, Windows CBT • PC! "9GXE Video Accelerator Card 

• SVGA 1024 1Moni tor with ViJco Control Pand Softw~Hc.' Order Code #5000243 
( 14", 1024 x 768, .28111111 ) O rJcr Code #;000238 

DELL DIMENSION XPS P60 PENTIUM 60MHz SYSTEMDELL DIMENSION XPS 466V i486 DX2 66MHz SYSTEM 
$4,699$2,699 Business Lease: $169/Mo. 

Business Lea.;c: $100/Mo. 
• 16MB RAM • 128MB Max R.'\M • IMil Video R1\M

• 8Ml\ RAM • 64MB Max RAM • !M B Video RAM 
• 256Kll Exiernal Cache • V 17 Monitor ( 17", 1024 x 768,

• 528MB Har<l Drive • VS !5 Monitnr (15", 1024 x 768. • !GB SCSI Hard Drive .Z8mm, NI) 
• 256KB Exrrrnal Cache .Z8mm, NI) 

• Multi-session , Douhle·spin CD ROM • l. 5" I.44MB Diskette Drive 
• Upgra<lcahlc ro Pcm ium Overdrive • J.5" l.44MI\ Diskette Drive Drive • SpaceSaver Keyboard 
• 7 Expansion Slots Tc>tal • MS-OOS6.()/Microsoft Windows 3.1/ • 7 Expansion Slots 'focal (2 ISA. • MS-DOS 6.0/Microsoft Windows 3.1/

(5 ISA, I VL/IS.'\ Av;i ilablc) Mo use I PC!, I PCl/ISA Available) Mouse 
• VL "9GXE Video Accelerator Card • l'CI "9GXE Video Accelerator Card 

wit h Video Control P.md Sofrw;irc O rde r Code #500023 9 ···•ilh ViJco Co nrrol n111d Snftwarc Order Code #5000244 

levels of magnification and gives you on-the-fly resolution sw itching. 

And when you buy, yo u have the security of knowing yo ur 

purchase is backed by the computer company that ranks highest in 

customer sa tisfaction according to J.0. Power and Associates l993 

Desktop Personal Computer Customer Sati sfact ion Study among TO ORDER, CALL 

business users' 

So if you want to hit the top of the power cur ve without hitting 
800--433--8099 

HOURS: MON .FRI 7M\.9PM CT SAT IQM\.6PM CT SUN 12PM·5PM CT 

the bottom of your bank account, call Dell. IN CANADA: CAU 800·668 ·3021. PLEASE REFERENCE #ll EAY 

tuxulahlc in Cmu.1'~1 . "'Bmincs) /eminJ! arra11~l'1 l hy Lt.>c!Slll,f? Cirou(>, In c. The lure/ ln..~ frL.· and Pcntmm loi.:os are rcgis l~ r<!il rradt.·marls mui. i486 , Pl'nti1mt and Otradrit't' Mt' imdt•mark.s 11/ /111d Cvr/xJrmiu11 • MS-IX1S 
fl)· numing \\//NHENCl-f t·t"Tsion 3. l m l024 :cll14S. 256 cofur.s . Dt>Ud~dauns J)fO/}ricrary 111tt-rCH in 1/i( marks mut nanies of others.© 1994 Od/ Ci1mjn1rt'T Corpor£Uio 11 . .-\II 1ighcs rc .s<nx·tl. 



"The Dell 0/JtiPlc.>.: MXV is the closest thing we've 
seen to a personal computer without compromises." 

-PC Magazine, December 1993 

DELL OPTIPLEX 466/MXV i486 DX2 
66MHz BUSINESS SYSTEM 

New Low Price: $3,678 
Business Lease: S L32/MO. 

• 16MB RAM 
• 450Ml.l (l ?ms) Hard Dri' " 
• 15" UlmiScan ~fon i 1 n r 

• Local Bus \lidcu with 2MB 
Video RAM 

• Modubr OptiFmmc'" Cha..<si> 
• Dell lnstant·Touch Emlx...kle..! 

Diagn0>rics 
• And More ... 
Order Code #5000305 

When you buy computers, do you have rime 

to navigate the maze of vendors, ysrems, 
configurations, prices, manuals, service options, 
etc., etc., ere. ? 

Fortunately fo r you, there are people who 

compare co mputers for a living. Fortunately 
for us, they've single 1Dell our as the best. 

" ls there a clear tvinner? You bet. Five system s made 
the cut, Dell changed the game. We want one." 

-PC Computing, October 1993 

DELL DIMENSION XPS 466V i486 DX2 
66MHz MULTIMEDIA SYSTEM 

$3,397 
Business L:asc: S 125/MO. 

• 16MB RA M 
• 450MB ( 17ms) HarJ Dri,·e 
• 15" Ul1 raScan Moniror 
• Doublc·Spccd CD ROM 

• Sound Blaster 16 'ound Card 
• And More ... 
Order Code #5000306. 

PC Com/mting chose the Dell Dimension XPS. 
And in the 1993 j.D. Power and Associates' study 

of 1,956 business users in the U.S., Dell was 

ranked "Highest in Customer Satisfaction 
Among Desktop Personal Computer Users:' 

Ahead of every computer company in the 
study'. 

For business-critical applications, PC TO ORDER. CALL So the next t ime you're ready to buy 
Magazine editors chose some computers, do yourself a big favor.800--433 --8094 

Dell®Opt iPlex:r'1 Call Dell. Because li fe's a whole lotHQ\)ql MON.fi l 7AM.9PM CT SATIOAM.6PMCT SUN 12PM·5PM CT 

For Multimedia, IN CANADA: CAU 800--008·30ll IN NiXK:O CfTY,• 2la.781l #11 EAX easier when you go with a winner. 

t 1993 J.D. Pou~ and ~SOLu:r<"s D(jkcop P1tnonal l.f'1mt1urt'r Smi.sfoc:tion Smdy. Srud)' <."ondun cd amnng hu.smess a.scTS zn the U.S. cn ul ba.sed on 1.956 U.5er rcsfJOndcnu . 
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