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THE P75 HOME MPC 

Your Best Value in Pentium Power 

Face 1he facts. When ii comes 10 mu lt imedia, your 
old 486 just can't keep up wi1h 1he new, fos ter· 

than-lightn ing Pentium Home systems from Micron. 
By 1he time your spreadsheet, financial software, word 
processor and presen1ation packages are loaded--and 
the temptation of adding some exci ti ng new educa
tional soft ware and a few hot arcade-quality multime· 
dia games is more 1han you can resist··your trusty, but 
dusty 486 cries fo r help. 

Don't despair... Micron now offers you an anrac
tive alternative--thc Min on P75 Home MPC, with 
75MHz of Pentium performance at 486 prices. Plus we 
include Sound Blaster 16 stereo sound. speakers. CD· 
ROM drive and fax/modem-- plus a wide variety of 
home product ivity and enterta inment software on CD. 
All in one complete package. Why sen le for less? 

• lnlel Penlium 75MHz processor 
• BMB RAM, 256K write-back cache 
• 527MB12ms IDEhard drive (PCI) 
• 2X CD·ROM drive, 3.5' floppy drive 
• SoundBlaster 16 sound card, speakers & joystick 
• 14.419600 Fax/Modem & Wi nFax Lite 
• PCI 64-bit graphics acceleralor (2MB) 
• 14 • Micron 14FG, 1024NI, .28mm 

$2,299 
Complete! 

Every Micron Home MPC comes free 
with Microsoft Encarta CD, Microsoft 

Works Multimedia CD and Quicken Deluxe 
Edition CD. You also get the latest CD 

games from LucasArts: Rebel Assault Day 
of the Tentacle, and Indiana Jones and the 
Fate ofAtlantis. Along with tria l subscrip· 

tionsfor CompuServe, America Onlineand 
Prodigy. All inc uded in the one low 

affordable system price. 

• ' Tool·Free' desktop or mini·tower 
• Microsoft Mouse, 101-key keyboard 
• MS· DOS & Windows for Workgroups 
• Microsoft Works Multimedia CD, Microsoft Encarta CD, 


Quicken Deluxe EditionCD 

• Trial subscriptions for Compuserve,Ameri ca Online &Prodigy 
• LucasArts CD games: Rebel Assault, Day of the 


Tentacle, Indiana Jones and the Fate of Atlantis 


~ With 90MHz Pentium Processor......$2499 
~ With lOOMHz Pentium Processor .... 

52699 

ExCLUSIVEIX FROM MICRON 
• Next Day Shipping on Selea ed Systems 
• 30-Day Risk-Free Money Back Guarantee 
• One-Year Express Parts Replacement 
• Lifetime Toll -Free Technical Support 
• On-Site Service or System Replacement 

l"llCl=IQ~. 
800-233-7027 
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International Phone International FAX ffom Mexico Call 
208-465-8970 208-465-8993 • 208-465-8970I I 

I n PC Magazine's latest 
January 10, 1995 

Service and Reliability 
survey, Micron received the highest scores in all four 
categories: Satisfaction with Reliability, Satisfaction 
with Repair Experience, Satisfaction with Technical sup
port, and Future Likelihood of Buying. 
PC Magazine, January 10, 1995 

l"llC:l=lg~. 
800-233-7027 

~ ffom Puerto Rico Ca ll ll:t:W ffom Canada Call Micron Computer, Inc., 900 E.Karcher Road, Nampa, ID 83687..:;;;;;;;;; 800-708-1756 llY.I 800-708-1758 
Mon-Fri 7AM-8PM Sat 8AM-5PM (MT) 

SaMtlh'.a;t~bflA:tllllStd'nlnAs~s..'t~Ct,, u:al'.. 208-463-3434 • FAX 208-463-3424 •Purchase Order FAX 208-467-5384 
A.~Hlbth,C».IY & ~MHTN~ 

Circle 116 on Inquiry Card. 

http:A.~Hlbth,C�.IY


tJ/SYHEHDYHE 

J TAKE MULTIMEDIA INTO 
ANNOUNCING THE HIGH-PERFORMANCE T485Q(T. Nowyou cancreatedazzlingmultimedia 

presentations on a large 10.4" display, with the excitement oflndeo'" video and the richness of integrated 

.WAV and MIDI Audio. By connecting this plug-and-play notebook to an optional Desk Station N, 

T4850CT FEATURES: • VL loc:il·hu 1ideo • 3.5" 1.+!M BflopJl)' diskdril't 
• 7SMH: lntelDX4",3.3 rnlt pnx:essor, 16KB ciche • lnt<'l:tatcd graphics aa:derator • Ballroi m· MOU5C 11ith Quickl'on" 
o IQ.4 " ch color SVGA TIT-LCD • 655 ' 6 (64!0 ii mulrnn..••oos e<~or> • Pn:-insrnlleJ sofi..~n:: DOS~ \Vi,,00., 

activt marri.' di•rl•l' • .WAV AudioanJ MI DI sou nd fu: \%rl:i,'!Ol1ps~ \Vindo...5 Sound System~ 
o810 Million B11c(= i7ZMB) HODor • Audio jacks: headphone, l~1ilr-i n RunTlmeViJeo rWi nd°" ~ l ndeo" 

520 Million B11c (~ "OOMB) HOD SJ"'1kcr> and micniphonc l'idc(l and Fn-csso' s<> fnme 
o8MB RAM oxpandal~e ro 24MB • 6.91bs. • Toll·frec T,~hn i cal Suppon -
oT11\J PCMCIA sloo (i6mm and Smm) • Ni MH banery fu rexrend,J lifr 7Jal' a 11<Cl:/14hours aday 



inde - lndeo" video bolstered by a 
'""' •··•• .,,......, powerful 75MHzlnte1DX4" 
processor provides greater performance for 
smoother video playback. 

The l0.4" color 
~d' active matrix screen lo A.~ ~ • a displays 65,536 (64K) 

simultaneou colors for tunningly 
rcali ·tic ima0 e and brill iant graphics. 

[:i t•l®lll Choose between a robust 
810 Million Byre(= 772MB) 

or 520 Million Byre (= 500MB) hard disk drive 
configura tion for storing large multimedia fil es. 

Dual PCMCIA 
expansion lots 
(Type II and Type lll) 
run simultaneously-with connection 
to your LAN, fox/modem and more. 

lntegrated .WAVAudio 

) ··) · . and MIDI pump out clear 
and powerful sound effects, 

music and dialogue. 

NEW DIMENSIONS. 
you'll have the flexibility to hookup an external monitor, keyboard, mouse and more, for 

acomfortable desktop environment. The new T4850CT puts the show and the audience 
l..IHITEO 
WARRANTY in the palm of your hand. For your nearest Toshiba dealer, call 1-800-457-7777. 

In Touch with Tomorrow 

TOSHIBA 

0 199-1 Toshiba AmtnCI lnfumurion l ems, Inc. All pro.Jura indJo:l!l.'d by trademark S)ml:ol~ are tra.kmar\:"1 and/cr ~ml by thcir ""l""i>~romrani<s. 

Th< lntd lruidcand lndro viJrol"li""ar" trademarkscflntcl Corporation. 

Circle 108 on Inquiry Card. 
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News&Views 
SYSTEMS 

Mac Clones -Finally .. .. ... ... ..... 22 
The first Apple-sanctioned Mac 
OS-<:ompatible systems have 
finall y arrived. 

SER V E R TRENDS 

Low-End Servers Grow Up.... ... ... 23 
Features associated wi th high-end PC 
LAN servers are migrating to the 
low end. 

GRA PH IC S 

Faster Graphics Cards 
on the Horizon .. ... ..... ........ .... 24 
Better graphics performance thanks to 
new kinds of graphics memory. 

NETWORKS 

Microsoft Furthers NetWare-to-NT 
Transition .... ..... .... ... ... ... ..... 26 
Microsoft's File and Print Service for 
NetWare eases the transition to 
Windows NT Server. 

I NTERNET 

Free Rides Are Disappearing .... .. 26 
Features of the Internet that users 
currently use for free may cost them in 
the future. 

INTERN E T 

The Net's Next Big Thing: 
Virtual Reality ..... .... ..... ......... 28 
VRML (Virtual Reality Markup 
Language) could make navigating 
on-Ii ne a snap. 

WINDOWS APPLICATIONS SUlTES 

PerfectOffice a Strong 
Contender ... .. .... ... .. ..... .... .... 30 
WordPerfect's new applications suite is 
powerfu l. 

CO NTENT LICENSING 

Legal Land Mines 
Cloud Multimedia .. ............. ... 32 
Legal problems lurk behind multimedia 
development. 

N E W PRODUCTS 

What's New........... ... .......... 232 

The PowerLite 85 notebook offers 
MicroSparc Il performance; Linux 
includes Unix source code; DragStrip 
organizes your Mac programs; and 
more. 

BY CHRISTINE WHITE Satellites 
and computer-based communications 
help a trucking finn cut costs. 

COMMUNICATIONS 

How to Implement ISDN 
BY LENNY TROPIANO AND DINAH MCNUTT Knowing the 
fundamentals of ISON costs and service options can help you 
save money and avoid frustration. 

SOFTWARE 'M ETERING 

Control Software Costs 75 
BY SALVA TORE SALAMONE An efficient software-monitoring 
strategy can save organizations thousands of dollars in unnecessary 
licensing fees. 

W O RL D WID E WEB 

Build Your Own WWW Server 83 
BY BOB FRJESENHAHN Setting up a WWW server offers real 
benefits for many organizations, and it 's probably easier to 
accomplish than you think. Here's a look at what's involved. 

Reviews 


89 
BY RUSSELL KAY 
Finding a safe path through the 
potential minefields of the Internet 
ca lls for planning. 

Build a Firewall 91 
BY JOHN BRYAN 
Protect 
your 
networks 
from 
unwanted 
intruders
build 
a firewall. 
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DOS-based Clipper developers. 

/~~ ~Z 
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Firewalls for Sale 99 
BY JOHN BRYAN 

Herc's a 

look at five 

different 

firewall 

products and 

services that 

you can 

install 

today. 
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life. hi gh-performance group. 

O P E RATING S Y STEM S 

BY JOHNSONTAG 
Hewlett-Packard's new HP-UX 

SYST M;:> 

One Box, Two Computers 165 
BY TOM THOMPSON ff you want to run both 
PC and Mac applications, Apple' s DOS-Compatible 
Power Macintosh offers the best of both worlds. 

APPLICATIONS D E VELOPME NT 

Visual C++ Goes Multiplatfonn 167 
BY STEVE APIKJ With versions on Intel, Mips. 
and Alpha: a slick, well-designed integrated 
environment; class-library enhancements· and 
a Macinto h cross-development package, 
Visual C++ is an impres ive package. But be 
prepared to jump into 32-bit development 
with both feet. 

N E TWORK SECURITY 

Intrusion Protection for Networks 
BY J. BRUCE DAWSO The Internet i a two-
way street that can let unauthorized users into 

m 

your network. CheckPoint' Fire Wall-I oftware 
monitors your gat.eways for such security breaches. 

V1SUAL D E V E LOPM E NT E NVIRONMENTS 

Business Objects Done Right 175 
BY KEVIN SVEN BERG Using object-oriented 
tools to capture business processes and data is a bot 
trend io client/server computing. Next' Enterprise 
Objects Framework is among the best at exploiting 
this potent application of the object paradigm. 

OBJ E CT-ORIE NTE D MIDDL WAR E 

Radical Xbase Objects 179 
BY RICK GREHAN CA-Visual Objects, Computer As
sociates' classy new entry into the Window applica
tion-development field . is also a migration path for 

PR.rNT SERVERS 

Server with a Slot 181 
BY BEN SMJTHMicropJex's M204 multiprotocol 
print server is winning the features-for-the-price war 
among stand-alone print servers, and it bas little to do 
with die unit's PCMCIA network adapter de ign . 

PROJ T MANAGE RS 

Software Roundup: 
Project Management for Windows 185 
BY SCOTT HIGGS While supporting time-honored 
models, ucb as Gantt and PERT charts, the current 
generation of project manager also use newer 
E-mai l and workgroup concepL5 to involve groups of 
people in project tracking. 

HI H - E ND N OTE BOOKS 

Lab Report 
30 No-Compromise Notebooks 194 
We run 30 active-matrix., 3.3-volt 486DX4 and 
Pentium notebooks through extensive benchmarks 
and choose the best Windows nnd DOS portnbles for 
power users. We also report on Apple's PowerBook 
540c and compare the perfor
mance of AST' s 66-MHz 
Ascentia 81 ON to the 75
MHz 486DX4 notebooks. 

Best 4B6DX4-Based 
Notebooks-196 

How We Tested-200 

Best Pentium-Based Notebooks 202 

Honorable Mentlons-204 

Dubious Achlevements- 204 

Core Technologies 
P U S 

New PowerPCs for 
Notebooks and PDAs ..... ... . 2ll 
BY TOM THOMPSO 
The 602, 603, and 603e PowerPC 
~--•• processors zero 

in on bo1h 
camps in 

the 1ow-power 
marke1: the 

low-cost. single
user segment and 1he long-battery

HP-UX 10.0 ...... .. . . . . .. . .. . . 213 


10.0 will be faster, more reliable, 
and easier 10 use. 

PROG RAMMING 

BY RI CK GRE HAN 
Optimi1,e time 
consuming roulines 
wi th hi gh-reso lut ion 
software timers. 

N E TWORKS 

Create More IP Addresses ... 217 
BY TIM WINSTON 
Network managers facing 
IP address change have 
many options. 

Opinions 


Poumelle: Orchids and 
Onions: Part 1 ................ 221 
BY JERRY POURNELLE What Jerry 
liked and didn ' t like in 1994. 

Books and CD-ROMs: 

Is There a God?..... ........ .. . 37 

BY RICK COOK. RJCH FRIEDMA N, 

BRENDANDAUNT, AND MATT 
TRASK An original work of theolo
gy. a CD-ROM to help you re
design your yard, and graphics file 
fom1 ats. 

C OMM E NTARY : 

Compatibility Testing ........ 286 

BY SAL SALAMONE Will comput 
ers replace singles bars? 

Editorial ................... ... .. 10 
BY RAPHAEL NEEDLEMAN 

Blasts from the Past... 33 
Highlights from two decades 
of covering the PC revolution. 

Letters .. .. .............. .... .. .. 18 
Information overload and Apple's 
Newton MessagePad. 

20th Anniversary Poll . ..... . . 170 

Reader Survey. ... ..... .. ...... 82 


Special Unix Section .... 88DM 1 
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Producl Ca1cgory 282 
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"apr95.. ). 
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"ccVpublishcd/by1e" and 1ype "DIR." 
Files appear in subdircc1orics by monlh. 
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instruc1ions at lhc prompt. 

BYTE (ISSN 0360-5280) Is pubUshod monthly by 
McGrnw·Hil, Inc. U.S. sub.saber ralo $29.95 Por year. 
In canooa o.nd Mexico, S34.95 per year.Europoan SUI· 

lace mall subscriptions $60, airmail $85. Non-Eure>
pean 5'Jbscrlptions. $60 surface mall"' $65 olrmai. Al 
forolgn ~are payable in U.S. funds lhllt can 
be drawn on o U.S. bank. Single copies $3.95 in tho 
U.S., $4.95 In Canada. Executive. Editorial, Chculo
tion, ond AdvOOising Oflces: One Phoenix M• Lmo. P.. 
tolborough, NH 03458. Second-class postago paid Bl 
Peterborough, NH, and additional malling olficos. 
Postogo paJd nt Winnipeg , Manitoba. Connda Post In· 
tematlonaf P.-.tions Maa Prodl.d Solos Agroomonl 
No. 246492. Registered for GST as McGraw·H I , Inc. , 
GST t1Zllmi673. PrirOed in 1he UMed S1o1os ti Atoo<· 
lea. Po.tmuter: Send address changes and tvtfill· 
men! quostlons 10 BYTE~. P.O. Box 552, 
HV>l>town. NJ 00520. 

COYER IMAGE: ED JUDICE CJ 1'19S APRIL 1995 BYTE 5 



Contents by Platform Index 


Thi s page presents the articles in 
this issue according to computing 
platform. 

DOS/WINDOWS 

PerfectOffice a Strong 
Contender... . ...... ... .. . .... ... .3 0 
\Von!Pcrfcct' s \Vindows applications suite 
builds in some powerful intcgrmion tools. 

One Box, Two Computers.... .. 16 5 

Apple's DOS Compatible Power Mac 
makes a superb PC for rnnni ng a wide 
variety of DOS and Windows progrnms. 
You can run PC and Mac :ipplic.ations side 
by side, and the Power Mac handles the 
messy dct<.ii.ls of attaching pcriphcr • .tls. 

Visual C++ Goes 

Multiplatfonn .... . .•. . .... •• ..•.16 7 

If you build appl ications for Win32. you 
need Visual C++ 2.0. ODBC and OLE 
cnhanccmcnL;;; in MFC arc among the 
lop reasons for upgmding. 

Radical Xbase Objects ... .. .. . . 17 9 

Compulcr Assodates scr out to upgrJdc 

Clipper to Windows and ended up wi th :on 
excellent objcct·Oricnted package that 
pmvidcs rnpid prototyping fur database 
dC\"CiOper.i. 

Server with a Slot ..... . .. ..... .181 

As a mull iprotocol prilll server. 
.~1 i crop lex 's M204 upports NctWarc 3.x 
and 4.x as wel l as Mac EtherTalk and Unix 
TCPflP. Its PC Card network interface let< 
ii pri nt from Ethernet and Token Ring 
nc1works simultaneously. 

Roundup: Project Management 

for Windows .... . .. ....... ... ...185 

NSTL tcst.s the top four midr.mgc project 

managers: Computer As ociatcs· CA· 
SupcrProjcct fo r Windows. Microsort 
Project for \Vim.lows, Scitor"s Project 
Scheduler 6. and Time Line 6.1 for 
Windows. All four progran1s run under 
Windows. carry price: tags under S700. 
target nonspecialist . and upport 
workgroups an<l cnicrprisc connectivity. 

Lab Report: 30 No-Compromise 

Notebooks .. ....... ... ... .... . .. 19 4 

Il YTE looks at 30 high-end notebooks 
designed for those who need portable 
power. 

OS/2 

Poumelle: Orchids and Onions: 

Part 1 . ... ........... ... ......... 221 

Jerry's selection of OS/2 Warp for the 

Uscr· s Choice Award for Operating 
Sys1crns comes with a caveo11. 

MACINTOSH 

Mac Clones-Finally ... ... .. .... 2 2 

At long last. the firs! ~foe OS-compatible 
systems sanctioned by Apple should clchut 
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by the end of this month. Herc' s a pn:vicw 
of coming anractions. 

One Box, Two Computers......16 5 

Although a PC in a M:1c seems like a 

Jekyll-and-Hyde prospect, Apple' s DOS 

Compat ible Power Muc gives you uc:ccs:-t 10 


the best that cnch platform offers. 


Visual C++ Goes 

Multiplatfonn .. .. ... .. .. ... ... .. 16 7 

Docs Windows NT make a good pla1fonn 
for Macinto; h clcvclopmcnt? Al though you 
can"t work with many familiar tools, the 
Visual C++ 2.0 Cross Development tool 
provides solid support if Windows r NT 
is your primary target. 

Server with a Slot ...... ...... . . 181 

The Microp lcx M20·1 mulliprotocol print 

server supports l\·facs on Ethernet LANs. ILS 

two PC Card slots allow future ne1work 

upgni.des. 


Lab Report: 30 No-Compromise 

Notebooks ... . .... .. ....... .. . .. 19 4 

Why did we include Apple"s 540c 

PowerBook in a report on high-end 

486DX4- and Pcnlium· powered 
notebooks? Because it"s a serious 
altemati,·c. 

New PowerPCs for Notebooks 

and PDAs .. .......... .. .. .. ..... 211 

·n1e two newest members of the PowcrPC 
RISC processor line. the Powcrl'C 602 and 
PowcrPC 603c. offer high performance 
whil e holding 1hc line on power 
consumption and cost. 

UNIX 


What's New in HP-UX .. .. . 88 D M 3 

HP·UX 10.0 improve performance. 
re liabil ity, c~1 sc or use. und standardization . 

Sometimes Unix Is Best .. 8 8 D M 5 

Progress Software chose HP-UX as the 

development platform for i1s neXI · 
generation darnba..-.c environment. \Ve 
examine the tcchnic:al fcntures thr11 let 
client/server nppli c:uions thrive undl!r 
HP-UX . 

Solaris Comes of Age .. .. 8 8 D M 17 

Solaris 2.4 co rnbi nt!s an advanced kerne l 
with the tradi1ional strengths or SunOS 
4 .1.3. 

Intrusion Protection for 

Networks .. ...... .... .... .... ... . 171 

CheckPoint ' Fire Wall · I monitor.; TCPllP 
networks for unau1hori z~d lnrcmct access. 
providing rules-based control down to the 
individual poickc1 leve l. 

Server with a Slot . ............. 181 

t\ 1icroplcx"s l\1204 mulliprmocol print 

""rvcr pro\"idcs broad Unix support . PC 
Card slots support Elhcmct and Token Ring 
interfocc cards now nnd can upport future 
ne1work intcrfocC!<o . 

HP-UX 10.0 .. .. . .. .... ..... .. . .. 213 

The chief nrchitect for HP-UX detail> the 
improvements 10 1his PA-RISC operating 
S)'StCl!l . 

N£1WORKS 

Microsoft Furthers 

NetWare-to-NT Transition .. .... 26 

File and Print Service for "ct\Vare lei~ 
users log on 10 :..i \Vindows NT server lhnt 

looks just like a Nc1Warc server. 

Control Software Costs . ...... .• 7 5 

Softwurc· ml.!tering programs allow 
network managers to limit the number of 
users thnt can simultaneously access a 
particular npplication. 

Build a Firewall . ... . ... . . ........ 91 

Here 's how 10 insulate your network 
against intru 'iion. 

Firewalls for Sale.. . .. ..... .. ... . 9 9 

\Ve take a look nt five firewa ll producls 
and scrvii.:cs and how they work. 

Intergalactic Client/Server 

Computing .. ... .. ... ..... . .... . . 10 8 

A look at four overlapping client/ crvcr 

paradigms. 

Scale Up with TP Monitors . ... 12 3 

Herc's 110\v trans;.1c1ion processing 

monitors i11low d icnt/scrver applicntions 

10 scale up. 


Document Repositories .. .... .. 131 

Use 'otc to build clientfserver document 
repositories. 

Dimensions of Data ........... .13 9 

We look at clicnl/scrver tools fo r 
mu!tidimcnsioirn l da1n analysis. 

Client/Server with Distributed 

Objects ......... . .. ..... . .. ... .. . 151 

CORSA 2.0 defines key object services 

for 1hc intcrgnlnctic client/server era. 

Intrusion Protection for 

Networks .. ... . ............... . . .l71 

Herc· s a tool that protec ts you r ga1c.w;_1ys 
from the grnwing threat of Internet 
securi ty brc;ic l1cs. 

Business Objects Done 

Right .... ... . .. .. ........ ....... .175 

The groundhrc:1king Nc:ttStcp object 

model is put to impress ive use in cxt' s 
En terpri se Obj ct: t ~ Fr.unework, ~ robust 

i nfra.~ 1 ruc t u rc for client/server dalah:isc 
development . 

Create More IP Addresses... .. 217 

Herc arc some poi ntcno on how to make 
the lrJnsition from your c urrenl IP 
network 10 one b:tscd on the new JP 
uddress formnt. 
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Have you outgrown your hard drive? Need more storage? 

Go optical. There is no doubt that optical is the st0rage 

solution for the future. And Pinnacle Micro is the optical 

storage leader. Optical is fast - fast as most hard drives. 

Optical is removable - fill up a disk ... just add another one. 

Optical is reliable - no data Joss. No head crashes. Even 

better, optical media costs less than 15 cents per megabyte. 

Now you can store unlimited amounts of data for endless 

applications such as graphics, imaging, digital audio, 

digital video, CAD/CAM, database, network storage and 

data archiving. Y0u can even· transport Megabytes and 

Gigabytes of large files within seconds just by handing a 

disk from one person to another. Or place your disk in a 

Fed-Ex.package and ship it for next day delivery. 

Tanoe"' 230 MB 

3.5" Portable Optical Drive 


Sierra"' 1.3 GB 
5.25" Optical Hard Drive 

Pinnacle offers the industry's fastest 3.5" and 5.25" optical 

drive solutions, the most affordable Recordable CD system, 

and network optical library systems that range from 20 

Gigabytes to over I Terabyte for on-line, centralized storage. 

Pinnacle's award-winning line of optical storage solutions 

will increase productivity in every environment, from 

personal computing to the largest global network. 

So before you buy your next hard drive ... go Pinnacle opt ical. 

A storage solution you Will never outgrow. 

All trademarks and Repstered Trademarks or Their Respected Owners. 
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why do so many 
realtime developers like 
working with QNX? 

POSIX Outside, 
ft1U1w@Mi) 1nside 

If you know the UNIX® OS, 
you know the API and utilities 
of QNX or any POSIX OS. 
But when it comes to perfor
mance, you can't 
judge a POSIX OS 
by its cover - they're 
all supposed to look 
alike. Check out QNX's 
numbers (e.g. 5 µsec 
per context switch on 
an 80486). 

l ~mtJll Down, Up, Out I 
QNX's modular architecture 
lets you scale down the OS 
to fit on a tiny ROM-based 
platform. Or scale it up to 
drive a resource-rich worksta
tion equipped with X and 
TCP/IP. 
Or scale it out to build a vast 

network running hundreds 
of CPUs. You can even 
"hot-swap" OS modules 
(filesystems, device 
drivers, system processes) 
on the fly at run time! 

!Tools for ij@¥4J 
You'll like the tighter, 
faster code you get with 
the Watcom CIC++ 
optimizing compiler. 

You'll also like our distributed 
debugger, profiler, trace analy
sis tools, code-generating 
GUI builder - they're all 
engineered to save you time. 

ILet's Talk @MU,j,jjJ 
If your realtime apps call for 
a proven, high-performance 
OS, call us. And ask all the 
detailed technical questions 
you can think of. After all, 

QNX is made by 
programmers for 
programmers. 



hy do so many 
corporations succeed 

instrumentation, PDAs to robotic 

ITools for MittlttlU®lI 
Runtime performance 
is critical, but so is beating 
your competitors to market . 
With QNX's rich develop
ment environment, your 
programmers will 
have the tools they need to 

The Leading, Rea/time OS: for PCs 
• 	 Leading In @llH'l1111t:B (Rea/time OS for PCs since 1981} 

~ing In Innovation (Microke;,el distributed OS for PCs since 1984) 

w 

withQNX? 

lone os @UttUI 
From cash registers to 

controllers, QNX is the only 
rea ltime OS that can be scaled 
to fit the platform. So your 
programmers won't waste time 
learning a new OS for every 
project. And you won't have 
to make another OS buying 
decision. Naturally, a single 
modular OS will cut the 
c0st of-your runtime systems, 
because you pay for only the 
OS modules you use. 

produce better software 
sooner. 

As a certified POSIX OS, QNX 
lets you port applications quickly 
and easily across platforms. 
And programmers who know 
UNIX or any POSIX OS 
will be productive 
with QNX 
immediately. a real advantage. 

ILet's Talk l:J@J,4iJ I 

Why is QNX the leader 
in realtime OS technology? 
Proven 14-year track record, 
satisfied Fortune 500 customers, 
no-nonsense licensing policy, 
Gold support plan... 

The bottom line? QNX can give 
your realtime applications 

""'""'i.!.~,., Lidng In Maitet Shan1 fQ(oJX outsells every othBI' iBaltime OS tor PCs) 

l) J 
f!lllS ltd. 1!194. QN 	
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The ln-Your-Face lnterface 

Why Bob matters. 

The good, the 

bad, and the 

cranky. 

Ask almost any computer expert 
their opinion of Bob, Microso ft ' s 
new inte rface/appl ication suite 
with " personality," and you' ll get 

a cringe, a wince, a wrinkle of the nose. No thanks, too 
cute , too slow, no APls. Melinda French of Microsoft 
even said recently to a roomful of 800 computer-industry 
movers and shakers, " tl1is is a program that nobody in this 
audience will use." 

But Bob mallers, and not just because computer wonks 
like you and me wil l be spendi ng more time trouble
shooting our in-laws' new triple-layer-cake systems (Bob 
is a shell on top of Windows, which runs on DOS). No, 
Bob malters because it has severa l cruc ial user-interface 
innovations that wi ll change the way the nex t genera
tion of computer u ers expect their machines to behave. 
Bob' s innova tions are go ing to make systems design 
more complicated . 

My Friend Scuzz 
The most visible interface element of Bob is its little car
toon-character personalities lhat act as your guides and are 
the center of Bob' s" oc ial interface." My favo rite is 
Scuzz, the adolescent rat, who comes with props like a 
basketball and an out-of-tune e lectric guitar. Microsoft 
people will tell you they based the concept of Bob on a 
well-known fac t: Users often react to their PCs as if they 
are li ving be ings- th ey smi le, get angry , and talk to 
them. So, based on the fac t that people treat their com
puters as if they are alive and have personality, Microsoft 
designed Bob o the per ·onalities are in your face. 

Is thi s a good thing? Like a lot of people. I talk to my 
car , mostly when it ' s not doi ng what I want it to. But 
it ' s just an inanimate hun k of metal and plastic. Its per
sonality is the one I project onto it , affected by the design 
decision of its engineers, espec iall y the one who de
signed in the loud clunk it emits when accelerating out of 
a comer. 1am happy-delighted, actuall y-that the same 
engineer didn ' t design my car with an overt per ·onality. 
As it is. it has all the personali ty I can handle. 

The problem is, users who get used to Bob and Bob
like interfaces are going to stai1 expecting new programs 
to have overt personalities. When your sister goes to get 
money out of Mister ATM , he' ll ex pec t it to have a 

Mister attitude. In the absence of a character-based help
ing hand, people are going to feel lost. 

I don' t want lo sound like a Luddite, because T'm in fa
vor of technology lhat makes computers easier to use. 
But there ' · a programming problem here fo r system 
implemente rs. What personality will new custom pro
grams have? 1f you write a ystem for your company, 
how wi ll you des ign its personality (as if its bugs and 
quirks aren' t personality enough)? Wi ll you have to hire 
a personali ty consultant for every new project? Or will 
ome clever vendor create a toolkit of personali ties you 

can plug into your appl icati on? Regard less, you 'd better 
tart thinking about it, because u er mised on Bob are go

ing to expect something-little smurfy bunnie , obnox
ious rats, or otl1er jabbering cai1oons-to help walk them 
through new applications. 

Do What I Mean 
The other key tenet of Bob is that its personalities track 
what you do. Do the same operation an inefficient way 
enough times, and the cartoon will pop up a little text 
balloon that says something like, ' 'Are you try ing to erase 
a whole word? In the future, you can pre s Shi ft-B ack
space to do the same thing quicker." 

Now, as ide from the fac t that l don' t normall y take 
advice from cartoon character , this concept is spot-on. 
Computer products should antic ipate the needs of the 
user. Unfmtunately, few programmers have enough train
ing in human-factors engineering to understand all the 
misguided paths a user might take to perform a g iven 
task. I've sat in on plenty of usability tests where it be
came obvious why the video booth is oundproofed: h ' s 
not to keep the sound of the person under test from get
ting into the control room; it' s to keep the progranuners' 
scream and yelps of di smay from distracting the user. 

It 's hard to write simple programs. It takes a special 
sens itivity and an abibty to remove yourself from your 
project long enough to see it through the eyes of users. It 
also takes a lot of resource and code to make the core of 
any program approachable from the thousand different 
d irections from which a thousand u er will come at it. 

But save me from cartoons. Gi ve me a button labeled 
" Do What I Mean," and leave it at that, thank you very 
much. • 

RAPH,\ EL N EEDLEM AN. EDITOR IN C t!I EF 
(rafe@ well.com) 

1.0 BYTE APR I L 1995 

http:well.com


WmBookXP 

Choose the pointing device that works best for you: 

TECHNICAL SPECIFICATIONS 

• SL-ENHANCED INTEL 486 DX4-75MHZ OR 486 DX4· 
l OOMHZ. 

• 5.9 LBS. DUAL-SCAN COLOR OR 6. 1 LBS. OPTIONAL 
ACTNE MATRIX COLOR 

• DIMENSIONS: 11.3 • X 8.5 " X 1.7 . 
• 4MB, 8MB OR 16MB RAM (EXPANDABLE UP TO 32MB) 

• 3.5 " 1.44MB DISKETTEDRIVE 

• REMOVABLE 260 TO 810 HOD 

• VGA DUAL-SCAN COLOR OR OPTIONAL ACTNE MATRIX. 
MONOCHROME UNfTS ALSO AVAILABLE 

• 10-C ELL NIMH BAffiRY & AC PACK 

• SUSPEND/RESUMEFEATURE 

• lWO TYPEII OR ONETYPE Ill PCMCIA SLOT 

• INTEGRATED DUAL-BUTTON POINTING STICK, OPTION
AL DUAL-BUTTON 19MM TRACKBAILL OR OPTIONAL 
DUAL-BUTTON TOUCHPAD 

• PARALLEL. SERIAL AND PSl2 PORTS 

• lMB VIDEO MEMORY WITH EXTERNAL VGA PORT 

• LCD FUNCTION INDICATOR PANEL 

• 14.4 SEND/RECEIVE FAXNOIC EIDATA MODEM OPTIONAL 

• INTERNAL AUDIO OPTIONAL 

• DOCKING STATION OPTIONAL 

AT ~999, IT'S THE 

ONLY SPEEDING 

TICKET YOU'LL 

ENJOY PAVING. 


SJ 999 .... ...... •Intel 486 DX4-100MHz 

• 10.3" dual-scancolor display 
• 4MB RAM/260MB HD

54199....... .. .. •lntel486 DX4-1 00MHz 100MHz• Active matrix color display 
• 16MB RAM/810MBHD 
• 14.4 Fax Modem 
• DOS and Windows 

SS Comparable savings on all other WinBook XPs-from ~999 
our base models to notebooks for the power user. For 

current pricing and configurations,call I-800-70-3469. 


PCU,lop.............._ 

Jll.J:rfl9liW:e:r:lt.XP 

.....--~ Weuseon!yQenulnelnt!I 
mk:ropfOCESSOl'S m01..'f 
quahly~~sy<ttms 

Call us today. toll-freeWmBool< 1-800-725-3469 

COMPUTER CORPORATION 	 Monday-Friday, &1m·9pm F.5T • Saturday, 9am-4pm 
a subs/d;ary of Micro Electronics. Inc 	 L.~yoor \'1S,\ Dl;coo."t'fCud, M~C.ud. pmon.i.lchrd or PO. withm'dit ..Pf"U\'<ll 

us ..i..on1y. J(k!JyunoonJ•UONl """'!''bocks-i-.,..,..1mm.i..~ .i~ 
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I. Because it runs at 

IOOMHz. Period. 


2. It's the best value in 
Windows-compatible 
CPUs. 

3. There is no such 
thing as a faster 486. 

4. It's 100% Microsoft 
Windows-compatible. 

5. It runs all your 
favorite Windows 
programs-really fast. 

6. It's an incredible value. 

7. Your applications 

don't run in clunky 

emulation mode. 


8. Every bit as good as 
a 60MHz Pentium. 
And a far better value. 

9 It's the Ferrari of 486s. 

IO. lOOMHz speeds.Wow! 

I I. Two words: 
price/performance. 

12. Three words: 
Value! Value! Value! 

13. It comes from AMD 
-the leading alter
nate source for 486 
devices. 

14. It puts 60MHz 
CPUs to shame. 

15. Good luck finding 
a better value. 

16. "The robust 486 is 
alive and well." 
Michael Slater, 
Microprocessor 
Report. 

17. 	Slater continues, 
"Enhanced 486 
chips will play a 
major role in 1995." 

18. Slater concludes 
"...an aggressively 
priced DX4 chip 
would be a great 
product. " 

19. IOOMHz...cool ! 

20. Unlike some CPUs, 
it's good with figures. 

21. Killer part. 
Killer speed. 
Killer value. 
Killer! 

22.Certified 100% 
Windows-compatible 
by XXCAL.And they're 
really picky. 

23. You don't have to 
upgrade all your 
existing software. 

24. 	For all you chip-heads, 
we use 0.5 micron 
process technology 
for our 486 devices. 

25. It's tried and true 
technology at a 
great price. 

26. We were tempted 
to paint racing 
stripes on the side. 

27. Try and find higher 
performance at a 
better price. 

28.Runs MS DOS. 

29.Runs OS/2. 

30. Runs Novell NetWare. 

31. Yes. even UNIX. 

32. Runs Microsoft Word. 
without a hitch. 

33. We'll say it again, 
it's 100% Microsoft 
Windows-compatible. 

34. It's Windows NT
compatible, too. 

35. And Microsoft Excel. 

36. Microsoft Office. 

37. Microsoft PowerPoint. 

38. Pretty much every
thing Bill Gates has 
to offer, it handles 
flawlessly. 

39. Don't forget Quicken. 

40.You only live once. 

41. 	Surf the internet@ 
IOOMHz. 

42. Runs CompuServe. 

43. RunsAmericaOnline. 

44. And Prodigy, too. 

45. It runs everything 
you need it to, 
much faster. 

46. My 486 is faster 
than yours! Neener 
neener neener! 

47. It runs Lotus 1-2-3. 

48. Lotus Notes. 

49.Lotus SmartSuite. 

50.And every other 
Lotus program you 
can think of. 

51. IOOMHz.Case closed. 

52. Grease+ lightning 
= IOOMHz Am486. 

53. Your 386 users 
will kiss you. 

54. It's a smart move. 

55. Runs WordPerfect. 

56.Also WordPerfect 
Office. 



57. And ClarisWorks. 
for that matter 

58. If you don't upgrade 
soon, your users 
will have you drawn 
and quartered. 

59. Megahertz. 100 of 
them, to be exact. 

60. We've invested over 
a billion dollars so 
we can keep cranking 
out tons of them. 

61. Think you can pass 
up a deal this great? 

62.You must be inter
ested in high per
formance-you're 
still reading. 

63. It's the greatest 486 
ever made. 

64. You're too smart to 
pass this offer up. 

65. Why not? 

66. It's tough to argue 
with IOOMHz 
performance. 

67. It runs Harvard 
Graphics. 

68.Corel DRAW! 

70. Adobe Illustrator. 

71 . Adobe Photoshop. 

72. Even AutoCAD. 

73. You're incredibly 
smart when it 
comes to these 
kinds of decisions. 

74. It's like driving in 
the commuter lane, 
all the time. 

75. You sure know a 
great value when 
you see one. 

76. It'll keep those 
penny-pinchers 
in accounting off 
your back. 

77. You don't have to dou
ble check your math. 

78. Did we mention 
that it's the best 
value avai lable 
in 486 CPUs? 

79. 	It's an offer you 
can't refuse. 

80. Everyone in your 
office will be jealous. 

81. Turtles run faster 

82. It's at least worth a 
test drive, isn't it? 

83. Look up "tight-wad" 
in the dictionary 
and there's a pic
ture of your boss. 

84. Without a doubt. 
the best va lue in 
486CPUs. 

85. Runs PC Tools. 

86. And Norton 
Utilities. 

87. Also Norton Desktop. 

88.Compatible with 
your software. 
peripherals, net
works-everything. 

89. Certified 100% 
Microsoft Windows
compatible. As if 
you didn't know. 

90.Damn. it's fast! 

91 . Performance equal 
to a 60MHz Pentium. 

92. Even the folks with 
big budgets will 
admire your busi
ness sense. 

93. 	It's the most appro
priate technology 
for the bulk of your 
users. 

94. Now you can afford 
that cellular phone. 

95. Compaq says, 
" IOOMHz 486 sys
tems represent a 
significant market 
opportunity and we 
are delighted there 
will be an additional 
source of supply." 
- Jim Paschal. 
Vice President of 
Desktop and Cor
porate Engineering. 

96. The mere thought of 
an AMD CPU some
how appeals to your 
rebel! ious side. 

97. Can actually handle 
the rigors of com
plex calculations 
like division. 

98. We've got ISO 9000 
certification-in plain 
English. that means 
world class manu
facturing facilities. 

99. IOOMHz. Golly, 
that's fast. 

100. Need a hundred 
more? Call 1-800
222-9323 and ask 
for literature pack 
#200.Today. 

~® 

than your current 

69. Aldus PageMaker. systems. 	 Advanced Micro Devices 
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FAX BACK (206) 936 -7329 ATT: MICROSOFT FORTRAN 

(or if you prefer, mail to Microsoft FORTRAN. I Microsoft W ay, Redmond, WA 98052-6399.) 


Before you take the FREE FORTRAN PowerStation Test Drive, there's something you should know. You 
don't need a license, but you do need a PC running Microsoft W indows version 3.1 or later. And you do 
need to hurry, because these kits are going fast. 

NAME JOB TITT.E 

PHONE INTERNET ID 

COMPANY NAME 

COMPANY ADDRESS 

CITY STATE ZIP 

© 1994 Microsoft Corporation. All rights resc/'\l'Cd. Microsoft and MS-DOS arc regic.;tercd trademarks. "\M1cre do yol. wane to go codo-( and Windows and Windows Nf arc trademarks or M1crosofl Corporatton. MC6 



BULLETPROOF 

Introducing the latest additions to the 


W ·ve just introduced a host 
of new ways to benefit from APC's 
award-winning reliability. With 
solutions from surge protectors 
through midrange UPS systems to 

protect anything from a basic PC 
to the most advanced superserver, 
APC is your one-stop shop for 
reliable power protection. Call 
today for a more information on 
our new, enhanced product line of 
"bulletproof" protection! 

Use APC's new UPSs with our other award
winning products and accessories ... 

New ProteaNetN data 
line surge suppressors... 

Su'leArres( AC surge 
suppressors... 

Accessories induding PowerMonogerNpower 

Measure-UPS;· control centers... 

Call-UPS'" II and 

Shore-UPS ·... 


KEY: 

Back-UPS'9: 

BEST VALUE POWER 

PROTECTION FOR PC 

WORKSTATIONS 

Use with Compaq Presorio, IBM VoluePoint and 

equivalent 386 and 486 PC workstations 


·n SIMPLE SIGNALING 

• Unmatched surge and lightning 
protection for maximum hardware safety 

• Site diagnostics automatically spot 

missing ground and reversed polarity 


• LAN signaling allows simple shutdown 
with interface kits (400 and above) 

......_ User replaceable, hot-swappable 
~tteries insure uptime safe disposal 

• $25,000 lifetime Equipment Protection 

• Available in 200, 280, 400, 450, 600, 900, 
1250 Volt-Amps. Starting at $1 19 list. 

Back-UPS~ Pro™ 

PERFORMANCE PROTECTION 
FOR ADVANCED UNIX 
WORKSTATIONS 
Use with SUN, HP, Silicon Graphics, IBM RISC 6000, 
and UNIX workstations 

·w SIMPLE SIGNALING 

All the protection ofBack-UPS, plus: 

• Automatic voltage regulation provides 
enhanced protection against long duration 
brownouts and overvoltages 

• Built-in network card/modem surge 
protection for maximum system integrity 

..... Intelligent Battery Management extends 
6attery life and increases runtime 

• Line-interactive design for better 
performance and reliability 

• Available in 280, 420, 650 Volt-Amps. 
Starting at $199 list. 

So~are capability 

Performance, price roting (I good-3 best) 

Increase le~ to right 
 • Simple signaling 

li::J provides safe 
shutdown in the event of...... 
on extended power loss.APC Exclusive 
APC offers the industty's - - Serial signaling
widest selection ofkits, ILi &:I allows UPS 

and analysis.PowerChute 
vis offers serial signaling. 

111111 Enhanced 
senol 

signaling and SNMP 
management allow full 
wide-area control, such as 
PowerChute PLUS and 

including PowerChute. queries, ond data logging PowerNet 

III 
. •

~ 

. 

. 
' 

l~i!Ul l:l@:U~t 1311.n341ij&M@N 

IDBUYERS
W'~ CHOICE 

AWARDSIS! l!V Plmll ll!l 
UK~ 1M14W 

mailto:1311.n341ij&M@N


PROTECTION 

world's best-selling UPS protection 


Smart-UPSf) v/s™ 

BEST VALUE SERVER 
PROTECTION FOR SMALL 
BUSINESS NETWORKS 
Use wirh PS/2, Dell, ProUneo and equivolem small 
business or deportment servers 

r11 r11 SERIAL SIGNALING 

All d1e protection of Back-UPS Pro, plus: 

• Serial communication for enhanced 
network shutdown and control. Allows 
power quality event log, scheduling and 
UPS self-test. 

......_ Ships with PowerChute v/s software 
"'Tor maximum reliability and convenience 

•Available in 420, 650, 1000, 1400 Volt
Amps.Scarting at $349 list. 

Smart-UPS® 

PERFORMANCE POWER 
MANAGEMENT FOR ADV'NC'D 
BUSINESS NETWORKS 
Use wic/J Proliant, IBM PC 55, Alpha and equivalent 
servers and internet devices 

Matrix-UPS™ 

ADVANCED MODULAR 
PROTECTION FOR 
DATACENTERS 
Use wir11 AS/400, HP9000, VAX. NetFrame and 
equivafentmlnis-servers 

~ 

r11 r11 rm ENHANCED SERIAL SIGNALING & SNMP MANAGEABLE 

APPLICATION VALUE 

WORKSTATIONS BACK-UPS 

PERFORMANCE 

BACK-UPS PRO 

HI-PERFORMANCE 

SMART-UPS 

SERVERS SMART-UPS v/s SMART-UPS MATRIX-UPS 

DATACENTERS SMART-UPS MATRIX-UPS 

Solutions to suit any application 

Net Wore 
Te;red and•

Approved 

All tile protection o( Smon-UPS vis, plus: 

• Software configurable features 

.... SmartSlots for SNMP manageability 
means wide-area reliability and uptime 

• Full sine wave output 

• Supports APC monitoring accessories, 
such as Share-UPS, Measure-UPS, Call-UPS 
and more. 

• Rackmount and extended run models 

• Available in 250*. 400*, 450, 700, I 000 
1400, 2200, 3000 Volt-Amps. Starting at 
$299 list.• Not al l features >v:>iliblc on these unlu 

All the protection of Smart-UPS, plus: 

....... Modular hot-swappable design for 

...,.-00% uptime 

• Add runtime quickly and easily with 
microprocessor-controlled SmartCells 

• 60% lower lifecycle costs than 

comparable brands. 


• Available in 3000 and 5000 Volt-Amps. 
Starting at $3499 list. 
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Responding to Rafe 

I'm taking Raphael Needleman up on his 
invitation in "Information Underload" 
(February Editorial). I strongly suggest 
that you give BYTE a significant presence 
on the WWW (World Wide Web). Several 
other magazines are doing so; BYTE could 
do it better. 

Jim Tubman 
Research Officer 

Calga 1)', Alberta, Canada 
jb111b111t111 @skyler.arc.ab.ca 

As a wildly enthusiastic com
puter user and aggressive info
hound , I have to say you've 
written an editorial with a num
ber of good points. However, 
one man's garbage is another 
man's food. We all need filters the size of 
a baleen. There would have to be 50 of 
me to absorb it all at the depth I' d like to. 
We need many clones or multiple life
times. 

Lee van Laer 
7 I 623.277@co111p11se1ve.co111 

Chintzy on the Test Results 

If the intent of the January Lab Report was 
to answer the question, "Which is the best 
monitor among the 17-, 20-, and 21-inch 
classes?'', it missed the boat. Many have 
"excellent" scores in the best overall, qual
ity index, and features columns. How can 
we differentiate monitors with the same 
scores? Why not publish the test results 
and let the reader decide? We wan t to 
know which monitor has the best picture
period. If you answer this question at all, 
you do it without elegance, clarity , or 
quantitative precision. 

Vic Spelman 
victor@alleys.com 

An Unfocused Rant 

In "Networks for the Enterprise" (Febru
ary), the author rates Windows NT above 
OS/2 LAN Server. The Workstation ver
s ion of Windows NT 3.5 is too slow to 
use on a 16-MB 486. I had to increase my 
swap file size from I 5 to 32 MB to make 
Microsoft Visual C++ 2.0's resource com
piler compile a small resource file on the 
command line. The operating system, the 
SOK (Software Development Kit) , and 
Visual C++ 2.0 together take nearly 400 
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~1111- DJI monopoly, and it shows. 
""-"'"""""•..,. _:_ Xiaodong Tan 

MB of disk space. The minimum 4-MB 
RAM requirement should be 40 MB. 

Problems with Windows for Work

groups 3.11 include "internal error" mes

sages and com1pted NetWare net.cfg files. 

Microsoft orphaned Win32s in C++ 2.0; 

Win32s APls are no longer documented. 

You cannot compi le or debug Win32s 


applications under Windows 

for Workgroups 3.11. The only 

debugging tool remaining 

crashes a lot, and Windows NT 

3.5 breaks Visual C++ 1.1 's 
1.0 linker. When Microsoft 
helped against IBM ' s monop
oly , we a ll sided with Mi
crosoft. Now Microsoft is the 

Xta11 @prairie11et.org 

We propose many reasons why OS/2 LAN 
Server 4.0 did not perfonn as well as 
Windows NT Server 3.5: Its client soft
ware doesn't support the protected-mode 
redirector ofWindows for Workgroups 
3.1 I ; we had to test I.AN Server in 16-bit 
mode file 110; and the client software 
would not nm with Windows/or Work
groups' 32-bit disk and file 110 enabled. 

Another factor could be that LAN 
Server 4.0 does not provide a config
urable volume block size, which should 
match the hardware's blocking factor 
for disk striping. We al/ached a Core 111
ternational disk array that has a default 
configuration of32 KB. Unlike other 
LAN operating systems that 
provide volume block size 
options (e.g., you can set 
NetWare's block size from 4 
to 64 KB), we did not know 
LAN Server's block size and 
could not change it anyway. 

-Tadesse Giorgis 

Apple's Newton MessagePad Phones Home 

I find BYTE's coverage of late-breaking 
technology and its practical applications 
excellent reading. Andy Reinhardt's arti
cle "The Newton Goes Vertical" (Janu
ary) on the customization of Apple 's New
ton MessagePad into a field service 
machine for telephone technicians is ex
tremely timely. Several weeks after lhe 
article came out, I mentioned it to a tele
phone technician who was using such a 
machine at my workplace. He gave me a 
first-class tour of the device , and it ap

pears to live up to Reinhardt's technical 
specifications. 

G. Morrison 
Address withheld 

I just want to compliment Andy Reinhardt 
on the Dracon CDA (craft digital assis
tant) piece in the January issue-virtuoso 
reporting and writing! I have never been so 
mesmerized when reading about a test 
widget. In addition, my mother could have 
understood it. Well done. 

Paul McCloskey 
pai1/111cc@mcs.ne1 

OS/2 Drivers for Graphics 

Why did February's Lab Report, ''True
Color Graphics Accelerators," fail to cover 
any OS/2 driver support or benchmark 
results? 

Peter Skye 
Glendale, CA 

OS/2 testing was a part ofour original 
test methodology. Bt11 when we began 
testing last September, many of the 
adapters were brand-new, and few ar
rived with OS/2 drivers. So we requested 
them, bw of those we received, most 
were not ready for prime time. In Barry 
Nan ce's review of Warp (March, page 
131 ), you 'LI.find a /(/ble ofgraphics 
adapters and chip sets that Warp sup
ports. - Eds. 

Benchmarks 

The BYTE/NSTL 
Lab Report "True
Color Graphics Ac
celerators" (February) 

was great. It was nice to see a 
measure of video-playback performance. 
Because I'm working on a graphics/video 
subsystem under Windows 3.1/95 for Dig
ital Equipment, I'm interested in your In
terMark video and graphics tests used 
throughout the artic le. Are the lnterMark 
tests externally available? 

Andrew Wilson 
DC! Developer 

wilso11 @pasta .e11et.dec.co111 

We want to hear from you. Address correspon
dence to Letters Editor, BYTE, One Phoe11ix 
Mill Larze, Peterborough, NH 03458; or you 
cw1 send E-mail via the Internet or BIX to edi
rors@bir.com. Leuers may be edited. 

mailto:rors@bir.com
mailto:pai1/111cc@mcs.ne1
http:prairie11et.org
mailto:victor@alleys.com
mailto:623.277@co111p11se1ve.co111
http:skyler.arc.ab.ca


It's easy to think of Exabyte as the company that pioneered 
helical-scan 8mm tape backup and restore technologies. But 
today, Exabyte is much more. We offer customers worldwide a 
full line of backup and restore products-8mm, 4mm and quarter
inch minicartridge tape drives, automated tape libraries, certified 
media products and service-all with the Exabyte name. 

We're not just 8mm anymore. Today, Exabyte is Everywhere.~ 

EXAI83WuIE®~ 
In N orth Am erica, c a ll o u r office a t 1- 8 00-EXA BYTE. In Europe, ca ll The N eth e rlands o ffic e 
at 3 1- 3 403-5 1347. Or in Asia, ca ll our S inga p ore office a t 6 5-271 633 1 . 

¢ 1995 Exabyte Corporation. Exabyte is a registered trademark and "Exabyte is Everywhere" is a trademark of Exabyte Corporation. 
Exabyte Corporation, 1685 38th Street Boulder. Colorado 80301 USA. Phone (303) 442·4333. 
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Please address yo11r inq11iries reKarding 
the avai/abiliry ofNSTL 's /11/erMark test 
suite to editors@nstl.co111 . Contact 
rick_g@ bix.com f or information on 
BYTE's low-level cross-platform bench
marks.- Eds. 

RFA (Request for Algorithm) 
l found John Cuadrado's "Min ing Statis
tics" (February) very interesting. My stu 
dents and I are working on a problem for 
the Navy related to the collection of med 
ical symptoms data from military person
nel. The Navy is aware of algorithms and 
expert systems that take this data and out 
put a probable d iagnosis. What they want 
is a me thod of aggregating the data se
quentia lly (as it comes in on a patient-by
patient bas is) into a few continuously mon
itored measurements. They want to identify 
increasing patterns of illness qu ick ly. 

My idea is to use the geographical in
fo rmation on endemic di seases to estab
lish known centroids in "symptom" space. 
The hard part is that a significant number of 
patients that cannot be classified into one of 
the endemic diseases might accumulate. 
We need an algorithm that detects when a 
new cluster is requ ired and then adjusts 
the classification scheme accord ingly. 

John Angus 
Professor ofMathe111atic.1· 

The Claremont Graduate School 
Clare1110111. CA 

a11g11sj @cgs.ed11 or a11g11.1jolr11e@aol. co111 

Solutions-R-Us 

Having read Ri ck Grehan's "Seer-S em 
Offers Rea listic Forecasting fo r Program
mers' (September 1994, page 34), which 
describes Galorath Associates ' expert sys
tem fo r es timatin g th e s ize, cos t, and 
resources of a deve lopment project, we 
are now negoti ating with Galorath for dis 
tributo r hi p of Seer-Sem in India. Thank 
you for the tip. 

A. Dear 
The Idea Machine 

P.O. Box 4268. India 
dear. idea@a..rcess.net. i11 

An Incomplete Definition 

On page 72 of the February issue, Oli ver 
Sharp defin es numerical an alys is as the 
study of errors caused by computer arith 
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metic. Not so! T he job of numerical ana
lys ts is to develop and analyze algori thms 
for mathematical problems in sc ience and 
engineering. A numerica l algori thm must 
produce an answer to a problem accurately 
and efficiently. 

Consider two recent breakth roughs in 
the fi e ld : Ka rm ark ar ' s inte ri o r-po int 
method for linear programming and Green
gard and Rokhlin ' s "fast multipole" algo
rithm for n-body prob lems. In each of 
these, unexpected insight led to a new al
gorithm significantl y fas ter than its pre 
decessors . Ana lys is of round-off er ror 
played no role in these discoveries. 

Stephen Vavasis 
Department ofComputer Science 

Come/I University, Ithaca. NY 
vavasis@cs.com ell. edu 

Programming in Prolog 

Dick Pountain ' s "Constraint Logic Pro 
g ramming" (February) pro pagates th e 
myth o f Prolog' s poor execution perfor
mance as the main hindrance to it com
merc ial acceptance. The best Prolog sys 
tems compete in performance to C (e.g .. in 
some cases, the Aquarius system, distrib
uted by USC, executes fas te r th an C). 
Pountain identifies Prolog 's search pro 
cess as the root of its inefficiency , but you 
can easily program effic ient search tools 
with Prolog. The key is to use the built-in 
search only as a primiti ve when develop
ing new search algorithms. 

Peter Yan Roy, Ph.D. 
Saarbmecken. Germany 

11anroy@djki.1111i-sb.de 

Silver-Streak Saute 

The fo ll owi ng oversight s occur in Stan 
Miastkowski ' s " Daisy-Chain Ethernet" 

(January): Si lver-sati n telephone line cord 
is 26-gauge stranded. not 18 gauge. T he 
lower the wire gauge number, the thicker 
it is. Copper wire has a series of frequen
c ies that are multiples of the pulse ra te, 
not memory. When an NIC's (network in
terface card) impedance is not the same 
as the cable ' s, the different frequencies 
travel back and forth at di fferent speeds 
and attenuation levels. This causes prob
lem such as ri nging and overshoot. lm
pedance is not spec ified on telephone wire, 
so you cannot des ign an NlC to match it . 
However, you can u e Schottkey d iodes 
to c lamp overshoot, the way surge su 
pressors clamp spikes on power lines. 

Finally, the nominal ring ing generator 
voltage in analog telephone systems is 90 
V AC 20 Hz. On-hook batte1y is nominally 
48 VDC dropping to around 10 VDC off
hook. Where did the notion o f 180 VDC 
come from? 

Wil ton Helm 
Address unknown 

Your comment on wire gauge is correct; 
a Silver Streak designer told me copper 
wire has 111emo1y , but your technical ex
planation is more accurate. Your com
ments on ri11gi11g voltage fo r standard 
analog telephone lines are also correct; 
what I presented describes a worst-case 
scenario fo r proprietary in-house sys
tems.- Stan. Miastkowski 

AXES 

In "The Great Little File System" (Febru
ary) , we omitted Veritas' contact in for 
mation. Veri tas Software ((4 15) 335-8000) 
is in Mountain View, Cali fo rn ia. 

The ''Best of Comdex'' text box (Febru 
ary , page 24) continues on page 28 , not 
on page 30 as published. • 

COMING UP IN MAY 

• 	QUICKTIME VIRTUAL REALITY 
A new dimension of full-spectrum photo-realistic graphics Crom Apple and Microsoft. 

• 	DIGITAL VlDEO 
et working, compre sion, and how to set up your own video tudio. 

•SUPER SERVERS 
Mai nframe capability in small packages. 

•PRINTERS 
29 printers that mean business. 

• 	THE BRITISH LIBRARY IS ON-LINE 
You can now search and retrieve text from OPAC (Onl ine Public Access Catalog), the 
British Library 's catalog of its 13 mill ion volumes. 

mailto:11anroy@djki.1111i-sb.de
mailto:vavasis@cs.com
mailto:idea@a..rcess.net
mailto:a11g11.1jolr11e@aol.co111
mailto:a11g11sj@cgs.ed11
mailto:rick_g@bix.com
mailto:editors@nstl.co111


It's a war out there. And ifyou're engaged in the battle 
for multi-media performance or fast data access, your 
first line of attack is a quad speed CD-ROM drive from 
Plextor. Designed to plow through reference data, 
archives, and today's most sophisticated multimedia 
applications, the 4PleX line of reliable drives boasts 
an arsenal of features including a 600KB/sec transfer 
rate, access to the world's largest CD-ROM drive buffer; 
blinding access speeds, the security of a two-year war
ranty and unlimited toll-free technical suppo1t. 

Plextor offers you a choice of weaponry. The 4PleX 
256 provides quad speed multimedia performance 
with fast access to key data. To triumph 
over new high-demand video applica
tions and games, or to impress your 
allies \.vith sophisticated multimedia 
presentations, choose the original 4PleX 

with a lMB buffer. Like a reconnaissance scout, the 
buffer looks ahead and anticipates your needs. As a 
result, every frame of video advances through your 
computer. Both drives give you smooth, fast, winning 
performance without over-taxing your computer in 
strategic multi-tasking situations. 

No wonder PC Computing gave the 4PleX a four star 
ranking and the title "King Quad." Today's CD-ROM 
explosion promises to take no prisoners. So arm yourself 
with a 4PleX and rest easy knowing you are equipped 
to win the battle. For your nearest Dealer and a free 
copy of our latest book "18 Questions to Ask Before 

·~ . Purchasing a CD-ROM Drive" call-
~ !-' · . ~{ l-8004PLEXTOR (1-800475-3986). 

- ·-- - -- ·--- / 

'--..re ff1 

JO)PLEXTOR. ml I 
PC Computing }lVP l'lm.11.st and PC \W1rld Ho' Hu) aw:tJ'dt'(j W !'tenor's ·WleX Cll·ROM Urhe. 0 1995. f'ltxtCJr <A:irp. All Rights ffeset"'t'd. Al l ltuil\111\Atks or n.·io.~l'red lr.Ul(' tttuk.s 5JK'(intd a.re owned by tht-lr rcspoc lh't! holders. 
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Now, more than 10 years after Apple introduced the Mac, the first Mac OS-compatible 

systems sanctioned by Apple should be available soon 

1na 
DAVE ANDREWS 

B 
y the end of this month, at 
least three companies ex
pect to be sellin g Mac 
OS-compati ble systems. 

Each company will use a different strat
egy to complemen t Apple's line of 
Macs. For example, the first generation 
of systems from Radius (Sunnyvale, 
CA) will consist of high-end Macs for 
video-editing and color-publishing pro
fessionals. And other companies wi ll 
introduce highly expandable systems 
with extra NuBus expansion slots or low-cost sys

Radius's Mac 0Hompatible systemstems built using PC manufacturing facilities and 
will be high-end Macs for graphics or 

some PC components. Also, companies such as Pi rideo-editing professionals. Radius's 
first systems will use the sameoneer will release Mac clones for the entertainment motherboard as Apple's Power Mac 
8100/110 and a PowerPC 601 CPU.market. 

Bridgette (El Cajon, CA), a vendor of mass-storage products five drive bays, and up to 128 
for the Mac, wi ll be one of the first vendors to sell Mac clones. MB of RAM. Future systems 
The company's first Quatro 850 sy tems, which will be old un fro m rhe company wi ll offer 
der the Cutti ng Edge label, will use Apple 's Centri s 650 mother seven drive bays for RAID 
board, the Apple SuperDrive floppy drive, and either a 25-MHz configurations. 
68LC040 with no FPU or a 33-MHz 68040. The company may also of

Bridgette hopes to introduce systems lack ing from Apple's fer DOS/Windows-compatible 
product line by introducing midrange tower Macs with three configurations through adapter 
NuBus slots (the only systems avail able from Apple with three cards from Orange Micro ( Ir
NuBus slots are the Power Mac 7100 and 8 100), one PDS slot, vine, CA). For example, it ex
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pects to sell a 68LC040 ver
sion of the Quatro 850 with 8 
MB of RAM, a 540-MB SCS I 
hard drive, a double-speed CD
R OM drive , and a 17-inch 
monitor for $1999. Another 
system, with 8 MB of RAM, a 
270-MB SCSI hard drive, a 
keyboard, a mouse, and soft
ware utilities ( but no monitor), 
wi II sell for under $ 1000. 

Power Computing, a start
up company from Milpitas , 
California, is using the same 
components as Apple but in a 
motherboard of its own design. 
It wi ll se ll its own brand of 
Mac clones as well as mother
boards to companies that want 
to build Mac clones. Power 
Computing declined to release 
specific details of its systems, 
but sources say the company 
wil l use widely avai lable PC 
componen ts (e.g., power sup
plies and chassis) whenever 
poss ible to make less expen
sive Mac systems. Power Com
puting' s systems should sell for 
I 0 percent to 15 percent less 
than a comparable Mac. 

Power Computing's first 
PowerPC 60 I-based systems 

wi ll like ly ship this 
month in two configu
rations, a tower and a 
baby AT chassis, with 
standard Mac connec
tors, such as an ADB 
(Apple Desktop Bus) 
port for the keyboard 
and a 15 -pin video 
<.:onnector. T he first 
systems will cont ain 
NuBus slots, with sup
port for PCI (Periph
eral Component lnter
connect) to fo llow. 
The company is em

ploying a number of tac
ti cs to keep its systems 

inexpensive, sources said. 
By making its motherboard 

fit the baby I.BM AT form fac
tor, Power Computing makes 
it possible for PC vendors , 
some of which may have ex
cessive manufacturing capac
ity , to easi ly build Mac c lones. 
PC makers can s impl y drop 
Power Computing mother
boards into the baby AT chas
sis of their choosi ng. 

CompuAdd (A ustin, TX), a 
vendor of desktop PCs, note
books, and servers, has already 



said that it will build systems 
for Power Computing lhat will 
be sold wilh the Power Com
puting label. CornpuAdd ex 
pect s lo build 2000 to 3000 
Mac clones a month. 

Sources a lso indicate lhat 
Power Computi ng will reduce 
cos t by building its molher 
boards using a four-layer pro
cess. In general , manufactur
ers make motherboards with 
fo ur, six, or eight layers. Ap
ple's Power Mac molherboards 
have six layers. Reducing lhe 
motherboard footprint gener
ally requires more layers. 
Smalle r footprint s push the 
mothe rboard s components 
closer together, which means 
more copper wires are closer 
together. Adding layers insu
lates lhose wires from interfer
ing with each other. But in 
creasing the layer count adds 
manufacturing steps and trans
lates to increased cost, says Jim 
Turley, who is senior editor of 
the Mic roprocessor Repo rt 
(Sebastopol , CA). 

Sources say lhat by using a 
four-layer process, Power 
Computing can reduce its cost 
by $20 to $25 per motherboard 
compared to Apple's molher
boards. " Using the AT chassis 
is a really shrewd idea," Tur
ley says. 

Tests done on prototypes of 
Power Compuring's desktop 
system using lhe 680x0 version 
of BYTE's benchmarks indi
ca te an overall performance 
comparable to that of Apple's 
Power Mac 7100/80 for Power 
Computing's 80-MHz desktop. 
BYTE's tests also indicate lhat 
Power Computing's 100-MHz 
tower system turned in a per

iMac Clone'Veridiirs'at aGlaii'ce' 
Radius .• (408) 541-6100. Will 
build high-end Mac-compatible 
systems for high-end video 
editing and color graphics. 

Power.Computing, (408) 5'.?6
0500. Will use PC components 
along with 'standard Mac 
components to introduce low
cost PowerPC and, later, 680x0
based systems. 

Cutting Edge, (619) 441-6992. 
First systems will be 680x0- · 
based. highly expandable 
midrange systems. 

formance identical to that of a 
Power Mac 8 100/1 00. BYTE 
will rev iew the fin al systems 
in a later issue. 

Volume purchasers of Macs 
look forward to Mac clones. 
" Pricing i import ant," says 
Theresa Woodward , who is a 
purchaser fo r Dartmoulh Col
lege ( Hanover, NH ), which 

currentl y has over 8000 Macs 
and buys 1500 more annually 
for new stu de nts. " If the sys
tems are I 00 percent compati 
bl e [and cos t less than Ap
ple's], we' re more than willing 
to go with the clones." 

Deve lopers are wa iting to 
see how well Apple's strategy 
succeeds befo re committing 

new programming resources . 
' ·The Mac is currently a lower 
priorit y [ in Lo tu s Deve lop 
ment 's prese nt ation-graphic 
products] than Windows and 
OS/2" says Nin a Mcintyre, 
general ma nager of Latu 's 
graphics products group. " l t' s 
definitely a wait-and-see situa
tion ." 

SERVER TRENDS 

Low-End Servers Grow Up 

I l ' s easy to tell lhe difference 

between low- and high-end 
Inte l-based LAN server sys
tems: The processor, installable 
RAM , cache s ize, a nd hard 
di sk capacity are usually big
ger or better in the high-end 
servers. However, other vita l 
features are becoming more af
fordable for vendors to imple
ment across d1eir entire server 
lines as more users demand 
low-end (under $5000) servers. 
As a result , high-end features 
such as fault tolerance, disas
te r recovery , and remote ad
ministration are migrating to 
the low end. 

" Features that were typical
ly found in high-end servers 
used for mission-critical appli 
cations are being demanded in 
less expensive servers," says 
Mary McDowell. director of 
systems product marketing for 
Compaq Computer (Houston , 
TX). Compaq stirred up th e 
low-end market with its mid
February announcement of the 
ProSignia 300, a sy tem that 
will start al $3200 and will in
clude a 75- or 90-MH z Pen
tium configuration. ECC (er
ror-correction code) memory, 
Compaq's T1iFlex /PCI System 
Architecture , SNMP-based 
erver management software, 

and olher features typically as
soc iated with the high end. 

PC-server vendors predict 
these features will migrate from 
the high end to the low end: 

SM P (symmetric 111ultipro
cessi11g). Compaq recently re
placed the ProLiant IOOO, a sin
gle-processor model, with the 
SMP-upgrad abl e ProLi ant 
1500. Vendors' future models 

Server Sales Go Up 
Units (millions) Revenue (billioilS of dolars) 

.s1~ m41m 1~ 1m 1m 1~1~1~1~1m1m 

~I and predicted wartdwlde server l•D ~I~ In temll of unband 
,__, For1994, llpres are estimated. For 1995 on, Iller',. fonlcasled. 

1-----------
are bound to bring die SMP op
tion down to even less expen
sive models. 

Cache type. Closely ali gned 
with SMP is the cache i ue, 
because servers that acquire 
mul tiprocessing capability will 
initially do so using a shared 
cache. Some examples arc the 
ProLiant 1500 and AST Re
search's Manhattan P series. 
Not expected to fi lter down d1is 
year is a dedicated cache per 
CPU, but there's no s lowing 
die growth of the shared cache. 

ECC memory. ECC is now 
becoming a checklist item for 
low-end server buyers. IBM. 
Hew lett-Pac kard , and o thers 
will probably follow Compaq's 
lead in providing ECC across 
die board, offering it at least as 
an opt.ion. Marketing wars may 
ensue when schemes like Com
paq's Ad vanced ECC-whi ch 
corrects up to 4-bit errors-mi
grate. perhaps this year, to the 
low end. 

Disk arrays. For small LAN 
servers with low CPU utilizn

tion, a software-based disk ar
ray uses th e server CPU to 
suipe redundant copies of data 
across arrayed drives. If one 
disk fa ils in a RATD-5 array , 
the o ther dri ves can maintain 
the data. But hard dri ves and 
the more effi cient but expen
s ive hardw are controllers , 
which use a RISC processor 
for lhe striping, w·e also coming 
down in price. 

Manageability. IBM' Net
Finity, Compaq's Insight Man
ager, and HP 's NetServer As
sistant compete at lhe high end, 
and wherever possible, vendors 
are bringing features such as 
remote management and repli 
cated softwa re installation to 
the low e nd . As workgroup 
servers add application serving 
to their current fil e and print 
ervice responsibilities, com

panies need to remotely man 
age and monitor servers at re
mote locations that don ' t have 
on-site database administration 
personnel. 

-Ed Perratore 
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News&Views 

GRAPHI CS MEMORY ARCHITE C T U R ES 

Faster Graphics Cards on the Horizon 

P c buyers will see a tre

mendous leap in graph
ics performance at the end of 
thi s yea r or earl y nex t year, 
thanks to new kinds of graphics 
memory. In the past, graphics 
chip makers increased perfor
mance by doubling the num
ber o f bits that th e g raphi cs 
contrnller could process at once 
(e.g., mov ing fro m 32- to 64
bit-w ide graphi cs a rchitec 
tures). Although Number Nine 
Visual Technology's (Lex ing
ton , M A, (617) 674-0009) 
I magi ne- 128 ($999) graphics 
card uses a 128-bit gra phics 
controller, other card vendors 
believe that doubling the con
troller interface past 64 bits is 
no longer cost-effecti ve. 

Dean McCarron, an analyst 
with Mercury Research (Scotts
dale, AZ), a PC chjp marke t
ing and consultin g fi rm , says 
the num ber of pin s req ui red 
and the size of the die are so 
large, among other problems, 
that the price/performance ra
tio of 128-b it controllers is not 
compelling. 

Vendors are using or evalu
ating new memory architec
tures that offer better perfo r
mance th an DRAM but cos t 
less th an the usually more ex
pensive video memory . Ana
lys ts predi ct th at the change 
will improve graphics perfor
mance by 400 percent or more 
over current DRAM solutions 
in low-end and midrange PCs, 
with a mark up of about $9 for 
low-end card manufac turers . 
Use rs sho uld see pri ces fo r 
video-me mory-t y pe pe rfo r
mance drop slightly while per
form ance increases, improving 
motion video quality and mak
ing it poss ible to integrate 3-D 
acceleration into regular graph
ics contro lle r chips. 

It 's too early to te ll which of 
the many new memory arch i
tectu res-there a re at leas t 
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e ight- will ga in enough ad
herents to lower prices signifi
cantl y. PC and card vendors 
must evaluate other fac tors than 
perfom1ance alone. Also in the 
mi x are cost and availability of 
chips and second sources. EDO 
(Ex tended Uata Out) DRAM 
a nd SDRA M (s yn chro no us 
DRAM) have enough backers 
to ensure that they will virtu
a ll y repl ace standard DRAM 
on low-end and midrange PCs 
thi s yea r, manu fac ture rs and 
analysts say. 

EDO DRAM chips, which 
are avai lable from severJI man
ufac turers (e .g., Micron, NEC, 
and Samsung), offe r about 20 
percent faster performance than 
that of standard DRAM. This 
type of memory is a lready be
ing used interchangeabl y with 
sta nd ard DRAM by board 
manufac ture rs . By the end of 
the year, it will be widely used 
and as inex pensive as standard 
DRAM, says Jim Handy, di
rector and principal analyst fo r 
Da taques t (San Jose, C A) . 
EDO DRA M gets its perfo r
mance improvement by load
ing data at the same time it is 
sw itchin g to a new address, 
ra the r than wa iting be tween 
these operations, as standard 
DRAM does. 

SDRAM approaches video
memory performance. ll can 

se nd data fa ste r because a ll 
its parts are synchroni zed, or 
tuned to a clock, so the system 
doesn ' t have to wa it a. long 
between data accesses to en
sure the integrity of the in fo r
matio n, as standard DRAM 
does. Many graphics manufac
turers have endorsed SDRAM. 
Prices will drop enough that it 
will add no more than a I 0 per
cent io 20 pe rcent premium 
over standard DRAM, McCar
ron says. 

Whether speedier, more ex
otic form s of memory such as 
MDRAM (multibank DRAM) 
cu1d RDRAM (Rambus DRAM) 
will achieve high enough sales 
to let their prices compete with 
s ta nd ard DRAM or vi deo 
memory is still undetem1ined. 
MDRAM a nd RDRAM are 
bo th capable o f achi evin g 
peeds faste r th an those of 

video memory. Both memories 
a re s ing le-port ed , a ll ow in g 
their full bandwidth to be allo
cated dyn amicall y where it's 
needed , rath e r th an a lways 
keeping half in reserve to re
fresh the screen, as is the case 
with video memory. 

MoSys (San Jose, CA), the 
company that make · MDRAM, 
and Rambus ( Mountain View, 
CA) have promised their mem
ories will sell fo r no more than 
a 20 perce nt pre mi u m over 

standard DRAM . Whether this 
is achievable depends on how 
much demand there is fo r their 
products, McCarron says. 

While many companies have 
praised MDR AM fo r its per
form ance, they have not rushed 
to ado pt it. T hi s is because 
MoSys is new and hasn' t ye t 
announced a second source, 
says Jon Peddi e, principal of 
Jon Peddie Assoc iates (Tibur
on, CA), a con ult ing company 
that specia lizes in compute r 
graphics ha rd wa re . Rambus 
has several suppliers. RDRAM 
has been endorsed by C irrus 
Logic, a suppl ier of graphics 
memory controllers. It will also 
be used by Ninte nd o in its 
forthcoming Ultra 64, a 64-bit 
video-game system. The Ni n
tendo relationship should boost 
Rambus's volume sales. 

A new type of dual-ported 
memory from Samsung, known 
as WRAM ( W indow RAM), 
will offer performance that's 
up to 50 percent better than that 
of the fas test video memory 
available today, M atrox offi
cials claim, but at a price that's 
20 percent lower per bit. Ana
lysts do n' t ex pect WRAM to 
drop to DRAM prices because 
its dual-ported architecture re
quires a larger and more ex
pensive di e. 

-Cate T. Corcoran 



The new Watcom CIC++ 10.0 
development system implifie · and acceler
ates developmen t of high-perfonnance, 
multi-platfonn 16- and 32-bit applications. 
Watcom CIC++ I0.0 delivers productivity 
and pcrfonnance, combining our state-of
the-a11 compil er technology wi.th a new, 
integrated develuprm:nt environment 
(IDE) and comprehensive set of tools. 

New Integrated Development 
Environment and Tools TI1e new IDE is 
built to simplify the complexi ties of real-world 
application development and make it easy to exploit 
the hi gh-perfonnance, multi-platform power of 
Watcom CIC++ 10.0. In a single "project" you can 
build multiple EXEs, DLLs, and LIB s, targeting 
several different platfonns. The IDE simplifies each 
stage of development from compiling and linking to 
debugging and perfonnance tuning.The package 
includes versions of the IDE and too l for all three host 
platfonns (Windows 3.x, 0512 2.x and Windows T). 

ultiple Platforms in aSingle 
Package Watcom CIC++ 10.0 supports 

development of applications targeting an 
incredible array of platfonns: DOS , Windows 

.x , OS/2 I.x , 32-bit DOS (i ncludes royalty-free 
S extender) , 0512 2.x, Windows NT, Win32s. 

2-bit Windows 3.x and Novell NLMs. To 
maximize 1he poten1ial on individual 
platfom1s, Watcom CIC++ 10.0extends the 

capabilities of 1he core, multi-platfonn toolset 
with pla1fom1-spec ific tools, SDKs and libraries. 

This extensive uppon is amplified by the cross
platfonn capabilities of the [DE and cools, which enable 

building applications for a wide range of target 
environments from any of the host systems. 

he Best Optimization Technology Watcom CIC++ lO.o 
combines both 16- and 32-bit compi lers in a single package, providing 

you with the indu try-leading optimizing compiler team. PC Magazine 
tested perfonnancc of industry standard Cand C++ compilers and said : 

"the fastest executables created during te ting came from Watcom CIC++32 , 

Version 9.5, while 1he 16-bit ver ion of 1he same compiler produced the smallest 
executables"'. Now, wi1h Watcom CIC++ I0.0, this competitive advanlage is 

delivered with our easy-to-use development environment and tool s. 

atcom CIC++ 10.0delivers all this in asingle package! 
•New integrated development environmen t 

hosted on Windows, OS/2 and Windows NT 
• Comprehensive suite of multi-plalform 

development tools includ ing debugger, 
browser, profiler and more 

• Professional source editor. resource editors, 
testing and monitoring tools hosted on 
Windows and Windows NT 

•Target Platforms include: 
16-blt: DOS •Windows 3.x • OS/21.x 

• Both 16-bit and 32-bit compilers for Cand C++ , 
the industry's best code optimizer, laster compile 
times wilh pre-compiled headers, C++ supports 
templates , exception handling and the Microsoft 
Foundation Class library (MFC) 

• Licensed components from : 
• Microsoft Windows 3.1SOK 
• Microsoft Windows NT SOK 
• Novell NLM SOK v4.0 
•I BM OS/2Toolkit v2.1 

Watcom CIC++ 10.0 includes a source editor with syntax 
highlighting. a suite of resource editors, testing and 
monitoring tools for Windows 3.x and NT development. 
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T/1e advanced multi-platform debugger accelerates the 
development cycle by increasing the bandwid//1 between 
you and your application. 

32-blt: Exlended DOS • Windows NT • Microsoft MFC Class library 
• Win32s • OS/22.x• 32-bit • Includes Ralional System's DOS/4GW 32-bit 
Windows 3.x • Novell NLM DOS exlender with royalty-free distribution 
• AutoCAD ADS/ADI • Significantly expanded and revised 

Suggested Retail Price: 
Watcom C/C++ 10.0CD-ROM Edition 
(CDROM with on-line documentation) 

Watcom C/C++ 10.0 
(CD-ROM with printed documentation) 

Upgrades:
(for owners of Watcom CIC++11 or Watcom CIC++'6 v9.5) 

Watcom CIC++ 10.0 
CD·ROM Upgrade Edition $149* 
Find It At CompUSA and Egghead or call 

1-800265-4555 

on-line documentation 
•And more! 

Watcom 

A Powersoft Company 

Watcom International 415 Phillip Street, Waterloo, Ontario, Canada N2L 3X2 Telephone (519) 886-3700 Fax (519) 747·4971 
·Price in US dollars. Does not inciude height and taxes where applicable. Authorired Clealers may sell for less. Walcom and the Ughtn lng Device are trademarks ot Wa1com lnternatlonal Corp. DOS/4G Is a lrildemark ol Rational Systems Inc. Olher 
uadema1ks are propertMs of their respective owners. CCopyrlgflt 1994 Warcom ln1ernational Corp 'PC Mag.aline, M.arch 29, 1994 
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News&Views 

NETWORKS 

Microsoft Furthers NetWare-to-NT Transition 

M icroso ft continues to Windows for Workgroups and Workstation and the forthcom Prior to FPSNW. eliminating 

ease the transition for Windows NT Server, which al ing Windows 95, which let Net Ware servers would require 
users migrating from Net Ware lowed for such configurations those operating systems use the LAN administrators lo throw 
to Windows NT Server with its as a computer running Win file and print services of a Net away their investment in Net
File and Print Service for Net dows NT Server and SQL Ware server. Ware clients . With FPSNW, 
Ware, or FPSNW. Currently Server on a Net Ware LAN. FPSNW, says Lewis, " is for when users log on to a Win 
undergoing beta testing. with Microsoft also added NetWare people who want to get away dows NT server, it looks the 
a shipment date dependent on client support to Windows NT from NetWare servers, period." same as a NetWare server. This 
customer feed- way, companies that want to 
back, the FPS W eliminate NetWare server cani= MS-DOS Prompt 
utility makes Win !!]: '.. ,J OH> ulio.n1i ... do so ri ght away and replace 
dows NT Server the client software when they 

\ 1011 ,•1•1: 11'.;t•J• JOH tJ ._1tt..n:lwd to ::1:1 · ve1 · OllHl01.JN . co11r11~cl. ion ·1:-~ .• 
look Ii ke a Net Se1·v1:1· OllHTCJUN i:; runni11q Net.U.11•t: ._,J . 11 (Ujtl u~i:1·).• are ready. 

I.0!1 in t irw: Tl1111':;11.-t~J D1·;:1:r1h1!1' :~:~ ... 19')'1 1 :'1·1 ,n-i•
Ware 3. x file and FPSNW alone probably 
print server. Yo11 di'(: ll'.;1:1· cc_ u~:[R l\f. Lu: lied to ::c i·ver HllOI'~:(J[J ',' .. ClJllllt'Ct ion 1H. ( 


~:1:1 ·1.n:I' Hlll1P~)00 1/ i:: run11j1,!1 ~frt\}.u·t~ u).J 1 <!;n 11::•:1').< won' t convince users to choose 

Lw1 i11 t i1w: TlnlP:;fl,t y D1:c cnhe r '.~?. _ J ')'}·1 1: w. )Hl'
FPSNW should NT Server over NetWare. But 

appeal to compa '/ou .11· e 11::1~1· JOH._11 <\tt.iched to :;1:1· \ . .lf!I ' LllPEH .. r:o1111ect ion l .• it 's easier for companies with 
~)1Tv1:l' IJll'U~ i:: 1·11n11iw1 Ui11<lo1, ·; Hr vJ.~>.·

nies that are tap Lo~1ir1 tirw: Tln11· :-:d<t9 ll1:r.er1JH·1· ~2 .. t<J9·1 3 : :~·} 1n-1• NetWare installations to choose 
ping Windows NT NT as an applications server 
Server as an appli- now and replace the NetWare 
cations server to client later (e.g .. when Micro

Wrth Microsoft's File and Print Service for NetWare, users can log on to a Windows
host mission-critical programs soft releases Windows 95). NT server that looks just like a NetWare server. The utility lets companies consolidate 
such as SQL Server but don ' t on Windows NT and upgrade their NetWare clients at a tater date. -Jon Udell 
want to maintain another NOS 
(network operating sys tem) 
server-NetWare-for file and 
print services. With FPSNW, 
co mpanies can deploy one 
server to handle file, print , and 
applications services without 
having to change their current 
Net Ware client software. 

FPSNW is the latest in a se
ries of Microsoft initiati ves to 
offer a migration path from 
NetWare or s imply use NT 
Server on et\Vare LANs, ex
plains Jamie Lewis, president 
of the Burton Group (Salt Lake 
City, UT), an in formation ser
vices firm that specia li zes in 
network computing. Prior to 
Windows NT, Lewis explains, 
Microsoft required you to run 
SQL Server on it OS/2-based 
LAN Manager. That strategy 
backfired because most use rs 
weren't wi lling to ditch their 
NetWare investment just to run 
SQL Server. "Microsoft real 
ized they had to accommodate 
reality," Lewis says. 

The first step in tho e ac
commodations was Micro oft ' 
addition of support for Net
Ware' s !PX/SPX protocol to 
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INTERNET 

Free Rides Are Disappearing 

U nisys recently decided to 

co ll ect li cense fees for 
the data-compression algorithm 
used in GIF, a popular graphics 
standard of the on-line world. 
This illustrates how certain In
ternet components that users 
now take for gran ted may 
eventually cost them money. 

Seven years after its patent 
on the LZW (Le mpe l-Ziv 
Welch) data-compression al
gorithm had been granted. 
Unisys (Blue Bell, PA) began 
requiring Licensing fees for pro
grams using LZW. Compu
Serve's (Columbus, OH) GfF 
uses LZW. Last year, develop
ers in the graphics and on-line 
communities expressed dismay 
when CompuServe announced 
that as a result of Unisys's re
quest for licen. ing fees , Com
puServe would tart charging 
fees for programs that use GIF 
images. 

For years, GIF. while copy
righted by CompuServe had 
been a de facto standard as well 
as a popular graphics format 
for graphics and desktop pub
lishing. Faced with a storm of 
disapproval from deve lopers 
and users, CompuServe said it 
would coord inate the develop
ment of a non-LZW follow-up 
format called GIF24, which 
will be a 24-bit, lossless open 
graphics format. 

This controversy made users 
more wary of in fo rmal open 
standards and helped dispel the 
notion that the Internet and its 
resources are free. Jeremy Al
laire, who is president of New 
World Media (Minneapolis, 
MN), a company that tracks 
trends and eve nts in on-li ne 
publishing. ays that user who 
assume that everything on the 
Internet is free are "sadl y mis
taken." 

Some costs associated with 
the Internet, such as network 
setup, can be hidden from users 
when their emp loyer pays 
them. Other co. ts of using the 
Internet will become evident 
to end users due to supply-and
demand issues. Users who 
can ' t afford to wait the half 
hour or so it can take to access 
a Veronica or Web searching 
site during its busiest hours 
may have to tum to surcharged 
Internet services. 

Meanwhile, developers are 
exploring GIF replacements, 
including Graphics Exchange 
Format (a version of GIF that 
doesn' t use LZW), the Portable 
Bit-Map Format, and the Free 
Graphics Format. Other devel
opers are exploring the use of 
preexisting graphics fonnats in 
their applications, such as the 
open JPEG format. 

-Steven J. Vaughan-Nichols 
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Core] CD Creator records CD-ROM, CD-Audio, and mixed mode discs in a few 
easy steps. Simply design the layout of the information and let Corel CD Creator 
record your disc using any Corel certified recorder! 

So Easy! So Powerful! 
• 	 Creole layouts in only o • Doto and audio con be 

few steps recorded lo the some disc 
• 	 The Disc Wizard guides • Supports single session 

you through every step and multisession discs 
• 	 Add information from • Allows incremental or 

other applications multivolume sessions 
using "drag and drop" on multisession discs 

• 	 "Drag and drop" layout • Writes MS-DOS or 
design using OLE 2.0 IS0-9660 format 

Corel CD Creator worb with the following recorders: 
Kodak CD Wriler 200+ Phillps CDD521 /522 Ricoh RS9200CD 
Kodok PCD200/225 PhifipsMog"°""x CDD52 1 Smor1 & Fricndly CD-R 1002/2000/ 4000 

t ,\ . i ~ 
(WD_,_,, ...ir 

Mlcroboorcn Playwrite 1000 Plosmon RF4000/Rf4100 Yomoha COE 100/ CDR 100 t~205e 
... wilh more added monlhlyl 

Ideal For: 
• 	 Archiving data 
• 	 Distributing data 
• 	 Mixing music 
• 	 Multimedia 

presentations 
•	 CD-ROM 

publishing 

CONFEREHCE 
& SHOWCASE 
June 1-Z 1995 
Ollllwa, Conoda 

We ship 

1-800-359-0633 
Call 14· hnurs u day 


Or nrdn ''la lnt~rnnl 


INfO@lNSIGHTO.CO.I! 

•USS plus•~ 
...... •nd ablpplng. 

Circle 66 on Inquiry Card. 

mailto:INfO@lNSIGHTO.CO.I


News&Views 

INTERNET 


The Net's Next Big Thing: Virtual Reality 

A pl atform-indepe ndent " move" through space. Each 

standard for VR (virtual selection causes a network re
reality) called YRML ( Yirtu- quest to the Mosaic server that 
al Rea lity Markup Language) re nders a ne w scene and/or 
could make navigating through loads a new HTML page. 
on-1.ine museums, libraries, and However Sandy Ress ler, 

ma rk e tplaces EliiELBBimlli!illiiiii::ED who is project 
on the Internet 
as common as 
interacting with 
textu a l infor
mation is on the 
WWW ( World 
Wide Web) to
day . By the 
time you read 
this, YRML pi
o nee r Mark 
Pesce ex pects 
to have the 
fir st freeware 
VRML author
in g tool s and 
browse rs for 
Windows, Mac, and Motif plat
forms available on the Internet 
( http://www.eit.com/vrml/). 

Most of the current effort 
inc luding YRML- revolve 
around no nimmers ive ( i.e., 
special headset or helmets are 
not supported) YR. 

YRML 1.0 is based on a 
subset of Silicon Graphics' 
(Mountain View, CA) object
oriented Openlnventor 2.0 3
D scene and graph.ics descrip
tion file fo1mat. Developers use 
VRML 1.0 to create objec ts 
that are rendered as an Internet 
user " walks" th.rough a virtual 
room. Developers can attach 
hot links to HTML ( Hypertext 
Markup Language) o user 
can click on an object and view 
additional text or images. 

YR on the Internet does not 
require VRML. Using in-line 
graphics-good old-fashioned 
Mosaic with pictures in it 
you can view graphics in the 
middle of a Mosaic page. By 
pushing a button th at moves 
the po in t of view fo rward , 
bac kwa rd , or s ideways, the 
graphi cs are upd ated as you 
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VRML browsers from companies such as 
Template Graphics Software (San Diego, 
CAI will let Internet users interact with 
nonimmersive VR applications. 

le ader o f the 
Ope n Virtua l 
Reality Testbed 
al the National 
In stitute of 
Standards and 
T ec hnology 
(Gaithersburg, 
MD), says the 
in-line meth
od 's drawback 
is performance. 
" You don ' t get 
the real-time 
response of 
YRML, . he 
says. VRML is 

file-based , and once a 3-D 
scene is transferred to your ma
chine, perfom1ance is as fast as 
yo ur local PC ca n de liver. 
Also, because VRML is based 
on Openlnvention, which sits 
above Silicon Graphics' Open
GL graphics library, OpenGL 

accelerator cards will acceler
ate VRML. 

The prospec t of wide ly 
avai lable VRML browsers re
ceived a big boost when Sili 
con Graphics published the 
source code for parse rs of 
VRML so developers can write 
YRML vie wers. Companie 
such as Netscape Communica
tion s (Mountain View, CA , 
(4 15) 528-2619) and Template 
Graphics Softw are (Saa Diego, 
CA, (619) 457-5359, http://www 
.sd.tgs.comrtemplate) plan to 
integrate VRML into viewers. 

Companies such as TGS arc 
a l o deve loping YRML au
thoring packages. Rik Carey, 
manager of 3-D graphics soft
ware at Silicon Graphics, notes 
that writing tools that convert a 
fil e from a specific modeling 
appli cation ' s fil e format to the 
VRML format should be pain
less. " If you can write an au
thoring tool, you can convert 
it to VRML," he says. Other 
toolkit developers are taking a 
wait-and-see attitude. 

" My feeling is a lot of very 
goo d ideas have gone into 

NElWORKED VR FROM ACAVE 

VRML and it may be a stan
dard that follows HTML into 
the big league ," says Kevin 
Yurica, product manager fo r 
Autodesk's (San Rafael, CA , 
(415) 332-2344) Cyberspace 
Developer Kit, which is a C++ 
class library for developing YR 
appli cati ons and s imulations 
fo r Windows and Windows 
NT. "CDK is consistent with 
the direction th a t YRML is 
moving toward , but there are 
some issues that have to be ad
dres ed ." 

One of those issues is the 
lack of support in VRML 1.0 
for assigning inte racti vity at
tributes to 3-D object . For ex
ample, with YRML 1.0, you 
can walk around and look at a 
3- D re presenta ti on of three 
balls atop a table, but you can ' t 
currently push the table over 
and watch the balls crash into 
each other. Pesce and others 
ay a future ver ion of YRML 

will acid that support, a long 
with support for letting multi
ple people interac t with each 
other in a virtual world . 

-John Vacca 

M
ost Internet VR (virtual reality) projects don't sup

port Immersion, where you wear a helmet and 

gloves and are immersed in a si ulated. environment. 
But researchers at the Electronic-Vislfallzation Labo
ratory at the University of lllinors.at Ch(cago ((312) 
996-3002) have de\leloped a el for netwQr\ted 
¥. d a Cave. , 
· . e is a :fo environrne . gnsrsts·ot ~ 10,, 

0: by 9-foot room wflh three[!1ar-projectlon screens 
fo~ the walls and a down-projection screen tor the 
floor. Instead of wearing a helmet, viewers wear LCD 
stereo shutter glasses that separate the alternate 
fields.going to the eyes. Images on the screen ·move" 
witli the viewers and surround them. An image's d~ 
rection and positioning are determined by a person 
wearing a magnetic tracking device from Polhemus 
(Colchester, VT). The computel'S supplying the power 
pellind a Gave are from the Silicon ·Graphics Super· 
computing Systems Division. They ean handle the bl~ 
lions of FLOPS required when interacting with com
plex representations of weather patterns, seismic 
activity, or Industrial CAD/CAM designs. 

Tom DeFanti (Tom@uic.edu) the tlirector of EVL, 

says that so far, researchers exPloring networked 
Ca~G-Cave simulations have proven the concept of 
remote person-to-person lmmersive' reality by per
forming. basic actions (e.g., one person "touches" 
another person's head) over the Internet using a T1 
line. for more complex applications, DeFanti is wait· 
i~~ior ti\IBtion later this sp~ng;qf a ~BNS ~Very, . 
ti1gf)"~,,a hNetwork! Service) .lme\)iat will dedicate _ 
a 1'55.Mbps ATM (asynchronous transfer mode~ line 
befween two supercomputer centers. 

ACave represents the high end in networked VR. 
DeFanti notes that solutions like VRML can't address 
the needs of these high-end VR applications. "If you 
need to sit in asimulation of a car, you want to reach 
out and see that everything is in the right place,· he 
says. "You can't do that In a wol'Hstation." As you 
might expect. the price of a Cav.e is high. But DeFan· 
ti says tnaHor some companies, the price Is worth it. 
"It'sbeneficial enough that several of our clients are 
building Caves,· he says. ·considering that the price 
is about $1 million per Cave, there's obviously some 
real communication going on.· 

-John Vacca and Dave Andrews 

mailto:Tom@uic.edu
http:lllinors.at
http://www
http://www.eit.com/vrml


So fast, it will push your eyeballs 

to the back of your head. 


The Tadpole PlOOO is the /OSll~SI notebook on the 

plaiiet. Hands down. In fact, with IOOMHz of 

pure Pentium TM power and PCI bus, it's probably faster 

than any workstation that's in your office right now. Add 

up to 810MB disk capacity and 128MB of RAM to the PlOOO 

for stellar performance aJiY tinle you need it. 

The PlOOO was built for sheer speed, but it was designed 

to handle the ·~ "" ~ comfortably too. Its Lexmark 

~l[)][!JJJ B l@!rn[[)J[ru with integral pointer and three 

mouse buttons is a nice touch. With lMB of video RAM, 

large 10.4" active-matrix TFT TR E COLOR 

ln1d llti!Jeand l'r:m.ium Proccuor ~ lll'r tr•~ of 1he ln1tl Q>rpot~rion. 
All 01111.•r tmJem:11k.s uSt"d h1:"1..-ln 11.n• 1>ro1>erty of their 1 ~p«th't' corponulom.. 
0 1 9!1 ~ T~dpo!t Technology. 

screen and 16-bit CD-quality sound, every presentation is a 

UU; ()IJ()()U(ll()~ . And to make a case for durability, 

we made a lightweight, rock-hard magnesium shell to 

protect the PlOOO from life's l1@Jld kno<lk~ . Best of all, 

the processor module is factory-upgradable, and the SCSl-2 

removable hard drive and memory are user-upgradable. 

This is the ILASST notebook you'll ever need to buy. 

Although the side effects of using the Pl 000 may be 

slightly disconcerting at first, just tliink of the corporate 

advantages of having your eyes in the back of your head. 

Call 1·800·232-6656 today! 

United States: 512 219 2200
TADPOLE Fax: 512 219 2222 

United Kingdom: 01223 428200
TECHN OLO GY 

Fax: 01223 428201 

France: 1 60 86 27 92 


Fax: 1 60 86 27 89 
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News&Views 

WINDOWS SUITES 

PerfectOffice a 

Strong Contender 

W ordPerfect's Perfect

Office is a latecomer 
to the Windows applications 
suite market , followi ng Mi
crosoft Office and Lotus 
SmartSuite. But an informal 
survey of PerfectOffice users 
indicates tha t WordPerfect 
(Orem, UT, (80 I) 225-5000), 
Novell 's Applications Group, 
has a strong contender. This is 
es pec ia lly so for users who 
want to integrate several appli
cations in doing a single task. 

PerfectOffice includes the 
WordPerfect 6.1 word proces
sor, the Quattro Pro 6.0 spread
sheet, the Presentations 3.0 pre
sentation-graphics program, the 
lnfoCentral PIM (personal in 
fo rmation manager), the En
voy portable document view
ing and publi shing so lution, 
and a Group Wise client, for E
mail , calendaring, and sched
uling clients . A professiona l 
version adds the Paradox win
dows database and App Ware, a 
v isual development tool. We 
interviewed seven PerfectOf
fice users to determine their fa
vorite integration features: 

PelfectScript: This task-au
tomation language, which lets 
users record macro commands 
across app lica ti ons without 
having to learn a programming 
language such as Visual Basic, 
was a big hit with users. Per
fec tOffice, which is similar in 
its syntax to Microsoft's Visu
al Basic, al so lets you write 
macro commands from scratch. 
But several users , such as 
Bruce Norton, owner of Nor
ton Innovation (Li titz, PA), a 
VAR and consultancy , sa id 
Perfec tScript' s strength is its 
record feat ure th at Je ts yo u 
quickly start automating tasks 
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across applications. 
Envoy: Users were intrigued 

by the possibilities of Envoy. 
It lets you print a document to 
a portable fi le format and dis
tribute the file to Mac or Win
dows PCs users so they can 
view and annotate the docu
ment. " I think Envoy has 
promise in the area of work
group collaboration ," says Paul 
Dalton, partner at the law firm 
Jackson & Walker, which has 
fo ur offices. "With a product 
like Envoy, you can publish a 
document, and everyone reads 
it and can add annota ti o ns 
without touching the original." 

DAD (Desktop Application 
Director) and CUI (Common 
User !11te1face): DAD gives 
users quick access to Pe r
fec tOffice applicat ions, and 
users said the CUI he lps cut 
down on u·aining. 

NeMork integration: Users 
li ked the integration of Pe r
fectOffice with NetWare, say
ing that install at ion over the 
network was easy. The Group
Wise client provides a sing le 
electronic inbox for calendar, 
E-mail , and schedule items for 
GroupWise installations. 

Some users eagerly antici
pate the further network inte
grati on th a t WordPerfect is 
planning fo r future PerfectOf
fice versions. These include in
tegration of GroupWise with 
NetWare's Directory Services, 
integration of the lnfoCentra l 
ca lendar with that of Group
Wise, and PerfectOffice Select, 
a CD-ROM of WordPerfect 
and third-party applications 
that is due to ship thi s spring 
and that will let users select 
and pay for-only the applica
tions they need. 

-Dave Andrews 

At fi~ glance, Utah appears to be just another Windows GUI builder, 

or so I thou~ when I initially examined the package's documenta· 

tion a"!I explored the multimedia demonstratio~ supplied on th~fD.

ROM. l'was skeptical, parti,Cularly when the documentation lnln>!'uCed 

Semantic Information Techii'oklgy, a term that refers to the model at the 

heart of Utah. After all, the data-processing landscape Is swimming 

with new "technologies," each poised to "rewolutlonize" the~ of 

getti,n_J: !I computer to d11 usetul work. 
B\ft'Utah, wlilch Is sold.by VlewSoft (Provo,·UT, 18011 37Z·P78,7), Is 

unlgue. Yes, It's visual: You cllck on a button to create a blank windilw · 

ancl ~lick on more buttonS to populate the window with editable enby 

field$. scroll bars, radio buttons, or bit maps. Yes, it's objecto:Oriented: 

The on-screen Items Just mentioned are not treated as code resour:ces; 

they~·fuyldled as diStnite objects.that respond io e~·events•(e,g.., . 
a mouse-click). · · 

However, Utah goes a step beyond. You don't·JuSt build a scroll _bar 

as something to whlch·you wm later attach an iictivity. You can price a 

scroll .bar on-screen only after you've defined a data Item that the · 

~.roii.barwlfi be'lfn~ed \O~The scroll bar~ an a~ '" · 
: of tfie data. · · , ., . · 

· Here's an ~mplil: $oppose you had a nunieric data-enti:y field that 

was a brightness setting for the computer's monitor-zero is com

pl~. dark, 100 Is full intensity. You might want to pl'O\'.ide a hori· 

zontaf scroll bar In th.e form of a slider, just uildel" the data-entry field,, 

whif:~ 'the user could adjust with the mouse. 

in ffie Utah way of bulldigg GUls, these two items are alternate views 

into the same data: one textual, the other graphicaL Utah doesn!tlet you 

buDifthe data-entry field, bulld the slider, and then decide which data 

vai:fable to attach them to. It does the opposite: You define a variable 

aifc! then decide how It is to be represelited and manipulated on-~reen. 
'fl!e° result is that, in the example I've given, the data-entry field and 

slider are not Cll)ly a means of modifying tlie variable, but they track the 

variable and are thus automatically synchronized with one another. 

~e the slider, and the number In the data.entry field Increment$ a~ 

dec"!!"ents; modify ~e content of the dirta-entry field, and the $,!i~ei' 
~ons itself propei;ty. · · 

Building such objects in Utah requires nil coding on the part of the 

a~er. Utah emits the C.H code that you teed to either, the Borland 

or Microsoft compiler. '(I tested Otah wiUi Bortand's complle~. ,IJtah.. 
pr'eb~jlds the project f1ir1ou1 ready to drop into Bortand's ID~) ~r 
yet~ ·even before you.get to the compile stage) you can test your apPli· 

cation in Utah's simulation mode. Al the liutlDns, boxes, sllders, and data 

fields operate in simulation just as they will in the final application. 

There's no compile-test-oops-recompile-retest cycle. 

The Windows venion of Utah costs $495. The NT venion.costs 

$695, but that Includes the Windows venlon for free. B~ the.time you 
read tfiis, It's likely that the Unix venlon wm be available. Utah arrives 

overflilwing with bit maps, buttons, and sliden--everythlng you .need 

to build a top-notch user interface. And because It's all C++, you can 

extend the existing set of objects to build custilm versions of Yi>&!r own. 
IJti!h is definitely worth a look If your GUI building gives you headache&. 



THE POWER HUNGRY. 

s 

THE TRULY SATISFIED. 


NUMBER NINE 
VI S UAL TECHNOLOG Y 

•PC COMPlJTING, 1 H94. IMJiGIN E IS ATRAOEM.t.RK ANO HAWXEYE IS A. REG ISTERED TR.4.0EMARK OF NUMBER Nttl[ VI SUA.LTrCHNOLOGY. ALLOTHER TRti.OEV.ARKS ARE THE PROPERTIE S ar THEIM R::SPE CTWt OWN ERS. 01 995 NUMBER NINE VI SUAL TEC HN OLOGY. 

Circle 87 on Inquiry Card. 

http:TRAOEM.t.RK


News&Views 

CONTENT LICENSING 

Legal Land Mines Cloud Multimedia 

Diamond-Film Hard Disks?

T he world of multimedia pare the pricing 
SURVEY: WHAT SHOULD BE COPIED FOR FREE (see "Diamond Fi lm Has development is filled with of a two-page 

Promise for Tough Hardmore hidden legal land mines written piece The U.S. Chamber of Commerce's Telecommunications 
for developers than any other with that of a 2- Infrastructure Task Force surveyed 1600 business users Disks,• May 1989 BYTE) 

to assess current and planned use of the nationaltype of product The programs second sound Information infrastrudure. Respondents ranked the types Six years ago, BYTE's Mi
bundle many different forms bite? "Tradition of Information that users should be able to copy from the crobytes section reported on 
of arti stic expression into one al I icensi ng is national information infrastructure without fees or 

promising research in the restrictions.product, and each form carries based on use ," use of di amond coatings for LAnything not copyright-encrypted.its own standards and practices says Futter. How hard disks and that such 
for getting permission from the ever, that model 2. Excerpts from articles or publications. hard disks were only "one to 
creator to make copies. You can break down 1 Complete articles or publications. three years away," according 
can'tjust digitize that neat end with a multime 4. Scholarly reports or infonnation. to Stig Hagstrom, a Stanford 
ing to Star Wars and glue it dia application. 5. BBS messages. University materials science 
into your game without getting "You may have 6. Games, songs, movies, and other entertainment products. professor. Being the hardest
permission from many people. to base things on known raw material and with 7. Anything they wantWhat it all comes down to potential use," he a very low coefficient of fric8. Nothing at all.when producing a multimedia says. tion and very high heat-resis
title are the "two Cs"- clear Futter gives tance, diamond-film-coated 
ance and cost-according to the following example to illus gallery the same as the images hard disks would be more 
Dror Futter, an attorney at the trate what new types of issues in the [virtual lobby]?" asks durable and reliable than the 
law firm McCarter & EngJjsh developers of multimedia ap Futter. current oxide and metal
(Newark, NJ). A title such as a plications are facing. Suppose Today, there are no clear plated variety. 
multimedia encyclopedia may you have a virtual-museum guidelines to help deve lopers 

Today, diamond-fi lm hardhave 300 video clips, 300 pho multimedia package that di s when they face these types of 
disks are still in the laboratos or still images, and 300 as plays a set of images every issues. " Right now , every
tory and not in the marketsociated pieces of text, all of time the program is run (this is thing's done as a custom deal," 
place. Ainissa Ramirez, a which are subject to different analogous to exhibits in the says Futter. And thi s has 
graduate student working licensing and royalty fees. lobby of a real museum). And opened the door for specialists 
with Hagstrom, says the Clearing the rights to each suppose the package has a Ro who deal in these issues. 
main obstacle to diamond on item and agreeing on a fee to man art room that requires nine For example, Total Clear
film is the difficulty in prouse each piece can be tricky. mouse-clicks to get to. " Do we ance (Mill Vall ey, CA) helps 
ducing a smooth surface. For example, how do you com- price the a rt in the Roman developers wade through the 
The other problem is that the morass of legal re
high temperatures req'uiredquirements, which 
for depositing the film on the can be daunting. Jill 
substrate tend to damageAlofs, the president 
the substrate. These probof Total Clem·ance, 
lems were raised in our origiexplains that guilds 
nal article, but the reand unions have set 
searchers seemed optimistic established rates for 
that they would be solved inthe re use of all 
the near future. types of material 

that will go into However. as is often the 
film , video, and TV case with many such under
medi a. But this is t akings, it is often a much 
not yet the case for greater leap than anticipated 
multimedia prod in moving from the laboratory 
uct s (e.g. , CD to commercial product ion . 
ROM). Multimedia Yet Ramirez is st ill opti
deve lopers will mistic. "We're still interested 
need to consider in diamond film. " He says 
preexisting content that diamond-fi lm hard disks 
early in their prod may be feasible within the 
ucts ' life cycles. next few years. We'll keep 

-Peter Wayner and you posted. -Nick Baran 
Salvatore Salamone 
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Define the 
types of 
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downloaded 
with added fees 
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restrictions. 
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t~ird parties 
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circumstances. 
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Now notebooks 

fly without aII the 


restrictions. 


Today's notebook com
puters are being designed 
with more and more desk

.	P.!!f!,iHIJf top features. Advancements 
like high-resolution graphics, motion 
video, CD-ROM, FAX/modem and other 
peripherals are making the notebook as 
functional as the desktop PC. And with 
the new Pentium® processor, notebooks 
now have true desktop performance. 

Yet a notebook computer has unique 
requirements that a desktop doesn't have. 
To avoid compromising either mobility 
or performance, the microprocessor inside 
the notebook must be designed with a 
careful balance of three considerations: 
performance, power consumption and 
thermal management 

In this technology briefing, we'll explain 
how Intel's new Pentium processor provides 
desktop Pentium processor performance 
without compromising the notebook's 
battery life or thermal requirements. 

When completed, Penllurn9 
processors resemble a 
filmstrip with a total lhldc· 
ness of less than 1 mm. 

True Desktop Perfonnance 
The Pentium processor for notebooks has 

the same architectural benefits as the 

other members of the Pentium processor 

family, including superscalar technology, 

which allows two integer instructions to 

be executed simultaneously. And because 

the Pentium processor has two clock 

speeds-it runs at 75MHz internally and 

50MHz externally-it gives you the benefits 

of the faster speed without compromising 

compatibility with system designs. The 

result is a processor that outperforms the 

lnte1DX4"' 75 MHz by almost two times 

and provides enough horsepower to 

run full-screen, full-motion video, real

time animation and mobile multimedia 

presentations. 

Tape Carrier Packaging 

Active Mat 



ix Color Display 

Two other concerns with notebooks-size and 

thennaJ issues-are addressed by the Pentium 

processor's unique Tape Carrier Packaging 

(TCP). Unlike conventional processor pack

aging, TCP doesn't encase the chip in ceramic 

and plastic, but puts a thin, protective plastic 

coating directly on the silicon. This makes 

the entire processor less than 1 mm thick, or 

about half the thickness of a dime, with a 

weight of less than 1 gram. 

TCP also provides better thermal man

agement because heat isn't trapped inside . 

an insulating material. Instead, the silicon is 

bonded to a material that has excellent heat 

Energy-saving SL Technology 

CPU Power Management One of the 
big benefits of the Pentium proces
sor is that it efficiently manages the 
rate of energy consumption (power) 
to extend the notebook's battery life. 

It uses 3.3 volts to consume an average 3-4 watts 
(vs. 13 watts on the desktop). Plus, with Intel's SL 
Enhanced technology, the CPU's clock can be 
stopped when not in use, putting it into sleep mode 
where it consumes less than 1 watt of power. 
Certain parts of the chip, such as the cache mem

ory, can also be shut down when not needed. 

System Power Management The Pentium processor 
also has the ability to control the way power is used 
by the entire system. System Management Mode, 

an intelligent operating mode 
now built into all of Intel's pro

cessors, allows the processor 

to shut down notebook periph 

erals when not in use. This 
saves energy since they are only used on an "as 
needed" basis. A suspend button, or the elapse 
of a specified time period, activates this mode. 
Returning to the prior operating state is instan
taneous, recalling the data exactly as it was. 

transfer characteristics and is in direct con

tact with an array of solder plugs in the 

motherboard. This draws heat away from 

the chip to the other side of the motherboard 

where it can dissipate, eliminating the need 

for mechanical fans to cool the computer. 



Measuring Performance 


What does Intel have planned

for notebook computers? 


Intel will continue to close 
the gap between desktop 
and notebook computer 
performance. For exam
ple, fa5ter versions of the 
mobile Pentium processor 
will be developed, and 
future generations of 
microprocessors, includ
ing the next generation "P6" 
processor will be designed 
for notebooks. 

Intel will also continue to 
reduce the power consump
tion of microprocessors by 
developing lower voltage 
technologies. And the 
company is working to 
make sure other desktop 
technologies, such as PCI 
local bus, will soon be 
notebook features . 

As the PC Card (PCM
CIA) standard continues to 

iCOMP~ index 
iCOMP Index' stands for Intel 

Comparative Microprocessor 

Per1ormance Index. The iCOMP 

Index Is a weighted average of 

several industry-standard bench

marl<s. Each component measures 

a specific aspect of processor 

performance, Including 16- and 

32-bit Integer, floating-point, video 

and graphics capabilities. 

BAPCo's SYSmar1<*93 for Windows* 
BAPCo Is a non-profit organization comprised of 21 hardware 

and software member companies throughout the computer 

industry, including Intel. BAPCo's SYSmark93 for Windows 

1992 is an application-based benchmarl< used to measure overall 

system performance. Tasks are drawn from typical applications 

including word processing, spreadsheets, databases, presen

tation software, graphics and desktop publishing. 

grow in popularity, an 
improved standard called 
CardBus wi ll extend PCI 
performance to the card 
sockeL High performance 
peripherals such as Simul
taneous Voice and Data 
(SYD) mcxlems, 28.8Kbps 

mcxlems, audio cards, video 
capture cards and digital 
cameras will enable users 
to video conference right 
from their notebooks or 
deliver sophisticated inter
active presentations while 
on the road. 

Want more information? 
To receive a list of mobile systems based on Intel processors, 

including the latest Pentium processor, dial lntel's FAXBack 
al 1-800-525-3019 and ask fordocument#3084. 

See Intel 's briefings online. 
To view this or other Intel Technology Briefings online, 
sec Intel's Forums"'*on CompuServe•an<l the lntemet 

Ct 995 Intel Corporalion. ..To view Iha Tedvlology Briefings on: 
•0t00r brands and names are property °' lhoir CompuServe. GO INTEl.FOAUM; 

l'OspecbYO owners. the Internet. go IO Inters Corporate Presence Setvef 
(hnp1iwww.S.to1.oom).intel® 

242482-001 



Blasts from the Past 

DENNIS BARKER 

Our newly named State of the 
Art section looked at applica
tions archi tectures, inc luding 
two "blueprints for the '90s": 
IBM ' s Sy te rn s Applicati on 
Architecture and Digital' s Net
work Applications Support. 

Big month fo r sizzling systems. Our rev;ewer had a I~I
Apple' Mac Ilfx was our cover tough lime tackli ng 
model; buzzing along with a 40- HP' s New-Wave en-
MHz 68030, it was the fastest hancement layer for Agoo1 

M ac yet. Windows 2 . I I. He li ked the 
We took our iconic, object-o ri ented inter
first look at face , the ability to share data 
IBM ' s new be tween progra ms , and the 
RISC work Agent task automater. But the 
stations, the programming required to tum 
RS /6000 Windows app lica t io ns into 
l ine , built New Wave applicat io ns, the 
a round a AcoupleoflBM cryptic e rror messages , and 
new 32-bit RSl6000s snafu after snafu made it seem 
superscalar CPU. This replace less than worthwhile. 
ment fo r the " lackluste r" RT 
peaked al 40 MIPS, or about ll\lTE2.5 limes fas ter than the Sparc __ . 
Station I. 

Who would have thought then I_ I)
tha t fo ur yea rs la te r App le Years Agowould be the world 's leading 

in BYTE •producer of RTSC systems and 
that Apple and IBM would be 
allies? Apple and IBM ! What' s The bigAl issue. Some of the top 
next-Sinatra and Bono? names in the fie ld wrote about 

transplanting expert knowledge 
The 486 was the hot new thing, to a computer, massive paral
but many folks were cranking leli sm as the key to simulating 
up performance by swapping inte ll igence, a prog ram that 
in 386 motherboards. We re teaches Lisp programming, the
viewed 23 of them. You could ories oflearning, and that mi ra
buy a 25-MHz caching board c le that machines have yet to 
for $ 1100. match: vision. 

Jon Udell dissected "Microsoft's long.awaited 32-blt OS/ 2 2.0 .~ His 
critical assessment of the not-yet-ready operating system as it was five 
years ago: 

Cool Not Cool 
flit_, model Can't run Windows binaries 
CID nm 32-1111 llPPlc:atlonson asemr Few nathe applltatlons 

lllllllllaldllc DOS ad Windows leS1iollS "Spotty'' deYlcHriYer support 
llVDMa (..nlple virtual DOS machines) Can't run DOS-extended~ ueder IMlll 
1INda support-1titaskhlc ~ Dmlopment tools lacldn1 
..wllllla lppllcatlom 

Diagnosis: He liked it.and he wanted it , even though it was •still wobbly." 
And ·a final release Is many months away." How many months? It would 
be nearly two years and several big changes before IBM would ship 2.0. 

uWhenwe 
meet those 
allens in.outer 
space, will we be able to 
converse? ••• Yes ••. 
because we'll both think in 
similar ways•••• AU 
intelligent problem solvers 
are subject to the same 
ultimate constraints
limitations on space, time, 
and materials." 

- Marvin Minsky 

R erse engineering the brain . 
Jofln Stevens, a professor of 
biomedicaI engineering, wrote 
about the po sibility of digital 
hardware that copies the c ir
cuitry of the brain. While com
puters might be sma11 enough 
to ignore the O.J . trial, accord
ing to the professor's estimate 
" it would take a minimum of 
100 years of Cray ti me" Lo sim
ulate the processing power of 
the human eye. 

Hey Dad, Did CP/M Machines 
Have, Like, Big Ans? "The mi
cro industry is moving toward 
new standards of adequacy that 
will eventually relegate 8-bit 
CP/M compu ter. to low-cost 
entry-level systems--or relics, 
like my neighbor's 1957 Stude
baker." - Poumelle's column 

Our correspondent in Japan 

Onthecover:Hewlen-Packard' s 
new barcode-reading wand. Ed
itorial directorCarl Helmers was 
a proponent ofdistributi ng soft
ware on paper, in barcode form. 

Jef Raskin, info-appliance pro
ponent and mind behind the 
Mac intosh concept , wro te 
about the techn ical di fficulties 
of turning a computer into a 
musician's amanuen is: It Ii 
te ns to what you pl ay, the n 
writes it down as notation. 

In the News "Xe rox has an
nounced a new concept of pro
cessor-to-processor corn mun i
cations intended for an office 
environment. This novel con
cept is called 'Ethernet. " ' Ru 
mor has it that Xerox and Intel 
are developing an Ethernet chip. 

Steve Ciarcia explained how to 
build a mul tiuser system out of 
fi ve integrated c irc uits , one 
of whi ch was r.=,,,..,.,.,...,,,,........,~ 

the new 16-bit 
8088. The post
card-size board 
he ld e nou g h 
me mo ry and 
peripheral in 

terface to support two 300-bps 

terminals, each running a Tiny 

BASIC interpreter. 


visited Hitachi to 
see the new S-8 10 
s upe rco mputer. 

The hard ware deserved 
raves for its 600-megaflop 
performance, faster than a 
Cray. But the researchers 
admined that withoul hand
tweaking their Fortran code 
ran no faster on the super
computer than on their M
280 mainframe. 

~------------~ 
Electronic musician Hal Clwnberftn 
discussed advanced techniques for 
real-time music synthesis. With new, 
low-cost micros llke Texas lnstru· 
meats' 9914 ............. tine voice 
SJDtheslzers, music appllcatlons of 
PCs "may soon approach the popu
lalfty of accounting, word procmin& 
anclgames." 
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When the rush was on to introduce a notebook with a 
Pentium111 processor, Texas Instruments decided to do what 
others thought couldn't be done. 

We created a notebook that maximizes 
Pentium performance by integrating full PC! bus architecture 
in our TravelMate 5000. 

And for flexible connectivity, we designed a way to allow 
external access from the PCI bus to the latest peripherals. 

It was a challenge we addressed for two simple reasons: 
to give users true desktop Pentium perfor
mance forjaster running software and expan
sion capabiliti.es for investment protection. 

So now you have a notebook with smoother fu ll-motion 
video and enhanced 3-D graphics. In addition,we designed the 
TravelMate 5000 to take advantage of the "plug and play" capa
bilities of Windows 95®when it becomes available. 

But our engineers didn't stop there. 
We added a second lithium battery without 
sacrificing size, weight or eliminating a floppy drive. 

In addition,wireless communication with other notebooks 
and desktops is very quick and easy with our integrated 
infrared capabilities. 

The Texas Instruments 5000. For more 
information on what others thought you couldn't do with a 
notebook, simply call 1-800-TI-TEXAS (e-mail: 2ti@msg.ti.com). 

E X T E N D I N G Y 0 U R R E A C H '" 

'I> TEXAS 
INSTRUMENTS 


*Depend ing on model. Travel Mate and 'Extending Your Reach' are trademarks of Texas 
Inst ru ments. Windows 95 is a registered trademark of ~ l ic roso ft Corporation. Pent ium is a 
trademark and the Imel Inside logo is a registered trademark of Imel Corporation. © 1995 Tl. 
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Who Do You Call 

To Get The PC You Want


Fmm the Inside Out? 


• NexGen 90MHz Processor 
• Baby Case 
• 250 Watt Power Supply 
• 256 KB Cache 
• 8 MB RAM 
• 1.4 MB Floppy 
• 540 MB Hard Drive 
• OTC 2278 Controller 
• Diamond Speed Star PRO VL 
• Aztech Voyager Multimedia Kit 
• 14" Monitor 
• 101 Keyboard 
• MS DOS 6.22 
• WFW 3.11 /Mouse 

$2295 

Announcing tlle new DataStor NXS series, 
the latest choice in advanced personal com-
puling from Data Storage Marketing. At Data 
Storage Marketing you pick and choose the 
PC that's perfect for you-from the inside out! 

ow youcan order the Oatastor NXS-the lat
est, most affordable equivalent to the lntel 
pentium processors, and winner of aBJ le 
Magazine 1994 Product of the Year Award. 
If you are looking for RISC-based superscalar 
design, on-chip code ru1d data caches, brrulch 
prediction, high performance FPU and 64-bit 
bus, ask for the Datastor XS. The NXS pro
vides maximum performance, outstruuling 
expandability and low cost. That's Cboice! 

The DataStor NXS Series is yet another 
addition to DataStor's nationallyrecognized 
line of 486 and 586 PCs. OataStor 486 !SA 
and EISA PCs feature the flexibilityof leading-
edge VF.SA and PCI local bus technology. And 
both the OataStor Pentium and NX5 Series' 
of PCs offer workstation class pe1fornumce 
at PC prices. 

When you want to look at all the choices 
from the inside out... call Data Storage 
Marketing. Where else will you find options 
like 80, 90 and lOOMHz Pentium andNX5 
PCs? Choose from Oatastor's exceptionally 
\vide selection of video solutions and periph
eral products for fifth generation PCs. We've 
got a OataStor that's just your style. Intel or 

• Intel 90MHz Processor 
• Baby Case 
• 250 Watt Power Supply 
• 256 KB Cache 
• 8 MB RAM 
• 1.4 MB Floppy 
• 540 MB Hard Drive 
• STB Powergraph 64 PCI 
• Aztech Voyager Multimedia Kit 
• 14" Monitor 
• 101 Keyboard 
• MS DOS 6.22 
• WFW 3.1 1/Mouse 

$2695 

NexGen inside. 
Call Data Storage Marketing and 

ask for the PC ofyour choice- the PS 
or the NXS-more affordability from 
the inside out! 

Data Storage 
Marketing, Inc. 
5718 Central Avenue 
Boulder, Colorado 80301-2832 

1-800-543-6090 
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Is There aGod? 
RICK COOK 

G et a tight hold on your credulity. Physicist 
Frank Tipler is about to take you on Mr. 

Toad ' s Wild Ride th ro ug h mode rn physics in 
search of the answer to the immort al questi on: Is 
there a God? 

I won ' t keep you in suspense. Tipler's answer, 
rooted in current notions in quantum cosmology, is: "Not yet, but there will be. " 
What ' s more, we will all be reincarnated and live forever in a computer s imula
tion in the final fraction of a second before the universe recollapses in the big 
crunch. While you may not agree with Tipler' s ultimate conclusions, you' ll learn 
a good deal along the way and- if you approach it in the right spirit- have a lot 
of fun getting there. 

When traveling with Tipler, the journey often looms larger than the destination. 
Along the way, we encounter the Bekenstein bound, which is the limitation on the 
number of quanrum states in a bounded region, or to put it another way, the up
per limit on in formation density, assuming each quantum state encodes I bit. 
We also meet the Jesuit paleontologist Pieffe Teilhard de Chardin , who coined the 
term omega point and whose notion of " radi al energy" bears a striking resem
blance to the modern notion of in formation . We are treated 10 hi storical di s
courses on the ideas of eternal return and the immortality of the soul , and dis
cussions of more modern concepts, such as the halting problem, Taub universes, 
and Cauchy spacelike hypersurfaces. 

At the very least, Tipler deserves an "A" for originality. This is not another of 
those dreary tomes about how the new physics proves that Hindu theologians and 
Taoist alchemists had it right all along. Tipler is a serious and we ll-respected sc i
enti st, a pro fessor o f mathematica l phys ics a t Tulane Uni versity, with a fi rm 
grasp o f the standard model of particle physics. True, he is speculati ng on a cos
mic scale, but his speculations are rooted in the tools and concepts of modern sci
ence. Nor is this book dreary in any sense. Again and again, Tipler manages to sur
prise and delight you with novel approaches and new in formatio n. 

The Physics of lm111ortali1y is an outgrowth o f an earlier book Tipler wrote with 
John D. Barrow, The Anthropic Cosmological Principle, which argued that we ex
ist because the universe is exactly the way it is. They pointed out in considerable 
detail that if the uni verse were almost any other way, li fe as we know it would be 
physically impossible. There have to be three large-scale dimensions of space, fo r 
example, fo r chemical compounds to fold themselves in the ways they must for 
life to ex ist. It is only a short step from the anthropic cosmological principle to the 
o ld argument from design fo r the existence of God- that God must exist bc
cau e the universe was designed exactly fo r us. ln the earlier book, Tipler and Bar
row pointed thi s out only to denigrate it. Herc, Tipler isn' t so sure. 

Ti pier's God at the end of the un iverse is no scowling Yahweh or thunderbo lt
s linging Jupite r. or even kindly, gentle Gaea. Hi Holy Spirit is the uni versal 
wave function of quantum mechanics, and hi s God is the most super of all the 
supercomputers, an information-processing construct that 
literally encompasses the whole uni verse. THE PHYSICS OF 

One novelty for what is ultimately a work of theo logy IMMORTALITY: MODERN 
is that Tipler offers series of testable hypotheses based on COSMOLOGY, GOD, AND 

RESURRECTIONhis theory. This is probably the only work ever written tl1at 
posits as an eschato logical proof that " the mass of the Frank J. Tipler 
top qu ark must be 185 ± 20 Ge V. and the mass of the Doubleday 

ISBN 0-385-46798-2Higgs boson must be 220 ± 20 GeV." 
It has been truly said that in physics the line between ge- $24.95 

nius, wise guy and utter loon is often hard to draw. I' m not 

LANDSCAPING 

MADE EASIER 


30 LANDSCAPE Books That Work, P.O. Box 50668, 

Palo Alto, CA 94303, 1800) 242-4546, $49.95 

I t's that time of year again. The seed cata
logs have arrived, the snow and frost are 

slowly receding, and that means .it's time to 
fo llow through on those plans to landscape 
your propert y. 3D Landscape, the newest 
member of the Books Thal Work series, is 
an easy-to- use guide fo r pl ay ing what-if 
games fo r redesigning your yard. 

Because gardening and landscaping always 
make the top I 0 li st of ways in which Amer
icans spend their leisure time, a host of soft
ware programs have tried to help do-it-your
se l f designers make in formed landscaping 
decisions. Unfortunately, most of those earlier 
programs conta ined little more than a simple 
database of plant names, Ii nked to shade, sun, 
soil , and temperature requirements. Not very 
inspirational or informati ve. 

Because 3D Landscape is liberated from 
the nongraphical constra ints of the earlier 
DOS programs, it presents info rmation in a 
much richer manner. To get your creati ve 
juices fl ow ing, the program contains beauti
ful templ ate gardens fo r small city lots, huge 
fonnal English estates, and " informal " coun
try spaces. By dragging and dropping icons of 
shrubs, trees, or other objects (from a database 
of 400 species) onto a preex ist.ing template 
or new workspace, you qui ckly gel a fee l for 
what works and what doesn' t. 

Once you've designed your landscape, in
cluding pl acement, fo r example. of fences, 
paths, a pool, a patio, or even a barbecue, you 
have the option of viewing your work from a 
variety of dimensions. You can even see what 
plants and foli age will look like as they grow 
over the years. You also see how they change 
during the seasons. 

Reality enters the pi cture when it comes 
time to see what your design costs and how to 
implement it. The program calculates the cost 
of each item in your landscape. A how-to sec
tion with text, animation, photographs, and 
sound teaches you how to construct projects. 
30 Landscape eliminates almost all your ex
cuses fo r not tackling tliat landscape project. 

-Rich Friedman 
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Novell's UnixWare™ 2.0 
has the power to drive your PC !O 

the limit. CnixW:m: 2.0 is a true 32
bit 111ulti -~1sking. multi-user 
grJphiG1I opcr:11ing system. With 
built-in networking and the ability 10 
run tens of thous.1 nds of Ul\1X. DOS 
and Windows 3. 1applications. it is 
the ultimate opcr.11ing system for 
yom I mel-b:L<;Cd l'C. THE POWER Of UN IX Will BLOW YOU AWAY' 

lnfonnalion found:tti on UNIX PRODUCTS FROM L> the leJding supplier of UnixW:m·
INFORMATION FOUNDATION: produru. IF also prm·idl's :i full 

i:mge of Ui'<lX 1<x1b :ind 
• 	UnixWare Personal Edition 2.0 5298 conncriivity product.> for IJ01h 

Des~lop UNIX with graphics & networlclng UNIX :ind DOS/ Windows sysicm>
Our service and rork hottorn prin:s• UnixWare Application Semr 2.0 S1, 135 
combined wi1h :1 no risk jO·U:I)'UnllmlteJ usec UNIX with the •worh•I money bJck i u:ir:in1c-c 111:1kc IF 1hc 

• UrixW1n Software Dmlopment Kit 2.0 from 597 pl:icc 10 come for l INIX! 
The ultimate Jo relopmenl system for UNIX 1·800-GET· UNIX

• LAN Manager for UnlxWare from 5895 
Seamless UNIX connectivity for WINDOWS & NT 

• 	Amleraled·X from XInside 599 ~ ~ Information 
wt the Xpowtr of aRISC worlrstation oa your PC FoundationJr 

• Spry Air Cottne<t 5261 
Internet connedivlly for W'mdows! 

·GREAT PRICES
• Slackware Professional Linux SSS . SERVICE & SUPPORT 

PC UNIX for therest of usl · SATISFACTION GUARANTEE I> ~ 

PEABODY, HERE ... 
WITH THE 
FAX-ON-DEMAN 
SYSTEM THAT 
WON'T SET You 
"WAY BACK." 
As a recognized authority in the fields of technology 
and history, it is no surprise that COPIA has asked me 
to say a few words about their FaxFacts product. 
After all. we are both best of breed. 

• 	Retrieve Info via fox/Voice • Fox Broadcast/Fox Mailbox 
• 	Fox from any Windows program• 	Expandable to meet your needs 
• IVR provides reoltime queries• 	U.S. Potent holder for some 


coll fox delivery • Credit Cord charge per fox 


TRY THIS DEMO: 
708/924-3030 

DOC. NO. 889812 

~ w 
R HET OREX 
SMART~ 

by Copia 
International Ltd. 
Wheaton, Illinois 60187 
800/689-8898 

Books &CD-ROMs 

sure which side of the line Tipler lands on with The Physics of /m
111ortality. Perhaps he has a foo t in all three camps-a notion no 
stranger. and ul timately no less plausible, than ome of the physics 
that T ipler lays out fo r your delectation. • 

Rick Cook writes 1101'e/sfrom his home in Phoenix. Ari~o11a. You can reach 
him 011 the lmem et or BfX at rcook@bix.com. 

ADEVELOPER'S GUIDE GRAPHICS 
FILE FORMATS

TO GRAPHICS FILE 
FORMATS 
ENCYCLOPEDIA OF 
GRAPHICS FILE FORMATS 
by James D. Murray 
and William vanRyper 
O'Reilly & Associates, ISBN 1-56592--058-9, $59.95 

T he Encyclopedia o.fGraphics File Formats at tempts to las
so the most popular graphics fil e fonnats into a concise ref

erence. The fac t that it includes a CD-ROM fill ed with refer
ence material is evidence ofj ust how ambitious 1his task is. The 
result is a valuable too l fo r developers. 

It provides just enough technical in formati on to understand 
graphics file fo rmats on platfo rms rang ing from DOS Lo Unix. 
While it di scusses some background and theory behind com
pression methods and design charac teristic., it quickly cuts to 
the chase, outlining the essential header and body structures fo r 
eac h format. Complete . pecifications obtai ned from the creators 
are provided on the CD-ROM. Code sample demonstrate tech
niques for decod ing and manipul ating selected formats. 

With the abundance of commerc ial libraries available in this 
ever-evolving age of multimedi a. it' s easy to mistakenly regard 
this book a obsolete. Common wisdom states that it doesn' t 
make sense to spend an inordinate mnount of ti me developing your 
own filter library when you can simply plug in someone else's and 
move onto more deservi ng tasks. However, it ' s never quite that 
easy. There' a lways that one missing format, that one buggy 
filte r, and the ri sk of re lying on an o ut ide source to keep up 
with new specificati ons and fo rmat upgrades. 

Even if you do use th ird-party librar ies, thi s book ' s trea tment 
o f the Windows Device-Independent Bit Map's palette organi
zation will g ive you insight into the operation of your selected li
brary. This knowledge will let you impleme nt or tweak a par
tic ul ar filte r with your own preprocessi ng or postproces ing to 
achieve the desired result. 

T he Encyclopedia ofGraphics File Formats contains dozens 
of ins ights and ti ps. It addre es some staple animation and video 
spec ifica tions (e.g. , FU , DVI, and M PEG) and supplies vendor 
addresses. T hi · book is a must-have reference source fo r devel
opers of image-based applications. • 

-Brendan Da11nt and Mall Trask 

Bre11da11 Daunt is the awhor of Image Co111mnnder. a database for sroring. 
111a11(1ging, and transforming graphical-image fi les. /-le is a senior software 
enfiineer ar and Mall Tra sk is president of Co111m 1111ica (Cape Cod, MA) . 
Trask can be reached 011 the lntem er or BIX m marr. trask@bix.com. 
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Aeronics' new 68 Position IDC 0.025 
Pitch Ribbon Cable Terminator will 
give your SCSI bus a boost. 
Why does my bus need a boost? 

Peripheral devices such as hard drives, CD-ROM dri ves, scanners, 

and printers that are interfaced with your computer have connec 

tors manufactured by different compan ies that are connected to 

cable made by who-knows-who. Differences in peripheral cabling 

and connectors create signal impedance mismatches which can 

cause signalling errors, bolllenecks, and data transmiss ion errors. 


Aeronics has the answers. 

Aeronics, the originator of Forced Perfect Termination (FPT), has 

added a new interconnect product to our fam ily of high perfor

mance terminators that wi ll drastically improve your SCSI bus 


_, performance. Aeronics' new 68 Po it ion 
lDC O.D25 Pitch Ribbon Cable 

·~\~ . \ Terminator eas ily clamps onto your 
ribbon cable with a standard tool and. --·. . 
replaces the low performance passive·~--
terminators frequently furni shed by 

peripheral manufacturers. For those active negation drivers that 
generate higher than normal pull-up voltages that tend to overdrive 
the SCSI bus, Aeronics has developed the ALT-2ANHC. This new 
electrical configuration sinks unusual amounts of current due to 
charged cable capac itance and is available in most of Aeronics ' 
interconnect products. 

How does Aeronics boost my bus? 
Aeronics ' FPT acti ve terminators purposely mismatch impedance 
higher and lower than the impedance of the transmission line, 
"forcing" the SCSI bus to operate as if the impedance between the 
host and periphera ls is always matched. Because our term inators 

provide higher noise immunity, results are seen as improved data 
integrity, allowing your system to transfer data farther and faster 
while improv ing overall SCSI reli ability. 

Terminate your SCSI bus performance problems 
once and for all. 
Aeronics advanced terminator technology is avai lable in a broad 
line of connection and electrical configurations that meet or exceed 
ANS I SCSI I, 2, and 3 standards. Our passive, active, FPT, and 
differential terminators are I00% electrically tested, burned in, 
and delivered on time. With a minimum MTBF of 87,600 hours 
( I 0 years continuous duty), our quality terminators are backed by a 
limited lifetime warranty. 

Aeronics ' high performance products leave passive and copycat 
terminators in the dust. If you want the same performance that 
high-end OEM SCSI systems have, choose the same terminator 
from Aeronics and give your bus a boost. Call or fax Aeronics 
today for the location of the reseller or distributor nearest you. 

For off-the-shelf delivery, call TCC at 
1·800·TEC CABL (1·800·832·2225). 

Turning concepts into realiry. 

12741 Research Blvd . • Suite 500 • Austin , TX 78759 

Tel (512) 258-8040 • Fax (512) 258-8441 
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The Internet Insider 
by Ruffin Prevost 
$14.95 U.S.A. 
ISBN: 0·07-882084-7 

YELLOW PRGES 
ll CO ND IDITION 

The Internet 
Yellow Pages, 
Second Edition 
by Harley Hahn 
and Rick Stout 
$29.95 U.S.A. 
ISBN: 0•07-882098·7 

The Vlsaral C++ 
lfandbook 
by Clirls H. Pappas and 
Wiiiiam H. Murray 
$34.95 U.S.A. 
ISBN: 0·07-882056·1 

Tuning Oracle 
by Michael J. Coray, 
Michael Abbay, and 
Daniel Dachlchlo 
~2!l.95 U.S.A. 
ISBN: 0·07-881181·3 

NOW FULLY REVISED & EXPANDED 

Everything You Need to Know 
About CD-ROM Technology in 
One Comprehensive Volume! 
This Exclusive Book/CD·ROM Package Includes 
• Sound Clips and Clip Art 
• Samples of CD·ROM Applications 
• Multimedia Authoring Tools 

Port buyer's guide, part standards guide, and part troubleshooter, 
the BYTE Guide to CD·ROM, Second Edition discusses all aspects of th is 
burgeoning technology so you can take full advantage. 

BYTE 
Guide to 
CD-ROM 
Second Edition 
by Michael Nadeau , 
Includes One CD-ROM 
$39.95 U.S.A. 
ISBN: 0-07-882104-5 

SECOND EDITION 
Exdusive Book/ CD·llOM 

Packagelndudes: 
Sound Clips ond Clip Art 

Samples ofCD-ROM Applications 
~ Multimedia Authoring Tools 

1' 111\~\\~ 
1J))~) 

Everything You 
OSBORNE mr.Always Wanted 
Ger Answers-Ger Osborne 
For Accuruy, Qu;aht)' ;1ml V:.lur-To Know About 

CO-ROM and More! 

Available Now At Your 
Local Book & Computer StoresOracle OBA Oracle 

Handbook Workgroup Server 
by Kavin Loney Handbook or Call To/I-Free: 1-800-822-8158 Any Time 
$34.95 U.S.A. by Thomas B. Cox IUse your VISA, American Express, Discover or MasterCard 	 I 

I 
I 

ISBN: 0·07-881182·1 $29.95 U.S.A. 
ISBN: 0·07-881186·4 Key:SFJSBYL : 



AT NATIONWIDE STORES: 

Barnes & Noble BookStar 
Borders Comp U.S.A BYfE/Osbo rn e Books are Ava ilable 
Computer City Elek Tekat the Following Locations Media Play Micro Center 
Software, etc. Super Crown,--- -- --------- -------- --------- -- -- ---- 
Taylors Waldenbooks 

ALABAMA San Luis Obispo DISTRICT Newton High/1111ds OREGON 
Madison Earthling Bookshop Inc. OF COLUMBIA New England Port/mu/ 
lv1adison Books PH: 805-543-7951 \'(lmhi11gton D. C. Mob ile Bookfoir Powell's Technical Books 
and Compurcrs Rcitcr's Scientific PH : 61 7-527-581 7 PH: 503-228-3906 El Corral Bookstore 
PH: 205-772-9250 & Professional Books FAX: 6 17-527-0113 FAX: 503-228-0505PH: 805-756-53 15 

FAX: 205-46 1-8076 PH: 00-537-4314
FAX: 805-756-5351 \\'lorcesur PENNSYLVANIA 

FAX: 202-296-9 103ARIZONA 	 T:unuck PitrsburghSanta Barbara 
Tempe 	 GEORGIA Bookscller/Da1:ihooks Book Center C haucers Bookstore 

Computer Library Atlam11 PH: 800-642-6657 U. of Pirrsburgh 
PH: 805-682-6787 
PH: 602-820-0458 Oxford Bookstore FAX: 508-756-9425 PH: 4 12-648-232 1 FAX: 805-682-1 129 
FAX: 602-491-7971 PH: 404-262-9975 FAX: 4 12-648- 1902 E-mail: 

Earrh ling Bookshop FAX: 404-364-2729 da1abooks@dclphi.com 
CALIFORNIA 	 RHODE ISLAND PH: 805-965-0926 

Berkeley HAWAll MICHIGAN Provit!mre
FAX: 805-962-6620 
Cody's Books Hv110/11/u [;(1st Lansing Brown Bookstore 

UCSB Bookstore PH: 800-479-7744 (In CA) Honolulu Book Shops Grand River Book• PH: 401-863-3 168 
PH: 805-893-2082 800-995-1180 (O utside CA) PH: 808-847-5551 PH: 51 7-333-3666 FAX: 40 1-863-2233 
Sta11farrl FAX: 808-84 1-4674 Cupertino Flini TEXAS 

Stanford Bookstore 
Computer Li 1cracy University of Hawaii Young & Wclshans Dal/a;

PH : 800-533-2670 
Bookshops Bookstore Book Sellers Tavlors Bookstore Lrd. 

PH: 408-973-9955 PH: 808-956-4338 PH: 810-732-0626 PH: 214-357- 1700 FAX: 415-322- 1936 

Sunnyvale 	 FAX: 808-956-4323 FAX: 8 10-732-2393 FAX: 2 14-956-80 12 Stacey's Professional 

Bookstore ILLINOIS MINNESOTA VIRGINIA
Comp uter Literacy 

Bookshops PH: 408-253-752 1 	 N11prrville Mi111w1polis Vie111111 
FAX: 408-253-5861 PH: 408-730-9955 Books & Byres, Inc. Baxtcrs Books Computer Liter.icy 

l rvinc COLORADO PH: 708-4 16-0102 Pl-1: 6 12-339-4922 Bookshops 
Boula'er FAX: 708-4 16-0375 PH : 800-626-1049 PH: 703-7.34-777 1 Irvine Sci-Tech Books 


PH: 800-229-9514 IND LANA
BiblioTek 	 FAX: 6 12-339-6 134 E-ma il : salcs@rc.clbooks.com 
PH: 303-443-7037 FAX: 714-733-0 122 	 Ft. \Vi1ynr NEW HAMPSHlRE WASHINGTON 
Colorado Bookstore 	 Majcrek's Readers World /-la11over Bellev11rLos A11grles 

PH: 2 19-482-153 1 	 Darrmourh Bookstore PH: 303-442-505 I T owcr Books 
FAX: 303-444-6604 l'H: 800-675-36 16 (in N H) PH: 206-451- 11 IO 

ASUCLA Srudenrs Store 
PH: 800-456-0019 MASSACHUSETIS 

800-624-8800 (outside N H) FAX: 206-454-0453PH : 3 10-206-4041 Cokm1do Spri11gs Boston 

FAX : 603-643-5170 
FAX: 310-825-0382 	 MclGnzcy-Whire Charlcsbank Bookshops University Bookstore 

Booksellers PH: 6 17-236-7442 NEW MEXICO PH: 206-646-3300 Opamp Technical Books 
PH: 719-590-1 700 FAX: 6 17-236-74 18 Alb11q11erq11e FAX: 206-634-08 10PH: 800-468-4322 


Page One, Inc.
FAX: 213-464-0977 Denver Warerstone's Booksellers Seattle 

PH: 800-52 1-4122 


Aur:uia Book Center 	 PH: 61 7-859-7300 Univcrsit)' Bookstore Palo/I/to FAX: 505-294-5576FAX: 6 17-437-0997 PH: 303-556-3230 PH: 206-634-3400 

Bookstore FAX: 303-556-3736 B11rli11gto11 NEW YORK FAX: 206-646-3340 

PH: 4 15-326-0681 

Stacey's Professional 

Nnv Vork
BiblioTck Sofr pro WISCONSIN 


FAX: 415-326-0693 PH : 617-273-2919 
 Barnes & 1oblc 
PH : 303-534-3460 	 Madison 

Fifth Ave. 
Sranfurd Bookstore FAX: 6 17-273-2499 	 University Bookstore Tattered Cover Bookstore PH: 212-807-0099 E-ma il:PH: 800-673-2348 	 PH: 608-257-3784 PH: 800-833-9327 
FAX: 4 15-322-2021 	 books@softprocast.com Com purer Book Works PH: 800-993-2665 FAX: 303-399-2279 

Cambridge 	 Warren St. FAX: 608-257-9479
Sacramento 	 E-mail: 

PH: 212-385- 16 16books@tancredcovcr.com 	 Ha.rv:ird MilwaukeeTower Books FAX: 2 12-385-8 193 Co-Operarive SocieryPH: 916-48 1-6600 	 Harry \V/. SchwarczEnglewood 
PH: 6 17-499-2000 	 McGraw-Hi ll Rook Store Bookshops Sofrpro Books San Diego FAX: 6 17-868-7038 	 Ave. of rhe Americas PH: 414-274-6460 PH: 303-740-775 I San Diego Technical Book1 
Q uanru m Books 	 PH: 212-5 12-4 100 PH: 800-236-7323 FAX: 303-740-8152 
PH : 6 17-494-5042 FAX: 4 14-274-6408 

PH : 800-346-007 1 FAX: 2 12-5 12-4 105 
FAX: 6 19-279-5088 	 Longmow 

FAX: 617-577-7282 OHIOUnited Techbook Co. San Francisco E-mai l: 	 Cind111m1iPH: 303-651-3 184 Stacey's Professional 	 q uanbook@world.scd.com Univcrsiry ofBookstore FAX: 303-65 1-3405 

Wordsworth Book1 C incinnari Bookstore 
PH: 800-926-65 11 CONNECTICUT PH : 617-498-0080 	 PH : 513-556- 1800 E-mail: staceysbk@aol.com New/-laven FAX: 617-354-4674 	 FAX: 513-556-5555 

San j ose 	 Yale Co-op 
Computer Literacy Bookshops PH: 800-ELl-YALE 

PH: 408-435- 1118 FAX: 203-772-3665 

E-mail: in fo@clbooks.com 


Osbornemr. 
Get Answers - Get Osborne 

I_ - - - - - - - - - - -	 - - - - - - - - - - - - - - - - - - - - - - - - - - - 
For Accuracy, Quality and Value 

mailto:info@clbooks.com
mailto:staceysbk@aol.com
mailto:uanbook@world.scd.com
mailto:books@tancredcovcr.com
mailto:books@softprocast.com
mailto:salcs@rc.clbooks.com
mailto:da1abooks@dclphi.com


' 

Intel's successor to the Pentium is an impressive microprocessor, a bold new 

generation of CISC. But is it enough to keep AMD, Cyrix, and NexGen at bay? 

TOM R. HALFHILL 

ight wi th the big kid, and you' ll get a 
bloody nose. That's the message Intel 
wants to send to rival chipmakers ex
Gen, Cyrix, and AMD. Intel' s telegram 
is a massive next-generation CPU soon 
to appear in high-end worksta tion and 

server . The new chip has a name: P6. 
The P6 contains the most transistors ever seen in a mass

markel processor. It is aggressively superp ipe lined, sup 
ports ou t-of-order execution, and has a th ree-way super
scalar microarchitecture. These techniques are impressive 

The P6: What's New 
• 5.5 million transistors in the CPU core, 

15.5 million in the secondary cache 

• Three-way issue superscalar 
microarchitecture 

• 14-stage superpipeline 

• 	Five parallel execution units: two integer, 
one load, one store, and one FPU 

• 8-KB two-way set·associative primary 
instruction cache; 8-KB four-way set
associative primary data cache 

• 	256-KB SRAM (static RAM) secondary 
cache on a dedicated full-speed bus, 
closely coupled to the CPU die in a 387
pin dual·cavity PGA ceramic package 

• Transactional VO bus and nonblocking 
cache hierarchy 

• 	Out-of.order execution, dynamic branch 
prediction, and speculative execution 

• 	Claimed performance: 200 SPECint92 
at 133 MHz 

• 	2.9-V, 0.6-micron, four-layer metal 
BiCMOS process technology 

• 	CPU die: 306 mm square; 
SRAM die: 202 mm square 

• 	Estimated power consumption: 
20-W peak at 133 MHz 
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but not origi na l- new c hi ps 
from NexGen and AMD ·port 
simi lar des igns. But Inte l has a 
key advantage: The P6 has a 
unique secondary cache that is 
connected to the CPU by a ded
icated bus. This 2S6-KB SRAM 
(s tatic RAM ) cac he, which 
resides in the second compart
ment of the P6 ' s unu sual dual
cavity package . will dram ati 
call y simpliJy the des ign and 
construction of systems based 
on th is chip. 

Intel's estimated benchmarks 
peg the P6 at about 33 pe rcent 
faster than a Pentiu m ru nnin g 
at the same clock speed. (The 
first P6 wi ll run at 133 MHz, 
which wi ll place it about twice 
as fast as today's fa stest 100
MHz Pentium.) The P6 is thus 
faster than NexGen ' s NxS86, 
which is shipping today, but in 
the same ballpark as AMD's 
KS and Cyrix' s MI-both of 
which should ship at about the 
same time as the P6. 

Difficult Questions 
The P6 is exciting news, but its 
unvei li ng also rai ses a number 

of serious questions. Is the P6 really a full generation be
yond the Pentium? Are Intel's competitors finall y catching 
up? Which CPU is the safest choice for reliabi lity and 
compatibility? Which is the best buy in terms of price/per
forma nce? And looking further ahead, how do these latest 
CISC chi ps compare to their RISC counterpart s? Will the 
x86 family remain competiti ve with such RISC chips as the 
PowerPC in Apple's Power Mac? 

Some of these questions can' t be answered unti l more of 
the competitive x86 ch ips hi t the market. NexGen's NxS86 
series has been shi pping since last September, but the P6, 
KS , and M I are not expected to be avai lable in systems un
til the second half of this year. Unti l then, firm pricing and 
ac tual system performance are fru strating unknowns. But 
some questions can be an ·wered today. 

Lf In tel's competitors can meet their delivery schedule 
and pe1formance promises. ii appears they have caught 
up-at least temporarily . Measured aga inst RISC 
chips, the P6 still isn "t the fastest microproces or 
you can buy, but it still runs the most software, 
and it contin ues to keep the performance gap 
narrow enough to deny the RISC machines 
an overriding advantage. The fas test gen
eral-purpose RISC processor is Dig ital 
Equipment' s Alpha 2 1164, mid its in 
teger performance is only about I .S 
times better than the P6's . 

Another CISC/RISC Hybrid 
If it 's true that great minds 
th ink alike, perhaps it's no 
urprise that the micro 

a rc h i tecture of the P6 
re e mb les those of the 
NxS86. the KS , and , to a 
lesse r ex tent. the MI . Engi
neering teams separated by thou
sands of mi les independently designed 
each of these x86-compat.ible processors at 
roughly the same lime. All four combine key 
e lements of RISC tech nology with so me novel 
concepts to defi ne a bo ld new generation of C ISC. 

T he P6 is obv iously Intel's six th-generati on x86, the 
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successor to the Pentium. Until now, tbe 
other chips have been con idered fi fth
gencration rivals of the Pentium. But in 
terms or concept and performance, they 
are not very different from the P6. This is 
mostly becau e Intel' s competitors are pur
suing their own courses, no longer con
tent to merely clone Intel ' des igns. By 
similar but independent routes, they are 
moving toward the same destinati on, and 
the once-discrete generations are starting to 
overl ap. 

A ll these processors are 32-bit imple
mentations of the Intel x86 architecture, 
but their most interesting imilarity is the 
degree to which they adopt the same tech
niqu es found in state-of- the-art RISC 
chips. This is largely because si licon-based 
microprocessors are a maturing technolo
gy. with the easiest gain. in perform ance 
already behind us. Engineers at all the 
leading companies are resorting to exotic 
tri cks to squeeze more perf'ormance from 
ex isting architec tures. and even more ex
otic architectures are taking shape on the 
drawi ng boards (see the text box "T he P7 

and Beyond" on page 54). P6 Technology the KS it closest relative. 

In this respect, the P6 is a sig Another striking similarity is 5.5 million 
ni ficant improvement over the how the P6, KS, and NxS86 take 

transistors in 
Pentium. Although the Pentium the same approach to CISC/RISC 
broke ground by introducing the the CPU core, hybridization. The P6 welds a 
first uperscalar x86 microarchi 15.5 million in traditional CISC front end to a 
tecture, it i: a rather pede trian RISC-like core, bridging the gapthe secondary 
super ·calar design: a pair of in

cache 
teger pipelines that can process 
two simple instructions in paral 
lel and in order, with no specu
lati ve execution. By contrast, the P6 is a 
three-way superscalar machine that can 
simultaneously dispatch five instructions 
internally. To amplify that wider instruc
tion bandwidth, the P6 also has improved 
caching. more registers, better branch pre
diction , deep speculative execution, and 
out-of-order instruction handling. Clearly, 
it i a design leap beyond the Pentium. 

It is not, however, a leap beyond its con
temporaries. In some cases, the P6 is some
what more sopl1isticated than the NxS86, 
KS, and M 1; in other cases, somewhat less. 
All things considered. the P6 s design is on 
a par with those of the other CPUs, with 

How Much Faster Is the P6? 

I ntel says the P6 is about twice as fast as the Pentium. But Intel is comparing the es
timated performance of a 133-MHz P6 (200 SPECint92) to that of a 100-MHz Pentium 
(112.7 SPECint92). Is that fair? 

"What you have to compare is given the same process technology, how one mi
croarchitecture technology compares to the other one," says Lew Paceley, P6 marketing 
director. "A 100-MHz Pentium processor compares to a 133-MHz P6. Why? Because 
the P6 Is superpipelined, so its clock rate is higher. On any given process technology, 
the P6 will run faster." 

The P6's pipeline has up to 14 stages, compared to the Pentium's five stages. Yet 
the P6 can move instructions through its pipelihe faster because the stages have 
shorter latencies. Of course, the P6 has many other advantages as well , such as 
three-way pipelines. a closely coupled secondary cache, a transactional 1/0 bus, more 
execution units, and so on. These are exactly the kind of features that distinguish one 
microarchitecture from another. 

Intel acknowledges it is possible to fabricate a 133-MHz Pentium on the same pro
cess technology used for the P6 (0.6-micron, four-layer metal BiCMOS). Last year, in 
fact , Intel presented a paper at the International Solid-State Circuits Conference that 
described a 150-MHz Pentium on this process. Whether such a chip ever becomes a 
commercial product is another question, but Intel is known to have a 120-MHz Pentium 
that may show up in products soon and is rumored to have a 133-MHz version . 

In any scientific experiment, the goal is to control all the variables except the one 
you 're testing. If you compare two microprocessors that implement the same general 
architecture on the same process technology and both chips are running the same 
benchmark program at the same clock speed, any difference in performance must be 
due to the relative efficiencies of their microarchitectures. 

The estimated performance of a 133-MHz Pentium is 150 SPECint92. Therefore, a 
P6 running at the same clock speed is about one-third faster, not twice as fast. Nev
ertheless, Intel is correct In saying that on any given process technology It 's possible 
to make a faster P6. So if Intel ever does produce a 133- or 150-MHz Pentium on its 
0.6-micron process, the P6 could be clocked at about 200 MHz-and it would be 
about twice as fast as the 133- or 150-MHz Pentium. 

with a clever decoder that breaks 
down the lengthy CISC instruc
tion · into simpler operations that 
more clo ely resemble RISC in

structions. The simplified operations-In
tel call them micro-ops-are then fed into 
a core that takes advantage of the latest 
RTSC innovations. Micro-ops are easier 
to dispatch and execute in parall el than 
their complex x86 antecedents. 

NexGen, the newest comender among 
x86 makers, was actually the f irst to in
troduce thi s idea in an x86 processor. Nex
Gen refers to the simplified operations as 
R!SC86 instructions, and the NxS86 can 
issue up to four of them simultaneously 
to its multiple execution units. AM D 's KS 
has a similar four-way decoder, but the 
company refers to the simplified instruc
tion as R-ops (RISC operations). 

Whether you ca ll them mi cro -ops, 
RISC86 instructions, or R-ops, the goal of 
thi s fi ssion is the same: to overcome the 
hi stori cal limitations of the x86 instruc
tion set while maintaining compatibility 
with ex isting x86 software. (Although 
Cyrix' s Ml doe not handle x86 instruc
ti ons in thi s way, it adopts o ther RlSC 
techniques to achieve comparable effi
ciencies.) On the outside-to program
mer and the code they write- these 
processors look like standard x86-com
patible CISC chips. On the inside, how
ever , they work much like a modern , 
streamlined RISC chip. 

Intel ' s term for this CTSC/RISC hybrid 
in struction flow is dynamic execution. 
Y ou' ll find the same basic mechani ms if 
you pry off the lids of the latest RISC 
processors, including the IBM/Motorola 
PowerPC 604, the PowerPC 620, the Sun 
UltraSparc, the Mips RlOOOO, the Digital 
Alpha 2 1164, and the Hewlett-Packard 
PA-8000. 

Two Chips in One Package 
The P6 ' s mos t fascin ating feature is a 
closely coupled secondary (level 2, or L2) 
cache in the same package with the CPU. 
Y es, the P6 is two chips in one package. 
One die is the CPU core, including two 8
KB primary ( level I ) caches; the other die 
is a 2S6-KB SRAM that functions as the 
four-way set-associative L2 cache. 

These two dies share the same 387-pin 
ceramic package but otherwise are separate 
wire-bonded chips. Some other companies 
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ENERGY-SAVING UNITS 
Save juice with efficient, economical Star power 
supplies. Fully-tested, UL/CSAffUV approved. 
STAR 205 SLIM/DESK!fO'WER .... ..... .. $79 

ULTRA-QUIET UNITS 
11ratt!e your nerves with 

an ultra-quiet Silencer'~ 

"" power supply. Appreciated 
by users since 1986 their 

NOISE LEVELS (db) 

" ...." high-efficiency fans and 
,:',~'~,:,,. PO'~~l'.\i'.".t, low-turbulence circuitry 

reduce noise by up to 84%!A11111/ti111edi11 must! 
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SILENCER 270 DESK!fOWER ........... $169 

IIlGH-PERFORMANCE UNITS 

BAil\' TOll'ER 
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super-right regulation, ultra-cleanoutput, enhanced 
cooLing, UL/CSAffUV,and 3-5 year warranty! 
Why ru11 ahigh-end system with anythingless? 
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TURBO-COOL300DESK!fOWER .... .$179 
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MINI-TOWER CASES 

"The only worthy upgrade [cases] I've found" 
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For a clean, easy-to-build 
system, there's nothing 
else likeour economical 
Personal Mini-Tower 
enclosure. Features: small 
footprint, (3) 5-1 /4" bays, 
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aremovable motherboard 

· ~ · ,,._ cage for easy ~l sscmbly. 
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PERSONAL MINT-TOWER ................... $79 

For a great-looking, 
heavy-duty, USA-made 
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_ (3) 3-1/2" bays (2 int.), 
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witl1 removable drive cage. 
Specs: FCC-13, 16.2"D x8.S"Wx I5.4"H, 231bs. 
SOLID-STEEL MINI-TOWER ............. $189 

REDUI\1DANT PO\VER 
Eliminate the risk of network downtimeor dataloss 

due to power supply failure witl1 tl1c TwinPower 900 

redundant power system. It deliver high-capaci ty, 

fault-tolerant power to your entirenetwork server. 

Consi t of 2Turbo-Cool 450 

power supplies in parallel and a 

special power interface module. 

Amust for 1J1issia11 critirnf LANs. : ·a '[lf : 


• 900 watts peak power e .;··I";_. 
• 5,000,000 I-Ir MTBF Solid·Srul 

• load-sharingdesign Mo11r1rr Cort : 
1

• remote-sense feature boldr 2Ml!r ,
&JSdri1 ·11. - .., 

• hot-swap capability Rr11r Vi,-,. 

TWIN-PO\.VER600 ................................ $695 

TWIN-POWER900 .......... ................ .... .. $995 
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CPU COOLERS 


i86s and Pentiums run hot,oftenexceeding [85°F1 
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BUSS-COOL ................................ ............. $34 
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Don't let PC fan failure cost 
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overbearing before damage 
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get aloud audible 
abrm and asignal . 
for remote monitoring. ·· 
If the warning isignored, and 1l8°F is reached, tl1c 
TwinAlert saves your machine by rmtamnticnfly 
turning-off itspower! Thislow-cost protection is 
compact, easy to install, and works in any computer. 
110 ALERT (original heatalarm) .... .. .... .. .... .. $24 
I lOTWINALERT (2 -stage heatalarm) ....... $39 
110 ALERT+ (heat & fan RPM alarm)... ....... $39 
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The P6 fetches x86 Instructions from the executing Instruction reorder buffer. The reservation station dispatches the micrCHlps In 
stream or from a speculative address, based on predictions by the parallel and out-0f-0rder to five execution units. After completion, 
branch target buffer. A parallel decoder converts the instructions results are committed to the retirement register file and restored to 
into RISC-like micrCHJps and assigns them to registers In the original program order. 

refer to this type of package as an MCM 
(muhichip module), but Intel is calling it a 
dual-cavity PGA (pin-grid array). The dif
ference is subtle and probably has more 
to do with marketing than technology, be
cause MCMs have a reputation for being 
expensive. (Until In tel announces pricing 
for the P6 later this year, we won' t know if 
the new tem1inology will improve that rep
utation. ) No matter what it ' s called, the 
P6 is the fir t microprocessor intended for 
large-scale production that includes two 
dies in a single package. 

The transistor counts are impressive: 
The CPU die has about 5.5 million tran
. istors, and the L2 die has about 15.5 mil
li on. By comparison, the latest Penti um 
core have about 3.3 million transistors. 
Of course, that doesn't include an L2 
cache, because a with almost all micro
processors, the Pentium require. an exter
nal set of memory chips to implement a 
econdary cache. 

If you ' re wondering why the L2 die in 
the P6 requires so many trans isto rs for 
only 256 KB of memory, remember it ' s 
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SRAM, not DRAM. DRAM chips use vendors to design hi gh-performance sys
only one transistor per bit and are period tems around the P6. One challenge of de
ically refreshed, and SRAM chips use four signing a computer with a fast processor is 
or six transistors per bit so that they don ' l fine-tuning the size and configuration of 
need refreshing. That' s what makes SRAM the secondary cache to the requiremen!s 
faster and more expensive than DRAM . of the CP ·. Unfortunately, the low mar
The SRAM in the P6 has six transistors gins of today ' s PC-clone market do not 
per bit. encourage lavish R&D budgets. At the 

Although the L2 die in the P6 has about same time, clone vendors are under great 
three times as many transistors as the CPU pressure to get their machines out the door 
die, the CPU die is physically as soon as possible. The P6' s 
larger. It measures 306 millime P6 Technology built-in secondary cache is al
ters quare (compared to 295 for 256-KBSRAM ready tuned to the CPU and will 
the fi rst Pentium), while the L2 
die is only 202 mm square. Both 

(static RAM) let systems designers quickly 
integrate the package o nt o 

are fabricated on the same pro secondary cache motherboards. 
cess (0.6-micron, four- layer on a dedicated A nother important reaso n 
metal BiCMOS), but it's easier full·speed bus, for the dual packaging i en
to pack transistors more densely closely coupled hanced performance. The sec
onto memory components than ondary cache is c lose ly cou
onto logic parts. to the CPU die in pled to th e CPU co re by a 

Here 's why Inte l incurs th e a 387·pin dual dedicated bus that is 64 bits 
extra expense of packaging the cavity PGA wide and run at the ame 
CPU core and secondary cache ceramic package speed as the CPU clock. If the 
together: First, the combination C PU core is c locked a l 133 
package will make il easier fo r MHz (at which speed the P6 
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will debut), the sec
ondary cache a lso Increased Perfonnance 

million transistors, 
most of which are 

runs at 133 MHz. 
Th e fir st Pe n

Ohrystooe MIPS 
250 

arrayed in the 
caches. The payoff 

tium · were clocked is th at the Alpha 
at 60 and 66 MHz. 2 1164 delivers 330 
and they addressed SPECint92 at 300 
their secondary 200 MHz. lntel 's P6 
cache over a 64-bit isn' t quite that fast 
bu s tha t ran at the (Intel estimates 200 
full speed of th e 
CPU core. However, 

~50 
SPECint92 at 133 
MHz), but it strikes 

as Pe ntium c lock a better balance be
speeds increased, it tween speed and 
became too difficult 1 00 -~ cost for its intended 
and expensive for market. 
systems des igners to One caveat: The 
match those speed. 
on thei r mother 50 

P6' s unusual design 
will make it difficult 

board . So the faster to calculate its price/ 
Pentiums use a clock 
divider to run the 
ex te rnal bu s at a 
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performance ratio, 
even when we know 
the price. The built

fractional speed. For 
example, a I 00

Since 1978, Intel's x86 processors have steadily 
increased in performance. Although Dhrystone 

in secondary cache 
is bound to make the 

MHz Pentium runs MIPS are no longer considered a good measure P6 look more ex
its external bus at 66 of CPU performance, they are the only pe ns ive th an its 
MHz, and a 90-MHz benchmarks that span all six x86 generations. compe titors , but 
Pentium runs its ex
ternal bus at 60 MHz. The Pentium also uses 
this same bus to access main memory and 
other peripherals, such as the PCI chip set. 

Because the P6 has a dedicated bus for 
the secondary cache, it achieves two effi
ciencies: ful l synchronous bus speeds and 
no contentions with other 1/0 operations. 
The dedicated L2 bus , or backside bus, is 
complete ly separate from the external 1/0 
bus, or front side bus, so the P6' s secondary 
cache doesn' t have to share access with 
mai n memory and peripherals. The 64-bit 
frontside bus can run at one-half, one-third, 
or one-quarter the speed of the P6' s core, 
depending on the wishes of the systems 
designer, and the backside bus continues to 
run independently at fulJ speed. 

These are big improvements over the 
bus designs of the Pentium and most other 
x86 processors. However, NexGen was 
there first with a simi lar design. Although 
the Nx586 doesn' t package the secondary 
cache with the CPU, it does integrate an L2 
cache controller and a full-speed backside 
bus. Like the P6, the Nx586 accesses main 
memory and peripherals concurrently over 
a separate 1/0 bus that runs at a clock
divided frequency . 

Digital's Alpha 2 11 64, an exotic RJSC 
chip, goes a step further by integrating a 
96-KB secondary cache with the CPU core, 
just like a primary cache. This provides 
unprecedented cache performance at the 
expense of considerable silicon real estate
the Alpha 2 1164 contains a whopping 9.3 
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most of th e other 
processors require an external set of mem
ory chips, as wel I as a cache controller. The 
more efficient design ofthe P6' s cache struc
ture means the other processors will prob
ab ly need more than 256-KB cache to 
achieve comparable performance. Keep 
those factors in mind when eva luating 
systems. 

Intel ' s unique prim ary and sec
packagi ng also ondary caches non
leaves the door blocking without in
open for more de creasi ng their size. 
sign variation ·. Fu 5 Each cache in the 
ture versions of the P6 is 8 KB ; the in
P6 could eas ily en s truc ti o n cache is 
large tl1e secondary two-way set-asso4 
cac he or take the ciative, and the data 
more conventional cache is four-way 
approach of sepa set-associative. The 

3rating the cache Pentium also has a 
from the package. pair of 8-KB prima
A P6 with an ex ry caches, although 
ternal seco nda ry both a re two-way 
cache wouldn' t be set-as ociative. Nor
pin-compatible 

_1 
ma 11 y, you would 

with a multi c hip expect to find larger 
version because it primary caches (and 
would require 72 a large r secondary 

29,000 more pins (64 for cache) in a three
the backsi de bu s 8086 way superscalar ma1978 1982 1985 1995 
and eight for error c hine like the P6 . 

Since the 8086's debut in 1978 , the number ofcorrection cod ing), In s tead, Inte l has
transistors on Inters x86 microprocessors has 

but it would be just designed the cache increased by a factor of about 190. This reflects 
as fast , espec iall y the greater complexity of Intel's designs. hierarchy to allow 
whe n burst-mode reques ts to flow 

More Complex Designs 

Number of transistors at inlroducli<>n 
(in millions) 

___ 

486 Pentium P6 
1989 1993 

SRAMs become available. History shows 
that Lntel likes to offer numerous varia
tions of a basic processor de ign. It pro
vide more flexibility for system vendors 
and leaves less room fo r competitors to 
carve out market niches. 

One variation that wouldn' t make sense, 
according to Intel, is to connect an external 
set of memory chips to the P6's frontside 
bus to impleme nt a level 3 cache. The 
Alpha 21164 is designed to work with an 
L3 cache, but Intel says it wou ldn ' t buy 
much performance for the P6 because the 
LI and L2 caches already are c lose ly 
matched to the demands of the core. 

P6 Microarchitecture 
Modern microprocessor design requires 
careful attention to balancing all the dif
ferent elements in lhe chip. It's not just a 
matter of adding more resources in the form 
of larger caches, wider buses, fa ter clocks, 
multiple execution units, and add itional 
registers, because some of those resources 
wiU be wasted if they exceed tl1e abili ty of 
others to keep up. lnte l started designing 
the P6 about fo ur years ago (rough ly 
halfway into the Pentium ' s design cycle), 
and the Oregon-based eng ineers spent 
much of that time fiddling with simulators 
to determine the optimum combination of 
TIO bandwidth and execution capacity. 

The closely coupled secondary cache is 
only one example of how Intel boosted the 
P6' s bandwidth to feed the hungrier appetite 
of its superscalar core. Another example is 

how Inte l made the 





Chip by Chip, Feature by Feature 

INTEL P6 INTEL PENTIUM , AMO KS CYRIX Ml NUGEN NX586 

Clock speed 133 MHz 100 MHz 100 MHz 100 MHz 93MHz 

Perfonnance ISPEClnt921
2 

200' 112.7 147 ' 147 to 169' 112.7' 

Superscalar design Three-way Two-way Four-way Two-way Three-way• 

Execution units Five Three Five Four Three• 

Branch prediction Dynamic Dynamic Dynamic Dynamic Dynamic 

Speculative execution Yes No Yes Yes Yes 

Out-of-order execution Yes No Yes Yes Yes 

Transistors 5.5 million• 3.3million • 4.3 million 3.3 million 3.5 million 

Level 1 cache 16-KB split 16-KBsplit 24-KB split 16-KB unified 32-KB split 

Level 2 cache 256 KB packaged External External External External ' 

Process technology 0.6-micron BiCMOS 0.6-micron BiCMOS 0.5-micron CMOS 0.65-micron CMOS 0.5-micron CMOS 

Die size 306 mm square 163 mm square Unknown 394 mm square 196 mm square• 

Availability Second half of 1995 Mid-1994 Second half of 1995 Second half of 1995 Late 1994 

Price (In lots of 10001 Unknown $673 Unknown Unknown $569 

Notes: 
' P54C Pentium at 100 MHz. • Packaged level 2 cache has 15.5 mill ion transistors. 
' Benchmark suite revised November 1994. • Penllum-60 and -66 have 3.1 million transistors. 
' Estimated performance. ' Integrated level 2cache controller. 
• Not Including optional FPU. • NexGen plans die shrink to 119 mm square In April. 

from one cache to the other without block
ing execution. 

If the P6 cannot find the instructions or 
data it needs in the primary caches, it 
quickly checks the secondary cache. 
Thanks to the backside bus, the penalty is 
only one clock cycle. Jf the P6 can ' t find 
what it needs there, it mu t access main 
me mory over the frontside bu s. The 
penalty for a double cache miss is usually 
considerable, becau e the frontside bus 
runs at a divided clock speed and main 
memory is relatively low. But Intel has 
taken steps to minimize the impact. 

First, as described above, the indepen
dent frontside and backside buses operate 
concurrently. Second, the frontside bus is 
transactional, another improvement over 
the Pentium. 

While the P6 is waiting for a memory 
access to complete it can begin another 
access. As many a eight of these trans
actions can be outstanding. Transactions 
can be loads or stores, and each transaction 
is recorded in a MOB (me mory order 
buffer) so that the CPU won't mix them 
up. In fact, the P6 can let a load "pa s" a 
pending store, which greatly accelerates 
throughput. While a Pentium would stall in 
thi s ituation , the P6 can continue is ui.ng 
loads and store and execute other nonde
pendent instructions that are queued in its 
buffers . 

To maintain coherency betwee n the 
caches and memory , the P6 implements 
the MESI (modified, exclusive, shared, in
valid) coherency protocol. This guarantees 
cache coherency in both single- and multi
processing system , and it a l o guards 
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against potential tragedie caused by self
modifying code. Many old x86 programs 
(and even some naughty new ones) use this 
technique, which can wreak havoc when 
the program rewrites portions of itself that 
are already cached. The P6 detects this, 
and even dedicates a machine-specific reg
ister to track how often it happens. An op
erating system could check this register 
and warn you if your programs are too 
clever for their own good. 

The combination of nonblocking caches, 
separate fetch buses , and an eight-entry 
transactional buffer goes a long way to
ward ensuring that the P6's multiple exe
cution units won ' t run out of work to do. 

Instruction Fission 
One of the historical burdens of the 17
year-old x86 architecture is its complex 
instruction set. In the late 1970s, when In
tel engineers were designing the original 
8086, the goal was to pack the richest pos
sible instruction set onto a chip with only 
29,000 transistors. They did it by creating 
complex instructions that do a Jot and re
quire microcode. But as processors grew 
more powerful, those Jong, complex in
struction became a liability . 

P6 Technology
RISC processors take the oppo misses the cache or mispredicts a 
site tack by using instructions 2.9-V, 0 .6- branch. Intel is trading off those 
that are relatively simple and are micron, four disadvantages against faster over
hard-wired onto the chip . all throughput, because the P6'slayer metal 

RISC instructions are easier stages have shorter latencies than 
BiCMOSto hand le internally , especially the Pentium' s, and they help to 

in a superscalar machine, so the process keep the execution units busy. 
trend in CISC design is to make technology The first stage of this super
the complex instructions appear pipeline calculates the next value 
more RJSC-like without chang- of the instruction pointer, which 

ing them. Changing the CISC instructions 
is unthinkable because it would render ex
isting software obsolete. 

The approach introduced by NexGen 
and adopted by AMD and Intel is to build 
an x86 preprocessor with a sophisticated 
decoder that parses the complex instruc
tions into fragments of simpler operations: 
These are the RJSC86 instructions, R-ops, 
or micro-ops mentioned before. The sim
plified operations are easier to dispatch 
and execute in parallel than full-length x86 
instructions. 

Instruction fission begins soon after the 
x86 instructions are fetched into the 
pipeline. Interestingly, the P6 adopts an
other RISC technique at this point that the 
latest RISC chips are retreating from: 
superpipelining. The P6 has a 14-stage 
pipeline (although in some instances stages 
can overlap), considerably longer than the 
Pentium's five-stage pipeline. (Due to the 
complex nature of the x86, some instruc
tions consume additional pipeline stages, 
and floating-point instructions may require 
many more stages.) 

Superpipelining is falling out of favor 
with some engineers because it can impose 

costlier penalties when the CPU 
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determines the location from P6 Technology_ Pentium's. Instead of merely de
which the CPU will fetch the coding the x86 instructions and Five parallel 
next instruction. Thi s calcula shoving them down a pair of ex

execution units: 
tion isn ' t as simple as merely in ecution pipelines, the P6 con
crementing the pointer , of two integer, one verts them into sequences of mi
course, because there might be a load, one store, cro-ops and appends various 
pending interrupt or a branch fl ags and status bits to prepareand one FPU 
that would move the pointer to a 
different location. 

During the nex t three stages, the P6 
fetches two cache lines of 32 bytes each, 
marks the boundaries of each instruction, 
and passes 16 aligned bytes to the decoder. 
Two cache lines are fetched per clock be
cause x86 instructi ons can be long, so 
there' s a good chance an instruction will 
wrap around from one cache line to an
other. M arking the boundaries is impor
tant because x86 instruction vary in length 
(8 Lo 120 bits), so it 's not obviou where 
one instruction ends and the next begins. 
(RISC instructions are easier to fetch be
cause they ' re always 32 bits long.) 

Th e following stages of th e P6 ' s 
pipeline are noticeably different from the 

them for superscalar out-of-or
der issue. To do this. the P6 has 

a decoder unit that is much more sophisti
cated than the Pentium's· it actually con
sists of three decoders working in parallel. 

Two of these decoders parse the sim
pler x86 instructions, mostly integer op
erations. When they encounter a more 
complicated x86 in truction, they pass it 
along Lo a more sophisti ca ted third de
coder. Some instructions are too complex 
for even thi s decoder to parse so they' re 
referred to a microcode instruction se
quencer, which corresponds to the mi
crocode ROM in earlier x86 chips. 

In any case, the ftnal output is the same: 
triadic micro-ops that always contain three 
operands- two sources plus a destination. 

They 're longer than true RISC instrnctions 
because they have to accommodate the 
more complex x86 floating-point opera
tions, but they ' re definitely easier to man
age than the 01iginal x86 instructions from 
which they are derived. 

Most x86 instructions map directly into 
single micro-ops. All but the most com
plex instructions translate into one Lo four 
micro-ops. When an instruction is o com
plex that it must be broken into more than 
four micro-ops, iL is passed to the micro
code instruction sequencer. The worst-case 
situation is difficult to pin down because 
x86 instruction s can have prefixes that 
greatly multiply their complex ity. How
ever, if the instruction doesn' t have a re
peat prefi x, isn' t looped, and isn' t a string 
operation. the worst ca e is that iL will 
translate into 204 micro-ops. 

The two simpler decoders in thi s mech
anism can each generate one micro-op per 
clock cycle. The third decoder can gener
ate up to four micro-ops per clock cycle. 
Therefore, with each clock cyc le, the unit 

The Shape of Systems to Come 

ANDY REINHARDT 

C omputers built around the Intel P6 chip 
will initially resemble today's top-of-the-line 
Pentium boxes, but they will have an even 
more upscale configuration. Expect to see 
at least 1-GB hard drives, 32 MB of RAM or 
higher, and high-end graphics controllers 
for workstation applications. Some servers 
will be multiprocessors. 

Over the next two years, however, P6 sys
tems will depart from their Pentium prede
cessors. Desktops will possess more stor
age and multimedia horsepower than all 
but today's snazziest workstations. Better 
built-in diagnostics and error reporting in 
the P6 will make it easier for vendors to 
build reliable, enterprise-class servers. And 
the P6 's improved SMP (symmetric multi
processing) support, in conjunction with new 
SMP-capable versions of OS/ 2 and Net
Ware, will fuel a surge in high-end servers. 

The Next Stage 
Intel had expected servers to be the first 
P6 systems available, with desktop sys
tems not far behind. However, it appears 
that both servers and desktop units will hit 
computer stores almost simultaneously. 
"We will definitely have P6 on the server 
first, but desktops will immediately follow," 
says Jeffrey Lu, principal architect for Digi
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tal Equipment's PC business unit premium 
desktop line. 

Hewlett-Packard sees immediate demand 
for upscale P6 desktop models. Other com
panies jumping on the P6 bandwagon in
clude ALR, AST, AT&T Global Information 
Systems (the former NCR), Dell , Gateway, 
and Unisys. The first desktop systems will 
start In the $4000 to $4500 range and 
climb steadily upward, depending on the 
configuration. Given the P6's size, power 
consumption , and heat dissipation (it re
quires active cooling), don 't expect it to ap
pear In battery-powered laptops soon. 

The first customers-software develop
ers and users of such applications as CAD, 
desktop publishing, scientific visualization , 
and statistic~-are those who need as 
many MIPS as they can get. Server cus
tomers , however, march to a different beat. 
Those running NetWare file and print servers 
aren 't CPU-bound and don 't need the extra 
horsepower. But applications servers-Net
Ware-, OS/ 2-, Windows NT-, or Unix-based 
boxes running Lotus Notes, messaging en
gines, databases, or document reposito
ries- are prime candidates for moving to 
the P6. 

Early upgraders share another, somewhat 
surprising trait, says Eric Harslem, senior 
vice president of the product group at Dell 
Computer (Austin , TX): They tend to work 

for smaller businesses, where systems are 
running off-the-shelf applications critical to 
the productivity of the whole organization. By 
comparison, larger MIS-directed organiza
tions buy Into new systems later, typically af
ter one to three months of evaluation. 

"[These companies] tend to have more 
custom apps and in-house-developed soft
ware, so they need a longer period to test 
compatibility," Harslem says. For example, 
if a vendor such as Dell decided to fit P6 
systems with a new 128-bit graphics card to 
balance performance, it could break existing 
applications not written to standard APls. 

YolU'Basic P6 
What will the typical P6 system be like? 
The processor will operate initially at 133 
MHz, and the external CPU bus wi ll run at 
one-quarter, one-third , or one-half of that 
clock rate, at the discretion of the systems 
designer. An Intel P6/PCI (Peripheral Com
ponent Interconnect) chip set called Orion 
will support version 2.1 of the 32-bit PCI 
bus at 33 MHz, but it won't support the 64
bit PCI extensions, says John Hyde, tech
nical marketing manager for the P6 in Hills
boro, Oregon. 

Due to the built-in level 2 cache, most 
P6 systems won't have external cache or 
cache controllers. Main memory will likely be 
conventional 60-nanosecond DRAM or, in 
some systems, EDO (Extended Data Out) 
DRAM , a new higher-speed alternative sup
ported in the Intel Triton chip set for the 
Pentium. Memory configurations of 16 MB 



can chum out as many as six micro-ops. ters are reass igned to physical registers by 
That ' s better Lhan Lhe similar decoder · in the RAT (register ali a table). This is sim
the NxS86 and K5 processors which can ilar to the register renaming found in other 
generate a maximum of only four RISC86 advanced microprocessors and is yet an
instructi ons or R-ops per c lock cycle, other way in which the P6 overcomes a his
respecti vely. torical limitation of the x86 architecture. 

A lthough lntel's micro-op are compa Ever since the 8086, the x86 architecture 
rable to an internal RISC-l ike instruction has made only eight integer- type GPRs 
set, Intel says the P6 does not allow ex (general-purpose registers) visible to pro
tern al access Lo the micro-ops. In other grammers. T hat ' s a small register fi le in 
word s, you can ' t write or compile a pro modern terms, but Intel can' t expand the 
gram in micro-ops and run it faster on the number of architectural GPRs without dis
P6 by circumventing the decoder. The K5 rupting the x86 standard . Register renam
has no provi sion for thi s, ei ther. The ing sol ves that problem by adding more 
N xS86 does permit such a bypass, although physical registers to the chip and renaming 
it ' s unli kely it w ill ever be used for any them on the fl y to represent log ica l (ar
thing but in-house testing by NexGen en chitectural) reg isters. In other words, at 
gineers. lJ Intel permitted this on the P6, it any given moment. any of the phys ical 
would raise the spectre of a new generation registers in the expanded register file can 
of software that discarded the troublesome represenr the logical regi tl;rs that x86 pro
x86 instruction set altogether. grams expect to see. 

After the decoder convert the x86 in The P6 ha an impress ive total of 40 
struction into micro-ops, stages 7 and 8 extra GPRs. in addi tion to the architectural 
fini sh preparing them for superscalar issue. set of eight integer and eight floating-point 
In stage 7, reference to x86 logical regis- GPRs. B y compari on. the M I has a total 

will be common, with a growing number of {e.g., Fibre Channel , IBM's Serial Storage 
systems supplying 32 MB. Servers, and in Architecture , P1394 serial bus, and the 
creasingly desktops, will ship with ECG (er Scalable Coherent Interface, or SCI). 
ror checking and correcting) memory (10 Storage will likely be at least 730 MB, 
bits per byte) . using IDE or SCSI. Most systems will ship 

Initially, P6 systems will offer both PCI with double-speed or faster CD-ROM drives. 
and EISA/ISA buses for performance and Basic graphics will probably have 1024- by 
backward-com
patibility. Howev Desktops Today ••• and Tomorrow 

768-pixel resolu
t ion , driven by an 

er, as the num 1994 1996 a ccelerated 
ber of add- ins 486/Pentium, 100 P6, 250 MIPS or higher, 32 to graphics card 
available for PCI MIPS, 8 to 16 MB of 64 MB of RAM, 32-/64-bit PCI, with 2 to 4 MB of 
increases , the 
need for EISA 
and eventually 
ISA will lessen . 

RAM, VUPCI bus, 540
to 730-MB hard drive, 
10-Mbps Ethernet, 
sound, and graphics 
acceleration 

1-GB hard drive or higher, 100· 
Mbps Ethernet, multimedia via 
DSP, Plug and Play, voice 
navigation, digital video 
support, and videoconferencing 

SDRAM (synchro
nous DRAM ) or 
VRAM . A number 
of these systems 

"Everybody in the will ship with NT, 
world can hardly wait for EISA to go away," OS/ 2, Un ix , or NetWare pre installed . 
says Dell 's Harslem. Servers and desktops will increasingly sup

A major factor here will be the growth of port SNMP or DMI. 
PCl-to-PCI bus bridges, which are supported More unusual configurations may include 
in PCI 2.1. The biggest problem with the PCMCIA slots, quad-speed CD-ROMs, sup
use of PCI today is its limit of 10 loads, port for 40-MBps Ultra SCSI, built-in 10-/ 
which typically works out to only two to three 100.Mbps network ports, and on-board mul
add-in cards . Bus bridges , like network timedia via DSPs (digital signal processors) 
bridges, allow a larger number of devices or dedicated chips (wave table sound, video 
within the same logical space while reducing 1/ 0 , and compression/ decompression) . 
traffic via fil tering, says Digital's Lu. Some vendors may opt to use new memo

Bridging multiple PCI buses will allow, for ry types , 128-bit graphics accelerators, or 
instance, systems with more useful con the 64-bit bus extensions documented in 
figurations of six slots, obviating the need the PCI specification. A few systems could 
for other 1/0 buses. Having more available sport new types of 1/ 0 ports, such as en
PCI loads will allow attachment of not just hanced parallel or high-speed serial ports . 
graphics and storage but also high-speed Andy Reinhardt is BYTE 's West Coast b11rea11 
network interfaces (e.g., 100.Mbps Ethernet, chief. You ca11 reach him on the Internet or BIX 
FDDI, and ATM) and high-speed serial 1/ 0 at arei11hardt@bix.co111. 

of 32 GPRs, the KS has 16, and the Nx586 
has 14. The P6 ' s expanded register fil e 
allows the CPU to exp lore more deeply 
when i t spec ul ates beyond predi c ted 
branches. 

Fu1thcrmore. the 40 extra GPRs in the 
P6 are wide enough to handle floating-point 
values and integer values. as well as some 
additional status in formati on that 's ap
pended in stage 8. The expanded register 
file functions as a general-purpose instruc
tion pool Lhat Intel calls an ROB (reorder 
buffer). This ROB is a 40-entry array of 
content-addressable memory that's ammged 
as a circular FIFO (fir t in, fi rst out) buffer. 
Micro-ops (now a uni form 11 8 bits long) 
are held in this pool during various states of 
completion. Status bit record the state of 
each micro-op and provide additional in
formation, such as which execution unit 
can handle that type of micro-op. 

Deliberate Disorder 
Until this point, the P6 has been processing 
the instructions in their original program 
order, just like the Pentium and earlier x86 
chips. But this is where Lhe P6 differs rad
icall y from the Pentium. 

In-order CPUs frequent ly stall wh i le 
they wait for a time-con urni ng instruc
tion to complete. Because they must exe
cute the instructi ons in the same order as 
they' re arranged in the program, any in
struction that causes a delay interferes with 
the smooth throughput of the pipeline
j ust a a factory assembly line halts when 
one worker takes too long to f ini sh his 
task. To prevent this wastefu l idling, the 
latest CPUs can execute instructions in al
most any order they choose. Instead of 
waiting around for a poky instruction to 
complete, the CPU can fetch and execute 
a following instruction. Of course, to avert 
a software disaster, the CPU eventually 
stores the resu lts in th e order the pro
grammer intended. 

Some sequences of instructions must 
always execute in order because one in 
struction depends on the result of a prev i
ous instructi on. This is called a rrue de
pendency, and the P6 is careful not to mix 
up these sequences. Among the status bits 
appended to each micro-op is a depen
dency tl ag and a time stamp that records 
the micro-op's original position in the in
struction tream. 

Out-of-order execution is a vital feature 
of the P6, xS86, KS, M 1, and many RISC 
chips. When combined wi th branch pre
diction and speculati ve execution, i t al 
lows the CPU to adapt the instructi on 
stream to the avail ability of its internal 
resources . In effec t, the CPU is its own 
optimized compiler. A · long as there are 
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no dependencies, the CPU can continue 
predicting the outcome of branches and 
peculatively execute the in trnctions be

yond those branches. There' s no absolute 
limit to how far ahead the P6 can speculate. 
other than the capaci ties of i ts ROB , exe
cution units, and other resources. Intel says 
the P6 ty pi cally looks 20 to 30 instruc
tions beyond the program counter. 

Branch prediction pl ays an important 
ro le in thi s process because the average 
program contains one branch every five 
instructions. (If you ' re a programmer and 
you ' re wondering why your own programs 
don ' t contain that many IF. . .THEN state
ments, remember that loop terminations 
and other statements compile into branch
es, too.) To reduce this number somewhat, 
the P6 adds one new instruction to the x86 
instructi on . et: A conditional MOY that 
in some cases replaces a regular branch. 

When a branch instruction enters the 
ROB, it is tagged with exu·a status bits that 
indicate a predicted target address and a 
fall-throu gh address. Ac tual target ad
dresses are stored in a 512-entry BTB 

branches deep. 
The target address de
(branch target buffer). 

But what happens if 
termines which cache the P6 guesses wrong? 
lines will be retrieved T hi s i s w hen super
during the next fe tch pipelining works against 
cycle. U sing a 4-bit the P6. A mispredicted 
dynamic history algo branch can inva lidate 
rithm, the BTB keeps all the work in progress 
track of whether the in prev iou s pipeline 
branch was correct ly stages- all the specu
predicted. This algo lated instructions (and 
rithm is smart enough nested branches) be
to recogni ze patterns yond the mispred icted 
(e.g., alternating pairs bran ch. The P6 mu st 
of taken/not- taken discard numerous en
branches) that wou ld Larger than the average chip , the P6 is shown tri es in the BTB and 
baffle some impler here at approximately 50 percent actual size. the ROB. The emptied 

algorithms, such as the binary flip-flop stages cause pipeline " bubbles" that impair 
used by the KS . According to Intel. the the CPU ' s throughput until they are re
P6 ' s branch pred icti on is more than 90 plenished. 
percent accurate. There are two ways to mea. ure the cost 

Thai1ks to its large BIB and ROB, the P6 of a mispredicted branch : the actual loss 
typically predicts 10 to 15 nested branches. of clock cycles required to recover from 
which is impressive indeed. Even some of the wrong gues and the potential loss of 
the latest and most powerful RISC chips, work that was done speculatively and must 
such a the Mips R 10000, can go only four be abandoned. For instance, say you' re 

The P7 and Beyond 

I ntel 's P6 is the logical next step beyond 
the Pentium, but the P7 could introduce a 
radically different technology that achieves 
a breakthrough in performance while pre
serving backward compatibility. Then again, 
the P7 project could fall flat on its face. 

Last year, Intel formed a much talked
about partnership with Hewlett-Packard to 
design a new microprocessor that is ex
pected to appear in 1997 or 1998. The 
two companies are revealing little about 
this processor except that it will attempt to 
leapfrog RISC technology and run all ex
isting software for Intel 's x86 and HP's 
PA-RISC chips. In addition to supporting 
both of those legacy instruction sets, it 
will probably introduce a new instruction 
set of its own. 

The prevailing rumor is that Intel and HP 
are experimenting with a technology called 
VLIW (very long instruction word). Ironically, 
VLIW is almost exactly the opposite of the 
technology used by the P6. While the P6 
contains a sophisticated decoder that 
translates complex x86 instructions into 
shorter, simpler RISC-like operations, a 
VLIW processor would rely on a new type of 
compiler to pack several simple opera
tions into very long instructions. Each in
struction packet would contain operations 
that aren 't interdependent, so the CPU 
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could rapidly execute them in parallel (see 
"VLIW Questions," November 1994). 

In other words, a VLIW processor shifts 
the responsibility for instruction scheduling 
from the hardware to the software. The 
scheduling intelligence would be built into 
the compiler, which, in turn, would embed 
it into the applications software. 

The compiler technology required to 
make this practical hasn't been perfected. 
Another problem Is that software compiled 
for one version of a VLIW chip would prob
ably have to be recompiled for the next 
generation. Software vendors would make 
millions on upgrades, but users wouldn't 
be too happy. 

For these and other reasons, some ob
servers doubt that Intel and HP can pro
duce a commercially viable VLIW chip. Be
cause the x86 market Is far too important 
for Intel to bet everything on an unproven 
technology, it is likely that Intel has a par
allel project to develop a more conven
tional P7 in case the VLIW project fails . 

There is still plenty of room for improve
ment in the x86 architecture. The P7 could 
be a four- to six-way superscalar machine 
with larger primary caches, an integrated 
secondary cache, more execution units, 
and larger buffers to support deeper paths 
of speculative execution. It could also spec

ulate both ways beyond a predicted branch, 
a technique IBM tried in a 1960s main
frame. 

Meanwhile, Intel 's competitors aren 't 
sitting still. NexGen plans to introduce the 
Nx686 by the end of this year and predicts 
two to four times the performance of the 
Nx586. Cyrix says it is already working on 
successors to the M1, though no details 
have been disclosed. 

AMD has mapped out its future in the 
most detail. The K5 will be followed by a 
K6 in 1996, with volume production in 
1997. The K6 will be fabricated on a 0.35
micron process and Is expected to have 
6 .5 million transistors; estimated perfor
mance is 300 SPECint92. In 1997, AMD 
plans to introduce a K7 that will ramp up to 
volume production in 1998 on a 0 .18
micron process with 10 to 15 million tran
sistors; it is expected to del iver 700 
SPECint92 at 400 MHz. Finally, AMD is 
planning a KB in 2001 that will have 20 
million transistors and deliver 1000 
SPECint92 at 600 MHz. 

Additional competitors may surface, too. 
IBM Microelectronics, Texas Instruments, 
SGS-Thomson Microelectronics, and a few 
Asian companies already make 386 and 
486 chips. So far, however, these com
panies have not committed themselves to 
the more difficult challenge of designing 
a state-of'the-art x86 processor that would 
compete directly against the latest prod
ucts from Intel, AMD. Cyrix. and NexGen. 
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playing roulene and bet a dollar on number 
18. There's a 36-to- I payoff if you win . 
But i f you guess wrong, how much money 
have you lost? Your actual loss is lhe $ I 
you wagered, but your potential loss is lhe 
$36 you could have won by guessing right. 

Similarl y, the P6 pays two penalties for 
guessing wrong. Intel says the actual penal
l y is u uaUy eight clock cycles, the time it 
takes to update the various bu ffers and 
regi sters, redirect the instruction pointer, 
and refill the pipeline. (A hinting mecha

nism can reduce this to four clock cycles.) 
The potential penalty is more variable and 
depends on how many instructions were 
speculativel y executed past the mispre
dicted branch . Because the P6 looks far 
ahead, this can easily be 20 or 30 instruc
tions . 

.Intel says the P6. unlike the Pentium, 
is designed to deli ver more of i ts poten
ti al speed w ithout requiring optimized 
code. Neverlheless, there ' s no question 
that any compiler optimizati ons that min

imize brnnches or enhance the CPU's abil 

ity to predict branches wi.11 boost perfor

mance-for all advanced CPUs, not just 

the P6. Jntel says it is working with soft

ware vendors to develop postcompilation 

code pro filers that wi ll squeeze a little 

more speed out of the chips. 


Superscalar Execution 

Out-of-order execulion in the P6 is man

aged by a unit called the reservation sta

tion, which is similar to the reservation 


Sinarter, More Powerful Servers 

A mong the most significant trends of 
the last two years have been the increas
ing use of x86-based systems as applica
tions servers and Intel's growing role as a 
supplier of nonprocessor technologies, 
such as buses, networking, video com
pression, flash memory, and system man
agement tools. 

With the P6, Intel is continuing the trend 
of bringing high-end features to mass mar
ket. All the P6's internal registers are par
ity-checked, and the 64-bit path between 
the CPU core and level 2 cache uses ECC 
(error checking and correcting). Built-in di
agnostic features, most new to P6, make it 
easier for vendors to design reliable sys
tems: More than 100 events and variables 
inside the chip, such as cache misses, reg
ister contents, and occurrences of self-mod
ifying code, can be counted and reported out 
via pins or software. Operating-system or 
utility software can read these values to 
gauge processor status and performance. 
The P6 also improves support 
for checkpointing (i.e .. rolling 

(For more information, see "Pentium Chip's 
Dual Personality," December 1994 BYTE.) 
Only operating systems with support for 
multithreading were able to take advan
tage of this feature, so its market pene
tration has been low. 

Better Multiprocessing 
The P6 takes commodity multiprocessing 
to the next level, the Intel-defined MPS 
(Multi·Processor Specification) 1.1. Among 
the most difficult aspects of SMP (sym
metric multiprocessing) is maintaining co
herency among dedicated per-processor 
caches. Because the P6 handles level 2 
cache coherency internally, its frontside 
(external) bus is inherently cache-coher
ent and presents, in effect, a kind of SMP 
bus to the outside world. 

In the past, systems designers Imple
menting SMP had to create their own 
buses to communicate among processors 
or license a solution such as Corollary's C-

bus II. After claiming earlier that 
the 486 and the Pentium would 

back the machine to a known You'll be able be good for SMP systems, says 
state in the event of an error), to tie four P6s Corollary' s president George 
but again, the operating system 
has to be written to take advan

together to White, "this time Intel is right." 
The difference is the external 

tage of machine-check interrupts. make a pretty bus. "You 'll be able to tie four 
The P6 also supports the reasonable P6s together and make a pretty 

same FRC (funct ional redun  multiprocesslng reasonable MP machine using 
dancy check) capability offered In machine 
the Pentium, in which two chips 

are lashed together to constantly 

verify each others' results and to signal 

an error if a conflict is found. Unfortunately, 

P6 doesn 't solve FRC's main weakness

the nature of the error is undetermined. 


Intel's P54C implementations of the Pen
tium introduced a simple and Inexpensive 
approach to dual processing: a closely tied 
pairing in which host and slave proces
sors shared a cache and divided up pro
gram threads transparently to applications. 
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Intel's cookbook," he says. But 
for now, that is the limit; the 
P6's arbitration logic supports 

only four CPUs. 
Another dilemma facing vendors Is that 

dedicated-cache multiprocessors typical· 
ly benefit from using more than 256 KB 
of cache per processor. For now, Intel is 
limited to 256 KB in the P6 package. Thus, 
makers of high-performance servers who 
want to go beyond commodity SMP will 
have to use external cache controllers and 
SRAM (static RAM) to support more than 

four CPUs or to implement larger caches. 
(The subtle trade-off, for which an answer 
isn't yet clear, is at what point a larger but 
external cache would surpass the perfor
mance of the P6's smaller, in-package full· 
speed cache .) 

Intel can partly solve this problem with a 
bigger level 2 cache, which cou ld be 
achieved by increasing the die size or mov· 
Ing to smaller process technology. But to
day its answer for vendors who want more 
than four CPUs is to closely couple, or 
.cluster, systems across a high-speed mem
ory-to-memory serial interconnect, such as 
SCI. Implementations of SCI for the PCI 
bus could ship as early as this year. 

AShot in the Ann 
The combination of the P6 and MPS 1.1 
will permit creation of a new class of 
"clone " servers that comply with a stan· 
dard architecture and can run shrink· 
wrapped MPS-compatible operating sys
tems. This could be a major shot in the 
arm for SMP. White cautions, however, 
that customers "may not be ready yet to 
buy servers on price alone. " MPS doesn't 
go quite far enough, he says, in defining 
the kinds of features demanding users re
quire, such as ECC, system management, 
and hot-swapping. These need to be im· 
plemented via hardware abstraction lay· 
ers , or HALs (also known as processor
specific modules), the software interfaces 
added to operating systems to isolate 
them from hardware dependencies. 

The irony for vendors is that if they have 
already written a HAL, they won 't benefit 
much from MPS. On the other hand, cus
tomers will enjoy an attractive new range of 
options: From small vendors who lack the 
resources to develop HALs will come sim
ple, low-cost SMPs, while high-end solu· 
tions customized to the machine will still be 
available at a premium price. -A.R. 
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stations in the KS and the PowerPC. The 
reservation station is like a traffic cop; it ' s 
responsible for scheduling the order in 
which the micro-ops are dispatched from 
the ROB to the multiple execution units. 

There are fi ve execution units: two IUs 
(integer units), two AGUs (address-gen
eration units) for load/store operations, 
and an FPU. The reservation stati on can 
dispatch up to five micro-ops to these units 
per clock cycle, but a sustained rate of 
three per clock cycle is more likely be
cause some of the units are usually busy. 

To schedule this dispatching, the reser
vation station checks the status bits of the 
micro-ops waiting in the ROB. If 
the micro-op isn' t locked by a de
pendency, its operands are ready, 
and an execution unit that can han
dle that type of micro-op is avail
able, then the reservation station 
dispatches it for execution. If more 
than one micro-op is ready for dis
patching, the reservation station 
picks those that were generated in 
sequence. Although this pseudo
FIFO algorithm favors in-order 
execution, by now the instruction 
stJeam has become so rearranged 
by dependencies and branches that 
it's substantially out of order. 

These steps occupy stages 9 
and 10 in the pipeline, although 
in many cases stages 8 and 9 over
lap . The next stage , execution, 
may consist of many stages if the 

16. Intel is also thinking about putting a P6 system on·line so that you can 
compare its performance to other machines. Intel's home page is at 

micro-op is a relatively complex RISC86 instructions s imultane
operation (e.g., a floating-point 

http://www.intel.com.
operation). Over the years, how
ever, x86 processors have added much 
hard-wired logic, so the majority of integer 
operations (which make up most of the in
structions in typical programs) execute in 
a single clock cycle, just like RISC in
structions. Modern x86 compilers try to 
use as many of these fast instructions as 
possible. 

To boost floating-point performance, 
the P6 has the same beefed-up FPU found 
in the Pentium, which means there is ad
ditional logic to handle multiply, divide, 
and shift operati ons. It 's undoubtedly the 
fas test FPU on any x86 processor, even 
tho ugh it st i II fa ll s well short of most 
RISC chips . Incidenta lly, the P6's FPU 
is free of the division bug that afflicts the 
Pentium. In fact , the FDIV bug was con
firmed when Inte l engineers testing the 
P6 's FPU discovered that the P6 ' s out
put matched that of the 486, but not the 
output of the Pentium . 

Load and store operations in the P6 re
quire one and two micro-ops, respectively. 
A load operation needs to know only the 
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memory location and the width of the data, 
so it ' s only one micro-op. A store must 
generate the memory address and the data; 
the decoder breaks the operation into two 
micro-ops so that they can execute in par
allel. In fact , the AGU that handles stores 
has two ports and is separate from the load 
AGU, so the reservation station can dis
patch a load and a store on the same c lock 
cycle. 

The P6 tries to maximize paralle lism 
by spread ing the execution units across 
fi ve different ports on the reservation sta
tion. The two AGUs do not share the same 
ports, and neither do the two fUs. The FPU 

Intel recently launched a new home page on the Internet's WWW {World 
Wide Web) that includes information about the P6. Among other things, 
you can read the technical paper that Intel presented at the IEEE 
International Solid-State Circuits Conference in San Francisco on February 

shares a port with one of the IUs, but be
cause the FPU has such long latencies (due 
to the complexity of its operations), it 
rarely blocks the IU. 

Time to Retire 
After a micro-op has executed, its status 
flag is changed to indicate completion, 
and it is returned to the ROB . Thus, the 
ROB is a generalized pool for micro-ops 
that are awaiting either executi on or re
tire ment. Both the reservation station and 
the retire unit constantly scan thi s pool, 
looking for micro-ops with the appropriate 
status fl ags. 

When the retire unit finds a completed 
micro-op, it verifies that the micro-op can 
indeed be retired. This is not as easy as it 
sounds, because the retire unit must put 
the micro-ops back into their original 
program order and watch for interrupts, 
traps, faults, breakpoints, and mispreclicted 
branches. For example, an interrupt could 
invalidate any micro-ops that were com
pleted speculatively after the one that was 

interrupted. The P6 supports precise ex
ception handling to the extent that the x86 
architecture does, which means some in
structions can be interrupted in midstream. 

If a micro-op is ready for bed, the re
tire unit stores the results. This is when 
physical state is committed to logical state. 
If the original x86 instruction from which 
the micro-op is descended stores a result in 
a logical register, then the retire unit copies 
the result from the phys ical register that 
holds that value to the appropriate logical 
register. Inte l refers to the logical register 
set as the RRF (reti rement register fil e), 
but it ' s really just the architectural set of 

eight integer and e ight float ing
point GPRs found in any x86 chip. 
If the result of thi s retirement af
fects the status of another micro-op 
waiting in the ROB, the buffer is 
updated as well. 

These steps occupy stages 12, 
13, and 14 in the pipeline, although 
the last execution stage overlaps 
the first retirement stage. Retire
ment therefore takes two c lock 
cycles, and the retire unit can com
mit the results of up to three mi
cro-ops per clock cycle. In other 
words, the P6 is a three-way su
perscalar machine. The KS is four
way superscalar, and the Ml is a 
two-way superscalar, like the Pen
tium , onl y more efficient. The 
NxS86 is harder to categorize be
cause it can issue three or fo ur 

ously, depending on whether the 
optional FPU is present. 

Ultimately, the final test of these com
peting microprocessors wi ll be their per
formance when running everyday appli
cations in typical systems. If the KS and 
Ml live up to their promises, they should 
run neck and neck with the P6. The P6 
and KS appear to have more headroom for 
improved perfo1mance than do the Ml and 
the NxS86, but all four processors belong 
to roughly the same x86 ge nera ti on
whether you call it five-and-a-half or six. 

Intel commands such a dominant market 
share that it' s unlikely the P6 will ever be 
seriously threatened by its rivals. And the 
P6 does a creditable job of defending Tn
te l' s technical leadership. But it 's now 
clear that AMD, Cyrix, and NexGen no 
longer lag four or more years behind Intel 
with derivative clone designs. A new age 
has dawned, and users are the winners. • 

Tom R. Halfhill is a BYTE senior news editor 
based in San Mateo, California. You ca11. 
reach him on the /mernet or BIX ai rha/jhill@ 
bix.co111. 
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Solutions Focus Trucks, GPS, and Computers 


On-Road, On-Time, and On-Line 

CHRISTINE WHITE 

A 
load of fresh vegetables leaves California, des
tined for a packing plant in Little Rock, Arkansas. 
The driver, his load packed up and his route cleared 
with the dispatcher, heads out. He doesn ' t need 

to call the office until he arrives in Arkansas . While he's on the 
road, however, the sh ipper learns about a new, potentialJy lu
crative job that's available if the trucker can change his destina
tion from Little Rock to Hot Springs. Unfortunately, the driver 
won't know about the change until after he arrives at the origi
nal - and now less profitable-destination. 

Such is life after deregulation for trucking companies , which 
count profitability by the mile. The more trips a driver makes 

wi th a full load, the more money botJ1 the driver and the compa
ny stand to make. But a truck with a 50 percent load, or a driver 
sitting in a dispatch yard waiting fo r a run , doesn't make money. 
And a change in routing that wastes time and miles lo es money. 

Jerry K. Watson, president and owner of Day & Night Trans
portation Services, a trucking company based in Noblesvi lle, In
diana, was looking to increase hi s firm's profitability and im
prove the serv ice he cou ld provide to his customers. The answer 
to both was to maximize each truck 's drive time whi le minimiz
ing the miles it traveled. As he investigated ways of achieving 
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these goals, he found a technological answer: a GPS (Global Po
sitioning System). 

Watson believes the Rockwell lntemational Pro2000 GPS that 
his company now uses provides it with an edge over the compe
tition. Day & Night's shippers are more likely to call the firm first 
and offer it its choice of loads. The company is able to attract 
and keep better drivers-who are paid by the mile for driving full , 
not empty, trucks. In addition , the company's dispatchers make 
better use of their time, assigni ng new loads rather than having 
to put out fires. 

But GPS is an expens ive technology to implement. Typical 
GPSes from Rockwell and Trimble Navigational, one of its com

petitors, cost between $2000 per vehicle for a re
ceiver and antenna and $6000 for a system that 
includes communications software and other pro
grams (e.g., for time-keeping and Department of 
Transportation logs). Dispatcher software ranges 
from $ 10,000 to $20,000, depending on the mod
ules purchased. Added to that is the monthly fee 
for each truck's satellite transmissions. 

But Watson is philosophical about these ex
penses. "How do you measure customer confi
dence? How can you put a price on the ability to 
better manage your people?,'' he asks. 

Star Power 
GPS is based on a con tellation of 24 high-altitude 
satellites- officially known as Navstar GPS (short 
for Navigation System with Timing and Ranging). 
You can think of Navstar as the synthetic stars 
that make up a new celestial navigation system. 

An ongoi ng U.S. government program, GPS 
has nearly $ 10 billion in
vested in it so far. Rockwell

A trucking firm built the Navstar satellites, 
which were originally de
signed for the Department 

finds a combination 
of trucks, GPS 

of Defense (DoD). System 
technology, and design began in the 1970s, 

and the last three sate ll ites computers pays off 
were put into orbit during 

in fleet flexibility the summer of 1993 . 
and control For more than a decade, 

these satellites were used 
exclusive ly by the govern

ment for various purposes. The DoD has now aulJlorized limited 
civi lian use of GPS. Three companies-Rockwell , Magellan 
Systems, and Trimble-have seized this opportunity by supply
ing GPS receivers and software to the trucking, automotive, nau
tical , aviation , and personal-navigation markets. Rockwell, which 
has been manufac turing receivers fo r government use since the 



1970s, entered the consumer market in 1984. 
GPS technology is a blooming industry, and new uses for the 

technology are now coming into play. Smaller vehicles, such as 
taxicabs. buses, and delivery vehicles, can make use of GPS ap
plicati ons. ln add ition, automobile manufacturers are s tarting to 
inc lude GPS syste ms in their higher-end cars. 

Trucks Meet Computers 
Watson started the fami ly-operated Day & Night trucking firm 
in the 1970s, whe n he bought his first tractor-trai ler. Today the 
company has 60 trucks and employs 90 people. It makes regularly 
scheduled coast-to-coast run s to suc h destinations as Boston , 
Miami , and Riverside, Cali fo rnia, although the majority of its 
runs cover 300 miles or less. 

Fi ve years ago, the company didn't even own a computer
which is not unusual in the trucking industry. Then in 1990, Wat
son, always looki ng for the competitive edge, bought an AS/400. 
Shortl y afterward , he bought 386- and 486-ba ed PCs running 
Microsoft Windows rather than AS/400 terminals. 

During the past five years, Day & Ni ght has been at the tech
nology forefront in the trucking indu try with its use of accounting 
software from McC01mick Software and EDI (Electronic Data IJ1
terchange) programs from Sterling Software. The company added 
the GPS-based Rockwell Pro2000 Mobile Communications Sys
te m in April 1994. 

The deregul ati on of the trucking industry that took place in 
the 1980s created a crowded playing lie ld. There are more trucks 
and truck ing companies avai lable than there are loads to carry. 
Add to th at the skyrocketin g costs of keeping a truck o n the 
road- insurance, fue l, and fuel taxes, for instance-and it 's be
coming increas ing ly difficult to make a profit in thi s industry. 
Everyone's looki ng fo r an edge. 

One edge comes from effectively manag ing drivers and equip
ment by maximi zing dri ve time and minimizing miles. But with 
60 trucks on the road at any give n time, keeping track of their lo
cations was a di fficult job fo r Day & Night before it implement
ed its Pro2000 system. The dispatcher had to re ly on the drivers ' 
re porting their positions by telephone. That ofte n meant there 
were large blocks of time during which di spatchers didn ' t know 
where a truck was. If a custo mer called to ask when a de livery 
would arrive, the o nl y information the d ispatcher could provide 
was the time the truck left the loading dock. 

Day & Night 's first solution to this problem was to use cellu
lar phones. This enabled the di spatcher to call the drivers, and 
dri vers could phone in when they needed to. This method was bet
te r than hav ing no communication at a ll , but it proved to be ex 
pensive and unre liable. Costs fo r the phones were topping$ I00 
a month per truck, and cellul ar service was not avai lable in all 
areas. ln additi on, the service was sometimes abused by drivers 
making personal phone calls on the company dime. And there was 
still no way to verify a truck's location. 

Watson knew he needed a system that would prov ide loca
tio n information and communications w ithout the dri vers' be
ing responsible for it. " I wanted the ability to look fo r a truck at 
any give n lime, lo know where they were , to se nd them mes
sages that I knew they'd read, and to better manage my resources." 
he says . 

Then someone at McCormick Software told Watson about the 
Pro2000 system. fts di spatcher software runs on the AS/400 and 
integrates with the McCormick accounting software Day & Night 

USING CPS FOR VEHICLE LOCATION AND COMMUNICATIONS 


The Problems 

• 	Half-empty trucks, dealing with new 
pickups, and accommodating changed 
plans. 

• The home office 's inability to find out 
exactly where trucks are. 

• The need for the home office to communicate with drivers 
regarding new pickups and deliveries, new dates and 
times , changes in plans, and emergency information. 

• The need for drivers to communicate with the home office 
regarding pickup and delivery status, problems. and delays. 

• Providing secu rity for drivers and their trucks. 

The Solution 

• The Rockwe ll International Pro2000 
Mobile Communications System, which 
includes a GPS vehicle-location system 
and a satellite communications system. 

• The Pro2000 system uses GPS satellite information and 
technology to locate vehicles anywhere on the earth 's 
surface. 

• Pro2000 also uses a geosynchronous satellite for 
communications with vehicles. 

The Benefits 

• A truck's Location can be determined and 
relayed to the home office automatica lly, 
without any driver action required . 

• The home office has accurate truck 
locations , allowing flexib le pickups and 
deliveries. 

• Wasted time is reduced, while truck availability is 
increased . 

• Communications are less expensive than with cellular 
phones and are available evei:ywhere. 

• The system works with other software, suc;h as accounting 
and mapping packages. 

Lessons Learned 

• 	Build on your existing computer hardware 
and software ~stems. 

• 	Be aware of the costs of different levels 
of systems. Get a system that matches 
your current and expected needs . 

• Look at a system in action before committing to using it. 

• Expect initial resistance from drivers until they experience 
the benefits firsthand . 

• Prepare to use the new flexibil ity to your advantage. 

APIUL 1995 BYTE 6:1. 
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was already using. After everal meetings 
with a Rockwell representati ve, Watson 
knew that the Pro2000 system would be 
able to meet hi s needs: nonintru 
sive positioning infomiation, com
muni cati ons trac kin g, AS/400 
compatibility, and integration with 
hi s company's ex isting account 
ing appli cation. 

Day & Night has outfi tted about 
hal f its fleet with the Pro2000 sys
tem. All new trucks are deli vered 
to the company with the system 
preinstalled, and Watson is now in 
the process of retrofitting the com
pany's older vehicles that are still 
equ ipped wi th cellular phone . 

The Pro2000 system consists of 
a transceiver unit, an antenna, and 
a keypad that resembles a PDA 
(pe rsonal digi tal ass istant ). The 
antenna, which looks like a small 
dome, mounts on top of the trac
tor's cab. It attaches to the trans
ceiver, a small black box mounted 
under the truck's dashboard . The 
tra nsce iver is used fo r receiving 
signals from the GPS satell ite and for send
ing and receiving signals to the communi
cations satelli te. The key pad consists of a 
keyboard and a small LCD combined into 
one unit. The driver types outbound mes
sages on the key boa rd and receives in 
coming messages on the unit 's screen. 

Because the oftware for the mobile 
system is on a chi p in the tran ceiver, only 

the antenna, 
A Pro2000 transceiver unit. 

the tran cei v
er, and the ca
b le that con

nects them 
need to be 
in s t a ll e d 
inside the 

truck. Thi s 
install ation, which is done by 

Day & Night's head mechanic, takes about 
a half day to complete. 

Rockwell spokesman Robert Woods re
po rt s that a Pro2000 system like Day & 
Night 's costs about $4000 when purchased 
from Rockwell. Rockwell sells directly to 
owners of large fleet and uses dealers to 
handl e small -fl eet sa les . These dealers 
might add a slight markup, and they typi 
cally charge extra for installing the hard
ware in trucks. 

New Stars to Steer By 
For complete and continuous g lobal cov
erage, a GPS requires 2 1 sate llites and 
three spares, all of which c ircle the earth 
once every 12 hours. The orbits, located 
about 12,000 miles above the earth , are 
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arranged in six overlapping orbital planes 
based on the earth 's eq ua to ri al 
plane. These orbit patterns en

ure that any receiver near the earth 's sur
face can receive signals from at least four 
sate llite. at any one time, although only 
three are needed for obtaining position in 
fo rmation. 

Each satellite has a receiver and a trans
mitter and constantly sends a unique bi 
phase, pseudo-random-noise code on two 
L-band cruTier frequencies ( 1575.42 MHz 
and 1227.60 MHz). These codes are noth 
ing more than random noise that's made up 
of a complex but repeated pattern of ones 
and zeros that has no intrinsic meaning or 
significance. 

Each sate llite's signal di ffe rs s lightly 
from that of other satellites, and each sends 
two type of signals (hence the term bi
phase). One signal is CIA code, the signal 
received by a ll civili an receivers, such a 
those in the trucks. The other. P code, is re
served for military use. 

A GPS transceiver located on earth, such 
as those in Day & Night's trucks, receives 
and decodes a signal, which incl udes the 
time that the signal left the satell ite. Using 
triangul at ion techniques, the software in 
the transceiver can determine its prec ise 
longitude, latitude, and altitude (see the 
text box " How Triangulation Work_" on 
page 64). 

GPS technology can accurately calculate 
these measurement · to wit11in a range of I 
centimeter to 40 meters, depending on the 
type of transceiver used and the complex
ity of the software performing the trian
gul ation. T he syste m th at Day & ight 
uses is accurate to within 25 feet about 

the width of an average suburban street. 

Once a truck' transceiver determines the 


position o f the truck, Day & Night 's 

Pro2000 communications soft

ware, which is ca lled Exec2000, 

creates a positioning report that's 


sent to the dispatcher using a 
single geosy nchronou com
munications atellite. 

Indi vidual trucks transmit 
the ir posi ti on reports to Day 

& Night 's AS/400 at defin ed in 
tervals. Determined by the dis
patcher, an interval can be any
where from minutes to hours for 
indi vidual trucks and can be re
set at any time and as often as 
necessa ry. The di spatcher can 
also de termine a GPS position 
on demand. 

A tru ck' s locati on is repre
sented on Day & Night' s AS/400 
by lines of text on a displ ay that 
shows the number of miles it is 
from a waypoint; for example, 
" Truck 2322 is 9.5 mile from 
the Day & Night di spa tching 

center in Noblesville, Indiana." Waypoints 
can be buildings, cities, ex its on a hi gh
way, or any other physical location. The 
system manager can create new waypoints 
at any time. 

Rockwell also offers Windows and OS/2 
versions of the Exec2000 soft ware that 
display maps in a graphical fo rm at and 
place picture of the trucks on these maps 
at their actual locations. Both versions can 
also keep a log of a truck' s progress over 
several hours , which is important when 
severe weather and road conditions exist. 
Because AS/400s and mainframes have 
terabytes of disk space, the amount of space 
requ ired by a program to be installed on 
them usuall y isn' t an issue. The PC ver
sions of Exec2000 for Window and OS/2 
each require 16 MB of RAM and 50 MB 
of hard di sk space. 

Communications 
While it' s important fo r Day & Night to 
know a truck' s precise location, the ability 

The Pro2000 keypad has an LCD. 
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to communicate w ith it is al so essential . 
In addition to displaying the results of the 
trucks' GPS location reports, the compa
ny ' s Pro2000 system serves as the com
munications command center between the 
dispatchers and the drivers. 

Through the communications portion 
of the Pro2000 system and the Exec2000 
software, dispatchers can send and receive 
messages to one vehicle or to an entire 
group. Exec2000 can also create message 
confirmations, such as when a message 
has been read by a dr iver, and track the 

status of messages as they change. 
While GPS information and communi 

cations both use the same software and 
hardware, there's no connection between 
the GPS satelli te system and the commu
nications satelLite system. Rockwell offers 
communications through the land-based 
Ardis network and al so uses American 
Mobile Satellite Corp.'s geosynchronous 
satell i te for transmitting messages. (Geo
synchronous satellites, located 22,300 
miles above the earth , complete one orbit 
per day and are thus apparently motion

less w ith respect to the earth's surface.) 
AMSC has been designated by the FCC 
as the single-source supplier for L-band 
satellite transmiss ion in the U.S. I ts firs t 
satellite was to be launched in March. 

The Pro2000 system requi res a dedi 
cated SNA (Systems Network Archi tec
ture) port to send and recei ve messages. 
Commun ications from the Pro2000 are 
sent through a phone line connected to this 
port. A ll messages are routed th rough 
Rockwell' s base station in Washington, 
D.C, which is Linked to the AM SC satell ite. 

How Triangulation Works 

GPs (Global Positioning System) loca

tion technology uses a trigonometric for

mula known as triangulation. There are 

two methods of triangulation; one uses an 

unknpwn location, and the other uses a 

known location. Vehicle-location systems 

such as the one used by Day & Night use 

the unknown-location method. 

A transceiver in a truck receives sig

nals from three satellites. From these 

signals , the software in the transceiver 

can determine the truck's position. The 

satellites orbit the earth at about 12,000 

miles from its surface, but a satellite is 

rarely directly overhead. T_he varying po

sitions of a satellite in its orbit create a 

variety of distances from the transceiver. 

If a truck receives a signal from a satel

lite located 13;000 miles away, the lo

cation of the truck is narrowed down to 

a 13,000-mile sphere centered on that 

satellite . If another signal comes from 

another satellite located 18,000 miles 

away, the location is narrowed further to 
the points where the 13,000-mile and 

18,000-mi le spheres intersect. Add a 

third satellite, located 16,000 miles away, 

and the area of intersection is narrowed 

to two points-one on the ground and 

one impossibly high above the earth. 

The distance between a truck's trans

ceiver and a satellite is calculated with 

the old "velocity times travel time " for
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When Day & 1ighl sends a mes ·age 
to a driver, the me age travels through a 
long-d i lance phone carrier to Rockwell 's 
base stati o n. A compu te r located there 
idemifics the sender and the intended re
ceiver of the message via a data packet. 
Rockwell '. computer then sends the mes
sage to the dri ver via the AMSC sate llite 
and automatically bi I ls the ender. Mes
sages sent from dri vers to Day & Night are 
routed in the ame manner. 

With the Pro2000. a dispatcher contacts 
a dri ver by sending a text message from 

mula you may have learned in school. 

The satellite signal contains the time it 
was sent from the satellite. 

To work correctly in a GPS, each clock 
in every transceiver has to be synchro

nized to the nanosecond. Each satellite 
has four atomic clocks: One is the work

ing clock, one serves as a backup, and 
the other two are responsible for keeping 
the first two in sync. 

When the transceiver receives a sig

nal, the time included in the signal is im
mediately recorded. The GPS 's software 

then calculates the difference between 
the send time and the current time to 
determine the lapse. For example , the 

transceiver might find that the lapse is 
0 .1 second. Using the aforementioned 
formula, velocity (186,000) x time trav
eled (0.1) equals the distance from the 
satellite (18.600 miles). 

After determining the transceiver's dis
tance from all three satellites, the soft

ware in a GPS can accurately determine 
the transceiver's latitude, longitude, and 
altitude. Then, based on the transceiver's 
unique identity number, it can transmit 

its position using a different geosynchro
nous satellite communications network. 

How long does all this take? If a truck 
uses the same three satellites during 
the operation, it can take as little as 2 
seconds. Otherwise, the calculation can 

take up to 30 seconds. 
Triangulation is an old concept: Ce

lestial navigation uses triangulation with 
the position of three stars. But it looks 
like triangulation will be around for years 
to come. Even the starships Enterprise 

and Voyager use triangulation to plot 
courses for strange , new worlds. 

the home syslem to the driver's keypad. 
The proprie1ary keypad' small keyboard 
has specia l fun cti on keys, such as Print 
and Save, and its LCD shows four lines 
of text at a time. Drivers access keypad 
fu ncti ons by selecting from numbered 
menu items and read through long mes
sages by pushing the croll keys . 

Drivers can a lso store messages and 
read them later. Directions to destinations, 
for example, are stored and recalled via 
an alphanumeric code. Rockwell will soon 
offer a transportable keypad that drivers 
can carry with them in to truck stops. 

An incoming message on a dri ver's key
pad, which can consisl of eithe r prede
signed or free-form 1ext, sounds an a larm 
on the key pad. If a dri ver is on standby 
waiti ng for instructions. he or he can take 
a nap and know that the alarm will awak
en him or her when instructi on are sent. 

Incoming messages can a lso be trans
mitted to a dri ver en route. In one case, a 
Day & Night driver left Miami on a Thurs
day with a load schedu led for deli very in 
Kentucky the fo llowing Monday . After 
leav ing the shipper the dri ver headed for 
a hote l for the weekend layover. When the 
destinati on suddenly changed the de li v
ery date, the di spatcher sent the driver a 
text message instructing him to deliver on 
Saturday instead . The destination got the 
shipment when it wanted it, the dri ver got 
to go home for the weekend, and Day & 
Night saved the cost of a weekend hote l 
stay for the dri ver, as well as freeing up 
the truck for other pos ible deli veries. 

While it 's poss ible fo r a dri ver to send 
free-fom1 messages from the keypad, Day 
& ight reduce its tran mission costs by 
usi ng fom1s. Resembling blank templates, 
the fo rms have predefined layouts and in
formation areas. The dr iver, for example, 
might use a billing- in formation form and 
enter the pertinent data. He or she then 
sends only the data, which flows into a 
corresponding fom1 on the AS/400. 

Day & Ni ght now uses sate llites for a ll 
its communications. The sate ll ites offer a 
substantial degree of speed and accuracy, 
although they cost more to use than land
based communications systems. After they 
are sent. most messages are received with
in 5 minutes. A confi rmation lets a sender 
know when a message is received. The Pro
2000 system also date- and time-stamps a 
message when the receiver reads it. Thi s 
track ing fea ture i important to Watson. 
who points it out to drivers and dispatchers 
alike whenever he hear someone say, " I 
never saw the message." 

Rockwe ll' s charges fo r messages arc 
based on the number o r characters they 
contain . According to Woods, messaging 

typically costs a company anywhere from 
$45 to $55 per month for each truck that 
is equipped with a Pro2000 unit. Watson 
finds that Day & Night 's messaging costs 
are slightly higher, but still only about half 
of what he pays for communications on his 
cellular-phone-equipped trucks. 

Competitive Advantage 
Day & Night has fo und the Pro2000 sys
tem invaluable in many instances. For day
to-day operations, Watson be lieves lhat 
just knowing where his equipment is gives 
him great peace of mind. With just the tap 
of a few keys, he knows where every out
fitted truck in the fl eet is located. 

M oreover, there have been instances 
where the system has given Watson's finn 
a leg up on its competitors. For example_ 
Day & Night regul arly transports empty 
bott les from a supplier to a Heinz catsup 
bottling plant. The shipper uses three di f
fe rent transportati on companie and d i
vides the load equ ally among them. 

Last November, a manager at the bot
tling plant called Day & Night to ask about 
the estimated de li very time fo r one of its 
trucks. The othe r two trucking firms had 
met with delays, and the bottling line was 
about to close down because it was almost 
out of bottles. 

Day & Night ' s di spatcher checked the 
Pro2000 system and was able to visually 
determine the po ition of the firm ' s truck 
in re lation to the bottling pl ant. The dis
patcher reported th at th e dri ver was 20 
miles away and would arri ve in 30 min
utes. The driver aJTi ved wi thin minutes of 
the time the di spatcher predicted. As a re
sult, Day & Night was able to improve the 
confi dence level of that customer. 

Integration 
Day & Night is beta-testing a new method 
of integrating its McCormick accounting 
oftware with its Rockwell Exec2000 soft

ware. Current ly, a shipper sends an EDI 
document that provides instructi ons for 
picking up a load. The document contains 
such in fo rmation as locati ons for pickup 
and deli very, contact information, type and 
amount of freight , and dates. This in for
mation creates an order in Day & Night 's 
McCormick software system. 

To integrate this process with the Exec
2000 software, the Pro2000 system pulls 
the information from the McCormick soft
ware and combines it with direc tions to 
both the pickup and drop-off locations. A 
d ispatcher as igns a truck number, u ual
ly by looking at the GPS-calculated posi
tions of the trucks, and transmit the in
formation to the dri ver. " It's a better use of 
time, 'explai ns Walson. " The in formation 

AP RI L 1995 BYT E 65 



Solutions Focus Trucks, CPS, and Computers 

goes into the system onl y once. We 
get directions the firs t t ime we go 
somewhere and the n have them for 
good . We don ' t have to ask the ship
per lo fax a map every time.'' 

A driver u ually receives a pickup 
order on the truck"s keypad while o n 
the road . He or she can then go d i
rectly from hi s or her orig inal desti
nation to pick up the new load. This 
help Day & ight to provide fas ter 
service to its customers and keep more 
ful l trucks on the road. 

With thi s integration me thod , a 
driver can send messages, such as the 
bi ll of lading information and deli very 
confirmation, back th rough the system. He 
or ·he enters the information required to 
complete the form and commu ni cates it 
co the office. Then it nows throug h the 
Pro2000 system and into the accounting 
software. 

Watso n has a personal wish list for in
tegration . He's looking fo rward to-and 
encouraging Rockwe ll to bui ld-a docu
ment-imaging system. " Right now, we get 
confirmation of delivery only from the 
GPS system," he exp lains. " The driver 
still has the s igned freight bi ll in hi s [or 
herl pocket. We have to wai t for hi m ror 
her] to mail it , and we [must] receive it 
be fore we can bill the customer, because 
most of them want to see signed proof of 
delivery before paying." 

Such a document-imaging system would 
include a smal l scanner in each truck. The 
AMSC satellite could transmit the docu
ment image directly to the Exec2000 soft
ware and then, via the integrati on with the 
accounting software, send the document 
as a binary fi le complete with the EDT in
voice. 

AView from the Road 
Initia ll y, Day & Night 's drivers weren't 
exactly enthusiastic about us ing the GPS. 
T hey fe lt like Big Brother was watching 
and that they were being spied on by the 
office. But an unexpected event changed 
their minds . 

A dri ver ca ll ed in at 11 :00 p.m. and 
wasn't due to call in again fo r another 24 
hours. Within minutes after he hung up. 
his wife called the di spatcher with news 
of a family emergency. A few minutes lat
er, the dri ver received a message instruct
in g him to abandon the tra il e r and take 
the tractor home. Using GPS posi ti oning 
reports, the di spatcher was able to locate 
another driver 60 mil es away from the 
trailer and instruct him to pick it up. Thus. 
the GPS mobile com municat ions system 
o lved two prob le ms: gelling the driver 

home quickly and delivering the load . 
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The Pro2000 system also o ffers drivers 
a degree of seculity. The system ' s com
munications capabilities all ow a driver to 
noti fy the di spatcher in case of a break
down , a fl at tire, or other emergency. In 
case of an accident where a dri ver mi ght 

. be unable to send a message, a push of a 
distress button on the transceiver sends an 
emergency signal to Rockwe ll , which then 
forwm·ds the signal to the Day & Night dis
patcher. Once, when a Day & Night driv
er had an accident , the disu·ess button was 
automatically activated when hi s truck 
rol led over. The driver used the keypad to 
notify the di spatcher that , whi le the truck 
was damaged, he was unhurt. 

The Pro2000 system has a lso he lped 
Day & Night to keep its trucks on the cor
rect routes. Occasionally, dispatchers no
tice a truck that ' s slightly off route and 
notify the driver to make corrections so 
precious miles and time are not wasted. 

GPS locat.ion reports are usually initi
ated from the truck ' s transce iver. Howev
er, the dispatcher can order a report at any 
time f"rom the Pro2000 system. On one oc
casio n, a driver was late in sending an ex
pected report. Concerned abou t him. the 
dispatcher activated the GPS tracking sig
nal and located the driver about 200 miles 
away from where he was suppo ed to be. 
This part icular driver was atte mpting to 
take a vacation on company time and gas. 
He was unpleasantly surprised to find out 
that Day & ight wou ld not be financi ng 
hi s tr ip. 

All GPS systems. including the one u ·ed 
by Day & ight. have safeguards to en
sure that they can' t be tampered with or 
turned off. Since the tran sceiver is firmly 
mounted under the dashboard , it can' t be 
eas il y disconnected. Jn add ition, the GPS 
sate llite. consta ntly synchronize the clocks 
of the transceivers, so dri vers can' t a lter 
time stamps on reports or messages. 

When a tractor is stolen. the thieves are 
usually qui te knowledgeable; one of the 
first things they do is forc ibly remove the 
ant enna and the transceiver. According to 

An Exec2000 screen, displayed on Day 
& Night's AS/400, showing the current 
location, status, and availability of the 
company's trucks. 

Jeff Brady Rockwell vice pres ident 
of tran sporta tion systems, it is still 
possible to trace a disabled system by 
checking its last known position. The 
dispatcher can then alert local poli ce, 
and the tractor is generally recovered. 

Buying with Confidence 
lf you' re looking to bling similar tech

nology into your firm, Watson advises that 
you do your ho mework. You should first 
find the software you want to use and then 
buy hardware that can run it. Too many 
people do it the o ther way. around. Sys
tems such as Rockwell 's Pro2000 make 
the most sense where there ' s a need fo r 
vehicle- location information as we ll as 
communications with remote vehicles. If 
your company already has computers, then 
it makes sense to find a system that's com
patible with the ex isting systems. 

When selecting a GPS , Watson recom
mends that you visit a s ite that already has 
one running so you can see it in a produc
tion environment first . He ' s pleased wi th 
his company's Pro2000 system, but, al
though he wasn' t unpleasantly surprised 
by any of its features, he wishes he'd seen 
it in action first. 

'' It' like buying a new car," he explains. 
" The salesman doesn ' t say, 'Because thi s 
is a fou r-cylinder, when you step on the 
gas it doesn' t just get up and go' ; you' ve 
got to drive the car yourself to find that 
out. You might sti ll buy the car, but you 
wi ll know what to expect." After Watson 
got his company ' s system in pl ace, some 
thing weren't quite as fas t and easy as he 
had expected, a lthough he admits that his 
expectations may have been too high. 

So, how did a small company like Day 
& Night, which didn ' t own any computers 
five years ago, become one of the leaders 
in GPS technology? Watson sums it up 
by say ing, " Technology and GPS are the 
future, and you've got to be there. They ' re 
going to throw a party; whether you ' re 
there or not, the party wi ll happen . I'm 
just gett ing to the party early." • 

Christine IV/rite is a freelance writer based 
i11 Sacramento. California. She has written 
extensively about comp111ers and tech11ology 
i11 the trm1sporra1io11, manufacturing , and 
f ood-processi11g industries. You can reach 
her on the fn1em e1 or BIX at edi1ors@bix 
.com o r 011 CompuServe a t 7 1075.2673@ 
co111p11serve.co111. 
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How to Implement ISDN 

LENNY TROPIANO 
AND DINAH MCNUTT 

A 
h, ISON: instant Inter
net connections; video
conferencing; effi cient 
E-mail~ remote fi le tran 

fers. That's the promise. But dle reality 
for many ISON subscribers has its own 
litany: billing surprises; hardware in
compatibilities; broken connec tions. 

Fortunately, there's help. As ISON 
becomes more wide ly available in dle 
U.S., subscribers-as well as the phone 
companies-are becoming more savvy 
about the technology. This article pre
sents some of die fundamental you will 
need to know if you' re interested in 
bringing ISDN into your organ izati on. 

First, install ation and serv ice costs 
vary widely, so cost-justifying ISDN 
takes some effort . We' ll sketch out rep
resentati ve costs in the section titl ed 
" What Price Service?," but also see the 
tex t box" High-Speed Alternatives" on 
page 70 to decide if !SON is fo r you. 
Second, detem1ine your hardware needs 
and allow yourse lf some time to find 
out whe ther the equipment you have 
identified is compatible with that of 
your ISON provider; hard ware inte_r
operabi lity sti ll isn' t a g iven. Finally, 
arm yourself wid1 an arsenal of ques
tions fo r your phone company to make 
sure you get dle service you require

Nuts-and-bolts 

advice for 

ordering and 

installing ISDN 

Each B channel operates at 64 Kbp fo r a ll user 
traffic, including voice and data transmissions. The 
D channel, which operates at a speed of 16 Kbps. is 
used primarily fo r telephony signaling infommlion. 
The D channel can also handle low-speed packet 
data, such as X.25. 

but don' t end up pay ing more than you have 10 once you get 
them (see " Dealing wi th the Phone Company" on page 68). 

Digital Communications 
First. we' ll review dle basics. Unlike communications witl1 an ana
log modem, where digital information must be converted to an 
analog signal and sent over telephone lines, ISON provides point
10-point dig ita l communications. In addition, ISON lines can 
hand le both voice and data tran mission . 

T he most common TSO service is BR! ( Basic Rate Inter
face) , which is compo. ed of two B (bearer) channels and one D 
(de lta) channel: dli s service is sometimes referred to as 2B+D. 

Another type of ISON service is PR1 (Primary 
Rate Interface), which consists of 23 B channels and 

one D channel and has dle same physical interface as a TI c ircuit. 
(It's sometimes referred to as 23B+D.) In Europe, PRJ bas 30 B 
channels and one 0 channel (i.e., an El circuit). in bodl cases, dle 
PRI D channel operates at 64 Kbps. PRT is primarily used for PBX 
solutions and larger-bandwidth requirements. This article will 
focus on BR!. (For additional informati on about ISON, see " 0111
er Avenues" on page 72). 

What Price Service? 
lSDN prices vary among serv ice providers, but typical installa
tion charges run as high as $600, and you may be required to pay 
dle entire cost up front. Some RBOCs (Regional Bell Operating 
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Companies) offer reduced install aLion rates 
if you sign a long-te1m commitment. Just 
remember you might be billed for prorated 
install ati on charges if you cancel before 
ful fi ll ing your commitment. 

The other big charge you can ex pect to 
pay is for the actual service. In some areas, 
you might pay a flat-rate ISON BR! cost of 
fro m $22 pe r month ( plus off- hour con
nection time) to around $70 per month (for 
all-day serv ice). If your local ISON com
pany meters rates, you also have to con

cate one channe l to data and use the other 
for voice or data by multiplexing the first 
B channel or by plac ing a separate data 
ca ll to another locat ion. Assum ing you 
have a fl at-rate tariff. the recuni ng monlh
ly charge of a full BRI is j ust a little more 
th an th at fo r a . tandard business voice
grade line, and you effectively get two lines 
as a bonus. 

If you' re in an area where your RBOC 
meters your ISON BRI service, you can 
take advantage of bandwidth-on-demand. 

made to locations outside your local area. 
But if neither of these condit.i ons applied, 
your charges would be just the monthl y 
fl at rate for all or part of that bandwidth. 

What You'll Need 
Install ation and serv ice costs aren' t your 
onl y ex penditures as you bring ISON to 
your organization. Phone companies end 
their phys ical involvement with ISON at 
the RJ-45 (i.e., 8-pin) modular connector 
that they install in your building. In the 

U. S., it 's the responsibility of the 
customer to convert a two-wire (i.e .. 
one-pair) U interface to a four-wire 
(i.e., two-pair) SIT interface. Most 
ISON equipment connects to four
wire SIT interface . 

Dealing with the Phone Company 
Before you commit to ISDN, get answers to the following questions. The standard converter used for 

1. Does my location qualify for ISDN? 

2. What type of switch is being used at the central office that services me? 

3. Is the phone company up to National ISDN standards (e.g., Nl-1 or Nl·2)? 

4. How many B-channel devices can I connect to my BRI service? 

5. What is the entire installation charge? Is there a time-based commitment, 

and if so, what happens if I cancel prior to that? 


6. Do you meter your usage? What charges apply? 

7. Are there any discount plans, such as an after-hours flat rate, if you meter 

your ISON service? 


8. Which long-distance carriers can provide me with clear 64-Kbps-channel ISDN 
service? 

9. Do you sell hardware for, or recommend hardware vendors for, my particular use? 

10. Do you know of any ISDN users group or forum in my area? 

11. What optional services can I subscribe to (e.g., caller
number ID or call waiting)? 

12. How many directory numbers (i.e ., telephone numbers) 
can I have? Can they be unlisted? If so, can this be 
done for free? 

sider the charges for call setu p (i.e., mak
ing the call ) and connect-time charges. 
The latter usually ranges from I to 3 cents 
per minute, but those pennies can add up. 

For instance, if you wanted to browse on 
the Lnternet using the WWW (World Wide 
Web). it woul d cost you $ 1.80 per hour 
(assuming you make just one call ). Lf you 
spent 30 minutes a day doing this. it would 
cost you around $27 per month just for the 
ISON BRI service, plus the charges you 
incu1Ted with your Internet service provid
er. With intelligent hardware. you can bring 
your connection up and down as needed to 
curb connect-time charges. 

One of ISON' s most attrac ti ve fea tures 
is its ability to simultaneously transmit cir
cuit-switched voice and data on a line by 
using both B channels on a BRI line. Using 
the appropriate hardware. you can dedi
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The call-setu p and tear-down of the ISON 
li ne take j ust a matter of mill iseconds. For 
example, with two BRls (64 Kbps x 4 = 
256 Kbps), you can get the same effecti ve 
bandwidth as you can with a frac tion-256
Kbps TI ci rcuit (which your service pro
vider does by multiplex ing the Tl line). 
You bri ng up add itional B channels onl y 
when the bandwidth requirements demand 
it. and you bring the channe ls down when 
they tu-e not in use. Thus. you pay only fo r 
th e connect charges fo r the amount of 
bandwidth that you need. By contrast. with 
a frac tion-256-Kbps TI circu it. you pay 
for the leased line whether you have any
thing going across it or not. 

But it ' s important to remember that this 
example in volves four separate calls; each 
would incur metered charges, if applicable, 
or long-di stance charges if the ca lls were 

thi s purpose is the NT- I (network 
terminator). It ' s powered by electri
ca l current and , in most cases, pro
vides limited di agnostics functions 
to you and the RBOC. NT- Is range 
in cost from $ 150 for a simple mod
el to about $800 fo r sophisti cated 
units with such options as battery 
backup and analog POTS (pl ain old 
telephone system) capabili ty. 

Some ISON hardware comes wi th 
an embedded NT- I, but thi s can be 
a limitation, because each U inter
face accommodates only one NT- I 
converter. So, if you already have an 
NT- I converter installed, you can' t 
add a device with an embedded ter
minator, and you can add devices 
without terminators only if your NT
1 hard ware has additional SIT digi
ta l outputs. 

You' ll learn that with ISON there 
are no intermedi ate line conditions: 
Either it works or it doesn' t. For thi s 
reason, we don' t recommend daisy

chaining your internal cabling from one 
room to another. ISON jacks may look 
similar to today ' s analog lines, but analog 
equipment plugged into an ISON circuit 
will cause communications problems. 

ln addition, troubleshooting ISON prob
lems becomes more complex if you need 
to trace all the links in a daisy chain . It ' s 
much easier to remove one complete line 
that you know goes to only one dev ice or 
jack and then methodically trace down the 
problem. Also, it 's important to remem
ber that ISON jacks, if left open, tend to 
collect dust, which can short out the line. 

For everything to work properly, the wir
ing inside your building should run straight 
to the NT- I unit. You should use leve l 3 or 
higher twisted-pair wire fo r proper noise 
shieldi ng. Although the Nati ona l ISON 
specification states that e ight devices can 
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communicate on a BRI, most RBOCs lim
it the number of devices to a maximum of 
two on each of the B channel . Thi avoids 
contention for these channels when de
vices are already using both B channels 
and another device tries to gain access. 

Some vendors provide thi s functionality 
in hardware. For instance, when a data de

vice is using both B channels and a voice 
call come. in (which is signaled on the D 
channel) , some devices will drop one of 
the B channels (bringing the data connec
tion down to 64 Kbps from 128 Kbps) and 
then ring the telephone for the voice call. 
The device reestablishes the data B chan
nel when the voice call terminates. 

ational ISD -1 , or I-1 , and other 
ISDN standard give vendors a founda
tion for developing hardware that works 
with the variou telephone switches at 
RBOC central offices. Without these stan
dards-and sometimes even with them
interoperability is a problem. The com
mon switche used today are the AT&T 

High-Speed Alternatives 

Analog modems are becoming fast

er-the top-end V.34-modem speed 
is 28.8 Kbps-and less expensive (street 
prices for V.34 modems are about $200, 
while basic ISDN hardware costs around 
$500). So, are analog modems a better 
choice than ISDN? 

Your first consideration shou ld be 
how you'll use your high-speed com
munfoations line. You may find V.34 
moderns the most cost-effective solu
tion if you aren't doing a lot of interac
tive work over the line. For instance, 
V.34 should work fairly well for batch
oriented tasks, such as downloading 
E-mail or Usenet news articles. But it 
may not be the best solution for using a 
WWW (World Wide Web) browser. 

If speed is your primary concern, con
sider that an ISDN connection can be 
up to six times faster than a V.34-modem 
link. For example, look at the theoretical 
raw transfer times for a 100-Kb file -in 
the figure at right. (Note that many oth
er factors, including protocol overhead, 
compression techniques, and data type, 
also affect transfer times.) Thirty-four 
seconds may not ound Like a long time 
to transfer lOO Kb of data, but ifyou're 
using a WWW client, the difference be
tween that and 12~ seconds seems sig
nificant. 

Does fast connection time matter for 
your application? In addition to its fast 
data transfer rates an ISDN line only 
takes a few milliseconds to bring up a 
connection_ If you're running TCP/IP 
over your ISDN connection and your 
hardware supports on-demand connec
tion you can leave your connection 
down most of the time and bring it up 
only when you need it. 

You might want to do this if you're 
paying for metered service for either 
your ISDN connection or your TCP/IP 
connection on the other end (or both). 
In any event, connection time for ISDN 
is negJjgible, which is not the case for 

analog modems, which must dial and pabilities, and provide the leased-line 
negotiate the correct speed before the interface to the other DCE (data com
communications links connect. munication equipment). You can think 

of them as the "modem" for leased lines. 
High-Bandwidth Circuits There i a break-even point where 
If you're communicating with just one using lea ed lines becomes more cost
service provider, you might con ider a effective than using several ISDN BRI 
permanent 56-Kbps leased circuit, which (Basic Rate Interface) Jjnes because of 
compares closely in performance with the more sophisticated hardware required 
ISDN. Compared ~o ISDN, leased cir to do the inverse multiplexing of all 
cuits usually have higher installation the lines to gain the necessary band
costs and recurring co ts. Recurring width. For in tance, assume you need 
costs include charges for the mileage a 512-Kbp uncompressed bandwidth. 
from your POP {point of presence) to For lSDN, you d need four BRJs (i.e. , 
the provider of your services. eight B channels). Start

By contrast, many RBOCs 100-Kb up charges, which in
(Regional Bell Operating T f Ti clude installation for 
Companies) don't charge for rans er Imes each of the four BRis 
mileage for ISDN switched and an eight-port router 
circuits. In some areas, that can do inverse 
ISDN usage is metered, multiplexing, come 
but many RBOCs of to about $6000. For 
fer either a flat-rate the full bandwidth 
monthly charge (all to be used, there 
day) or less expen have to be eight 
sive off-peak rates. physically sepa
Leased Jjnes gener rate calls to the 
ally carry a flat rate, remote end, which 
which can be several also requires four 
hundred dollars per BRls and an eight
month depending on the port router. If you,r 
speed of the circuit and the RBOC meters your er
distance of your calls. However, vice, you'd be paying eight 
if ISDN isn' t availaole, or if it's metered times the charges of a single B channel, 
and you are a high-usage customer, the since all the lines would be used. 
leased-line flat rate might costless. Also, To use leased lines, you would need 
many companies prefer to budget for a a fractional TI circuit with a 512-Kbp 
fixed recurring charge rather than gam bandwidth. The start-up charges would 
ble on a variable cost. include a ingle installation charge a 

Hardware costs are si milar for both CSU/DSU (which costs approximately 
lSDN and leased lines. With leased lines, $1500), and a mall router (which starts 
you'll need a CSU (channel service unit) at $5000). The ongoing cost is a flat 
and a DSU (data service unit), a well as monthly rate for the fractional Tl cir
the appropriate hardware (e.g., routers, cuit. 
bridges, and concentrators) to transport As you can see from these examples 
the signaJ to the data equipment. The in general, the higher the bandwidth re
CSU and DSU handle AID and DIA quired, the more attractive lea ed lines 
conversions, offer limited loopback ca- become. 
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The Superior Monitor. 
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If you've always wanted a top performing monitor, now is the time. 
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why anao monitors PowerManager'" for energy savi ngs, and Ma.< R<>OI. 1280 x I024 @upto66Hz 

Standtrds ,\ll'R·ll.TCOare showing up in the most unexpected places. WideView'" for edge-to-edge image displays - are 
Our new FlexScan F2·15 and F2·'17 models, for there for you to enjoy. In the past, you wouldn't f2·17 
instance, are fast becoming the monitors of expect to see this level of quality - or these Dotl'itch 028mm 

choice among everyday users around the world. sophisticated features - in an everyday 15- or Sc:ut rnq. H:.30-69kHz, VJS· l20kl-lz 

Rcc. Rcsol !024 X 768 @ up 10 871-itAnd not just because the price is right. These 17-inch monitor. But now, at these great prices, 
.\I._, Rcsol 1280 x 1024 @up 10 661-!i 
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of advanced technical features that continue F2·17 on their business or home office desktop. Suniiuds MPR·ll 

Nanao's tradition of superior product innovation Why senle for less than the top performing 
and industry leadership. Which means that all monitor you've always wanted? It's available 
the performance features you've ever wanted for and affordable - from Nanao. 
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5ESS, the Northern Telecom OMS- 100, your computer uses. In addition, because requirements) surpasses your hardware. 
and the Siemens-Stromberg-Carlson EWSD. they are internal to your computer, these A second con nection method, which is 
It' s a good idea to ask your telephone com cards usuall y provide little or no external usuall y a moderately priced so lution, is 
pany which switch it uses and if it follows di agnostics, such as LED indicators. Note the RS-232 serial port. Most computer sys
an ISON standard . Then ask your hard  that using such a card may require you to tems have serial ports, but to be used for 
ware vendor if its TSON equipment works also buy an NT-I. Check with your vendor ISDN, a port must reliably handle rates of 
with that switch. to see if NT- I func tiona lity is built into 57,600 baud for one B channel or 115,200 

your bus card. baud for two asynchronous B channels. 
other Hardware lf you want simple high-speed connec With an RS-232 port, ISON equipment 
Depending on how you plan to use your ti vity for a si ngle computer, a bus card can act li ke standard analog modems in 
ISON line, you might need to install addi is probably the best solution. Most cards making a connection, and you can use stan
tional equipment beyond the basic hard  come with software that has easy-to-use dard communications software packages. 
ware. Some issues to consider fo llow. interfaces, and they don ' t require that you No specia l drivers are necessary, and you 

For voice-only applications, you can ef have a vast knowledge of hardware to get can use existing serial-line protocols (e.g., 
fective ly consider the BR! to be two phone started. Since prices are always dropping, SLIP and PPP) over the ISON circuits. 
lines. Your existing phones won' t work it rarely makes sense to pay for more func One drawback is that you can get only 
without intermedi ate hardware. At least tionali ty than you require. You might con 56 Kbps asynchronously out of the full 
one company, Adak Communications, sells sider a bus-card solution today and plan 64-Kbps synchronous bandwidth o n a 
T As (terminal adapters) for around $800 on replacing it as the technology (or your single B channel. Also, CPU utili zation is 
to connect a POTS to one or both 
B channels with integrated NT- Is. 

With a TA, your existing phones 
and wiring will all work properly. 
Just plug the phones, modems, or 
other analog telephony equipment 
into these units and dial normal
ly. If your phone company doesn ' t 
normally do so, request that your 
B channels have two separate tele
phone numbers to distinguish the 
two lines. 

ISON telephone handsets are 
expensive ($500 and up), but they 
can provide limited PBX-type 
functions, such as call forwardi ng, 
ho ld, transfer, call waiting, con
ferencing , caller-number ID, and 
cal l blocking. But if you don t need 
thi s extra functionality , there's no 
point in paying the extra cost for 
these handsets. 

If yo ur JSON needs are d ata 
only, your computer hardware wi ll 
determine what ISON equipment 
you' ll use. Some vendors, includ
ing IBM , Silicon Graphics, and 
Sun Microsystems, provide BRI 
ports directly on their mothe r
boards. If your computers don ' t in 
c lude BRI ports, you have three 
connection options: an ISDN card 
that plugs into the computer's sys
tem bus, a high-speed RS-232 ser
ial port, or a network-based adapt
er, such as a router or bridge. 

The least expensive- and least 
flexible-of these op ti o ns is a 
bu s card . DigiB oard , IBM , and 
ISON *tek are three vendors th at 
sell such cards for prices starting 
at about $400. The most limiting 
fac tor of these cards is th at they 
require special device drivers for 
the pa rti cul a r operating sys tem 
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Other Avenues 
Anumber of resources are available for additional 

information about ISDN, including facts about hard
ware and standards . Here's a starting list. 

• Service Availability 

To find ISDN contacts at your RBOC (Regional Bell Op

erating Company) and information about ISDN avail

ability In your area, call Bellcore's National ISDN hot 

line at (800) 992-4 736 or connect to ftp info.bellcore 

.com in the /pub/ ISDN directory. 


• Tariffs 

ISDN rates are generally set by the PUC (Public Utilities 

Commission) In your area, so if you have a complaint 

about rates, write to your PUC representative or attend the 

meetings at which rates are decided . Some areas support 

ISDN users groups, which can provide you with Informa

tion or lobbying power when dealing with the PUC. 


• Compatibility and Standards 

One common method that hardware vendors use to im
prove interoperability is the PPP protocol. For more in

formation , see "From Here to There," June 1994 BYTE, 

and the Internet Engineering Task Force's RFC (Request 

for Comments) 1618. 


e ISDN Equipment 
For more information about hardware, see the Usenet 
news group comp.dcom.isdn and the WWW (World Wide 
Web) pages at http://alumni.caltech.edu/ dank/isdn/ 
and http://www.icus.com/ isdn.html. 

• For Further Reading 

Frequently Asked Questions list from comp.dcom.isdn 

and ftp://rtfm .mit.edu/pub/ usenetjnews.answers/ 

isdn-faq. 

Fritz , Jeffrey. "Clearing Away the ISDN Roadblocks." 

October 1994 BYTE. Also, "Digital Remote Access." Sep

tember 1994 BYTE. 

Kessler, Gary C. /SON: Concepts, Facilities, and Ser

vices. 2d ed. Computer Communications Series, McGraw

Hill, 1993. 


costly when serial ports are loaded 
down on fast asynchronous RS-232 
connections. This may affect your 
computer's performance. Access
Works Communications, Adak, and 
Adtran offer serial ISON modems 
in the $400-to-$800 price range. 

The third, and most flexible, con
nection method is an ISON bridge 
or rouler. Ascend, Combinet, and 
Gandalf Technologies are among 
the companies that offer such prod
ucts. They connect to standard net
work.~. such as Ethernet, and let you 
connect one or more local systems 
to remote sy terns via JSDN. You 
usually do not need additional dri v
ers to use th.is method . 

Price is one drawback. howev
er: These devi ces sta rt at around 
$ 1000. Also, installing the devices 
and confi guring your systems re
quire some networking knowledge. 
If your computer is not already on 
a network. you may also have to 
purchase a network card, cabling, 
and soft ware. 

A final note, no matter wha t 
method you choose to connect your 
ISON network: Compatibility is 
still an issue, and it '. wise to find 
out what type of equipment you' ll 
be making connections with. 

Compression Issues 
Compression can offer 4- to- I per
formance, or nearly 512-Kbps speeds 
for easi ly compressed data over two 
B channels. But not all compres
sion methods are eq ual. No forma l 
compression standard has been rat 
ified , so many hardware vendors 
tout their own techniques. Unfor
tunately, this locks you into a par
ti cul ar hardware platform if you 

ftp://rtfm.mit.edu/pub
http:http://www.icus.com
http:alumni.caltech.edu
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want to achieve the highest speeds. ISDN BASIC-RATE-INTERFACE LINE TRANSLATIONS

Some vendors, including Ascend, are 
If your hardware vendor can't supply the configuration information contained in these translations 

now licensing Stac Electronics' compres for the AT&T 5ESS telephone switch. consider another vendor.
sion algorithm, which allows for in ter
operability among products and best-case PARAMETER VALUE HOTES 

compression of 4 to l , according to As

Auto-hold is Y/N No 
0 

'-'=""""'"""'' ·"""'"""'"""""--......"'""----Th s value Is default for Tenninal A. 

cend . By contras t, Gandalf touts 8-to-l 
compression using its proprie tary algo
ri thms. The choice depends on how im
portant interoperabili ty is to you. 

Our best advice for choosing hardware 
is to shop around and try to gauge each 
hardware vendor's commitment to ISDN 
interoperability. Some service providers 
are also resellers for ISDN equipment, and 
they can usually pass along substantial dis

counts to their customers. vices might be connected to BRI supple


mentary services, such as call fo rward
Phone-Company Talk ing). The over-100 poss ible translations 
Talking about ISDN with your local tele and the ability to mix and match scared 
phone company can be a trying experi away many first-time ISDN users. 
ence. Most of the larger RBOCs now have Today, ISDN hardware vendors make 

ISDN and the Internet 
The reasons for using ISDN to connect to the Internet 

are fundamental: cost savings, fast line speed, and 
high line quality. But you should first decide how you're 
going to connect to the Internet. You may need to locate 
an Internet provider that offers ISDN with the services 
you want at a price you can afford . 

Like telephone companies , Internet providers charge 
either for a dedicated line (usually with unlimited use) or 
for connection time. You should estimate how much time 
you expect to be using your ISDN connection . Remem
ber that the overhead of reconnections is low, so recon
necting each time you want to log on to the Internet is of
ten an acceptable approach . 

If you plan to connect a network of computers by using 
an ISDN bridge or router, find out if the provider can assign 
you a subnet of IP addresses or route t raffic to a net
work of addresses that you already have assigned. There 
is no point of going to the expense of purchasing an ISDN 
router if you can 't connect more than one host to the In
ternet provider. 

Also , ask the ISDN provider for recommendations for 
hardware that 's compatible with its equipment. This will 
ensure maximum performance and the fewest configura
tion problems. 

ISDN-speak in their vocabulary, bu! un- fice. However, some RBOCs tout " ISDN 
1il recently, it was hard to fi nd the right anywhere" and are commiued to prov ide 
person to speak to. But once you find that service to even the most remote areas. The 
person, ordering ISDN shouldn ' t be any RBOC can use repeaters to boost the elec
more di ffi cult than ordering a standard trical signal or deliver ISDN to local neigh
voice (i.e., analog) line. borhoods via fiber optics (or multiple TI 

Several years ago, to get the right kind dedicated circuits) by means of an IDLC 
of ISDN serv ice , yo u had to de1erm ine (integrated digital-loop carrier). 
your central-office-swi tch translations Be aware, however, that if ISDN is new 
(e.g., how many directory numbers there to your area, some of the technicians in 
were and how many B and D channel de- stalling it may be doing it for the first time, 
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it easier for customers 
to know which fea tures 
to order by supporting 
a generic set of widely 
used options and by de
tailing the features that 
work with the ir prod
ucts. For example, the 
table above, taken from 
Technical Brief#5 from 
Ascend Co mmunica
ti ons, shows a li st of 
BRI line translations for 
the AT&T switch. You 
provide the phone com
pany wit h thi s in for 
mation when ordering 
service. (Ask your ISDN 
hardware vendors fo r 
similar lists; if they can' t 
provide one , consider 
different vendors. ) 

Before you invest in 
ISD N eq uipment , you 
firs t need to determine 
whether your building 
is qualified for ISDN 
service. Typically, you 
must be no more than 
3.4 miles (i .e., 18,000 
feet) from the central of

for proper operation of the Ascend product. 

and problems can occur. A common in
stallation problem is configuring the ser
vice with the wrong translations for the 
hardware you're using. Providing the tech
nic ian with a list of settings si milar to that 
shown in the tabl e should prevent thi s 
problem. Sometimes engineers have trou
ble with the repeaters if you ' re outside the 
3.4-mile range and aren' t on SLC (sub
scriber-loop carrier) service. Installing re
peaters usually means diggi ng up roads 
and/or attaching them to telephone poles. 

If your RBOC doesn' t provide for ISDN 
service out of your local central office, 
some will , for a price, provide for back
hauling it from another ISDN-capable cen
tral office. This FX (fore ign exchange) 
method usually comes with addi tional re
curring charges for mileage between the 
two central offices . 

When deal ing with your RBOC, it ' s im
portant to determine what ki nd of serv ice 
it provides. For calls out of your calling 
area, or LAT A (local-area te lephone au
thori ty), you also need to choose a long
di stance carrier, called an IEC (interex 
change carrier). Check to see whether they 
can provide you with end-to-end, digital, 
clear 64-Kbps connecti vity to your desti 
nation. As always, long-distance charges 
apply even if you have a fl at-rate plan from 
the RBOC. Some IECs are providing only 
56-Kbps links once you leave the LATA, 
but that' s sLi IJ on the order of two to three 
ti mes fas ter than what analog modems can 
prov ide. • 

Lenny Tropiano, a Unix software develop
er, is rnrrellfly involved with ISDN and A TM 
networking for mulrimedia applicarions. He 
works for Applied Research laboratories (Aus
tin, TX) and ccm be reached on the lnrem et 
at lenny@icus.comllenny/or at the URL Imp: 
//www.ic11s.co111/lenny. Dinah McNutt is a 
freelance writer and consultanr who spe
cializes in Unix systems administration. She 
can be reached on BIX c/o "editors" or on 
the /111em et at dinah @sysad111azo11. co111. 

mailto:dinah@sysad111azo11.co111
www.ic11s.co111/lenny
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Control Software Costs 


SALVATORE 
SALAMONE 

\N hen Househo ld Credit 
Services (Salinas, CA) 
decided to install Mi 

crosoft Office throughout its network 
of 4300 nodes and 53 fi le servers, Mi
crosoft suggested that it buy a per-seat 
Licensing agreement. But before taking 
the plunge, Household Credit used Site
Meter, a software-metering program 
from McAfee Associates, to see how 
the existing copies of Office were used 
on its network, which it uses to man
age several private-label cred it cards. 

"We found that concurrent usage of 
Micro oft Office rarely exceeded 10 
percent," says Dale Gunderson, a com
munications analyst in charge of House
hold Credit ' s enterprise-wide metering 
project. "As a result of the findings, we 
decided to purchase a concurrent-us
age license instead of the per-seat li
cense." The result? By opting for this al
tern ative licensing agreement , 
Ho use ho ld Credi t ex pec ts to save 
$800,000 in licensing fees over the next 
two years, according to Gunderson. 

Software-metering programs such as 
Site Me ter haven' t traditionally per
formed such a dramatic role. Most com
panies meter software usage just to en
sure they have enough legal copies of 
applications for all the employees who 
need them. In formation Like this is im
portant defense agai nst an audit by the 
Software Publishers Association (Wash
ington, DC), or SPA. 

But metering has recently become a tool used by companies 
to optimize software resources, which is becoming a necessity 
for companies with large networks Like Household Credit's. Un
wary corporations are find ing that unnecessary fee , risi ng sup
port costs, and redundant upgrades dwarf the initi al software-
1.icensing fees. which may already be too high. 

Per-seat licensing i not the onl y problem. Because of poor 
inventory tracki ng, some companies buy additional licenses for 

Corporations can reduce 

their licensing fees and 
support costs when 
they base their 

management strategies 

on actual usage 

~ 
0 
:z: 
u 
fi! 
0 

~ 
0 

applications they already own. The 
Per onal Computer Assets Manage
ment Institute (PCAMl, Rochester, 
NY), a group of vendors and users 
that studi es the cost of manag ing 
hardware and software assets in or
ganizations, estimates that public and 
private organizations in the U.S. la t 
year spent as much as $2 billion fo r 
software they already own. 

On another front, a Gartner Group 
(Stamford, CT) study found that software support accounts for 45 
percent of the total cost of ownership of an application and that 
the hand li ng of admi nistrative tasks, such as ensuring that con
current licensing agreements are enforced, represents another 13 
percent. By contras t, licensing fees consti tute only 14 percent. 

lnfonnation Is Key 
Savvy network administrators are successfully cutting the costs 
of software ownership by studying usage patterns to help guide 
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their so ft ware-purchas ing anti support 
strategies. What information is important? 
fl can be as simple as knowing that only 
half the people in one di vi ion use a par
ticular app licati on. Or it could be more 
complicated. such as determining that one 
department is responsible fo r a di spropor
tionate number of calls to a help desk with 
questions about using an application. 

The software-metering and software-in
ventory programs that can help gather this 
in fo rmation cost from about $295 for a 
single-server program to about $1200 fora 
I000-user license (sec the text box ·'A Class 

of Their Own" below). Some vendors that 
cun-enily offer these tools include El an Com
puter Group (Mou ntain View CA). Frye 
Computer Systems (Boston. MA), McAfee 
(Santa Clara, CA), Microsoft (Redmond, 
WA). Microsystems Software (Framing
ham, MA), Saber Software (Dalla , TX), 
Symantec (Santa Monica. CA), and Tall y 
Systems (Hanover, NH). 

Software-metering programs allow net
work managers lo limit the number of us
er that can simu ltaneously access a par
ticular application. If a company licenses 
Microsoft Word for 300 users, for exam-

pie. a metering program allows 300 people 
to run Word and restricts any other users 
until one of the 300 quits the applicati on. 
thus freeing up a license. In addi tion, astute 
network administrators can exploit the 
more advanced features of meteri ng pro
grams to drive down software co ts. Such 
features include logging usage by appli
cation and the ability to manage licenses so 
they can be shared (see the table "Meter
ing-Tool Features'). 

Software- inventory programs offer a 
more pass ive form of license compliance 
by allowing managers to lmow what 's run-

A Class of Thek Own 

A ,a class of pr0duct:S metetjpg pro

grams offer remarkably simiJ~. 
feature(i. Most al lo,w a network·admin- · 
i trator to automatically block aeces~ 
to application once aU the available 
licen es are u ed up, log the amount of 
time during \ hich a u ·er can control an 
application , et up cla es of user. so 
that some have a higher priorH;y- than. 
o'thers w)len acces ing applica~ions, and 
automatically queue u.p usern who are. 
waitingfor a license to be freed up. 

But not all metering package are cre
ared equal. Depending on your ne,twork; 
one may be more appropriate for your 
need · than another. Jtem that you should 
c:on iderwhen selecting a metering pro; 
gram include which NOS (network op
er:ating S)!.stem):the pr('lgram works wi!h · 

·· 	 wb)cl} cijt nt applications it upports, and 
whetherit a fand-alone utility or one 
that can.be.a ed wi.th other network. u til~ 
ifie you might be running. 

When jt comes to NOS upport, some 
.packages, uch as Saber Ent i:prise Ap- . 
plications Manager (or SEAM) from sa: .. 
bef Software, SjteMeter from McAfee, 
and Soft~are 1\{eteting and Re,sourc)',, · 
Track.in~dor SMART) .from Frye Com.:. 
puter Systems, nm on Novell NetWare 
LANs. Others such a CentaMeter from· 
Tally Sy tern , Software Sentr.y from 
Micro ystems Software and Norton Ad
ministra or for Network from Symantec, 
are NOS-independent: They all run on 
NetWar~ LANs, but tl:ley can al o be 
u"·ed with other NOSes, including Ban
yan Yiµe Pathwork ', LAN Manager 
LA!lif Se.rver LANta ·tic, and FC-NFS 
networks. 

With client application upport, all me

Tl!e Sum of ~e ~'!~ l.ANW••"'''"°" 
Companies that have ~ ..,0,'l 
turned to metering 1-r.,___..-_.._•..,......"'L· 

program te help rejn 

Flt: Appi;ca11ont-Ungt (Dilly) 

~ 
0 

__.L---------.rl"'I 

. . • 
. the adm 'oi tralive Graphlcaldlsplaysofapplication-usage l.!::!l::!============::i 
m f 1 

. levels, suc:h as this one from Saber, make it easy for a networtl administrator to 
co ts o runruog a net~ spot trends and adjust license purchases. 
work often fin<! th~y 
also need other util ities. For example, 
these companies mJgJ;it. want to cut soft
ware-insta11ation 'time· by using ao elec 
tronic oftware-disttibution program. Or 
they may wanno r~duce the time it talces 
to perform an inventory by u ing auto
mafic hardware- ancf oftware-invemory 
programs. ', ,, 

A company coula buy stand-alone 
tools to do ail thes~)asks . However P,Ur
alvisi'ng, tools rbat; ~ii:e · design·ed to w0rk
together often provide additional bene
fi t. . For example, jntegrated tools· can 
I.et a networK: ad.mini trator display all 
network information on one manage
ment creen. Another b nefit i. that the 
data collected by tools designed lo work 
together i often part of a common data-
base.and can be combi ned- in a sirygle 
spreadsheet, for example-for easier 
anal i . 

Severa.I metering tools are actually 
one tool of many that fit into a plug-in
module approach to·network-utility prod

ucts. Most often, these too ls work a 
stand-alone products, but they can also 
be used as part of an integrated man
agement ystem. For example Frye' s 
SMART is one of several plug-in mod
ules for the company' s-Frye Utilities for 
Network . Other Frye utilities perfonn 
server management, automatic hardware 
inventory network monitoring, and soft-
wary di tribution. " 

S.imilat'ly, SiteMeter frorn McAfe~ js 
part of BrightWorks the company's in
tegrated suite of network management 
tools, which include programs for han
dling oftwaredistribution and hardware 
inventory. Micro oft, , with it Sy tern 
Management Server. and Symantec, with 
it orton Enterpri e Framework, have 
taken this modular concept a step fur
ther and developed their own systems 
management architectures into which 
you can plug software-distribution, i:n
ventorying, and other-network manage
ment tool . 
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ning on their network. Inventory programs 
produce li sts of the applications that are 
residing on the network as well as on the 
local dri ves; these lists can be matched to 
software-purchasing in voices to demon
s trate that the company is obey ing the 
terms of its licensing agreements. 

Paying Top Dollar 
Software-metering and inventory tools can 
help a company maintain centralized con
trol over softw are purchases. This lets an 
organization leverage volume-purchasing 
strategies that can lead to di scounts of up 
to 60 percent , based on typical volume dis
counts and site-licensing agreements of
fered by applications vendors. 

A software-inventory program can help 
a network administrator determine what 
applications are in use and in what quan
tities. " By knowing the real number of li
censes that you need, you can negoti ate 
price with vendor ,"says Bill Holder, di
rector of Micropath (Be llevue, WA), an 
integrator that peciali zes in microcom
puter-asset in ventory ervi ces. 

For example , Microsoft' s Se lect pro
gram provides discounts on volume license 
and maintenance agreements for 1000 or 
more licenses. In April 1994, the company 
announced its Open License Pak, which 
offers di scounts on as few as 50 licenses. 
Deal s worked out under these programs 
include di scounts on future upgrades, as 
well as provisions fo r phone support. Dis
counts, which are negotiated on a case
by-case basis, typically range from 10 per
cent to 50 percent, according to Microsoft. 

Concurrent Licensing can provide even 
greater savings in some instances. Acor
poration pays for a number of licenses that 
is less than the number of user on its net
work who will use the application. For ex
ample, a company might pay for 800 li 
censes even though 1000 users wi II use the 
program. However, only 800 of them can 
use the program at any one time. 

The savings realized from moving from 
a one-to-one licensing basis to concurrent 
licensing is typically about 30 percent, ac
cording to the PCAMI. But others say that 
figure is low. "Conservati vely, I think you 
can save 40 percent," says Holder. 

Even if concurrent licensing saves 30 
percent of the cost of buying indi vidual 
licenses , that tra nslates into a one-time 
$90,000 savings if a company with 1000 
users buys a $300 program. 

The savings can be even greater for pro
grams tliat perform a special function, uch 
as an organizational fl owchart package or 
a mapping program that prints out direc
tions between two location . Such pack
ages are often used by many people with

in an organi zation, but only a few times a 
year. Seldom are the re more than a hand
ful of people running such a program at 
the same time. So, in tead of buying 1000 
copies of such a package, a company might 
be able to get away with a concurrent li
cense for only six users. 

One way for a company to plan for con
current licensing is to first let its users run 
all the applications they need, without re
stricting access . M ost metering programs 
let you run in thi s mode to gather data ; 
they then visually di splay the information 
so it ' s easy to spot the patte rns (see the 
screen in the text box). By examining th.is 
information, a network admini strator can 
determine how many licenses are needed. 

One note of caution : There' s some de
bate in the industry about the liability risks 
involved when you collect in formation in 
this manner. Hard-liners in the licensing
agreement lega l a rea ay that a llowing 
more users to access an application than 
you have valid licenses for is a vio lation of 
the Licensing agreement which makes your 
company subject to fin es. Acknowledg 
ing this, some companies take a best guess 
as to the number of licenses they need: 
Once an application is up on the network, 
they use a metering program 's data-col
lection ability to study usage trends and 
adjust the number of licenses for future 
purchase . . 

Neve rthe less , the ability to examine 
trends in usage and then license accord
ingly aves money. The amount that can be 
saved varies by application, company, and 
even by department. For Hou ehold Cred
it , var ious depanments have contributed 
in diffe rent ways to the company's pro 
jected $800,000 savings in licensing fees . 
"We estimated the initi al sav ings of ap
proximate ly $3 12 per user fo r customer
service personnel, who rare ly use Office, 
and $3 1.25 per user fo r administrative per
sonnel , who use Office more frequently ," 
explains Gunderson . 

Managing Users 
With concurrent licensing, a company 's 
cost savings can vary , depending on whetl1
e r it li censes fo r the max imum number 
of users or the average number of users. 
Licensing based on average demand saves 
a company more money because fewer li 
censes are needed. However, when a com
pany licenses for average demand, it will 
always encounter peak periods when some 
users are blocked from an applicati on. 
Some companie find 1his situation um1c 
ceptable and always license for max imum 
demand . 

But if a company chooses to license fo r 
average demand, many metering programs 

can help. For i.n tance, most display a mes
sage-witl1 the relevant information, such 
as how many other users are wai ting-on 
a blocked user's screen, telling the person 
he or she has been placed in a queue. When 
a license is freed up, the user is notified, 
and he or she has the option of eiU1er tak
ing the license or passing. 

In addition, many metering programs 
have an option that allows certain classes 
of users to always have access to License . 
For example, a network admini strator can 
designate that IO licenses out o f 500 are to 
be used only by the company's 10 execu
tives. Likewise, an administrator can en
sure that the marketing department has 
more Licenses for a presentation application 
than the engineering department does, even 
though users in both departments might 
frequently use the application. 

License-hording is one sociological as 
pect of metering that network administra
tors must often deal with. Hording can be 
intentional , but o ften it ' s not: Many users 
simply load every appl ication they' ll ever 
need into their Start Up Group within Win
dows. This prac tice may seem logical to 
them; they may even think they' re saving 

METERING

TOOL FEATURES 


Blocking 

1be key to al meteri1g progams. 


Ensures compiance with tenns of 

canamnt-iceasq agreements;. 


Usqe logglng 

Detemines usage patterns on which to 
base tucbasi1 and support decisions. 

Cross-server llcense·ahartng 
DJMOic;alJ realocales underuti-- ized &ceases within an organization.iil 
Queuing 
Places users in aqueue when all 

conamnt licenses are taken. 

Notifies awaitq user when a 

icease becomes free. 

Inactivity monitoring 

Detects appications that are loaded 
111 a usefs desktop but go unused. 
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the company money by being more e ffi 
cient-hav ing the a pplication a mouse
click away when they need it instead of 
having to wait fo r it to load each time they 
use it. But these users o ften don"t realize 
that they might be blocking access to an 
application from another user who needs it. 

To help solve such problems, some me
tering programs have inac ti vity tracke rs 
that can de te rmine when a use r simply 
loads a program and rarely uses it. For ex
ample, Tally' s CentaMeter 1.0 uses agent 
software that intercepts common calls and 
detects every instance when a window is 
open. This he lps CentaMeter to determine 
whether a program is being used or is sim
ply sitting on a user's desktop as an icon . 

Having knowledge about how long pro
grams sit idle on users' desktops can help 
a network administrator negotiate with de 
partment heads when it comes to purchas 
ing additional licenses. For example, one 
department might lobby for additional li
censes of Excel because it can ' t tolerate 
having any of its personnel locked out of 
it. A preliminary check of the software
usage pattern mi ght indicate that every 
one in the department run s Excel when 
licenses are available, so the purchase of 
additional licenses may indeed be war
ranted. But with an inactivity tracker, a 
network administrator may find that some 
people are loading it and never using it. 

Having such in fom1ation enables sound 
decision-making. If software is merely sit
ting idle, loaded but unused, a network ad
ministrator might simply send out a memo 
explaining to users that thi s prac tice costs 
the company money. On the other hand, if 
all loaded applications are being used and 
many people are locked out of accessing 
a program, more licenses should be pur
chased. 

Sharing for Profit 

Metering software can also help you real

locate or share underu tilized licenses. This 

results in the purchase of fewer licenses 

and can reduce your overall software ex

penditures by as much as 30 percent, ac

cording to the PCAMJ, because many com

panies have software licenses that simply 

go unused. 


For example, a company's accounting 
department might have 180 licenses fo r 
Lotus 1-2-3 . but the most it ever uses is 
75. Meanwhile, the company 's expanding 
marketing de partment brings in 25 new 
employees and buys an additional 25 li
censes of the same package. The company 
could have ·aved the cost of additiona l 
licenses by reassigning the 25 unu ed li 
censes from accounting to marketing. 

Situations such as this can be avoided by 

using a software- inventory program that 
lets a network admini strator know what 
soft ware is sitting on the network and on 
local drives. W ith this in formation, an ad
ministrator could easil y size up the si tua
tion and, in this particular example, save 
the cost of 25 licenses, or approxi mately 
$7500 (based on the $300 retail price of 
Lotu 1-2-3 release 5.0 for Windows). 

Dynamic Reallocation 
Besides saving money by identi fy ing un
used prog rams and shifting them to de
partments th at need them, many metering 
programs allow for the dynamic realloca 
tion of licenses between servers. This is 
diffe rent th an simpl y findin g unused li
censes and making a one-time tran. fe r to 
another department. With license sharing, 
licenses are transferred between groups 
on an as-needed ba i . 

For example. the aforementioned ac 
counting department might use its 75 Lo 
tus 1-2-3 licenses only at the end of the 
month to balance the company's books, 
but on a typical day use onl y a maximum 
of 60 licenses. By dynamicall y sharing the 
15 licenses that mere ly sit idle for most 
of the month with another department. the 
company could save the cost o f those I 5 
licenses. 

Some compani es have taken license 
sharing to the ex treme by dynamically re 
allocating li censes across different time 
zones (see "You' re Saving Money when 
the Meter's Running," March BYTE). 
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Software Management Practices That Save Money 

Reduce the number of licenses you pun:hase by 
not buying extra copies of software that you 
already own but sits unused on the network. 

Centralize pun:haslng to reduce the cost per 

license by taking advantage of volume dis

counts and site licenses. 


Opt for concurrent licensing agreements and 

use metering to ensure compliance with the 

tenns of the agreements. 


Dynamically reallocate or share licenses to get 
the most use out of each one. 

Cut the time needed to troubleshoot software 

conflicts by using up-to-date inventory Infor

mation. 


Reduce recurring calls to a help desk by match
ing software-usage patterns to the frequency of 
calls to the help desk. 

Charge back your support costs to individuals 

and departments based on usage, not on the 

number of people in a department. 


Reduce network downtime due to virus infec· 
tions by preventing unauthorized software from 
running on the network. 

Avoid fines for using unlicensed software on 

company equipment. 




Bell & Howe ll Copiscan If'" Dowme111 Scanners 

The world's most 

dependable scanners. 


Imported from 

Chicago. 


Imagine a scanner that runs three shifts a day, 7 days a week. That handles a 

huge variety of documents without jamming. That pretty much describes our 

simplest machine. In all, we give you seven to choose from: 36 to 72 ppm, 

200 to 300 dpi , simplex, and duplex. With the ability to make scanned 

riginals. And best of all, there's no limit 

to the number of pages you can scan a day. Because they're made in 

Chicago, where things have a reputation for being, well, kind of solid. 

We have a new brochure with a lot more details. For a copy, just call 

1-800-SCAN-494. BELL IHOWELL 
[@] The Document Management People 
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AnthroCartS! 

AnthroCarts will knock your socks off! Imagine how 

great it'll be when you find the perfect furniture fo r 

your equipment - ju t the right size tough as nails 


construction and dozens of accessories. 


And you'll find our service so real and responsive, 

you'll get a kick out of ordering direct! 


Call for a free catalog! 


Adiustoble for all sizes . 

Lifetime Warranty Lots of choices. 

10450 SW Monhosset Drive800-325-3841 
Tuolotin Oregon 97062 o 00 AM to 6.00 PM PST M·F /0. 
Phone: 1503)691 -2556 e-mail: soles@onthro.com ANTI-RO Fox: (800)325-0045 

GSA contract no. GS·OOF-5040A. Available For OEM applications. Prices from $159.00 

Anthro, AnthroCort and Technology Furn iture ore registered trademarks of Anthro. 


Such cross-time-zone shari ng is li kely 
to be a short-lived phenomenon, however. 
One executive at a large operati ng-system 
development company. who declined to 
be identified , says that in the future . com
panies will probably be allowed to rea llo
cate licenses between time zones, but they 
will li kely have to pay twice as much per 
license to do so. 

Most companies can save money by dy
namicall y rea llocating li censes within a 
smaller geographica l area- and the cost 
savings are not limited to 1000-plus-node 
networks. For example, John Calmon, a 
programming- language adm inistra tor at 
the Uni versity of Pennsylvania in Philadel
phi a. admi nisters a 25-workstation Net
Warc LAN and saves money by li cense 
shari ng. 

He originally purchased a metering pro
gram for license compliance, blll he fou nd 
that he could save money on license pur
cha ·es by using information gathered by 
the metering programs in conjunct ion wi th 
the blocking feature once the licenses were 
purchased. He was able to cut the number 
of concurrent licenses fo r a word process 
ing applicati on fro m 16 to 10 (a 37.5 per
cent savings) and purchased three licenses 
(instead of six) for a $ 150 project manage
ment appli cation- for a total savings of 
$450 fo r that applicati on alone. 

Treat Your Users Well 
Cutti ng licensing fees ce11ainly saves a com
pany money. But these fees arc not tJ1e big
gest expense when it come · to using soft
ware: support and administrative costs can 
be much greater over the li fet ime or an 
application on a network. In a urvey of 
I 80 large organ izations. the Business Re
earch Group ( ewton, MA) fou nd that 

companies . pend. on average. $778 per 
user annually on Novell Net Ware LANs. 
And. as noted earli er, a Gartner Group 
study found that software support accounts 
for 45 percent of the total cost or owner
ship of an appl icati on and that the han
dling of administra ti ve tasks accounts fo r 
another I 3 percent. 

The use of metering and inventory pro
grams can red uce a company's support 
and admin istrat ive costs. A company can 
cu t its troubleshooting time by us ing the 
infor mation ga thered by such programs 
about what's running on a network. For 
instance. by quick ly idemifyi ng (with an 
inventory program) that a caller to a help 
desk i using an old version of a program 
wi th an incorrect printer dri ver. a help
desk techn ician can save lots or time. Or a 
person might call to a k abo ut a bug that 
has been fixed. A help-desk technician can 
quickl y check to sec if the call er has the 
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YOU CAN USE A SPREADSHEET 

TO A NALYZE DATA. OR YOU CAN 


USE CORNERSTONE. 

Introducing Cornerstone for 
Windows. The fastest path to the 
answers you need. 
Aspreadsheel wasn'Ldesigned for 
exploraw1y data analysis. So it's not 
the quickest and easiest way to turn 

Access, a nalyze, visua lize data into in formation. 
and present  all in Co rnerstone's 

Integrated enviro nme nt. Cornerstone for Windows, 
however, gives you the power 

LO swiflly access, :i1:alyze , visualize and present data. All in an inte
graLecl environmr·, t that delivers the answers you need- fas ter 
and easier than any spreadsheet can. 

To get things moving, send fo r
BBN/cornerstonern f K' dyour ree 0ata It. 1ts , got etm.1son 

~ CornersLOne, user application sLOries and 

Data Analysis: New Toolsfor·ExpandingNeeds, aspecial report from the 

Seybold Group. For your Kit, call 1-800-331-2266 or fax the coupon 


today.And ,.-...---,
pick up Lhe 
pace of your GET MOVING! 
data analysis. , Rush me my free Data Kit! Fax thiscompleted coupon I 
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fix-a new driver, for instance-installed 
on his or her machine. 

One network administrator at a Texas 
oil company says that he is able to cut, on 
average, one-third of the troubleshooting 
time from each phone call to his help desk 
by simply knowing what program (and 
what version of it) is running on a caller' s 
desktop. Without an inventory program, 
many companies have trouble keeping 
track of who has the latest fix or patch. 
This makes it harder to provide support, 
prolongs the troubleshooting process, and 
adds unnecessary expenses. 

The ability to track who has which patch 
or fix will become increasingly important 
as more users obtain access to on-line re
sources, such a America Online, Compu
Serve, and the Internet. Specifically, users 
will most likely see on-line notices that 
new patches are available and then simply 
download and in tall them themselves. 
Thus, a company's IS department will lose 
control of a process that it has tradition
ally managed. More important, an IS de
partment without an inventory program 
won ' t be able to tell when a user has in
stalled his or her own patch or fix. 

Another way to cul support costs is to 

use information about software usage and 
become more proactive in managing a net
work. For example, a company might link 
software-usage patterns with the frequen
cy of calls to a help desk from a particular 
department to plan training programs to 
reduce recurring calls. Or it could use in
formation to develop a hardware-upgrade 
plan. For example. a company that wanted 
to replace the old Pentium chips in it ys 
tems could do so in a prudent manner: In
stead of upgrading everyone in a day or 
week, the migration could be done gradu
ally, leaving an IS staff sufficient time to 
handle its normal duties. 

Moreover, an upgrade like this could 
be done in such a way that the people who 
needed the replacement the most got it 
first. For example, an engineering depart
ment that nms CAD/CAM programs would 
need a Pentium-chip replacement sooner 
than a marketing group using a desktop 
publi shing program that doesn' t rely on 
the Pentium 's FPU. 

Yet another way for a company to re
duce it upport costs is to use informa
tion about software usage to charge back 
the costs of support. With networks that 
have no centralized management, it 's often 

hard to quantify support co ts, and it is 
generally impossible to properly bi ll back 
the charges. But by using a metering pro
gram's logging functions, which can track 
how often a department uses a particular 
program, an IS department can charge back 
support costs based on u age. M etering 
programs allow equitable charge-backs for 
support. This charge-back concept is not 
a new one; it ' imilar to what was used 
in mainframe environments, where costs 
were charged back based on usage of pro
cessing resources. 

It's not coincidental that software man
agement strategies are in a sense revert
ing back to the methods used in mainframe 
days. For many years, networks have been 
allowed to proliferate without any central
ized management. Now corporations are 
finding that the huge hidden costs of man
aging their resources, such as software on 
these networks, needs a centralized ap
proach. Companies that have adopted uch 
strategies are discovering the cost savings 
that stand to be gained. • 

Salvatore Salamone is a BYTE news editor 
based in New York. You can reach him 011 

the lmem et or BIX at ssalamone@ bix.com. 

URGENT-YOUR INPUT NEEDED 

On: WORKGROUP COMPUTING 


Dear Reader: 

To improve BYTE's coverage of technology in the State of the 

Art section, we'd like to get your feedback about what topics, ar

eas, and products we should be considering , and in what ways. 
Later this year, we're planning on taking a look at workgroup 

computing. We intend to examine workflow software and group

ware, programs like Lotus Notes and Collabra Share; the types 

of problems you can tackle best with current technologies; and 

the hardware and software we think you'll need in the future. But 

we want to hear your ideas, to find out about workgroup appli
cations we may not be aware of, about interesting vertical-mar

ket products in this category. Also, we would like your help in 
identifying the people we should be talking to about this tech

nology-users, vendors, researchers-you tell us. Finally, we're 
interested in hearing about what your organization is doing 

with workgroup computing-how you're using the technology 

and what problems and benefits you've encountered. 
To let us know what you think, please use the following as a 

template to send us, via E-mail , an ASCII text file with your 

comments. Please be sure to include the < FIE LO NAMES> with 

their angle brackets, followed by your information and com

ments. And thanks very much for your help. 

Please E-mail the completed form to: editors@blx.com 

<TOP I C> 

Workgrou p Comput i ng 


<LASTNAME> 

Johnston 


<FIRSTNAME> 

Bobber 


<TITLE> 

Technica l Speci alist 


<COMPANY> 

Cybercyber Systems 


<PHONE> 

800 -555 -1234 

<EMAIL> 
bj@host . domain 

<COMMENTS> 
This is where your comments go. Be as brief or as long as you 
want. Tell us what you th ink, what you need, what you want to 
know more about. Tell us what you're doing. Tell us who we should 
be talking to. 
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BuildYour Own WWW Server 

BOB FRIE SENHAHN 

E 
w 11 if your company isn' t 
h• " >ked up to the Internet 
and has no interest in be
w 1n ing part of the WWW 

(Wo rld Wide Web-a lso known as 
W3, or ju t " til l· Web"- a g lobal net
work based 0 11 the Internet 's TCP/IP 
protocols). thn L· are significant reasons 
why you shou ld consider using Web
based softwarl' :i ncl technology on your 
LAN. T hi s art ic k describes how to im
plement a Web 'crver using readily avail 
able free soh\1 :ire and eq uipment you 
might al read) , >1v n. ft also points out 
pitfall s and ob ,t;1cles to think about be
fo re beg innin!:'. this type of project. 

But you cle li 11 ite ly should consider 
the benefi ts o l weaving your e lf into 
the Web. With 11 TTP (Hypertext Trans
pon Protocol) -c rvers and graphical cJj
ent software, ~ 1 1l'11 as Mosaic and Net
scape, yo u ca11 achieve muc h of the 
infonnation-sh.iring that' s possible with 
Lotus Notes- hut at a lower co. t and 
without incum ng the overhead of di s
tributed clntab: 1,cs. 

Instead of r1·plicating information to 
n local repos it11ry. the way Notes does, 
HTTP and Mo, ;1ic give you an efficient 
way of di strib11 11 11g up-to-date informa
tion and provicl i11 g remote access to pro
grams wi thin 1 our organization. With 
an att rac ti ve g1 :1phical interface. such 
as Mosaic, thi ~ rcsults in a cost/benefit 
ratio that' s hard 111 beat. 

How the Web Works 
A major thrust • if the WWW effort ha been to unite existing pro

tocols and fom 1ats into one common interface. To accompli sh 

this, the URL (1111 ifom1 resource locator) addressing format a llow 

a user to spec ill any object on the Internet, along wi th suffi cient 

in fo rmation to 1·c· trieve it. Consider thi s example: ftp://ftp.uu.net: 

2 1/README. I his URL ays to retrieve the file named README 

from the site ftr uu.net using FTP (file transfer protocol) on port 2 1. 

Commonly supp• >lled protocols and programs include FTP, Finger, 


0 RP

• • 
• • 

• • 
• • 
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Gopher, HTTP, NNTP (Network News 
Transport Protocol), Rlogin, Telnet, and 
W AJS (Wide Area Infonnation Service). 

WWW servers are designed to handle 
documents created using the HTML (Hy

server. Here's why pertext Markup Language) fo rmat. What 
makes HTML documents unique is their 

and how to do it. 

Many organizations 

want to set up their 
own World Wide Web 

ability to include hypertex t links th at 
fac ilitate rapid access to other locations 
within the same document, to other doc

uments on the swne site, and to documents nt another site entirely
the capabi lity that makes the Web so powerful. HTML also sup
po11s internal references to ex ternal object " such as image files. 

The Web is ba:ecl on the HTTP, which supports a client/server 
model. The protocol covers operations rang ing from simple get 
commands to complex authentication mechan isms. HTTP is cur
rently specified to run on top ofTCP, the Internet's bas ic u·ansport 
mechan ism. but th is is not an inherent limitation of the protocol. 

To max imize the availability of the data on the Internet, many 
sotiware packages-called Web browsers-have been developed. 

co111i1111ed 
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These packages use URLs to specify data 
location and can retrieve and display many 
forms of information. The most popular of 
these clients are Mosaic (originally devel
oped at NCSA, the National Center for Su
percomputing Applications, Champaign, 
1L) and Lynx. 

Many variants of Mosaic are now avai l
ab le from such companie as Netscape 
Communications (formerly Mosaic Com
munications, Mountain View, CA), NCSA, 
Spyglass (Savoy, JL), and Spry (Seattle, 
WA) for popular platfomis. All share a user
friendly GUI that can display text in dif
ferent fonts and in-line graphics. Lynx is 
a charac ter-based program for those who 
don't have the high-speed SLIP 
or PPP lntemet connection re

Server Directory Treequired for effective use of GUJ
based software. Usually, a Web /httpd bin (HTIP server binaries) 
client is thought of as a user

cache (area used for proxy caching)
interface tool, but a WWW 
server can also be a Web client. 

config (configuration files) 
This directory configurationHow Can I Serve You? etc (access-control files) Is how Ichose to structureA WWW server deliver data 
the server files. Keeping icons (icons used by server)via HTTP. A client opens a everything together simplifies 
administration and future log (server log files)connection to the server. sub
expansion. r Imits a single request, and re

ceives the response; the con
nection is !lien closed. Only a small part of 
the URL- the path portion- is passed 
from the c lient to the server; the server al
ready knows the rest. 

When a full URL is passed from the cli
ent to the server, this indicates a proxy re
quest that the server is expected to place on 
behalf of the client. Servers that upport 
proxy capabi lity act as clients on the re
que ter's behalf. For example an HTTP
only client can perform an FTP transfer 
by using HTTP to request an FTP URL 
from the proxy erver. The proxy server 
uses FTP to retr ieve the data and passes it 
back to !lie client via HTTP. 

Proxy servers can also provide the ben
efi t of a local di sk cache, which speeds 
up the recovery of often-used URLs. Sites 
that use an Internet firewall can use a proxy 
server to a llow ord inary clients to access 
the internet through the firewal l. 

The WWW server is responsible for map
ping a supplied URL into an object or re
sponding with an en-or message. An object 
can take many forms. The simplest, and 
most common, object is an HTML text fi le. 
But it' s possible for an object to be a pro
gram or to be built into a database request. 

WWW servers are designed to mask im
plementation detail s from the user. Con
siderab le nexibility in the configu ration 
files allows the remapping of directory ref
erences into other directories , individual 
files, or programs. 
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Regardless of the type of object that the 
WWW server fi nally resolves to, the serv
er is responsible for indicating the data for
mat u ed for the reply. Response formats 
use MIME (Multipurpose Jnternet Mail 
Extensions) conventions. For instance, an 
HTML file would be indicated as type text/ 
html in the response header. 

Selecting the Server Platform 
Deciding how-and whether-to imple
ment a Web server, as well as what com
puter platform to use, depends on a num
ber of factors. These include your finances, 
ex pected usage, data types lo be stored, 
available hardware, and your experience 

with specific operating systems. 
Finances. You must first decide whether 

you have suffic ient resources and dedica
tion to operate your own server. For a nor
mal WWW server, you need a full -time 
Internet connection (56 Kbps or higher) a 
486-c lass or better compu ter, software, 
physical space, and techn.ically knowledge
able people. Or you can hire a commer
cial service to put your data on the Web. 

Expecred usage. If you expect a large 
number of accesses per unit of time-as a 
large organization or popular public-ac
cess site might require- llien you should 
design your server accordingly. But if you 
are doing this only as a hobby, t11en a desk
top PC with a good 28.8-Kbps modem and 
SLIP or PPP support might do. 

Daw types and quantity stored. Some 
forms of data, especially graphical images, 
occupy considerable storage space. Be sure 
your server has suffic ient disk space. 

CPU resources. Serving up text files on 
request takes up few CPU resources. How
ever, you may choose not to limit your 
server to such simple tasks. For example, 
if your system or application stores data 
in a nonstandard format , it may need to 
run a program on the ny to generate a de
sired response in an accepted format. Sim
ilarly, if you' re providing acces to a data
base. your server will use significant CPU 
resources during database accesses. 

Expe rience with operating systems. 

Most people prefer to use operating sys
tems that they' re already fami li ar with. 
Lucki ly, WWW servers are available for 
many operating systems. The ideal oper
ating system has excellent TCP/IP net
working and effi c ient multitasking. This 
rul es out MS-DOS and Windows. Unix, 
Windows NT, and Digital Equipment's 
VMS (with multithreading extension s) 
are all suitable. Uni x is currently the best
supported operating system for WWW use 
and in volves the least amount of ri sk. 

Available hardware. Most s ites con
nected directly to the Internet already use 
systems that a WWW server can run on. 
The main concern is whether your ex ist

is an excellent choice. Failing that, VMS 
(for a Digital VAX minicomputer or an 
Alpha-based workstation) or Windows NT 
should be a workable solution. 

Installing and Configuring Server Software 
Once you dec ide to use a WWW server, 
you need software. (See the text box "Set
ting Up a Server,,. January BYTE, page 
76, for on-line sources for WWW server 
software.) The example in thi s article is 
geared toward the CER (European Lab
oratory for Partic le Physics) httpd soft
ware, based on my experience. 

Building a server from source code is 
often a good idea because it increases your 
familiarity with the software and ensures 
that the binary is I 00 percent compatible 
with your system . But if you don ' t have 
an appropriate compiler or don' t want to 
learn how to build a server, then a pre
compiled binary may be a belier choice
and, with luck. everything wi ll work fine. 

There are few build -time choices be
cause most options are confi gured at run 
time. With th e CER se rver, the o nl y 
build-time option i to include SOCKS (a 
generic proxy implementation library) sup
port. This allows the server to reside on a 
LAN that ' s inside a firewall and to acces 
the Internet via a SOCKS proxy daemon 
that executes on the firewall machine. 

If you 're building a serve r to provide 
HTIP proxy service to clients on a LAN , 

ing system (which may already 
supp ort E-mai l and Use ne t 
news groups) ha. sufficient ca
pacity to support a server. There 
are no clear-cut guidelines for 
choosing a server platform. A 
Pe ntium-based PC or Unix 
workstation (e.g., Sun 's Sparc
Station 10) should provide good 
service in most cases. 

There's more performance 
variance due to your operating 
system than lo your hardware. 
A solid Unix implementati on 
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including thi s feature en ures the highest 
possible level of protection against unau
thorized hackers on the network. Follow 
whatever building procedures are speci
fied for the server software you select. 

Before you instaJJ your server Dinanes, 
however, you should map out the server's 
directory tructure. You must decide wheth
er to install the binaries, configuration files, 
and log fi les where your sy. tern normally 
keeps such things or to put everything in a 
single directory tree. That's the approach 
I took, since havi ng everything available in 
one place makes it easier to find re lated 
information and to move or copy the serv
er to a new machine (see the figure "Serv
er Directory Tree" on page 84). 

Add an entry to your system's start-up 
script that automatically starts the server 
software when the system is booted-at 
least a command line that specifies the 
path to the primary executable as well as 
the configuration file to use. It 's best to 
minimize the infomiation specified on the 
command line; the configuration file is a 
more appropriate place for uch data. 

Most HTTP servers come with reason
able default s and sample configu ration 
files . It 's best to start off small and add 
in features as your server grows. At a bare 
minimum, the configuration should spec
ify the following information : 

•The root (Se rv e r Root ) of the directory 
tree (/ httpd /se rver_root in the sample 
directory structure). 
•The user identity under which the server 
will run . For security reasons (more on 
this in the next section), it 's best to give the 
server as few privileges as possible. 
•The path to the log files. 
•A mapping to executables on the server. 
For example, in the CERN HTTP config
uration fil e, the fo llowing entry will map 
any URL that starts with /c gi-b i n/ (a 
common prefix ) into the server-side bin 
directory and treat it as an executable. 

Exec /cg i -bi n/*/ l1ttpd /server _root/bi n/* 

• A mapping to HTML source files. If 
HTML source files are placed under a di
rectory ca lled /l~ e b, the configuration en
try to map URLs into that directory is Pass 
I* /We b/* . In the CERN server (and like
ly in others as well) , the Exec and Pass 
mapping lines are matched in the order 
specified in the configuration fiJe . So, to 
provide special treatment for a particular 
URL, position it before the default entries. 

Security Issues 
Current WWW servers provide simple au
thentication mechanisms similar to those 
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used in FTP and Telnet applications (i.e., However, there' s deep concern in the 
cleartext passwords matched against DES WWW community that marketing this tech
encoded equivalents in a password file). nology without agreement by other WWW 
This is poor ecurity , but it ' s the current software suppliers may actual ly destabilize 
least common denominator between clients Web security standards. Recognizing this 
and servers (i.e. , you can always use it). concern , Net cape Communications has 

More secure schemes based on Kerbero joined the W30 Consortium to work out 
and RSA (Rivest-Shamir-Adleman) pub new security and HTML standards. 
lic-key encryption are currently under de In add ition to password-style authenti
velopment. Net cape Communications has cation, access can be restricted based on 
announced a secure client/server combina network address-a domain address or an 
tion that uses RSA technology to perform 
authentication and encryption. 

Aliaserv: 

A Sample HTML Fonns Application 


Al iaserv.htm 

<html> 

<head> 

<title>Aliaserv</title> 

</head> 

<body> 

<img src• "a l iaserv . gi f " width="300 " 


he igh t• "JOO " a lt=""> 

<h2>Mai l Alias Quecy Facility<1h2> 


<form action="/cg i ·bin/ali aserv" 

meLhod- "POST "> 


Argume~L s <i npuL size•30 maxleng:h=80 

name• "arguments ">< a 


href- "aliaserv·he l p.ht ml" ><img 

s r c• " /Priv~ t e/Images/ l co n s/ 

act i on_hel p .gif " width- "70 " 

heig ht• "46 "align- "midd l e" 

alt• "Help "><la><p> 


<dl> 

<dd > <input type- ·radio " name= "que ry_type" value- · ex pa" checked> 


Expand Alias (esl Matc hing Arg ument(s) 

<dl> 

<dd> Selec t any or al I of th e following options for Expand Alias 

<dd > <inp ut type•"checkbox " name= "query_options· value•"-F" 


>Follow . forward f il es 

<dd> <in put type• "checkbox " name= "query_options" value• "-v" 


>Ver bo se alias expa nsion tracing 

<dd> <input type· "checkbox" name- "query_opti ons " va l ue• "-V" 


>Ver bose plu s prese rve name@localhost aliases 

<d d> <input type= "checkbox " name= "query_option s · va lue- · -1· 


>Long fo rm. Repeat alias name and use comma s as delimiters . 

C/dl> 

<dd> <input type• "rad i o" name="query_type " value="list "> Li st 


Al iases Mat ching Arg ument(s) 

<dd > <i npu t type• "rad i o" na me= "q uery_ty pe" value- "u se r "> List 


Alia ses Con a ining Arguments(s) 

<ldl > 


<INPU T TYPE= "submi t" VALUE= "Submit Qu ery "> <INPUT TYPE• "reset " 
VALUE • "SLart Over ">. 

<I form > 
<a href• " .. /ma in . htm l" ><i mg s rc= "/P ri vate/Images/lcons/actlon_back .glf " 

width• "69 " heigh t• "40" 

alt•"MIS Page"><! a> I 

<a href- "l "><img src• "/Private/lmages/Icons / ac ion_home .gif " 

width• "69 " hei gh t• "40" alt="Home Page "><la> 


<hS >Copyrigh t Bob Friese nhahn (<a href= "mail o:bf ri ese n@i pha se . com "> 
bfriesen@lphase.com</a>l . 1994</h5><br> 


<! body> 

<!ht ml> 


..'-_.,..._____,,_.__,._..... __....-..__
"'"llW""___......,____..___~ 

... u._____ 

u._.........,.........,.c.I 

This sample Mosaic forms application supports 
various queries of the Unix mall alias system. 



What Makes HASP® 
the Best 
Protection 
Your Software 
Can Get? 

"Aladdin 's J-1ASP has helped us increase our revenues by provi ding 

us with extremely reliable and user-friendly protection for oui 

software. In addition, Aladdin's service and technical support are 

simply first c lass." 

Fra k LaMonica, Chairman, Vibrant Qraphics 


"Quark/QSS has chosen HASP and MacHASP to protect 
QuarkXpress '' in our most demanding markets , because we believe 
that Aladdin· ~ products meet the high standards of reliability, 
compatibility and security required for these markets." 
John MacMunagle, Purchasing Manager, Quark/QSS 

"Aladdin 's HASP gives our customers the key to protecting their 

investment in software development." 

David Assia. CEO..l. Magic Software Enterprises Ltd. 
-
"We have bel' ll most impressed with the quality of the HASP keys, 
as well as wi th the excellent support provided by Aladdin. We have 
tried a number of protection methods, but for ease-of-use, cos~ . and 
reliability, we keep coming back to HASP." 
Jeremy du Plessis, Director, lndexia Research 
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Since 1984, thousands of leading developers 
in over 60 countries have chosen HASP to 
protect their software.Why? BecauseHASP's 
security, reliability, and ease-of-use led them 
to a simpleconclusion: HASP is the most 
effective software protection system available. 

LISTEN TO THE EXPERTS: 
' 	 ln all the products we tested, except the HASP, 

we could see through the encrypting and 
questioning:procedures... andcrack tli~m'. 

· · tT Magazine (Ge_A11any) 
MernoHASP: ...of all the protection devices tested 
is without any doub~ the one which combirJes 
tl1e best features. 

· PCompatible (Sj>ain) 
Trying to crack a program... tlrnt was pro~ecteo ' 
utilizing all of HASP's features - is like searching 
for the Holy Grail. 

· ' Mi,cro"Systems (France) · 
PC dongles... come with varyiJ;Jgclaims a5 lo . · 
thei r transparency. The majority uffer from· · 
problems when a printer is connected... the · 
HASP-3 is not affecled.. .. . , 1, 

, . ' .. Program Nmy,_(UK) 

Of all keys.tested, HASP js the mo t ambitious 
one... thequality of HASP manufacluting see)lls 

excel.lent. PC · Cg~1patibl~ (F~ce) · 
Mad!ASPis an optimal protection metl1od, for 
the programmers... and for tl1e u&ers... , 

Bit Magazi.ne (Italy) 

Software piracy is costing developers over 
$12 billion a year in lost revenues.To date, 
over one million HASP keys have been used to 
protect billions of dollars wortl1 of software 
worldwide. 

Call us todayto find out how HASP can help 
increase your revenues. 

The Professional 1s Choice 
North 	 Aladdin Software Security Inc. 
America 	 Tel: (800) 223 4277, (2t2) 564 5678 

fax: (2 12) 5643377 
E-mail: sales@hasp.com 

Intl Office 	 Aladdin Knowledge Systems Ltd. 
Tel: 972-3-537 5795, Fax: 972-3-537 5796 
E-mail: aladdin@aladdin.co.i l 

United Aladdin Knowledge 
Kingdom Systems UK Ltd 

Tel: 01 753-622266, fax : 01 753-622262 
France Aladdin France SA 

Cl Aladdin Kno\·iledgo S'f51· • _. Ltd . 1985· 1995 (12. 94) Tel: I 40 85 98 85, fax: 141 2190 56 

•	 Australia Conlab .) H%5685 • Benelux Al:iddin IJcnclux n&l9·1 19777 • Czt rh AllJS 2 76Ci085 • Chile ~li crol ogica 2 222 1388e ; ,,.f : : :~;a 

":.r"':.oof 	 ~ ~iiil • Denmark Berendsen 39 577300 • Egypt Zcincldcin 2 .l60-t6;l2 • Finland Ill-Systems 0 870 3520 • Germany CSS 201 li880-I 
"•••• N • Greece Unihrain J 6S56320 • ualy PJnncr 0 Jt:t 2 26147380 • Japan Athena . 3 ).~ 21.i284 • Korea Dae-A 2 R!S ·1481 • Mexico SiSoft 5 54:)9770 

h1U1>witr , ., ~~ • New Zealand Tr.t ining . . , 5666014 • Poland Sys1hcm161 '1802i3 • Portugal Fotumt:niat I "I 16269 • South Africa D 1.e Jloux. I I 886 471}1 
-- NetWarc · " ·· COMIY\lllllE • Spain PC Hard\\'are, j ·1493193 • Swlt1.crlaod Opag 61 7169222 • Taiw:m Tern 2 555 %76 • Turkey Mikro\JCl:I 312 167 7501 
G 
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lP address mask. The CERN server sup
ports groups, which can be individual u er 
names, users at specified ho ts, or other 
combinations. This capabi li ty , along with 
passwords, allows powerful access COilU'ol. 

Even if you don't plan to provide doc
uments that require security, you shou ld 
learn how to implement user- level secu
rity . lf you offer acces to a program and 
need to know who a u er i , you must use 
authentication to acquire this information. 

Currently, password- level authentica
tion is the only avail able mechani sm that 
can reliably identify a user on a TCP link. 
When authentication is required, the client 
displays a user-name/password challenge. 
The client caches the entry and passes it, 
in scrambled fom1, with each URL request 
sent to the same erver (this ensure that 
the challenge is not repeated for each re
quest). You can then use the authenticated 
user ID in executing server-side programs. 

Design for Sharing and Growth 
If anyi:hing remains constant, it 's the need 
for change. It 's far better to overdesign 
the directory structure of your server than 
to underdesign it. Use subdirectories and 
categorizations free ly. Do this job well , 

and few changes will be required as your 
server grows. This is especially important 
for hypertext documents; fixing broken 
cross-references can be time-consuming. 

Tf your server wi ll be developed and 
maintained by a number of people in your 
organization, take this into account. It 's 
unlikely that you ' ll want to provide up
dat e privileges for all fi les by all users. 
So, split up your directory trees so they 
reflect your organization. This should re
sult in maximum productivity while step
ping on the fewes t number of toes. 

Some new conventions support WWW 
server deve lopment, including the concept 
of using a Webmaster and Docmasters. A 
Webmasrer is responsible for the server's 
technical administration and overall struc
ture. Docmasrers are responsible for for
mulating and maintaining documents that 
reside on the server. In a shared environ
ment, establi sh conventions that match 
your organization and your server goals. 

Once you' ve built your server, you' ll 
need to populate it wii:h HTML documents 
and pages. As the listing on page 86 shows, 
formatting can be complicated. But a va
riety of editing and creation tools are avail
able, including SoftQuad's HotMetal (avail

able via anonymou ftp from ftp.ncsa.uiuc 
.edu:/Mosaic/contrib/SoftQuad), Cyber
leaf from lnterleaf (Waltham, MA), and 
AnchorPage from Tconovex (B loomington, 
MN). Also, Microsoft recently announced 
an add-on to Word 6.0 that faci li tates the 
creation of HTML documents. 

Whither the Web? 
The Web is a rapidly growing virtual doc
ument that comprises thousands of hyper
text links to documents on sites around 
the globe. The HTTP server-the Web's 
underpin ning-provides distribu ted ac
cess to documents, data, and programs. 
HTTP allows efficient sharing of infor
mation without the hassles and overhead of 
distributed databases. It also provides for 
platform-independent interfaces supported 
under Windows, the Mac, and Un ix. 

Even if your organization chooses not to 
participate in the WWW, you can use Web 
technologies on your LAN to provide com
mon access to information. • 

Bob Friesenhahn, a Dallas-based software 
engineer, moderates several BTX conferences. 
He can be reached 0 11 the lmemer at bfriesen 
@simple.dallas.tx.us or on BIX as "rhefuz.z." 
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Client/Server HP-UX 
Progress Software chose HP-UX as the development platform for its 

next-generation database environment. We discuss the technical feab.lres 

that let clienVserver applications thrive under Hewlett-Packard's 

enterprise operating system. 

page 88DM 5 

HP·UX Is born 

1986 ' 

HP 9000 saoo IHP 9000 s100 HP·UX 9.04 HP.UX10.0 .IC01M1erdal syslems woOOstofion S\'Stoms 

Apollo acqu red 

1989 
I 

1991 

.• ,. HP·UX9.05 HP.UX....._ 
I 

1993 
I 

1995 

HP-UX 10.0 
HP-UX version 10.0 retains binary 

compatibility, converges server 

and workstation feab.lres, and 

improves performance, reliability, 

ease of use, and standardization. 

page 88DM 3 

Solaris 2.4 
The once-maligned Solaris 

operating system is beginning to 

gain wider acceptance due to its 

advanced kernel, high 

performance, standards 

compliance, and platform 

independence. 

page 880M 17 

ILLUSTRATION ROBE .. · IJURGER C 1995 A P R IL 1995 BYTE SSD M :I. 



TriTeal's Enterprise Desktop. 

Welcome to CDE. 


It's called the Common Desktop Environment (CDE), and for UNIX® systems everywhere, it's nothingNow A \·ailablc for 
short of revolutionary. By providing a single graphical interface across all UNrx platforms, CDE creates a HP. IBM, SGI. 
common ground for users of every kind - and ushers in a whole new era of corporate computing freedom. Sun & X-Tcnns. 

And now, with TriTeal Enterprise Desktop™ (TED), you can take the first steps into CDE. Starting 

with TriTeal's Visual User Environment™ (VUE 3.0), you' ll enjoy the instant rewards of having one consistent, easy-to-use 

desktop. With an installed base that's more than half a million strong, VUE is not only a proven 

technology - it's also a core component of CDE. Which makes it easy to migrate from VUE 3.0 

to TED, a definitive CDE product. 

From login to logout, TED provides an intuitive, graphical display that lets you access 

applications, data and network services without knowing a thing about UNIX systems. Best of all, 

it comes from TriTeaJ, widely recognized as the leader in CDE technology. 

In the heterogeneous world of UNIX systems, one desktop is giving everyone cause fo r 

celebration. TriTeal's Enterprise Desktop. Call 1-800-TRITEAL for details about our 30-day 

evaluation program and the name of a reseller near you . 

Tr/Teal Corporation 	 TriTul Enterprise Desktop and TED are trademarks ol TllTeal Corp. UNIX isa 
t?Dlster?d trademark fn the U.S. and othtrcountries, licenstd exclusively through :Buy TEDPhone: (619) 930-2017 
X/Open Co. Ltd. Visual User Environment and VUE arr trademarks of Hewfett 

e-mail: info@triteaf.com 	 Get flAX Software Packard. Ail other trademarks are lheproPtrty of tMir respect/~ 01vnus. 
World Wide Web: http://www.rriteal.com/ FREE 
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What's New in HP-UX 10.0 

Highlights of the features added in the HP-U 

JOHN SONTAG 

V ersion IO.OofHP-UX retains bi
nal) compatibility with past re
lease' . converges server and work

s ta tion feature ' to create a single system 
that can run on a desktop or in a data center, 
and improves pcrlOnnance, reliability, ease 
of use, and stan<lardization. Here are some 
highlights. (Sec ··HP-UX 10.0" on page 213 
for more infomiation.) 

Perfonnance 
110 coalescenc1 ·0 11d SMP (symmetric multi
processing) foo d balancing-Version I0.0 
can coalesce multiple disk 1/0 requests into 
a single I/O opnation and more efficiently 
than previous \ crsions manage 1/0 across 
processors in an SMP system. 

Process deo l'/ ivation-When physical 
memory is lov. or processes are thrashing 
memory, HP-U X can now simply deacti
vate a low-priority process instead ofswap
ping it to disk, ' aving a lot of time. 

Process seri11 /izatio11-When the work
ing set far excccds physical memory, two 
concurrent memory-hungry applications Memory page deallocation-IfHP-UX tern automatically queries the user for final 
can thrash the 'ystem. A new seri a1i ze 10.0detects a memory fault, it removes the configuration details. 
system call, analogous to the ni ce com offending page from service. 
mand, can preh·nt that thrashing. MC!ServiceGuard-With version 10.0, Standardization 

Process Re.11111rce Manager-This op this feature provides mutual backup of up to SPEC 1170-HP-UX supports nearly all 
tional product k ts an administrator guar four servers across a cluster, providing fail the APis mandated by COSE (Common 
antee for a user ( ir set ofusers CPU time that over when a node fails and load balancing Open Software Environment) and will com
is deemed mis~ i o n-critical. across all nodes in a cluster. ply fully later in 1995. 

WorkstationA erver convergence-Per Journalledfile system-The VxFS file Posix 1003. JB-HP-UX' s real-time 
formance-enh ancing features formerly system is included with HP-UX 10.0, of scheduler tracks Posix-defined interfaces. 
found only in Sl' rvers are now available on fering superior data integrity and rapid re Unix System V release4.0file-system lay
workstations, and vice versa. Workstations, covery from a system crash. outs-Standard system files now appear 
for example, rn >w benefit from the multiple where users expect to find them. 
paths to disk aff( 1rded by the LVM (Logical Ease of Use NFS 4.2-HP-UX 10.0 systems support 
Volume Mana~c r) and gain virtual-mem SD-UX (Software Distributor UX)-SD the NFS (Network File System) protocol. 
ory tuning capahi Iities. Servers, in tum, now UX includes tools to define packages of EUC (Extended Unix Code) codesets
benefit from me mory-mapped files and from software and/or data, to install those pack Support for 4-byte EUC codesets eases de
1/0 and file-srtc:m tuning capabilities. ages, to find out if a package is installed on velopment ofinternationalized applications. 

a system, and to remove a package. STREAMS, XTI (X!Ope11 's Transport In
Reliability Improved system administration-The terface), and DCE (Distributed Computing 
l VM-This feature manages collections of SAM (System Administration Manager) Environment) client-These networking 
disks. Version I0.0 adds support for live presents a more task-oriented interface to technologies are now bundled with the base 
backup ofmirrored data from anothernode the administrator. HP-UX product. 
in the cluster. J\ <i w you can deactivate one Instant lg11ition-Customers who pur
copy ofa mirrored data set (which can reside chase Instant Ignition receive a system with John Sontag is the chiefarchitectfor HP-UX 
on a single disk nr span a set ofdisks), back HP-UX lO.O and applications preinstalled, at Hewlett-Packard He can be reached on the 
it up at high speL·d. and reactivate it. Back On so it can be up and running within minutes Internet at sontag@cup.hp.com oron BJX do 
line, the copy ainomaticaUy resynchronizes. after unpacking. At initial start-up, the sys- "editors. " 
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THE OFFER: FREE Windows NT 

& Windows 95 Install Software 


lnstall95: A Complete Setup Program 

With Full Source Code (A $395 Value) 


• 	 Written in Visual C+ + 2.0 and Korn Shell. 
• 	 Handles new Windows NT & 95 features: 

Registry Entries, Program Groups, 
Services, Environment Variables, 
Directories, Files, Security Attributes 

• 	 All your software installation specs are 
maintained in a simple text file. 

• 	 Runs on Intel, MIPS and Alpha systems. 
• 	 Includes a comprehensive diskette and 

CD-ROM layout utility. 
Sample screens from Portage product

• 	 No runtime royalties. installation, written entirely with lnsta/195. 

THE CATCH: To Modify lnstall95, You Need 
Portage UNIX For Windows NT 

Based On Licensed 
over 140 standard ~~·~·i-~·"'~""""~"°"'l•·t-~-~~-~§E~~~~~==~~~~nUNIX Commands •• ~... ._ c · ~ ·	 UNIX SVR4.2 Source 

Licensed directly from 
cron, find, grep, mail, ps, 	 AT&T, USL and Novell.Including at, awk, cpio, ···111-11·111111 

THE DEAL: Order Portage UNIX For Windows NT Now 

For Only $395, And Get lnstall95 Source Code Free 


tar and vi. 

Portage SDK Has 
30 More Commands 
Including ar, cc, Id, 
make and SCCS, plus 
the standard UNIX 
subroutine libraries. 

Both ksh and csh 
are Provided 

UNIX Man Pages 
As Windows Help 

Portage Prices 
Portage Base System $395 
Portage Base + SDK $695 
Portage Base + X Server $695 

Portage Base + X Server $995 
+ SDK + XDK (Xllb & Motif) 


(Add $100 for all MIPS and Alpha Versions) 


Consensys Corp. Tel: 1-800-388-1896
1301 Pat Booker Rd. 1-905-940-2900Universal City, TX 
78148 	 Fax: 1-905-940-2903 
Trademarks/Owners: CONSENSYS. Portage, lnsta/195/ Consensys Corp. ; 
Windows NT, Windows 95/Microsoft Corp. ; Alpha AXP!DEC; MIPS/Silicon 
Graphics, Inc.; UNIX/X!Open. Inc.; Motif/Open Software Foundation 

Fully Integrates UNIX 
• • With Windows NT 

We've implemented the 
UNIX kernel as a DLL using 
the Win32 API, including 
hard links, symbolic links, 
UNIX file permissions, case
sensitive long file names, 
and much more. Integrated 
properly with Windows NT. 

Dialog Box 
Interface For Every 
UNIX Command 

Portage m akes i t much easier t o do software 
development, product testing and system administration tasks on 
Windows NT. We wrote lnstall95 out of absolute frustration with 
the difficulty of using Microsoft's setup program and the leading 
commercial install programs, and both our developers and our 
customers are glad we did. lnstal195 is a perfect example of the 
value of UN1X tools in a Windows environment-- and for a 
limited time it's yours free with any Portage order. 

The Portage Base System, with over 140 standard UNIX utilities, is 
only $395 for Intel systems. You can save $100 by ordering the 
Base and the SOK together for $695. If you also want the Portage 
X Server, the Portage X & Motif Development IGt, the Portage 
Network Development IGt (with full UNIX sockets library), or 
Portage NFS (client and server), call for information about special 
bundled pricing. 



Sometimes Unix Is Best 


D. BRITTON .JOHNSTON 

B 
eL· ause of applications de
Yc lopment environments 
Ii ke Progress and Power
bu iIder, the most sophisti

cated business ;1pplications can be cus
tomized to cor porate needs. While 
smaller inform at ion-system shops 
are buying shri nk-wrap applications, 
larger in forma t ion-system depart
ments are choo' i ng rich development 
environments ;111d investing resources 
in customizati, 111 . Applications envi 
ronments often target open systems as 
servers and, as <t result, run on many plat
forms. Customi1.cd client/server appli
cations can sup p111t hundreds ofusers and 
often store data i 11 sophisticated relational 
databases fro111 Progress , Oracle , or 
Sybase. Wh ile Windows clearly domi
nates the deskt1 ' Jl cl ients, Unix is slill the 
best choice for deploying business-crit
ical servers. 

Among the k:ad ing Unix implemen
tations on the 111arket is HP-UX from 
Hewlett-Packa rd, which is sure to be
come more popular with the release of 
version 10.0. '\i\'it h its peers (e.g., IBM's 
AIX, Sun ' s So la ris, and Data General's 
DG/UX), HP-L' .'<. 10.0 is a robust appli
cation deploylll <.: nt target for commer
cial application~. Progress Software chose 
HP-UX as the ck·velopment platform for 
its next-gener;11 ion database develop
ment project because it is a robust de
ployment platf, mn, supports a complete 
line of servers and workstations, includes 

The Progress database 

development environment 
showcases HP-UX as a 

robust client/server 

operating system for 
enterprise applications 

powerful netwt irk-based management software, runs an outstand
ing set of development tools, and features a usable Motif-based 
workstation inll'rfacecal led VUE (Visual User Environment). I'll 
examine how l' rogress is able to take full advantage of a server 
platform like H P-UX and enable it to support hundreds of users. 

The HP-UX Kernel 
The latest versi t> 11 of HP-UX represents a convergence that began 
with HP' s acquis ition of Apollo Computer in 1989 (see the text 

box "HP-UX Time Capsule"). In 
addition to providing a common 
programming interface and full bi
nary compatibility, HP-UX 10.0 
has a common kernel , command 
set, Libraries, and systems admin
istration utilities between S700 and 
S800 platforms. Features like the 
dynamic buffer cache and logical 
volume manager are now available 
for both systems, making devel

opment on S700 workstations and deployment on S800 servers 
easier than it was wi th HP-UX 9.0. HP-UX provides exceptional 
performance, scaling, systems management, and high avai lability 
features that are worth a closer look. 

The kernel provides the core functi ons of the operating sys
tem and operates in a protected environment immune from ill
behaved appli cations. To maintai n the protected environment, 
all system call s (e.g. , read and wri te) must pass through a bound
ary between the application and the kernel, adding overhead to the 
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system calls. But the protected environ
ment must also al low concurrency, so that 
many tasks can execute with a minimum of 
interference. This is most important when 
the kernel must support multiple tasks ex
ecuting simultaneously on different proce 
sors, a technique often referred to as SMP 
(symmetric multiprocessing). SMP coor
dinates multiple CPUs that must operate 
as a team within a single shared memory. 
Each CPU is capable of any operation and 
can work alone on an individual task or 
work on it wi th other CPUs. Letting ap
plications like databases scale on SMP 
hardware is the hallmark of a good kernel 
implementation. A poorly implemented or 
immature kernel slows down when addi
tional processors are added to the machine 
(see the fi gure "Scalability Curves"). 

The HP-UX kernel scales well with com
mercial workloads on SMP machines, and 
preliminary measurements show that HP
UX 10.0 has improved scaling, especially on 
systems with more than six processors. The 

HP-UX kernel has an efficient semaphore 
implementation. This architecture allows 
construction ofhigh-perfonnance lock prim
itives, and a low-overhead VO subsystem 
imposes minimal setup and tear-down lime 
for I/O system calls. HP-UX I 0.0 delivers 
an improved version of the dynamic buffer 
cache that was provided on HP-UX 9.0 S700 
systems. The dynamic buffer cache lets the 
kernel take maximum advantage of phys i
cal memory by dynamically adjusting the 
number of recently used disk blocks stored 
in unused phys ical memory . These cached 
disk blocks can dramatically improve per
fonnance by letting the kernel read and write 
into the buffer cache instead of having to 
write through to much slower disks. A dy
namic buffer cache is especially useful in 
environments where workloads and mem
ory usage vary dramatically, often the case 
with large enterprise applications. 

One feature missing from HP-UX I 0.0 
is kernel-scheduled threads capable of per
forming 1/0 operations. Threads launch 

HP~UX Time Capsule 

HP-UX has been a commercial operating sys

tem since 1986, when it was introduced 
with the initial PA-RISC-based systems (see the 
figure "HP-UX Time Line"). Based on AT&T Unix 
System V release 3, it has led the charge into 
commercial Unix computing and is the basis for 
Hewlett-Packard 's successful HP-UX 9.0. The 
new version 10.0 product ships on today's HP 
9000 S700 (Series 700) and S800 (Series 800) 
hardware. 

In 1989, HP acquired Apollo Computer, a 
leader in workstation hardware and operating
system development. When the Apollo 68K-based 
workstations were redesigned us ing PA-RISC 
processors, a new HP-UX was born that focused 
on the technical market where Apollo had its tra
ditional strength . The Apo llo technology con
tributed a great deal to the product, and to this 
day, HP workstations have the Apollo logo on 
their name plates as a permanent reminder of 

that event. Until 10.0, HP-UX existed in a divided 
world , with two distinct implementations target
ed at different hardware designs. This dichotomy 
required different kernels, utilities, device support, 
and documentation. The S800 systems focused 
on commercial processing needs, while the S700 
workstations targeted the technical market. With 
HP-UX 9.0, the two variants (S700 and S800) 
contained the same core function but also sup
ported market-specific features . HP-UX 10.0 her-
aids the convergence of the two variants, marked 
by a common Implementation and feature set. 

Due to different hardware designs and different 
device-support requirements, there are separate 
HP-UX 10.0 products for S700 and S800 sys-
terns and different installation routines. These dif
ferences still make environments with both plat
forms more difficult to manage. The next version 
should introduce a common installation process, 
and the convergence will be complete. 

HP-UX Time Line 
HP-UX Is born HP 9000 8800 IHP 9000 8700 HP-UX 9.04 HP-UX 10.0 

commercial systems workstation systems 

Apollo acquired HP-UX9.05 HP-UX 
convergence 

I I I I I I
1986 1989 1991 1993 1995 

Until version 10.0, HP-UX had two distinct Implementations targeted at different hardw<ire designs. The 
8800 systems focused on commercial· processing needs, whi le the 8700 workstations t argeted the 
technical market. HP·UX 10.0 marks an operating-system convergence that started when HP acquired 
Apollo Computer In 1989. · 

multiple execution streams within a single 
process and, if implemented correctly, allow 
tru e para ll e l execution within a single 
process on SMP platforms. Each thread 
within a process mns on a different CPU at 
the same time. HP-UX supports user-sched
uled threads, which simulate true threads 
and allow implementation of threads-based 
applications, but they are a poor substi tute 
fo r the real thing. A full-threads imple
mentation is something to watch for in a fu
tu re HP-UX release. 

Instant Ignition 
You can purchase HP-UX systems with "In
stant Ignition." With a host name and net
work address in hand, you can have a work
station out of the box and operational in less 
than I 0 minutes . Install ation scripts are ex
ecuted the first Lime the system is booted. 
The scripts prompt you for configuration 
in formation and then reconfigure the ker
nel and start-up scripts based on this data. In 
one case, a group ofus installed three S700 

workstations and an S800 server in 
Jess than 20 minutes. All this is a vast 
improvement over the days when 
Unix installations took hours and re
quired editing dozens of scripts and 
negotiating complex kernel rebuilds. 

Once systems are mnning and con
nected to the network, the next step 
is to install additional software. HP
UX LO.O features the menu-driven 
HP Software Distributor/UX, the ba
sis for the core submission fo r the 
Posix 1387.2 software distribution 
standard. The tool makes software 
distribution a snap and supports in
stallation fro m tapes, CD-ROM, or a 
network server. Software Distribu
tor/UX scans the installation device 
or server and returns a list of available 
software. The software is copied to 
the local system, and scripts are ex
ecuted to customize each product in
stalled. Ifa kernel rebuild is required, 
you are prompted to reboot the sys
tem to use the new kernel. On the 
downside, few third-party products 
use the proposed Posix software dis
tribution fon11at, so it cannot be used 
to distribute and install all your soft
ware today. 

AChanging Wortd 
Large Uni x servers generalJy require 
acti ve management to support a con
stantly changing user base, new de
vices and configurations, and a grow
ing set of applications. SAM, HP
UX's menu-based systems admin
istrati on manager, makes those 
and other tasks a simple matter of 
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1i Render This: 

It Took This: 


Less Than 
9 Minutes 


For the price of some personal computers, you can get 
the power of a workstation. NekoTech offers the Mach 
series of award-winning Personal Power Stations. 
Starting at just $5,995, you can harness the power of 
the Alpha AXP running at a "juicy" 166 MHz. Or, if 
you're thirsty for more power, try our 275 MHz 
version, from only $10,295. 

All NekoTech Personal Power Stations have four PCI 
connections (two are embedded, fast SCSI-2 and 
Ethernet), ISA slots, keyboard, mouse, floppy, parallel 
and two serial po11s. Also, we offer an ultra fast 64-bit 
PC! video accelerator, as well as an optional upgrade 
to our 2D-3D OpenGL accelerator. 

For those thirsty UNIX (OSF/l) and Windows NT 
applications, just call us and tell us you want more juice! 

Neko~b
\J,,i_ Inventory 

DMslon of..... Coava1'om, INC 

"State-of-the-Art in Computer Speed. " 
9272 Jeronimo Road, Suite 115 •Irvine, CA 92718•1·800-635-6894 

102 Tide Mill Road• Hampton, NH 03842 • 1 ·800-635-6895 


Graphic Illustration counesy of FusionRims. Inc.• Miami. Ronda · (305) 279·5435 • E·Mall. fusion @netcom. com 
Image rendered on aNekoTech Mach 2 @275 MHz using NewTek's Ughtwave 30" software 
with a resolution of 2,500 x 1,875. 
Llghtwave 30 is a reg istered trademark of NewTek. Inc. 

- -SM"The Alpha Generation toge and Alpha AXP are registered trademail<s of Digital Equipment Corporation. 


~ C NekoTech t995. ....~..,. 



below to order. For more 
information, contact ICL 
ProSystems at: 
marcomms@pro.icl.se 
http://www.pro.icl.se 

E-Mail M 
Move 

Forw. 

Reply 

~~,,.,,.......,,ra~=;;;J Now PC users on a EMBLA is available now for just $99. 
Unix network can Call one of the resellers listed 
have a Windows-style, 
Windows-fast & easy 
interface to Internet 

selecting the appropriate menu items and 
filling in values where needed. SAM can 
be used from a terminal or run as an X ap
plication with a simple point-and-click in
terface. This interface is a plea ant change 
from having to find and edit configuration 
files manually. For HP-UX I 0.0, SAM has 
been enhanced to make everyday tasks even 
easier. To add a disk, you simply attach the 
device and SAM automatically senses and 
configures the system to accept the disk. 
The only hard part is choosing a mount 
point within the file system. For larger or
ganizations, SAM can be set up to let sys
tems admini strator delegate tasks to other 
users without giving them full super-user 
privileges . 

For installations with W ANs, HP's Open
View supports SNMP-based monitoring of 
multiple networks. Using Open View, you 
can configure a management workstation 
to proactively monitor any number of geo
graphically distributed systems. Instead of 
waiting for users to report a downed sys
tem, the management workstation can pol I 
each system on a regular basis and detect 
failures . Open View can monitor any device 
on the network that has an SNMP agent, in
clud in g PCs , network hardware (e.g., 
routers) , and network printers. 

ABetter VUE of HP-UX 
HP-UX presents VUE as a graphical inter
face built on XI IRS andMotifVl.2. VUE 
lets you work in any number of distinct 
workspaces by maintaining the size and po
sition ofall applications and windows run
ning in the workspace. Because Unix is a 
fully multitasking operating system, all 
windows in all workspaces remain fully 
functional and can continue processing even 
when they are not visible on the display. 
You can customize and extend VUE in 
many ways, although it can be difficult to 
keep track of where al 1 the customizations 
are placed within the complex directory 
structure that VUE maintains. 

VUE also includes a Macintosh-like file 
manager for point-and-click management 
of individual files. VUE toolboxes operate 
in a manner simi lar to the file manager, pro
viding icons for each tool. For example, to 
reboot a machine, you simply double-click 
on the reboot icon. You can add new tools 
with the Create Action function , and be
cause the docwnentation explains how the 
underlying configuration files are set up and 
used, the potential for customization is un
limited. But all this power and flexibility 
comes with a cost: Starting up VUE with 
applications running in all workspaces can 

Scalability Curves 

4 

2 4 8 
CPUs .a 

SMP coordinates multiple CPUs that share a single 
memory. Proportional scaling on SMP hardware 
is the hallmark of an enterprise-strength kernel. A 
poorly implemented kernel slows down when 
additional processors are added. 

take considerable time and resources . To 
allow quick log-in and preserve resources, 
Fail-safe and VUE-Lite are two options for 
loading a subset of the environment. You 
use Fail-safe for rapid log-ins or to work 
around a broken VUE environment. It loads 
a simple Motif environment with an xterm. 
VUE-Lite is a low-resource, minimum-con
figuration VUE that supports only a single 
workspace. co111i11ued 

and Unix email. 
Just use EMBLA 

and you'll see email 
couldn't be easier. 
• It's Windows "drag 
& drop" simple 

• Remote users -	 save on your phone bill! 
You can select and download only the 
mail you need. 

• Supports MIME, IMAP & standard 
Windows socket APL 

UniDi~ software.net J.P. Browm1n Cmd3) 

800-755-8649 800-617-SOFT 416-494-0472 
sales@unidlrect.com hllp:/twww.soltware.net davel%Jpbrown@uunet.ca 

Circle 412 on Inquiry Card (RESELLERS: 413) . 
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WE BUILD RAID ONE DRIVE AT ATIME 


Start with a single .llf1X 
desktop mass storage unit 
··from 500MB to 4. 2GB. 

Add additional 

interlocking units 


to build a .l'f'XStak. 


Expand to desktop or desk· 
side RAID when you are 

ready·· by adding a built-in 
.l'f'XTower RAIO subsystem. 

Preserve 100% of your 
investment as your needs 

evolve to hundreds of giga
bytes of rackmounted 

RAIO mass storage in a 
.l'f'XRack. 

WITH 100°/o INVESTMENT PROTECTION. 

Artecon·s new .l1-111,1CRAJD TM enables you to 
upgrade from des<top mass storage to desk
side or rackmounted RAID with 100% invest
ment protection With .l'111,1CRAID, you can 
incrementally grow into RAID by utilizing your 
existing .l"fttX clesktop units and expanding 
your system as ye .ir needs grow. 

Every .l"fttX subwstem features options such 
as true hot-plug <.irive modules from SOOMB to 
4.2GB, individual iront removable pcwer sup
plies and LCD/kt: -'Pads. .l'111,1C units can be 
stacked for desktop RAID or racked into a high
ly modular RAID system for maximum reliability 
and redundancy on SPARC®, HP, SGI, RS6000, 
Mac or PC platforrrs 

At the heart of each .l"fttXRAID configuration 
is a fault-tolerant, RISC-based RAID controller 
subsystem, which occupies a mere 5.25" of 
vertical rack space and can support either one 
or two independent or dual loadsharing RAID 
controllers. Each controller is available with up · 
to 32MB built-in cache, supports RAID levels 
0, 3 and 5 and fast-narrow, fast-wide and fast
wide differential host interfaces. 

The LCD panel and keypad give access to RAID 
status display and configuration. A battery
backed alarm panel provides both audible and 
LED alarm indication of potential voltage, cur
rent, temperature or controller failure. 

Enterprising solutions for your enterprise.™ 

Artecon ~... 


In addition, each controller is equipped with 
two front removable loadsharing power sup
plies and removable fans for maximum fault 
tolerance. .l"fttXRAID Towers can support up 
to 29GB of RAID storage each. Single con
troller .l"fttXRAID rack configurations offer up 
to 100GB in a 40" rack, while dual controller 
systems can expand to 200GB in the same 
footprint. 

So when you think about RAID, think about 
protecting your investment with a solution that 
grows with you. Call Artecon today for infor
mation on .l"fttXRAID configurations. 

1-800-USA-ARTE 

1-800-872-2783 

PO Box 9000. Carlsbad. CA 92018-9000 

(619)931-5500 FAX (619) 931-5527 


email: salesOartecon.com 

A Member of the Nordie Groop of Compantes 


Artecon, Canada, (416) 487-7701 Artecon, Japan 81-3-3280-1210 Artccon, France 33-1-69-1818-50 
Artecon and ltle Atteeon k>go are regis1ered tradomarks of Artecon. Inc. An other trademarks ere proprietary 10 their respective manulac1urers. 
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High Availability 
HP-UX I 0.0 delivers signi ficant capabilities 
to maintain availability of business-critical 
applications. When a memory fault is de
tected, HP-UX can deallocate the page of 
memory associated with the bad memory 
bit, dramatically reducing tl1e possibility of 
a system failure due to memory problems. 
Instead, failures are logged, and bad mem
ory can be replaced as part of normal main 
tenance acti vities. 

An increasingly important feature for en
suring the availability of business-critical 
systems is grouping two systems together to 
establish an emergency " fai l-over" system. 
HP MC/ServiceGuard can automatically 
configure an alternate network card on the 
backup system with the failed system's net
work address, mount dual-ported disks on 
the fa il-over system, and restart appl ica 
tions from the failed system without shutting 
down the fail-over system. For example, in
stead of purchasing one large server to run 
two major applications, you could deploy 
two smaller servers with the applications 
set up to run on two different machines. [n 
th e event o f a failure o n ei the r system , 
MC/ServiceGuard could restart the fai led 
application on the alternate system and use 
the process resource manager to ensure ade

qua te service levels (see 
the fi g ure " Application 
Fail-Over"). 

The process resource 
manager, new to HP-UX 
10.0, can deliver adequate 
resources to individual ap
plications. When using fail 
over software like MC/Ser
viceGuard, processes run 
o n bo th mac hines, co n 
stantly monitoring the state 
of the system. In the event 
ofa failure, the standby sys

Application Fail-Over 


tem immediately starts the With MC/ServiceGuard, processes constantly monitor the state of each 

fail-over process. This pro- system. In the event of a failure, lhe standby system starts the script· 

cess is script driven and can driven fail -0ver process, restarting the application on a backup system. 

perform whatever cleanup 
is needed to restart the application . Once 
the application has been restarted, it must 
continue processing where it left off. For 
appli cations relying on da tabases like 
Progress or Sybase, this is a straightforward 
process because databases keep a reliable 
log ofall recent changes and can rapidly re 
cover the database to a known state. 

Multiple Disks, One Volume 
Keeping track of an ever-expanding num
ber of di sks on systems can be a manage 

rnent nightmare. The HP-UX L VM (logical 
volume manager) can group together mul
tiple disks and treat them as one large file 
system. With the L VM, you no longer need 
to manage each individual disk, greatly sim
plifying management of free space and back
ups. Disk can be striped (where each disk 
gets a part of each fil e) for performance or 
mirrored (where each file is duplicated on 
multiple disks) for avai lability, or both. Mir
rored logical volumes can be backed up from 
the same system or a second system, o disk 

The MachTenoperating system combines the high-level 
functionality of a networked UNIX workstation with 

Macintosh's wide array of applications. 

MachTun is a Berkeley 
BSD UNIX that runs on 
the Classic to the Power 
Macintosh. including 
PowerBooks and Duos! 
So in addition to all of the 
easy-to-use appl ications 
that make Macintosh 
one of U1e most person
able computers around, 
you get aMACH-based 
UNIX with pre-emptive 
multitasking. 

MachTI"''s strength 

Any NFS server can be used to store Macintosh 
filos. Users can access them b·1 doubleclicking 
as on the loc al disk. 

lies in the way it extends the Macintosh 
Operating System with UNIX networking 
and software development tools. The 
Macintosh/U IX integration is so strong 
U1at you can even use Mac programs & 
utilities on UNIX data, and UNIX programs 
&utilities on Mac files. 

Full internet protocol support ensures 
fast, easy client and server NFS, electronic 
mail, and file transfer between the Mac and 

}I') "TENON ~ NezvDimen~ions ·in Personal 
///1 ,N , £ • s v 5 , E M s : \\brkstation Technology 

all TCP-based entities 
on your network. 

The UNIX software 
development system 
includes theGNU Cand 
C++ compilers and 
libraries to lot you 
create new applications 
or port existing ones. 
The Motif toolkit and 
suite of X clients and 
Xcl ient libraries make 
developing distributed 
applications a breeze. 

And Tenon's high performance X Server 
lets you use your Macintosh or Power 
Macintosh as an X terminal. 

Join themany satisfied users of proven, 
reliable MachT•n UNIX, and start turning 
all of your Macs into open systems today! 

For more infonnation, or to order 

call 1-800-6-MACH-10. 

Internet: info@tenon.com 


http: /lwww.tenon.com 


Tenon lntersystems 1123 Chapala Street Santa Barbara, CA 93101 Tel: 805-963-6983 Fax: 805-962-8202 
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IJll 	 Multithreaded, Multiserver Process Model 
backups won ' t impact running applications. 
Dual 1/0 paths are supported to disks along 
with automatic fai l-over to the second 1/0 
path in the event of a controller failure. 

One problem with past HP-UX releases 
is the organization of the documentation. 
The manuals are well written and com
plete, but it's often difficult to find the right 
manual or to tell if the manual matches the 
installed software because ver ion num
bers are not always printed clearl y on the 
manual, and almost never on the cover. 
LaserROM, a CD-ROM with all the current 
HP-UX documentation on it and software 
to read the documentation from HP-UX or 
Windows, make this documentation com
pla int moot. The LaserRO M oftware 
works much like a hypertex t-ba ed help 
system that supports a table of contents, 
an index, and a search engine to allow key
word searches. 

SMP to the Rescue 
HP-UX bundles excellent TCPnP-based 
tools for enterpri se-wide connecti vity, in
cluding network tools for mail, printing, ac 
coun t. and password management, and NFS 
(Network File System) support . With HP
UX I 0.0, performance of NFS servers has 
been improved, and run-time support for 
DCE (Distributed Computing Environment) 
simplifies the deployment of applications 
that use RPC (re mote procedure call ), 
threads, or directory services. ln addition 
to the network service standards mentioned 
above, HP-UX supports standards tJ1at wi 11 
be included with COSE Specification 1J70 
(e.g., XPG4, SVID3, and OSF AES) along 

with standards expected on 
any open platform (e.g., 
Posix 1003.4, Xl1R5, and 
Motif 1.2). 

Once sys te ms are de
ployed, the issues are gen
eral ly not about documen
ta ti o n or stand ard s, but 
system performance. Fast 
perfonnance depends main
ly on two things: through
put and response time. Gen
erally, some tuning of the 
application and spreading 
of the J/O load among a col
lection ofdisks can address 
most is ue , but for those 
applicatio ns tllat are de 
ployed initi ally with 50 or 
100 users but grow over time to 300 or 500 
users, adequate performance requires more 
and fas ter processors. 

All major workstation vendors sell hard
ware that can be upgraded from a uniproces
sorto a multiproces or machine. HP is no ex
ception. All S800 servers can be upgraded 
to du al-processor sys tems with a board 
swap. For large appl ications, T500 systems 
support as many as 12 processors. HP-UX 
operates well on a uniprocessor, but it re
ally shines when it runs on SMP hardware. 
As discussed earlier, SMP systems let mul
tiple CPUs access shared memory so ap
plications can scale up for large commer
cial workloads. 

To understand what it takes to scale up 
a complex databa. e application, consider 
the architecture of the Progress database. 

Fine-Grained Locking 

New Read Create 
connect record record 

Fine-grained locking occurs on two levels within·Progress, the database record. and the internal shared 
data structures. The figure shows how fine-grained locking services a create. a read. and a connect in 
parallel, while block·level locking can force the read to wait until the create is completed. 
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Multithreadecf server Multithreaded server Multithreaded server 
CPU 1 CPU2 CPU3 

The multlthreaded, mul\lseiver process model Implemented by Progress 
Is the key to scalability with HP-UX. Because HP-UX does not support 
kernel scheduled threads, only multlple seiver processes can execute 
parallel multiprocessor database requests. Here, three seivers actlvate 
three simultaneous requests on three CPUs. 

Progress is designed to take full advantage 
of SMP-capable operating systems like 
HP-UX. 

Making Progress with HP-UX 
Progress is an integrated application de
velopment environment , 4GL (fourth-gen
eration language) programming language, 
and database management system with over 
250,000 licen es in the fie ld . As one of the 
top platforms fo rtJ1e deployment of Progress 
applications, HP-UX is a good example of 
an operating system that supports the most 
demanding appl ications on SMP hardware. 

SMP platforms supponing hundreds of 
users are like finely tuned engines. Eac h 
component plays a crucial role in the sys 
tem's overall performance. The hardware 
must deliver balanced CPU 1/0, and mem
ory bandwidth ; the operating system must 
support highly concurrent system VO call s, 
locking operations, and low overhead task 
scheduling; and the applications environ
ment must grant those users access to a data
base while ensuring du rable transacti ons. 

To allow concurrent execution of data 
ba e requests, Progress u es a collection of 
specialized techniques li ghtly integrated 
into HP-UX: 

• 	 A multithreaded, multiserver process 
model 

• 	 Fine-grai ned locking of shared data 
structures 

• 	 SMP-specific locking primi tives called 
spin-locks 

• 	 I/O processes to off-load multi threaded 
servers 

• 	 Algorithms that reduce and off- load 
VO operation 

The multithreaded, multiserver process 
model implemented by Progress is the key 
to sca labi lity with HP-UX. Because HP
UX does not support kernel scheduled 
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threads, only multiple server processes can 
execute parallel multiprocessor database 
requests. Each server process communi
cates through a common database buffer 
pool maintained in shared memory, letting 
all the servers work as a team. To handle 
large numbers ofc]jents, each server can be 
multithreaded to handle multiple database 
requests. A request can be as simple as read
ing a single record or as complex as a multi
record join. 

Progress spawns threads on a database 
request basis. In simplified terms, each re
quest is allowed to execute until an 1/0 op
eration is performed ; while the server is 
waiting for the 1/0 operation to complete, ex
ecution switches to another request. ln the 
figure "Mult:ithreaded, Multiserver Process 
Model," three servers activate three paral
lel requests at the same time on three dif
ferent CPUs. 

Fine-grained locking occurs on two lev
els within Progress. F irst, data is locked at 
the database record level and not at the data
base block level. Database blocks on HP
UX are 1-Kb pieces of the database that the 
database manager manipulates. Within data
base blocks are stored database records. A 
database record can be larger than a block 
or, more commonly, mul tiple records can 
fi t within a single block. Record locking is 
not used by databases like Sybase that lock 
at the block level. Without record locking, 
record that are not partici pating in a trans
action might get locked for the duration of 
a transaction because they happen to share 
the same block as an acce sed record . 

The second level of fi ne-grajned locking 
occurs on the internal shared-data structures 
that are part of the Progress database en
gine. For example, there are data structures 
lo manage the databa. e blocks cached in 
memory (the database buffer pool), struc
tures to manage space allocation, structures 
to manage new connecti on requests, and 
structures to manage requests and queries. 
Because each structure is locked indepen
dently, one request can allocate space to cre
ate a new record, while another reque:t reads 
a record , and a third req uest opens a new 
connec ti on to th e database. W ith fine
grained locking, all three operations can 
be processed in para llel with little or no in
teraction. The fi gure "Fine-Grai ned Lock
ing" show how fi ne-grained locki ng ser
vices a create, a read, and a connect in par
allel, while block-level locking can fo rce the 
read to wait un tll the create is 

cific locking primitives. 
lf a critical data struc
ture is locked on a uru
processor, the request
ing task must turn the 
processor over so that 
the task holding the lock 
can complete it opera
tion. On an SM P sys
tem , if a lock is not 
avai lable, the request
ing task can still hold on 
to the processor because 
the task holrung the lock 
is probably running on 
another processor and 
w ill soon re lease the 
lock . The reques ting 
process can then get the 
lock and continue pro
cessing without delay. 
This technique is called 
a spin -lock because the 
process that is request
ing the locked resource 
"spins" its CPU by exe
c uting unneeded in 
structions with the ex
pectation that the Jock 
will be released in less 

Company Informationcompleted. 

Progress Software Corp. 
14 Oak Park 

While fine-gra ined lock ing 
SMP Scalability 

Bedford. MA 01730 
(617) 280-4000provides high concurrency, 
Circle 1270 on Inquiry Card. 

scalability requires SMP-spe-
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Database 1/0 server 

CPU 5 
Database 1/0 server 

Multithreaded server 

CPU1 


VO Operations on Multiple CPUs 

Multlthreaded server Multlthreaded server 
CPU 2 CPU 3 

When a multtthreaded server process needs to perform an 1/0 
operation such as a write of a database block, Progress spawns 1/0 
procesl\es to off-load the work to a different process, lettil)g the 
multlthreaded server continue working on a request or switch to the 
next request whlle the 1/0 Is being performed. The figure shows how 
server processes and 1/0 processes can take direct advantage of an 
SMP machine by letting dat<1base requests and their resulting 1/0 be 
processed In parallel. 

time than it would take for the operating 
system to switch context to another proce s. 

Another important technique employed 
by Progress uses 1/0 processe to off-load 
multi threaded server processes . When a 
mul ti threaded server process needs to per
form an 1/0 operation, such as a write of a 
database block for an ac ti ve request, it is 
hi ghly undes irable th at the entire server 
process block on that write operation. In
stead , Progress spawns 110 processe to 
off- load the work to a different process, 
letting the multi threaded server continue 
working on a request or swi tch to the nex t 
request while the 1/0 is being perfo rmed. 
The most important o f these 1/0 processes 
handles the database and recovery log. 
Only one 1/0 proces. services the recovery 
log because the 1/0 consists large ly of se
quenti al writes, hut the database requi res 
many l/O processes beca use da tabase 1/0 
is more random in nature. T he figure " 1/0 
Operati ons on Mu ltiple CPUs" shows how 
server processes and 1/0 proces es can take 
d irect advantage of an SMP machine by 
Jelling database requests and their result
ing 1/0 be processed in para ll e l. 

While off- loadi ng f/O is 
important , even more im
po rtant is minimiz ing th e 
number of 110 opera ti ons 
necessary. For example, ifa 
record is updated in the buffer 
pool. that record need not ac

tually be wri tten to di sk right away. By de
ferring the write, it is possible that the same 
record will be further updated so that when 
it is finally written to di sk, multiple updates 
can be captured in a single I/O. 

The Case for HP-UX 
When choosing applications development 
tools, a database, and a deployment pl at
fo rm for ·ophisticated client/server appli 
cations, keep in m ind that the most de 
mandi ng applications can scale to handle 
hundreds of users if they are built upon prod
ucts like Progress and HP-UX. True SMP 
client/server applications can take full ad
vantage of the most powerful server hard
ware avai lable today. HP-UX-with its sup
port of dynamic buffer caching, optimized 
1/0, SMP threading, fine-grained lockjng, 
automated software distribution, multiple 
volume management, and fail-over avail
ab ility-deli vers the class of features re
quired for a large enterprise-wide applica
ti ons environment. • 

D. Brirto11 Joh11ston is the manager of data
base deve/op111e111 at Progress Sojiware and 
has been worki11gfor the past 10 years on de
sign and dere/opme/I/ ofrelational database 
111a11age111e11t systems. He has worked with 
Unix since 1981 and holds a B.S. in computer 
engi11eeri11gji·o111 the UniversityofCon11ecti
c11r. Yo u can reach him 0 11 th e Intern et at 
britr.johnston@progress.com. 
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The la1cs1 product announcement from 

Sun Microsys tem ~ revolves around the dazzling 

performance of h1 µerSPARC microprocessors 

from ROSS Techni ii <Jgy. Inc.. a subsidiary of 

Fujitsu. Ltd. We ar( ' proud to have earned the 

business, ~nd we l11ok forward to sharing Sun's 

accomplishments " nh their newest 

SPARCstation~ zo. 

This design w111 clearly 

shows rhe works1.111on world 

three things: !he i111cgral nature 

of high-performan• c> processing 

in Sun's business plan: ROSS' 

prominent place 0 11 the SPARC 

roadmap: and 1ha1 hyperSPARC 

processors have p.1'sed every rest for 

Sun's high-perfon11<111ce desktop machines. 

Our design is based on 0.5µ triple-layer metal 

CMOS technology that has demonstrated superior 

scalability over time. With optimized micro

architectural partitioning. and utilizing advanced 

multi -die packaging (MDP). ROSS packed a 

6-million transistor CPU chipsct (with an 

integrated 256-Kbyte second-level 

cache) into a standard 131-pin package. 

In addition. the hyperSPARC CPU 

chip operates at a low 4.oW power 

dissipation under typical operating 

cond.irions. even al a clock 

frequency of 100 MHz. With full 

Solari? compatibility. users are 

integrating these new hyperSPARC-based 

SPARCstation zos Into their workgroups wi1hou1 

modifying their application software. 

This same hyperSPARC technology, used by 

Sun 10 enhance the industry's most successful 

high-end workstation family, is also avai lable as 

user-installable upgrade modules directly from 

ROSS. We wish Sun exceptional success with this 

new product. which makes a major contribution 

to Sun's price /perfonnance leadership. As Sun 

says about its customers. we now say abom ours: 

"'We're helping them run better." 

For more information call: 


US.: 1/Soo/774-ROSS 


International: 512/91<)-5207 
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Solaris Comes of Age 

PETER G A LVIN 

W 
hen Sun defected 
from a Berkeley
style to a System 
V- sty le Unix to 

create Solaris. users were not thrilled. 
Jnstall ation was hairy, an improperly 
tuned kernel sd1eduler hampered 
performance, SunOS compatibility 
was lousy, and the new non-BSD file 
systems were .. first generation." 

Version 2.4 . released at the end 
of 1994, fixed these problems, 
vastly improv ing performance, re
li ability, funct innality, administration, 
and even bacJ., ,,·ard compatibility. So
laris 2.4 (henc l'forth just Solaris) com
bines an advanced kernel with the tra
ditional s tren gths of SunOS 4.1 .3, 
producing a wnrld-class Unix . With So
laris, you get the following attributes: 

Robust r1 e f1 m rki11g , including a full 
and fast TCP/IP protocol stack and lay
ered features such as RPCs (remote pro
cedure call s), the NFS (Network File 
System) distributed file system, and PPP, 
the serial-line net work. The RPC system 
lets Solaris sy~rems invoke procedures 
over the network by talking to other So
laris and RPC-, upporting systems. So
laris ' s NFS, which runs on top ofRPC, 
makes remote disks appear local. Ker
nel caching and the new CacheFS and 
AutoClient fac ilities minimize the tradi
tional NFS pe1fo rmance penalty. 

Solaris 2.4 moves Sun 

closer to completing 
the transition from a 

Berkeley-style to a 

System V-style Unix 

An advanced programming environment, with ANSI-compli
ant optimizing C and C++ compilers, and tools to track memory use 
and find memory leaks, profile execution, and debug multithreaded 
programs. (Most of this environment is unbundled, but the GNU 
tool set offers an alternative.) All programming environments can 
exploit the kernel's support for dynamic library loading, which in 
turn benefits from a full demand-paged, protected, virtual memory 
system. 

Standards, '1n11dards, standards, which, by Sun ' s definition, 
must be free) ~ available and have multiple implementation s 

(exc ludin g 

Win32, for instance). 

Solaris conforms to worldwide standards, 

including the following : 


• X/OPEN XPG3 po1tability-cross-plat
form portability of user interface, com
mands, and compi lers 

• SVR4 compliance- binary-compatible 
wi th System YR4 

•Po ix 1003.1-compatible API and ANSI Ccompiler 
• SVRR DKI/DDI- device-dri ver-compliant with System VR4 
• SYID Issue 3- source-compatible with System YR3 
• X 11 RS-the X l I GUJ standard 

Lots ofapplicmions, because while the I 0,000 commercial ap
plications available for Solaris pale in comparison with the greater 
numbers available for Windows and the Mac, Sun 's Wabi emulator 
lets you run the top Windows applications on Solaris at reasonable 
speeds. Apple' s MAE (Macintosh Application Environment) lets 
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you run most Macintosh programs as well. 
Superior usability, because Solaris runs 

as fast and reliably as the old SunOS and 
maintains binary and some source compat
ibility with SunOS as well (an estimated 98 
percent of Sun OS programs run without re
compi lation). Thanks to a dynamically 
linked kernel , you can add and change de
vice dri vers on the fly and easily install bug
fix.ing patches. A package system also makes 
il easy to install , examine, and remove ap
plications. With MP support, you can now 
upgrade a system by adding processors 
rather than repl aci ng the who le system . 
D esktop mac hines can have up to four 
processors, and servers can have as many 
a 64. ew GUI admini tration tools sim
plify tasks such as adding and deleting users, 
con.figuring serial ports and modems, man
aging printers, and administering hosts. 

The Solaris GUI , OpenWindows, is a 
combination ofXl IRS and the Adobe Post
script system. The advantage ofX and Post
script is that applications can be' run on re
mote systems and have their di play shown 
along with local applications. 

Advanced kernel, featuring multithread
ing and multiprocess ing. It provides real
time scheduling features, which will be a 
key lo multimedia and teleconferencing. So
laris is also available on non-Sun hardware 
for the first time: An Intel version is now 
running, with a PowerPC version announced. 

Kernel Architecture 
At the heart of Solaris is a multi threading, 
multiprocessor kerne l with oft real-time 
capabilities. The kernel structure is inter
esting because it is dynamicaJJy loading and 
sizing. 

Most operating-system kernels have some 
number of variables and data tructures with 
fixed sizes . lf the ystem hit one of these 
limits, you have to change the configura
tion fil e, rebuild and install a new kernel, 
and reboot the system. With Solaris, these 
data s tructures can grow and shrink as 
needed in a dynamic way. There are still 
some static structures, such as the maxi
mum number ofusers. But changing the sta
tic ·tructures in Solari i much easierthan 
it is in BSD and earlier versions of SunOS. 
You just edit a configuration fi le and re
boot. 

Rather than being a monolith , the kernel 
divides into loadable modules (see the fig
ure "Solaris Ke rne l and Loadable Mod
ul es"). The main module is about l MB , 
down from 2 MB for SunOS 4. 1.3. The sys
tem saves on memory by loading modules 
on ly when needed. Some se lf-contained 
modules can unload ifnot used or to install 
a new version. Device drivers thatconforn1 
to the DOI (Device Driver Interface)/DKJ 
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Evolution of Solaris 

S un Microsystems wa founded in 1982 

with the idea ofselling a computer based 
on off-the-shelf parts and a powerfu1 oper
at ing system with available source code: 
Berkeley Unix. In spite of its success with 
this combination. by 1987 Sun decided to 
substantially change its operating system. 
There were three major reasons for the 
reengineering: to support multiple proces
sor systems (Berkeley Unix was single 
CPU), to become a player in the commercial 
arena by aligning itselfwithAT&T's Unix, 
and to defragment the industry by moving to 
tbestandardAT&TSy temVrelea e4user 
and programming interface . Thi created 
a system with both System V and Berkeley 
features. The result was the Solaris 2 oper
ating system. Unfortunately, this combina
tion oftbeownerofUnix and an aggressive 
vendor of Unix hardware made Sun's com
petitors uneasy. These major Unix computer 
vendors , including DEC, lBM, and HP, 
formed the OSF (Open Software Founda
tion) consortium, and it supported the sep

standard, which specifies a standard inter
face and a structured implementation , can 
also be loaded or unloaded as needed. 

Built-In Caching 
The Solari kernel maintains all memory as 
a cache. A VMS dynamically determines 
the amount of memory allocated for code 
pages and data pages. When system 1/0 load 
is high , the kernel devotes more memory 
for data buffering. When many programs 
are executing, memory pages are devoted to 
code. 

If main memory becomes filled, further 
memory requests are handled using swap 
space. A needed page located in swap space 
wi ll be returned to main memory and an
other page moved to the swap space. The 
memory system uses the LRU (least-re
cently used) algorithm to swap pages (see the 
figure "Memory and Swap Space"). Unlike 
Berkeley-style Uni xes, Solaris does not al
locate wap space when a program starts 
but only when its pages must be moved to 
secondary storage. 

Kernel Scheduler 
The kernel scheduler maintains three kinds 
ofclasses: real-time, kernel, and lime-shar
ing. The rea.1-time c lass ex ists onl y when 
created by the supe ruse r, so in general, 
threads ex i t only in the kernel and Lime-
hari ng classes. The priorities of threads in 

the real-time and kernel classes don· t change 
over time, but the priorities of threads in the 
time-sharing class do. 

arate OSF/1 operating system and DCE 
(Distributed Computing Environment) net
working system. 

Many users, and especially sy terns ad
mini trators. tesced early versions ofSolaris 
2. These versions were buggy, low, lacking 
features, and requ ired much relearning. 
Some users looked at primitive Solaris 2, 
hook their heads, and walked away. 

Others looked at Solaris 2 and saw new 
and useful features unavailable in previous 
Sun operating systems. The kernel is truly 
multithreaded and multiprocessing. It pro
vides real-time scheduling features, which 
will be key as multimedia and conferencing 
become commonplace. It is also available 
on non-Sun hardware for the first time: An 
Intel version is now running, with a PowerPC 
version announced. Solaris 2 also adheres to 
the System V API, or SVID (System V In
terface Defini tion). For once, a majority of 
the major Unix operating systems are pro
grammable with the same ystem calls and 
compilation-header fi les. 

lf there is a runnable thread in the real
time class, no kernel or time-sharing class 
threads wiJI run. Similarly, a runnable ker
nel-class lliread excludes any time-sharing 
class threads (on a uniprocessor machine). 
Ofcourse, a hardware interrupt has absolute 
priority and preempts any running thread. 

The kernel scheduler is unique among 
Unix variants because it is table-driven. 
Every thread in the system has an associ
ated scheduling priority relative to its class. 
Thi s value is a pointer into the schedu ling 
table. Each row of the table defines the cur
rent priority of the thread, as well as the next 
priority of the thread after it runs. This next 
prio1ity depends on how the thread ends its 
cun-enl use of the CPU. It will e ither vol
untarily leave the run queue or exceed its 
time slice. In the first case, l11e priority will 
li kely increase and the quantum will de
crease, because the thread is performing 
1/0. In the latter case, the job i likely to be 
CPU bound, o it wiJJ receive a lower pri
ori ty . A privileged user may load scheduler 
tables wh ile the system is running. 

Unfortunately , in Solaris versions earlier 
than 2.4, the scheduler and its tables were 
improperly tuned. You couldn't change the 
fac t that CPU-bound jobs were given pri
ority over 1/0-bound jobs. That meant that 
if you tried to get the ystem's attention 
during a compile or other lengthy compu
tation, you had Little success. For this reason, 
among others, Solaris earned a reputation 
as a poor performer. Solaris 2.4 has under
gone high-quality testing and performance 
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The Solatll kemel colislstl of 
multiple modules thatara lolded 
Into~ oa1J wheil Deeded. 
The kernel can unload C:eitililn 
niodales when they-JIO lonpr 
--.,.The .... kernel 

profiling, and the scheduler 
has been updated with an in Solaris Kernel and loadable Modules 
teractive scheduling class to 
give high priority lo a user's 
current window and jobs cre
ated by shells. Solaris 2.4 now 
feels nappy compared with 
previous versions and the old 
BSD-based version. The So
laiis 2 scheduler also supports 
a batch class for jobs, which 
should run only when the CPU 
is otherwise free. 

Soft Real-Time 
The chedule r a lso supports 
soft real-time events, useful 
for applications such as multi
media and teleconferencing. 
The most accurate real-time 
scheduling is known as hard 
rea l-rime. Hard rea l-lime 
schedulers guarantee that all 
ope ratio na l de lays are 
bounded, including VO . Un
fortun ate ly , hard rea l-time 
scheduling is a lu xury that a 
general-purpose, multiuser 
operating system cannot af module size Is Wiiie lizHf the 

2-1111s..os4.1.3 lrenlel.ford . How is the system to 

can be processed concurrently 
witl1 much less overhead than 
before. Unfortun a tely , the 
thread interfaces do not yet 
conform to the Posix l003.4a 
("Pthread") standard, but they 
are sinlllar and should comply 
before long. 

File Systems 
Solaris includes several types 
ofnon-BSD file systems to in
crease performance and im
prove ease of use. For perfor
mance, there are three new file 
system types: CacheFS, Auto
Client, and TmpFS. 

The CacheFS caching file 
system allows a local disk to 
be used as an operating-sys
tem-managed cache of either 
remote NFS disk or CD-ROM 
file systems. The cache size is 
determined by the system ad
mini strator, and Solaris uses 
the LRU block replacement 
algorithm. When the cache is 
full and a new block is to be 
adde d, LRU re moves the 
block that has been unused for 

know, for example, when a 
disk read request will complete? 

Soft real-time scheduling guarantees that 
real-time threads are given priority over 
other threads for the entire time they exe
cute. To understand the difficulty of soft 
real-time scheduling think about how a gen
eral-purpose operating system works. Re
sources are Jocked whil e the kerne l uses 
them on behalf of a thread . Other threads 
waiting for the resource must wait for the 
lock to be relinqui hed. lfthe waiting thread 
is real-time, the lower-priority thread causes 
a higher-priority thread to wait. Jn this case, 
called priority in version, other threads that 
aren' t waiting for a lock on that resource 
may also run before the real-time thread can 
gain t11e lock and proceed. 

To solve this problem, the kernel must 
be preemptibl e, e ither by means of pre
emption points or entirely. Entirely pre
emptible kernels (such as Solaris) always 
protect resources so that a thread may be 
stopped at any po int and another started 
without destroying crucial data. Solaris can 
preempt a thread in 2 milliseconds. By con
trast, SunOS 4 .1 .3 context switche every 
I00 ms. If a thread has a lock when a real
time thread needs it. Solaris uses priority-in
heritance protocol. Thi s protocol gives the 
tl1read that holds the lock the same priority 
as the waiting tl1read , until the lock is relin
qui shed. A low-priority thread that holds a 
lock receives a priority boost so it can grab 
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the CPU and fini sh its use of the resource. 
The priority of that thread then reverts to its 
normal level, and it gets preempted by the 
real-time thread, which then proceeds to 
lock and use the resource. Jn this manner, a 
real-time thread moves toward its comple
tion, temporari ly loaning its priority to every 
thread that holds a lock it needs. 

Lightweight Processes and Threads 
The kernel supports two kinds of threads: 
LWPs (lightweight processes) and user
level tl1reads. L WPs are scheduled by the 
kernel and, therefore , consume kernel re
sources . They are the interface between 
user space and the kernel. For a process 
to execute, it must have at least one L WP. 
Programs create and schedule user-level 
threads via library ca ll s, not system calls. 
These threads are , therefore, independent 
of the kernel and inexpensive. Many user
level threads can be multiplexed on one 
LWP (see the figure " Relationship Be
tween Thread and Lightweight Process
es"). If that L WP is blocked (i.e., waiting 
fo r VO), all the other user-level threads 
tl1at use it are also blocked. A process with 
multiple L WP will run unless all of tl1em 
are blocked. 

Within the ke rne l are kerne l threads, 
which execute kernel tasks for L WP.. For 
instance, the NFS is now multithreaded, so 
many requests for fi le infonnation and data 

the longest time. 
CacheFS is best used on read-only file 

sys tems. Performance may decrease if 
caching is used for file systems that are writ
ten frequently, because CacheFS uses write
through caching. Writes are then transferred 
over the network directly to the server. An 
additional performance penalty is incurred 
because the local cache version of tl1e file is 
invalidated, meaning that it must be retrieved 
from the server the next time it is read. The 
new version of the block then gets rewritten 
into t11e cache. co11ri1111ed 

Memo11 and Swa]I Space 

Free page 
Program page in use 
Data page In use 

If lllUI ._,bec11111111lflled, fllrtber 11111111!11reqaesb-..., .....MemalJ 11111111•1'11 
awapped ~main-rand the._, IP!IC8 
11nece.111.1ht LRU 1~ dlllael lhucbial 
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_.....,...WJ CWltillilll dlcbda. 
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Kernel 
tliread 

Because of interdependencies, CacheFS 
cannot cache the kernel or other operat
ing-system components. The forthcoming 
AutoClient facility lets the entire operating 
system be cached on local disk. With Auto
Cl ient and CacheFS, an entire local disk 
can be used as cache. Not only does system 
perfonnance increase, but operating-sys
tem upgrades become a trivial matter: The 
local caches of all the worksta tions can be 
invalidated. These systems will then trans
fer the operating system and files, on de
mand , to fill the disk. This is an advance 
over static file inclusion , in which the sys
tems administrator must guess which files 
are going to be accessed by a user. He or 
she then copies these files onto the local 
di sk while the system is inaccessible to 
normal use. 

AutoClient will improve performance, 
decrease server and network loading, allow 
operating systems and data to be central
ized, and allow replacement of failing disks 
with rapid return to previou functionality . 
CacheFS acts in some ways like the An
drew File Sy tem but without the advanced 
write-update policies and the resulting large 
code size and performance hit. Andrew lacks 
the AutoCLientcapability to run with no op
erating system preloaded. 

There are three other file system types 
that improve system usability : 

The TmpFS temporary file system is much 
like a DOS RAM disk. It uses main mem
ory to contain a file system. This fi le sys
tem is destroyed on reboot. Unlike RAM 
disks, TmpFS can be paged out to swap 
space and increase free main memory . 
The size of a TmpFS file ystem is, there
fore, dictated by the amount ofswap space, 
not by main memory. 
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Relationship Between Threads'illd lightweight Processes 


User-level thread 

Progrms crelle ~ ...... 
aiac IBnrJ Clll.., .... 
lndepeadeat of the kemel ad 
biexpetllh,. LWPs •re the lntelfllce 
IJ!lw!eft -•lllCll and~ kemeL 
LWPs can have -I'll asoci.te user
111¥91 threlldl, ad• process can haYe 
-.iLWPL Tnblocll•ix-,.a 
of Its LWPsllmltbe ......... 

CPUs 

The Proc file system has no backing store. 
Rather, it is an interface to the kernel. Each 
running process has an entry in the /proc 
file system. The memory image ofthe pro
cess is the contents ofthe file in /proc. Any 
process that seeks to ascertain the system's 
status can use/proc rather than querying the 
kernel. In fact, before ProcFS, programs 
that displayed a list of running processes 
needed to read through the kernel 's mem
ory , trying to locate the appropriate infor
mation . With/proc, such processes simply 
need to look at each file in /proc, open 
them, and read from system-defined sta
tus locations. Users may simply li st the 
contents of/proc to determine the number 
of processes and their sizes. 

The Volume file system alleviates one of 
the long-standing inconveniences ofUnix. 
Normally, to access a mountable media 
such as a CD-ROM or floppy disk, a priv
ileged user needs to issue amount com
mand to specify the device and the location 
in the directory tree to attach it to. The vol
ume manager monitors specified devices 
and performs the mount automatically. 
Ejecting the media causes it to automati
cally unmount. Also, security precautions 
are taken to be sure no privileged programs 
or devices are given access to the system. 
With proper configuration, the volume 
manager can even detect that an audio CD 
has just been inserted and automatically 
invoke CD-playing software. Unfortu
nately, there are still some inconveniences: 
Because the floppy drive lacks media de
tection, you have to run the vol c heck 
command to make the disk access ible. 

Server versions of the operating system 
also include the Online Disk Suite disk man

agement software, which provides disk mir
roring, striping, and concatenation for reli
able, fast , multigigabyte di sk partitions. 
Disk Suite also adds a logging facility to the 
normal Unix File System. Logging tracks 
disk changes by writing the changes to a log 
rather than directly to the appropriate di
rectory and data blocks. This speeds disk 
writes by avoiding most of the normally re
quired disk head seeks. Logging also avoids 
the need to check file system consistency 
after a crash, speeding system reboots. 

Distributed lnfonnation Systems 
Solaris supports distributed computing and, 
therefore, requires a method of storing and 
retrieving distri buted information to de
scribe the systems and u ers. The distrib
uted information system contains computer 
host names and associated numbers and user 
infomiation that allow access to all machines 
in the installation. The database stores user 
passwords and privilege information as well 
as information on groupings of ystems . 

Sun has developed two distributed data
bases: NIS (Network information Service) 
and NTS+. NIS was standard before Solaris 
2, and NlS+ is a new and different version 
of NIS. Maintenance of distributed data is 
possible without these systems but requires 
the manual propagation of equivalent in
formation throughout the installation , a pro
cess that can become cumbersome in large 
environments. Other problems arise when 
using static files- consider a user trying to 
change a password : When and where does 
it get changed? 

NIS 
The NlS system converts static files on the 
master system into standard Unix database 
files. The NIS server reads these databases 
and stores them in memory. Clients can then 
contact this server via the RPC system to 
request information. Occasionally, they send 
information (e.g., a user' s new password). 
The server then saves thi s information in 
the database and in the static file. "Slave" 
servers containing duplicate information 
provide fault tolerance. Clients broadcast a 
reque. t when they boot, asking for any NTS 
server to respond. The client uses the first 
server (master or slave) that responds, un
til it receives no answer due to network par
titioning, a crash, or an NlS fai lure. Should 
contact be lost, the client rebroadcasts its 
reque t fo r a new server after a specified 
time-out period elapses. 

The NIS system had problems, includ
ing security, propagation of infonnation, 
Limited information retrieval, and manage
ment issues. Security issues included the 
ability ofany user who gained privileges on 
a workstation to become any otheruser and 
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access the erver as that u er, no password 
required. Storing each type of information 
in separate data files (e.g., host infomrntion 
and user information) resulted in problems 
propagating the information. When a mas
ter server updated its slaves (usually once per 
day). each of these files, ir changed, was 
sent over the network. In environments with 
hundreds of hosts and thousand of users, 
this update could take quite a while. Be
tween updates. slave servers contained out
of-date infom1ation. Also, predefi ned op
erations limited informalion retrieval. For 
instance, only the user' s log-in name and 
num ber were inde xed, maki ng database 
searching by full user name impossible. 

NlS was not a true databa e. It did not 
supporl atomic operations. undo ofchange , 
or logging ofoperations. Finally, there was 
no easy way to manage it. To change data in 
the database, the static fi le had to be modi
fi ed, reconverted into a database, and loaded 
into the server. 

NIS+ 
To fix these limitations, an entire ly new 
sys tem wa designed and implemented: 
N IS+. lt inc ludes many distributed data
base features, including change logging, 
atomic transaction, undo and redo fo r er
ro r recovery, load balanci ng. ecurity and 
management tools. In NIS+. when changes 
are made on the master server (via GUl or 
command-li ne interfaces), rhey are logged 
and subsequently propagated to each slave 
se rve r in in tervals. On ly when the data
base is initi all y created does it get trans
ferred in its entirety . 

Securi ty in a d istributed environment is 
tricky. Nl S+ protects information and as
certains authentici ty of requesters by using 
a form of publ ic-key (Diffie-Helman) plu 
DES encryption. NIS+ authenticates hosts 
and users using a complex exchange ofkeys. 
Some users (genera ll y, the system admi n
istrators) have extra privil eges , and NlS+ 
trusts them to change the data in its data
bases . Access is granted only after the user 
is au thenticated via encryptt:d password. 

The NIS+ data fil es are similar to SQL 
databases with the data separated into rows 
and co lumns. The values in each row and 
column identify granted permissions. For 
instance, users will have rights to the row 
containing tJ1eirdata, letting their password 
bc changed. Que ri es ca n be made on the 
contents ofany row or colu mn (pem1issions 
allow ing, o r course) . 

Full y d istributed, securc da tabases are 
complex to implement and use. Outside of 
Sun. there has been signi fi cant resis tance 
to conversion to IS+. There are tales of 
adm inistra tors in va lidating th e master 
server" s key and having to reinstall the en-
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tire operating sy tem on the server to regain 
access to it. Anotl1er hindrance to the use of 
NIS+ is that no other vendors support it. 
Many vendors, including IBM, HP, Digi
tal , and SGI, have implemented NJS and 
are now able to share information with Sun 
systems. ln fact, many Sun sites are still us
ing NlS witJ1 Solaris 2 by nrnning it in bi
nary-compatibil.ity mode. However, lS+ 
will be at the heart of Sun ' s attempt to si.Jn
plify system admini stration. Al so many 
o th e r vendors agreed to support ONC+ 
(Open Network Computing- Sun 's pack
age that includes RPC, NFS, and NTS+) 
when Sun agreed to support the OSF DCE 
(Distributed Computing Environment) 
which include the DFS (di stributed fil e 
system). Thi should lead to interoperabil
ity of NlS+ among multiple vendors. 

Summary 
Sun 's decision to convert from tJ1e popular 
industry- leading SunOS to Solari s upset 
many loya l customer . The switch to an 
operaling system tJiat could support multi
process ing and commercial use and is Sy 
tern V- compatible has become more palat
able wi th the release of version 2.4. WitJ1 
the battl eground now moving from APls 
and . ystems programming functionality to 
support for objects, Solari s puts Sun in a 

good competitive position . With its fine
grain, high-performance threading and real
time control, network readiness, and scala
bility, Solaris is ready t.o support distributed 
objects and their requisite naming and se
curity system . 

Sun's openness and standards adherance 
allow its system to be used in large enter
prise wi th tens of tl1ousands of scalable 
systems interoperating via networks in
stalled worldwide. Sun hopes that by mak
ing Solaris avai lable on mul tiple hardware 
platforms, it can provide competition to the 
Microsoft juggernaut. Only time will tell if 
Solaris is superior enough to do so. • 
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CDs 
Sun pubrrshes the entire Solaris documentation set, in a 
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group/comp.answers/Solaris2/porting-FAQ. 

O'Reilly has aWWW (World Wide Web) home pageon 
the Internet available via Mosaic or NetScape as 
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The Sun User Croup holds conferences, sells proceed

ings, maintains amembers-only maifmg fis~ and sells CDs 
containing Solaris software. Contact them at (617) 232
0514 or send E·matl via office@sug.org. 

gopherJ/gopher.ora.com. Stm has one as weU, available as 
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Afist of software thars already been ported is 
updike.sri.com:/pub/solaris-sw-fisltxl Some of this ported 
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pub.uoregon.edu:/pub/Solaris2.x. 

For information on the Internet mail list of Sun and Sun
related announcements, send E-mail to sunflash· 
info@sun.com. Internet newsgroups of interest include 
comp.unix.solaris,comp.sys.sun.admin, comp.security.mix, 
and comp.unix.admin. 
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H 
e~ . hey! Let's be careful out 
there," cautioned Sergeant 
Phil Esterhau afterthedaily 
squad room briefings on Hill 

Street Blues. Vv«· should remind ourselves 
of this when we tum on our computers. 

As we compute rize more functions we 
must consider 11·hat's at risk , where the 
threats are com ing from, and how to pre 
vent them. We 1H.:ed to protect the confi
dentiality of information that' s private, 
proprietary, and crit ical to our organiza
tions' operation, . To make good decisions 
on impor1an1 matters-decisions whose 
consequences might be financial or matters 
of life and death-we must know that the 
data on which 11 c base them is acc urate. 

Worry, Worry, Worry 

We need to worry about numerous issues, 

including !he f, i i lowi ng: 


• Unauthorized persons accessing our data 
and our systems. 

• Authorized 	pe rsons causing damage, 
whether inad1 crtently or maliciously. 

• Backups and 'torage. 

• Virus attacks. 

• Data transm i"	 ions being intercepted or 
eavesdropped. 

• Security of fin ancial resources and busi
ness transacti<1 11s over the network. 

With so much at risk, we must protect our 
data and netw• i rks with stronger mecha

ni ms than mere passwords. 
We addressed many of the security 

problems and solutions in "Distributed and 
Secure" (June 1994 BYTE). But as the 
vol ume of Internet use increases dramati
cally and as we connect our organizations' 
networks to thousands of other computer 
networks, serious security issues arise. 

The firewall-a gateway through which 
all connections are made-offers a secure 
solution against intruders getting into and 
employees sending out information they 
shouldn ' t. Last October, !11ternet fi rewall 
was the buzzword of the day at the Na
tional Computer Security Conference co
spon sored by the National Securit y 
Agency and the National Institute of Stan
dards and Technology. You could ap
proach a group of security professionals 
and say the magic phrase, and everyone 
would stop to hear more. Not everyone 
knew what a fi rewall was, but almost a ll 
bel ieved they needed one. 

Firewall Questions, with Answers 
ln this issue, we take a long, hard look at 
this hottest of ecurity issues confronting 10
day ' s infomiation technologists. In "Build 
a Fi rewall ," John Bryan examines Lhe ins 
and outs of creating and instaJljng firewalls. 
He look at the architectural approaches 
for building a firewall , how they work , 
what problems they can cause, what factors 
to think about when planning a firewall 
implementation, and how much protection 

As we venture into 
cyberspace, we need to make 
sure we're not leaving our 
own networks open to 

big-time trouble 

you can expect from one. 
In his compan ion piece, "Firewalls for 

Sale," Bryan looks at several types of com
mercial firewall products to show how they 
work, what the differences are between the 
various methods, and what you should con
sider when choosing protection for your 
networks. We also review one of the earli
est-to-market firewall products, FireWalJ
1 from CheckPoint Software Technolo
gies, on page 171 . 

The risks of working and doing business 
in cyberspace are present because there's 
also a tremendous potential for reward. A 
long as we keep our eyes open, assess the 
risks reali stically , and take inte lli gent 
precaucions, we can navigate cyberspace 
knowing that our own networks are safe 
from unwanted intrusion. • 

-Russell Kay, Technical Editor 

Build aFirewall Firewalls for Sale 
How to insulate your rrve commercial firewall 
network against outside products and how 
intrusion ............_..91 they work.........__...99 
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BUILD AFIREWALL 
Is your Internet connection putting your networks at risk? Establish a firewall and sleep easier. 

.JOHN BRYAN 

T he Internet is on fire . But as traffic 
increases dramatically, so, too, do the 

ri sks that your company's data may be 
sabotaged or stolen. Network firewalls 
have become a hot topic . 

Relatively new creations in the com
puting world, Internet firewalls have their 
roots in control mechanisms and security 
measures that have long been standard 
practice in the mainframe community. But 
today s networked world has grown from 
the bottom up, with millions of new con
nections originating from personal com
puters and small networks. It's no longer 
possible to know who or what is on the 
other end of a network connection unless 
we take extraordinary measures. 

What's in a Name? 
Afire1vall is a barrier placed between your 
network and the outside world to prevent 
unwanted and potentially damaging intru
sion of your network. Just as no physical 
fire wall is perfect protection against a fire, 
no digital firewall can make a network I 00 
percent secure against outside intrusion. 
But they can come remarkably close. 

An impo1tant caveat to remember: Fire
walls won ' t work, no matter how they are 
designed or implemented, wi thout a clear 
security policy (see the text box " Network 
Security Sta1ts with Workable Policy" on 
page 93) . If a firewall is estab li shed for 
the wrong reasons, that can cause you 
problems, too. 

Firewall Architectures 
You can build firewalls in several ways, 
using a variety of mechanisms. The fol
lowi ng examples are the most common: 

•Router-based filters 
• Host computer gateways, or bastions 
• A separate, isolation network 

The cost of a firewall can range from a 
$100,000 turnkey hardwa re/software 
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sys tem, insta ll ed and maintai ned by an 
ouL~ ide vendor, to "no-cost" software avail
able on the Internet from various suppliers 
and users groups. (Of course, creating your 
own firewall , even start ing with free soft
ware, still req uires a s ign ifica nt inve t

men t in t im e a nd peo pl e, w hi c h ca n 
qui ckly dwarf the co t of a ready-made 
solut ion.) One fi rewall -product ve ndor 
suggests that implementing a comprehen
sive fi rewall fro m scratch could requ ire 
several worker-months, the equ ivalent of 

perhaps $30,000 in sa lary and benefit s. 
Rolli ng your own system carries with it 
other potenti al problems, particularl y in 
maintenance and administration. You don' t 
want a system that requi res constant tweak
ing and expensive revisions. 

Safe Networl{ Services: FTP, DNS, and Xll 


0 ne of the elements that binds the 
Internet together is a set ofUnix

ba ed programs-protocols, really-that 
let you access files and locate and use 
resources at remote sites. These ser
vices-FTP, DNS (Domain Name Sys
tem), and XJ 1(the dominant windowing 
protocol for the Unix cornmunity)-are 
just now being augmented by the more 
automated operations of WWW (World 
Wide Web) browser , such a NCSA 
(National Center for Supercomputing 
Application ) Mo aic and Netscape. but 
they pose serious security problem . Any 
organization considering implementing 
a firewall must be aware of how to make 
these services available yet secure. 

FTP 
After E-mail , FfP i probably the mo t
used service on the Internet today, letting 
million of users download files and en
abling organization. to make easi ly 
available a variety of documents, soft
ware, and graphics images. 

But using FfP presents various secu
rity headaches. For tarters, FTP i n' t a 
ingle program; it's a protocol that' 

been.implemented numerous times, and 
some of tho e implementations and FTP 
daemons are buggy. Another problem 
is that an FfP daemon normally runs 
with root pri vilege and doesn ' t relin
qui h this status. This means that if an in
truder manage to get into your ystem 
by exploiting a hole in your FfP imple
mentation, he or she can get straight to 
the heart of your system with maximum 
privileges. It was a known security hole 
in sendmai l another privileged program, 
that enabled Robert Morri ' lnternet 
worm of 1988 to propagate so widely. 

So how do you get a secure FTP con
nection through a firewall? One way is to 
pass FTP requests to a proxy erver-a 
restricted, cut-down ver ion of FTP 

that' known to be secure and that won't temet connection may require that you 
pem1it anything you don't want. A sec reconfigure the internal networks and do
ond approach is 
to modify the 
FTP software so 
that it will talk to 
only a restricted 
range of ports, 
for which fire
wall fi ltering or 
screening rules 
are in place. 

Yet another 
approach is to 
use the pasv 
op tion if it ' s 
availabJe, to in
dicate that the re
mote FTP erver 
should permit the 
c lient lo initiate 
co nn ection . 
This wi ll work, 
however, on ly 
when the remote 
FfP server sup
ports that opera
tion . Finally, it is 
possible to build 
client versions of 
FTP that are 

PublicDNS 

Internal CNS request 
• Internal CNS request, name

Internet 
workstation 

Public and Private DNS Seners 

not kn<iwn to private &e1Ver 
• External CNS request 

EstabljshJng dual DNS (Domain Name System) 
servers allows the internal networl< to keep its true 
domain names private. In the diagram, when an 
internal user makes a DNS request, it goes to the 
privet DNS server, which returns the proper mime. 
If the private server doesn't know1hat name, It 
passes it along to the public seMlr, which then 
returns it to the user. All external DNS requests go 
to ttie·public serve~ alone, and it answers tliese 
requests directly. 

mains. However, 
there are work
arounds. One e
curity system de
veloper suggests 
an approach that 
works by re
directing D NS 
clients so that 
they talk to a 
D NS erver that 
is on a different 
machine. Firs t 
on the outer side 
of your firewall 
host you set up a 
DNS erver that 
the outside world 
can talk to . To 
them, this is what 
your domain 
look .like, al
though, in fact , 
they are seeing a 
restricted set of 
name (and 
alfases) that tells 
them only what 

linked against a S,OCKS library (a 
generic proxy itnplementation). 

DNS 
DNS is vital to the correct operation of 
your internal mail and other functions
it' the te lephone book that lets you 
know who' who and where in your net
work. But its structured database con
tains important and often en itive in
formation about your sy tern that you 
don't want to make avai lable to the out
side world. Many organization don't 
want to make their ho t names public. 

For ome of you, establishing an In-

you want them to 
know. We'll caJI this the public s9rver. 

Next, you set up another DNS server 
on an internal machine. Thi server is 
in fact the real thing and it contain in
formation about your hosts. You make 
sure that this server forward any querie 
it can t resolve lo the public ·erver. 

Finally, you set up your DNS 
clients-including any clients on the ma
chine that host the public erver-and 
use the internal server. This i · the key. 

In practice, an internal client rrmkes 
a request and gets an answer from 
the internal server or-asking about an 
external host-the Internet but relayed 
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Filtering Routers 

Perhaps the ~ 1 111 ples t approac h to creat

ing a firewall involves using a program

mable router- the type of device normally 

used to create :1 permanent Internet con

nection to the 1>utside world (often via a 


th rough the pub lic DNS server. Exter
na l requests. however , are handJed 
completely b~ the public server with 
its restricted in l'mm ation ( ee the figure 
" Public and P1ivate DNS Servers"). 

While thi tec·hnique can work weU, 
it may not be the final answer. Hicling 
names in the DNS doesn' t stop host 
names from 'h:aking" out in mail head
e rs, signature l'i !es, or news articles. 
But this can be· an effective way for an 
o rganization 10 quickly set up a re
stricted DNS g:1reway without having to 
conduct any ~ ig nificant internal reor
ganization or reconfiguration. 

XU 
X 11, the pred' irn inant windowing pro
tocol for Unix . assumes that the user's 
terminal is a se rver. While this philos
ophy enables 111any benefits it also puts 
the ystem at risk. Applications con
nected to an X I I server have the power 
to seriou ly C\l1n promi e ecuri ty. 

Spoofi ng- maki ng your computer 
masquerade a' a di fferent machine or 
originati ng lP :1ddress, one that the re 
ceiving syste 111 trusts-is a problem 
that still hasn' 1 gone away. ln January, 
CERT (Co m puter Emergency Re
sponse Team) reported a new rash of 
IP poofing incidents in which securi ty 
software was s1,>len from the University 
of Cali fornia ' , San Diego Supercom
puter Ce nter . According to C ERT 
some routers c·an be progra mmed to 
defeat such att ac ks, but others cannot 

Eve n th o u ~ h these a re no t X I 1
·pecific. they i 11 ustrate the dangers of 
spoofi ng. Re mote y te rn that can 
gain or spoof :1ccess to a workstation's 
X 11 display c:1 11 monitor key trokes 
that a user eJJ1 c rs , download screen 
dumps that contain sensitive data, gen
erate comman ds that appear to origi
nate at the knboard, and so on . Be
cause of these jiroblems, most firewall · 
block a ll X I I 1rn ffic unle they have 
a specia lly written application proxy 
to handle it. 

co mme rcia l Inte rne t pro
vider). Routers work by con
tro ll ing traffic at the lP level, 
selecti ve ly passing or block
ing data packets based o n 
source/destination address or 
port information in the pack
et's header. 

At the very lea t, you can 
use your router as a packet fi l
ter. This approach is proba
bly the most common inter
network security mechani sm 
used today. While reasonably 
good firewalls can be created 
with ro ut e rs a lo ne, it may 
prove di fficul t to program the 
router to exclude everything 
that you want kept out. Un
fo rtun ate ly, mos t routers 
come configured with a min
imum of built- in protec ti on, 
and many organi zations sim
ply ins tall them this way. 

T he prob lem wi th the 
router-based approach stems 
from the variety of diffe rent 
protocols that are used on the 
lntemet. At least three major 
network serv ices are not han
dled well by packet filters 
FTP, DNS (Doma in Name 
System). and XI I a ll present 
special problems for the fi re
wall implementor (see the text 
box "Safe Network Services: 
FfP, DNS, and X l I"). 

Host-Based Firewalls 
An alte rn ati ve approach to 
fi rewall construction is to use 
a computer rather th an a 
router. Thi offers many more 
capabiliti es , inc luding the 
ability to log all the acLi viLy 
ove r the ga teway. Indeed , 
when you think of a network 
firewa ll. you probably think 
firs t of a separate, highly se
cured computer system stand
ing guard over your networks. 
T hi s sentry syste m, some 

Network Security Starts 

with Workable Policy 

If you don't know where you' re heading, it doesn't 
matter which di rection you go. Similarly, no security 
mea ures will be effective unless you lcoow what you 
want to protect. All computer security rests on the 
bedrock of a carefully drawn security pol.icy that de
lineates what data and systems to protect, what levels 
of protection are appropriate. and what hardware and 
software you U need to do it. 

Policy sounds as if it' s a high-level concept that 
doesn' t have much to do wi th day-to-day operations 
and the nitty-gritty of fi rewall implementation de
tails. But this is wrong and, what's worse, wrong
headed. Because any fi rewaH system, no matter how 
it is built, can only implement specific decisions that 
have been made by the organization-as matters of 
policy. 

BBN Internet Services (Cambridge, MA) identifies 
the "four P's" of Internet ecurity: 

• Paranoid-No Internet connection. Everything is 
forbidden, even perhaps what should be allowed. 

• Prudent-Everything is forbidden except what is 
explicitly allowed. 

• Permissive-The logical opposite of prudent. Every
thing is allowed except what is expl.icitJy forbidden. 

• Promiscuous-Everything is allowed, including 
tho e things that ought to be forbidden. 

ff your organization is like most, you' II find a 
comfortable spot somewhere in the prudent-to-per
missive range and design your security accordingly. 
You need to determine what will and wil l not be per
mitted. Until your organization makes this fundamen
tal decision, it has no workable basis for determining 
its security needs. The determination process, though, 
is far from simple and may well vary from depart
ment to department within a large organization . The 
fact is, securi ty is one of tho e concerns that never 
really goes away. And in an age of connectivity and 
internetwork:ing, securi ty is more important than ever 
(see the text box "Top Security Threats" on page 94). 

Finally, as conditions change, you must be ready to 
change or revise your policies. Creating your own 
'Ten Commandments" and engraving them in stone 
won' t work in today' s world. 

times called a bastion host, is a crit ical de
fense point that must be carefu lly designed, 
tightl y controlled, and aud ited regular ly. 

Whi le a router-based fi rewall monitors 
data packets at the IP level, hosts exert 
their control at an application leve l, where 
traffic can be examined more thoroughly. 
However, you can ' t use just any applica
tion ; you need to know that the applica

tion software (and even the operating sys
tem) you run on this system may have its 
own gaping security holes. 

To get around these problems and deal 
with potenti a ll y buggy protocols, host
ba ed fi rewalls must use specialized soft
ware applicati ons gateways and serv ice 
prox ies. The e are, in essence, stri pped
down versions of the original programs. 

co111i11 11etl 
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In a typical nost-based firewall, 
all lntemet CQJ'lnectlons are 
handled through a single host 
system that runs proxy 
versions of such software as 
FTP, Telnet Gopher, and other 
common programs. 'These 
proxies are written with 
deliberately limited capabilities 
so that access can be better 
con.trolled .al)d the firewall 
made more secure. 

For instance, the standard versions of the 
Unix sendmail utility have perhaps 20,000 
lines of code. A proxy version, such as 
Trusted lnformation Systems' (Glenwood, 
MD) smap (sendmail application proxy), 
contains only about 700 lines, because it 
doesn't include all the functionality of the 
standard version. It passes along mail mes
sages only after verifying that they fit with
in the programmed restrictions. However, 

the cut-down nature of a proxy means that 
you can use it only with the application 
it's designed to serve (see the figure "Prox
ies and Host-Based Firewalls"). 

Isolation Networks 
Another way to establish a firewall is sim
ilar to the host-based syste ms just de
scribed. Instead of interposing a host com
puter, you create another network , an 

isolated subnetwork that sits between the 
external and interna l networks. 

Typically, this network is configured so 
that both the Internet and the private net
work can access it, but traffi c acros the 
isolation network is blocked. Some isola
tion networks may contain only a single 
node configured as a bastion host that will 
support interactive sessions or application
level gateways. One advantage of iso la
tion networks is that they cm1 also simpli fy 
the establishment and enforcement of new 
Internet addresses, especially for large pri
vate networks that may otherwise face the 
prospect of having to undergo significant 
reconfiguration. 

Roll Your Own or Hire a Mercenary? 
[f you choose not to buy a turnkey sys
tem, what other options do you have? You 
could certainly create your own if you have 
the expertise and required staff time. One 
valuable resource you should be aware of 
is the TIS Firewa ll Too lki t, c reated by 

TOP SECURITY THREATS 

Arevealing look at what problems infonnation security managers consider important-and what they're not doing about them 

Half or more of those companies running 
mission-crit ical systems on LANs believe 
their security is unsatisfactory. That's one of 

the troubling conclusions contained in a 
1994 year-end report by the auditing and 
management consulting firm of Ernst & 

Young. It surveyed 1271 information secu
rity managers to assess the current state of 
security practice. 

The biggest problems cited are lack of 
resources-human (59 percent) and bud
get (55 percent). The biggest concerns are 
for network security and unauthorized ex
ternal access (85 percent and 83 percent, 
respectively). In response to a different ques
tion, 93 percent expressed concern about 
the unavailability of network service, fol
lowed by fear of Interference with opera
tions, and loss of message confidentiality or 
integrity. A full 83 percent were also con 
cerned about their inability to identify net
work users. Over half the organizations re
ported actual losses or interruptions in the 
past two years. 

Connectivity shows up as a significant 

fact of life. For organizations that have over 
2500 employees, 55 percent say their net

works are accessed by customers, 46 per
cent by suppliers, and 33 percent by both. 
Some 45 percent use the Internet or other 

public data networks and 88 percent use 
E-mail. And even internal ly, most LANs and 

departmental minis are connected to a cen· 
tral computing resource. 

According to the Ernst & Young study, the 

bigger the system, the safer it's considered 
to be. Only 4 percent of MVS mainframe 
users believed software security was in
adequate. For Unix machines, the figure 
rose to 22 percent. LANs were in the 14 
percent to 19 percent range, with NetWare 
at the top. 

Desktop machines were considered the 
least secure, with MS-DOS and Macintosh 
computers reported as 57 percent and 47 
percent, respectively. Interestingly, Windows 
(including Windows NT) did better, at 37 
percent, and OS/ 2 systems were down at 
27 percent, almost on a par with the Unix 
boxes. 

The Concern and the Reality 
OK, so that's what security managers say 

they worry about. But what are they doing 
about it? Here's a rundown of the extent to 

which they're using control measures: 

• Antivirus software-91 percent 
• Dial-back or secure modems- 54 percent 
• Firewalls-45 percent 
• File encryption-36 percent 
• 	PC hardware security devices

33 percent 
•Telecommunications encryption

22 percent 
• Message authentication coding

17 percent 

The actual use of security has not kept 
pace with the change in computing, espe
cially the switch to interconnected networks. 
Let's face it, most of these controls have 
been around for a while; their use and im
portance are well understood, and the tech
nology has been well developed. It doesn't 
take a rocket scientist to put them in place. 
We wonder what they're waiting for. 

-Russell Kay, Technical Editor 
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STATISTICAe (ior Windows) • Acomplele data analysis system 
wi th thousands of on.,creen customizable, presentation-quality graphs 
fu lly integrated with :ill procedures • Comprehensive 1Vi1ulows· sup
pon, OLE (client and server), DDE, customizable Auto Task toolbars, 
pop-up menus• M11 hiple data- , results-, and graph-windows with 
data-grapb links • The largest selection of statistics and graphs in a 
single system; compn·hcnsive implementalions of: E.xploratory lech
niques 11ith advanced brushing; multi-way tables with banners (presen
tation-quality reporb l: nonparametrics; distribution fi lling; multiple 
regression; general nunlinear estimation; step11isc logit/probil; general , 
ANCOVNMANCOVA; ; tt· pwise discriminant analysis; log-Linear analysis; 
confimiatory/explor.11ory factor analysis; cluster analysis; mul tidimen- ' 
sional scaling; cano11 ir:1l correlation; item analysis/reliability; survival 
analysis; a large sehtion of lime series modeling/forecasting tech
niques; structural eq11:11ion modeling 11ith Monte Carlo simulations; 
and much more • On·line Electronic Matmal with comprehensive 
in1roduc1ions 10 ead1 procedure and ex:tmples • Hypertext-based 
Slats Advisor expcn s1·s1em • Workboo ks wi th mu ltiple A11 /00pe11 
document~ (e.g., gr.i phs, rcpons) • E.xtensive data management facili
ties (fast spreadshe('t of unlimited capacity with long fonnulas, Drag
and-Drop, AutoFil/ . . ~11 /0-Reca/culale, split-screen/variable-speed 
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graphs, matrix ploK icons, and unique multi\'ariate (e.g., 40) graphs 
• Facilities to custom·design new graph types and add them pemia
nemly 10 menus or ioolbars • On-screen graph cus1omizalion with 
advanced dra1ving tools (e.g., scrolling and editing of comple.x objects 
in 32x real zoom mode) , compound (nested) OLE docume111s, 
Muliiple-Grapb Aul11u1ro11t Wizard, templates, special effects, icons, 
page layout control ior slides and printouts; unmatched speed of graph 
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displays • Large l'kction of tools for graphical exploration of data: 
e.xtensive brushing 11111ls 1~ith animation, fitting, smoothing, overlaying, 
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Price $995. 
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STATISTICA/QC - Industrial statistics add·on package (requires 
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State of the Art Build aFirewall 


Trusted Information Systems and avail
able for no-cost downloading. (For more 
information, point your Web browser to 
this URL (uniform resource locator): 
http://www. ti .com/.) You can download 
bridge and host-based tools from Texas 
A&M University (ftp to net.tamu.edu, files 
in /pub/security ffAMU). Ohio State Uni
versity offers a shareware version of Karl
Bridge, with limited feat ures and hard-

Just Protect It! 

With list prices starting at just $139, protecting your PCs or LANs 
against faulty power has never been easier or more affordable. Com
bine this with our unmatched product quality, service, and Exclusive 
5- and 10-Year Triple Power Warranties™ - you're guaranteed un
surpassed UPS protection. 

And with our state-of-the-art Power Management Software, you can 
leave for lunch knowing that, if a power problem strikes, your system 
and data will be saved and fully protected - automatically! 

The Power Rite Pro and Plus UPS families in
corporate De/t ee's proprietan; Advanced Bat
tery Management (ABNfTM) that doubles bat
tery life and assures system uptime! 

ware support (ftp to ftp.net.ohio-state.edu, 
files in /pub/kbridge). 

Full-featured commercial versions of 
KarlBridge and Karl.Brouter are also avail
able from KarlNet (Columbus, OH, sales 
@karlne t.com) . A vers ion of Digital 
Equipment' s "screennd" kernel creen ing 
software is avai lable for BSD/386, Net
BSD, and BSDI. 

If you don't have the in-house ex per

DELTEC•r./SS/ 
A Flsksrs Company 

Innovators in Power Protection 
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Don't let yourself become powerless. Call 
now for our"Quick Fax Power Guide" and 
immediately receive a FREE assessment 
of your computer power needs. 

• Call Now! 
ltworhwitli 1·BOO·DELTEC·1
NeMbre 

Don't Risk It - Just Protect It! 
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De/tee's FailSafe and LanSafe Ill soft
ware automatically save your files a11d 
conduct an orderly system shutdown 
during extended blackouts - even i11 
unattended modes - along with exten
sive monitoring and power management 
when used with our microprocessor
based UPSs. 

tise, you could hire a guru onto you r staff 
or deal with an experienced consultant. 
But each of these will require significant 
effort and attention on your part. 

One final approach to creating a fire
wa ll in volves having someone else do 
everything for you-hardware, oftware, 
and administration. This may be especially 
attractive for the smaller company or even 
for the larger organi zation that simply 
doesn't want to commi t people and time to 
the job. Outsourcing the firewall is sim
ple and straightforward, and it means you 
don ' t have to worry about acquiring staff 
with the specialized knowledge needed. 

FURTHER READING 

For more detailed lnfonnation on 
firewall and gateway systems, see 
i-irewa/ls and Internet Security: 
Repelling the Wily Hacker by William 
R. Cheswick and Steven M. Bellovin 
(Addison-Wesley, 1994), which was 
reviewed in the September 1994 
BYTE, page 42. 

Rrewalis is an Internet malling list for 
firewall administrators and imple
mentors. To subscribe, send "sub
scribe firewalls " in the body of a 
message to majordomo@ 
greatcircle.com. 

Another helpful paper is "Thinking 
About Firewalls,"· by Marcus Ranum, 
Proceedings of the Second Interna
t ional Conference on Systems and 
Network Security and Management; 
available via ftp from ftp.t is.com: 
/ pub/firewalls/fi rewal l.ps.Z. 

Dreams and Drawbacks 
The Internet beckons us in some alluring 
ways. It promises a great deal in the way of 
rewards and benefits--connections wi th 
a multitude of individuals and organiza
tions and access to information and re
sources on a scale heretofore unparalleled. 
And yet hooking up to the Internet can 
also be the source of significant dangers 
and risks . 

Security is sometimes an elusive goal 
and can seem unattainable, especial ly when 
you think in terms of the exposure that an 
Internet connection offer . But there are 
workable, practical solutions on the market 
today. • 

John 81)1arz is a freelance rechnology 111ri1er 
and co11s11l1a111 111'10 is based in San Jose. 
California. You can co11rac1 him on rhe ln
1erne1 ar 505 !339@mcimail. com or 011 B!X 
c/o "edirors." 

mailto:339@mcimail.com
http:ftp.tis.com
http:greatcircle.com
http:karlnet.com
http:ftp.net.ohio-state.edu
http:net.tamu.edu
http:http://www.ti


FIREWALLS FOR ~E 

A look at five different firewall products and services you can install today 

.JOHN BRYAN 

S ometimes, simply foiling an outside 
attack isn't enough. Nobody enjoys 

unwanted visitors con tantly knocking on 
the door. One high-powered deterrent is 
Sidewinder a $30,000 firewall system 
from Secure Computing Corp. (Roseville, 
MN). The company advertises Sidewinder 
as "security that strikes back. ' 

SCC's background has been in devel
oping security for U.S. government clas
sified systems and networks, and the com
pany is parlaying this experience in the 
commercial arena. Its client list sti ll in
cludes several "initialed" agencies. It offers 
hardware, software, cryptography, and 
consulting services. 

Sidewinder is basically an outgrowth 
of SCC's Secure Network Server, a class 
A-1 (this is the highest rating awarded by 
the National Computer Security Center) 
server designed primarily for military in
stallations . Sidewinder is hardware and 
software; it 's designed around a 90-MHz 
Pentium PC and an SCC-tweaked version 
of BSD Unix . 

sec has modified this operating sys
tem so that it is ecure in and of itself, re
quiring no proxies or gateway applica
tions. In addition, Sidewinder is furnished 
only as a complete turnkey system, not as 
software alone. sec has carefu lly exam
ined the BIOS of the particular Pentium 
PC it uses and has modified its own soft
ware to make sure that there are no sur
prises or security holes to exploit. 

Type Enforcement is what SCC calls 
the patented mechani sm wherein the oper
ating system and its applications stay se
cure. Under Type Enforcement, data and 
processes are assigned to class types ac
cording to your security policy. A central , 
protected table i used to enforce how any 
class may interact with another; this, too, 
is determined by your security policy (see 
the figure "Sidewinder' s Type Enforce
ment"). 

Type Enforcement provides what SCC 
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Outside 
network 

Outside 
wocess 

----··.
R: Read only 
RW: Read and write 
RE: Read and execute 

No access allowed 

Dat'.a and processes are assigned to classes, while a protected central data structure (calll!!l lhe 
DDT. or Domain Definition Table) enforces the ways each given class OflJrocess can tpuch a 
given.class of data or programs. Wheneve(a data access Is ln1Uated, the DDT'is consulted and a 

deftn(td access value Is assigned. In this figure, an outside process.can el\ecute. Its own program 
and can read and write unfi ltered data, blit'it can't execute any other program or touch any other 
class of daJ:a. Data from the Internal netwo(k can only reach the Internet after pasli!lng through a 
filter process. 

fRE 
Outslde 

program text 

RW 

~__R_ • . RE~·---

calls defense in dep th- meaning that, even 
if a determined hacker were able to break 
into the Sidewinder pl atform itsel f. he or 
she would be le ft stranded in one domain 
without access to any other applications 
or processes. And breakin g in is made 
more di ffi cult because Sidewinder can fi l
ter any data that passes the network bound
ary, coming in or going out, on the basis of 
it s content and its source or destination 
headers. 

Secure as Sidewinder is, that's not even 
its most interesting feature. Unlike most 
oth er sys tems, Sidewinder can provide 
ac ti ve security- the part that " strikes 
bac k. " Sidewinder can be configured to 
respond to any probe or attack. however 
s li ght, in a variety of ways. 

When Sidewinder detects a hacker, the 
fi rst th ing it does is send a silent alarm to 
the system admini strator. What happens 
afte r that is up to the ad mini strator and 
company poli cy . The system can let the 
intruder in and permit certain acti vities up 
to a point, all the while collecting info r
mation on the source of the probe and what 
types of actions the hacker takes. The sys
tem can also prov ide du mm y password 
files, dead-end traps, and other stealthy 
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defenses-a veri table " hall of mirrors," 
where nothing is quite the way it appears. 

The intruder might, for example, issue a 
command to delete all fil es; a subsequent 
direc tory check sho ws they have been 
era ed. However, that 's only what the in
truder sees; in actuality, all the fil es are 
still there. 

S ys tems adm ini strati o n is handl ed 
through a GUI that is straightforward and 
exhaustively complete. When it's in an 
admini strative mode, Sidewinder forces 
a disconnection from any outside network. 
Thi s ensures that no one may slip in un
detected and acquire root privileges . 

If the whole process seems too daunting, 
SCC- like most other companies in the 
business- prov ides consulting services. 
The company also has software that pro
vides Sidewinder clients with a Wi11dows
based .Internet serv ice connection together 
with automated search, retrieve, and sort 
fea tures. Finally, SCC offers continuing 
information on hac king attempts 0 11 its 
systems. 

Trusting Your Systems 
T rusted In fo rm ati on Systems of Glen
wood, Maryland, offe rs a complete turn

key firewall solution called Gauntlet In
ternet Firewall. This is a bastion-host sys
tem built around a Pentium-powered plat
form a nd th e complete suite of TIS 
firewall software installed and configured 
to your specifications, running on a cus
tomized, secure (in government parlance, 
" trusted" ) version of BSD Uni x. 

Gauntlet Internet Firewall includes an 
integrity checker for the system itself, con
figurable alarms, and an audit tool that re
ports anomalies on a timely basis. It pro
vides a generic interface for multiple forms 
of user authentication, including token
based one-time password systems. 

The who le package cos ts $15,000, 
which includes setting up and confi guring 
the system, testing, and training. For non
TIS install ations, the company also offers 
a monthly firewa ll security audit, Internet 
gateway penetration testing, and an [nter
net gateway security survey . 

For the do-i t-yourself organization, TIS 
offers a Firewall Toolkit that contains 
source code for bare-bones versions of its 
logging fac ilities, E-mail gateway an FTP 
gateway proxy, a Telnet proxy, an internet 
service access-control server, and a generic 
pass-through plug gateway. All are avail
able free under license from TIS on the 
Internet at ftp .ti s.com (look for fwtk in 
/pub/firewalls/), or you can point your Web 
browser at http://www.tis.com/. 

The Digital Difference 
Di gi ta l Equipment (Mayn ard , MA) is 
another vendor that provides a soup-to
nuts security service called Digital' s Fire
wall Service. The service includes con
sulting, software instaUation hardware (if 
required-priced separately), training, and 
support. Other optional services include 
configuration of public-domain software, 
customized applications gateways, cryp
tographic and authentication consulting, 
and general-computer and network-secu
rity consulting. 

The standard Firewall Service seLUp 
requires three computers, which Digital 
ca lls Gatekeeper, Gate, and Mai lgate. 
Gatekeeper resides on the ex ternal net
work (what the company calls t11e red sub
ne t), Mail gate res ides 0 11 the ne twork 
you' re trying to protect (the blue subnet), 
and Gate resides on both. ln this way, a 
screened subnet i established that isolates 
your system from the Internet or whatever 
pub lic ystem you are try ing to keep at 
bay. The screening software runs on Gate, 
a secure host. There are no user accounts 
(only system administration accounts) on 

http:http://www.tis.com
http:ftp.tis.com
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Internet at your fingertips. 
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connected. 

All applications are automatically configured for 

immediate use. It's that SIMPLE. 
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any of the hosts , and the applications 
loaded are the customized Unix utilities 
that Digital provides to pass acceptable 
packets back and forth over the link (see 
the figure "Digital ' s Three-Way Isola
tion"). 

Gatekeeper is the doorway to the out
side world . It is the root DNS (Domain 

ternal net, although it is routed through 
Mailgate if delivery over TCP/IP is re
quired. 

Digital's consulting services include 
risk assessment and impact analysis, de
velopment and implementation of policies 
and procedures, and security hardware and 
software at all levels, from the individual 

ADifferent Approach 
CheckPoint Software Technologies (Ramal 
Gan , Israel, and Lexington, MA) main
tains that combining the packet-filtering 
and applications gateway approaches into 
a single entity is better than using either 
one alone. It has done just that with its 
$5000 CheckPoint FireWall-1 package 

Internet 

Red subnet 

ally be configured to accept Jog-ins 
only from trusted hosts, and the pack
ets from these are screened according 
to whatever security policies you 
have established. Gatekeeper records 
all log-in attempts to the system, and 
it can be programmed to send an alelt 
to the systems administrator in the 
case of repeated unsuccessful at
tempts. 

If Gatekeeper is compromised, 
damage is limited to that single sys
tem, because Gate doesn't accept log
ins from external systems. Gatekeeper 
does not store the security screening 
policies of your network-that ' s one 
of Gate's jobs-so an intruder can't 
get into Gate and change them. 

Besides maintaining your system' s 
screening policies, Gate logs all at
tempts to connect with your internal 
hosts, as well as all successful log
ins to Gatekeeper and any requests 
for remote connections across the fire
wall. You can set alarm parameters 
to inform the systems administrator 
any time there is a problem. Option
ally , Gatekeeper can be configured 
to require hand-held authentication 
tokens, such as Security Dynamics' 
(Cambridge, MA) SecurID or Digi
tal Pathways ' (Mountain View, CA) 
Software SecureNet Key , for suc
cessful log-in. 

For E-mail, the Firewall Service 
uses a sendmail proxy to pass mes
sages across the firewall. All mail be
tween internal and external addresses is 
routed through Gatekeeper. If incoming 
mail is destined for a host on an internal 
network running TCP/IP, then Gatekeeper 
forwards the mail (through Gate) to that 
host. If mail is destined for a host that ' s 
not running TCP/IP, then Gatekeeper for
wards it to Mailgate, which serves as a 
gateway to other protocols. Outgoing mail 
is forwarded through Mailgate and then 
on to Gatekeeper. Mail destined for an
other internal address never leaves the in
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and then topped it off with a GUI and Name System) server of your sys
rule-set editor that automates the protem for the Internet , and it is where 
cess of creating the security rules for your applications gateways or prox
your network (for a hands-on review ies reside. Gatekeeper would gener

desktop system to an entire network. In 
addition, they can provide training ranging 
from user awareness to security system 
management. 

Pricing on Firewall Service packages 
starts at $20,000, which includes the op
erating system, applications gateways for 
connections to E-mail (SMTP), file trans
fer (FfP and Archie), remote terminal ac
cess (Telnet) , client/server information 
services (Gopher or World Wide Web), 
and Notes. 

ofFireWall-1, see page 171). 
Fire Wall- I has two parts: a packet

filter module that handles the actual 
implementation of security policy and 
a control module that controls and 
monitors one or more packet mod
ules. Both modules may reside on the 
same host or on separate machines. 
If the modules are on different sys
tems, communication between the 
two hosts is authenticated with a one
time password scheme. 

While FireWall-1 's design has sev
eral unique features, perhaps the most 
significant is its GUI. The control 
module used to configure FireWall-1 
is an Open Look X 11 RS window sys
tem, and there' s a complementary set 
of command-line utilities for use with 
standard terminals. The object-ori
ented interface consists of the fol
lowing five basic parts: 

•The Network Objects Manager han
dles the definition of the various com
ponents of your network. These in
clude, but are not limited to , the 
FireWall-1 hosts, servers, worksta
tions, routers, domains, networks and 
subnets, databases, and more. You 
can also define your own objects by 
combining two or more standard ob
jects. 
• The Services Manager is the Net
work Objects Manager's counterpart 
for services. All network services are 
screened and controlled, whether or 

not you define them. The list of preloaded 
services is extensive, and you can define 
your own using simple expressions and 
macros. You can group services together 
much as you can objects. 
• Once services are defined, you put them 
in the Rule-Base Manager and define your 
security policy rules . A high-level lan
guage makes producing your rule-set rel
atively easy. 

Every rule has four parts: match, action, 
track, and target. Match specifies which 
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•PKZIP version 2.0 

PC WORLD PKWARit introduces the next generation of its award 

winning compression utility. PKZIP 2.0 yields greater 
performance levels than achieved with previous releases 
of the software. PKZIP compresses and archives flies. 
This saves disk space and reduces file transfer time. 

Software developers! You can significantly reduce 
product duplication costs by decreasing the number orWORLD CLASS disks required to distribute your applications. Call for

AWARD Distribution License information. 

Put Your Executables on a Diet 
Software developers! Save disk space and 
media costs with smaller executables. You can 
distribute your software In a compressed form 
with PKLITE Professional.• PKLITE Professional 
gives you the ability to compress files so that 
they cannot be expanded by PKLITE. This 
discourages reverse engineering of your 
programs. 

PKLITE increases your valuable disk space by compressing DOS 
executable (.EXE and .COM) files by an average of 45%. The operation of 
PKLITE is transparent. all you will notice Is more avaUable disk space! 
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communications attempts (source, desti 
nation, and ervice) are included in the 
rule. Action choices are accept, reject, or 
drop. Track defines what type of record, if 
any' should be kept of the cornmunication. 
Target puts the defined rule in the appro 
priate packet-filler module or network lo
cation. The Rule-Base Manager's default 
is to drop any packer that' s not ex plicitly 
defined . 
•The System Status Monitor provides an 
instantaneous look at any filte r module 
activity, including packet statistics. SNMP 
agent support lets thi s information pass 
to other management program .. 
• The Log Viewer lets you view and ma
nipul ate any logged stati stics, either hi s
torically or in real time. 

Leave the Driving to Them 
Bolt. Beranek, and Newman , the ori g i
na l Interne t service provide r base d in 
Cambridge, Massachusell s, recently in 
troduced what it ca ll s the Interne t Site 
Patrol , a turnkey package that includes 
consulting, hardware, software, training, 
and remote management services. Cost 
of the service starts at $ 1500 a month for 
a single gateway. 

BBN's package includes an internal fil
tering route r as backup for a two-Ether
net bastion host The ba~tion host provides 
proxy-leve l servi ces using code c reated 
by TIS. On the , oftware side, BBN uses a 
mi x of its own and TIS ' s software. A cus
tomer can make up to two software con
figuration changes per week free of charge, 
and there's 24-hour phone support for soft
ware and hardware problems. If issues can
not be resolved over the phone, BBN will 
have someone on-site within hours. What 
makes the BBN package unique is that it 
will manage the firewall , so the customer 
needn ' t do even that. 

Different Strokes 
We've looked at five different. products and 
services that provide different approaches to 
firewall implementation, with varying de
grees of protection. While none of this ini
tial crop is designed (or priced) to accom
modate an indi vidual user, each can be an 
imponant component in a comprehensive, 
enterpri se-wide program of info rmati on 
protection. The choice is yours.• 

John Bryan is a f reelance technology writer 
and consultant who is based in San Jose, 
California. You can contact him 0 11 the In 
tern et at 505 1339@mcinwil.com or 0 11 BIX 
c/o "editors. " 
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Client/Server
Computing 
Today's clients 
and servers 
run on 
the LAN. 
Tomorrow's 
will roam the 
intergalactic 
WAN. Here's how. 

Intergalactic Scale Up with TP 
Client/Server Monitors 

How TP monitors enable Computing 
client/server applications 

Four client/server to scale up. 
paradigms on the crest 
of the next big wave. 

page 123 

Document Repositories 
Notes enables users 
to build client/server 
document repositories. 

page 131 

Dimensions of Data Client/Server with 
Client/server tools Distributed Objectsfor multidimensional 
data analysis. CORDA 2.0 paves the 

way for client/server 
computing with 

page 139 distributed objects. 

page 151 
page 108 





While Novell~ Sun~ HP 9000 and IBM RISC/6000 

users take odds on what tomorrow will bring, 

data-intensive applications continue to hoard 

storage at an alarming rate. Which is precisely 

why.Digital created StorageWorks"'-an entire line 

of SCSl-2 based products designed to give 

~ou the most flexible means ever to configure 

. and expand your disk, tape and optical storage 

capaeity. Our·RAID Array 41 Osubsystem is 

fast-deliveriAg higher performance than the 

competition. So now, as long as you can slide 

a drive into SCSl-2 backplane, your specs can 

change as guickly as y,our needs. And because 

al~ StorageWorks products are modular and 

sc,ala.ble,, it'.s ·never been easier to protect your 

... inyeslmenf in the future. It's that simple. 

Solutions from Digital Equipment Corporation 
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Special Report 

INTERGALACTIC 

Client/Server 
Computing 
ROBERT ORFALI, 
DAN HARKEY, AND 
JERI EDWARDS 

I 
f you ' re like most of us, just now 
comfortab le with your Ethernet 
LAN and local database server, you 
may not want to hear that the in

dustry is poised for a second client/server 
revolution . Fasten your seat belts, because 
this next one will prove to be just as trau
matic as the first, which chain-sawed 
mainframe applications into client and 
server pieces. Exponential network growth 
and network-aware multithreaded desk
top operating systems augur a transition 

In today's Ethernet 

era, there are four 

overlapping client/ 

server paradigms

SQL databases, TP 

monitors, groupware, 

and distributed 

objects. The next big 

wave is about to 

catapult them all into 

the intergalactic 

client/server era. 

from Ethernet client/server to intergalac
tic client/server, an era in which servers 
are plentiful instead of scarce (because 
every client can be a server) and in which 
proximity no longer matters. 

Is the client/server infrastructure ready 
for intergalactic prime time? Can our 
NOSes (network operating systems) deal 
with millions of machines that can be both 
clients and servers? What kinds of appli
cations will live on the global network? 
How will these applications be created, 
deployed , and managed? We ' ll answer 
these questions with a sweeping overview 
of today's operating systems and four dom
inant client/server models-SQL data
bases, TP (transaction processing) moni
tors, groupware, and distributed objects. 

New Age Operating Systems 
In the Ethernet era, operating systems were 
clearly segregated along client/server lines. 
Client operating systems managed the 
desktop; server operating systems man
aged shared resources. But the intergalac
tic era requires new hybrid operating sys
tems that do both jobs well. The operating 
system must provide robus t 32-bit pre
emptive multitasking that protects appl.i
cat ions from one another. Clients and 
servers al.ike need threads to react quickly 
to events originating on the desktop and in 
the global network. 

CLients will sport an OOUI (object-ori
ented user interface), which is a "place" 
for integrating multiple "things" that run 
concurrently. Things are on-screen objeclS 
that resemble their real-world counter
parts. Users interact with things directly, 
and things exchange information by means 

of drag-and-drop and live 
links . Technologies such 
as OpenDoc and OLE 2 
further the OOUI para
digm, enabling users to as
semble, link, script, store, 
and transport places and 
the things that they con
tain. 

The client must also run 
the thousands of existing 
desktop applications, in
cluding DOS , Windows, 
OS/2, and Macintosh pro
grams, as well as the thou
sands of device drivers 
that users have acq uired. 
It's a daunting task, but 
that's what it takes to be 
an integrating client plat
form in this new era. 

Of course we can't af
ford to ship a system administrator with 
every $99 operating system, so we need 
push-button CD-ROM installation, with 
dynamic discovery and configuration of 
resources . To achieve shrink-wrapped 
client/server plug and play, operating sys
tems will bundle the required middleware. 
This will include protocol stacks, NOSes, 
resource binderies, and security features. 
Some of them may even have production
strength databases , TP monitors, work
flow engines, and ORBs (Object Request 
Brokers). 

To be effective as a server, a new age 
operating system must be upwardly scal
able. It should minimally be able to ex
ploit shared-memory SMP (symmetric 
multiprocessing) hardware. However, 
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ubiquitous WAN communication also cre
ates the need for mass ively parall e l, 
"shared-nothing" clustered servers that can 
service hundreds of thousands of cljents 
and manage tons of data-video on de
mand, document databases, high-volume 
transaction processing, and information 
warehouses. 

The New Age NOS 
NOSes have always been in the business of 
hiding the location of resources from ap
plications. But in the intergalactic client/ 
server era, they must become real Houdi
nis, creating the illusion of a si ngle sys
tem image across, potentially, millions of 
hybrid client/server mach ines. Here are 
some of the elements of that illusion: 

STEVE KELLER IC> 1995 

•Location transparency. Users, services, 
and resources join and leave the network 
constantly, but they are never tied to fixed 
locations. In this continual flux, the NOS 
global directory brings people, programs, 
and things into conjunction to perform 
work. The global directory is a distributed, 
replicated object database. Distribution 
means that autonomous administrative do
mains can exist. Replication enhances 
availability and performance. Object ori 
entation enables the directory to grow or
ganicall y, like the real-world structures it 
represents. 
• Namespace transparency. Everything on 
the global network must appear to belong 
to the same namespace. Names must re
solve uniquely within a given context or 

naming authority, but the NOS can grow a 
tree of federa ted namespaces, each with 
autonomous naming authority . You can 
think of the telephone system's area codes 
as federated namespaces. 
• Administrative transparency. The NOS 
must appear to integrate with the local op
erating system's management services and 
provide replication transparency. If a nam
ing directory is shadowed on many ma
chines, for example, it 's up to the NOS to 
synchroni ze updates. The NOS must also 
shield users from network fa ilures, trans
parently handle retries and session recon
nects, and synchroni ze clocks on geo
graphically dispersed machines. 
•Secured-access transparency. Users have 
to be able to access any server resource 
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ASimple Client/Server Model 
In our book Essential Client/Seiver Sumral Guide, we developed a simple model to help you 
navigate through the client/server maze. The model has three building blocks: a client, a 
server, and the slash I/ I that ties the client to the server. let's go over the pieces: 

The client building block runs the client side of an application. It provides the GUI 

or OOUI (object-oriented user interface) element and some form of DSM (distrib

uted system management). 

from anywhere, including hote l rooms, 
offices, homes, and cellular phones, using 
a single log-on. Security must be built on 
mutual distrust. Clients must prove to 
servers that they are who they clai m to be 
and vice versa by appealing to a trusted 
third party. MlT ' s Kerberos which is the 
DCE ( Distributed Comput ing Environ 
ment) security system, works thi s way. 
After authentication , the server applica
tions must use ACLs (access control li sts) 
to regulate clients' access to functions and 
data. 

The middleware building block-the slash-runs on both the client and server 

sides of an application . We broke this block into four categories of middleware: 

transport stacks, NOSes (network operating systems) , DSM , and service-specific 

middleware. NOSes and transport stacks provide the basic communications 

foundation for all mlddleware. DSM runs on every node in a client/ server net

work; it requires its own middleware on top of the NOS to carry messages be

tween managing stations and managed stations. The service-specific middle

ware depends on the application model. Database applications use some form 

of SQL middleware, along with such de facto standards as ODBC (Open Data

base Connectivity), DRDA (Distributed Relational Database Architecture), RDA 

(Remote Database Access), Oracle Glue, and X/ Open's CLI (call-level interface). 

TP (transaction processing) monitors use some form of transactional RPC (re

mote procedure call) or peer-to-peer middleware. Groupware applications typi

cally use E-mail. And distributed obj ects typically use an ORB (Object Request 

Broker). 

The server building block runs applications that manage shared resources. The 

b lock shows the four contending server application models: SQL databases, TP 

monitors , groupware, and distributed objects. The server side also contains a 

DSM element. 

Note that the three blocks can all be running on the same machine, because any 

node can be both a client and a server. Server-to-server interactions are usually 

client/ server in nature-servers are clients to other servers . However, some 

server-to-server interactions require specialized server mlddleware. For example, 

a two-phase commit protocol may be used to coordinate a transaction that exe

cutes on multiple servers. 

The Client/Server Software Infrastructure 
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Wrtb four competing paradlgms-SQL databases, 1P monitors, groupware, and distributed obj~e 
mlddleware that connects clients to servers has grown dauntingly complex. 

• Communications transparency. Modem 
NOSes are learning to hide the complex i
ties of multiple protocols and dissimilar 
data representations behind a set of ab
stractions for interprocess communication. 
All offer peer-to-peer conversational in
terfaces, and most provide some form of 
RPC (remote procedure call) that makes 
a server appear to be o ne function call 
away. Another model- message queuing, 
or MOM (message-ori ented middle
ware)-can be incredibly helpful when 
clients and servers can tolerate communi
cations delay. Current NOSes generally 
don ' t come with MOM, but it' s available 
as an add-on. 

The Ethernet-era NOSes, including Net
Ware 3.x, LAN Server, LAN Manager, 
and Windows NT Server, were built for 
LANs with small numbers of servers . It 
would be suicidal to deploy them in inter
galactic environments. However, a new 
generation of NOSes is on the hori zon, 
and these systems are increasingly capable 
of the Houdini magic needed for inter
galactic environments. 

The main contenders a re the OSF' s 
(Open Software Foundation) DCE, No
vell ' s NetWare 4.x, and Sun's ONC (Open 
Network Computing). DCE is a techni
cally superior NOS that meets most of the 
requirements; it' s also the strategic NOS 
for major intergalactic players, including 
Digital Equipment, Hewlett-Packard, IBM, 
Microsoft, and Tandem. 

Novell dominates today ' s client/server 
environments. However, the transition to 
NetWare 4.x has o far been a difficult 
one. ONC, which is entrenched on mil
lions of Unix node , infl uenced the devel
opment of the Internet". communications 
infrastructure. 

New Age Client/Server Applications 
Everyone s imagining a planetary elec 
tronic mall with vi rtu al boutiques, de 
partment stores, bookstores, brokerage ser
vices, banks, travel agencies, and more. 
Like a Club Med, the mall wi ll issue its 
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own electronic currency to facilitate round
the-clock shopping and for business-to
busi ness transactions. Electronic agents 
will roam the network , looking for bar
gains and negotiating with other agents. 
Billions of transactions and oceans of mul
timedia data will flow through the network 
every day. 

Clearly , we're not talking about today's 
Internet, where users surf hypertext webs 
of HTML-tagged (Hypertext Markup Lan
guage) infonnation. The volume and com
plex ity of transactions, and the richness 
of the data on which they operate, will cre
ate the need fo r new enabling technolo
gies, including: 

•Rich transaction processing. We'll need 
nested transactions that can span servers, 
transactions that execute over long peri
ods of time as they travel from server to 
server, queued transactions for secure busi
ness-to-business dealings, and "sagas" that 
can chain together many pieces of work 
and selectively undo some of the effects of 
a transaction. Most nodes on the network 
should be able to participate in a secured 
transaction. Superserver nodes will han
dle the mass ive transaction loads. 
• Roaming agenrs. Consumers will have 
personal agents that look after their inter
ests. Businesses will deploy agents to sell 
their wares on the network. Sniffer agents 
will look for trends and gather stati stics. 
Agent technologies include cross-platform 
scripting engines, work-flow engines, and 
an infrastructure that lets agents Iive on 
any machine on the network. 
• Rich data management. From anywhere 
on the network, we' ll create , store, view, 
and edit compound documents with mul
timedi a content. Mos t nodes will o ffe r 
compound document technology (e.g., 
OLE or OpenDoc) fo r loca l docume nt 
management. Superservers will provide 
repositories for storing and distributing 
massive numbers of documents. Of course, 
we can' t fo rget about structured data (e.g., 
SQL databases) e ither. 

The Four Client/Server Application Models 
What technology base will be used to cre
ate these intergalactic c lient/server appli
cati ons? The four competing paradigm s 
are SQL databases, TP monitors, group
ware, and distributed objects. Each one of 
them can create complete cl ient /server ap
plications, each provides tools to do that 
(some more than others), and each intro
duces its favorite form of middleware. In 
the remainder of tJ1e article, we' Uexplain 
what each contender does well and fear
lessly pick a winner. 
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SQL DATABASES 
SQL database servers dom
inate the client/server land
scape today. SQL began as 
a declara tive language fo r 
manipulating data using 10 

simple commands. But as SQL applica
tions moved to more demanding client/ 
server environments, it became clear that 
just managing data wasn' t enough. There 
was also a need to manage the functi ons 
that manipulated the data. Stored proce
dures, sometimes called "TP lite," met the 
need. 

A stored procedure is a named collection 
of SQL statements and procedural logic 
t11at is compiled, verified, and stored in a 
server database. Sybase pioneered t11e con
cept of stored procedures. Now virtually all 
SQL vendors support stored procedures 
a long with other SQL extensions (e.g., 
triggers and rules). The extensions are used 
to enforce data integrity, perform system 
maintenance, and implement the server 
side of an application's logic. No two ven
dor implementations are alike. Note that 
stored procedures offe r minimal transac
tion support. 

Because SQL standards seem to lag ven
dor implementations by at least five years, 
almos t everythin g tha t' s inte resting in 
client/server database technology is non
standard. This includes database adm in
istration , data replication, stored proce
dures, user-defined data types, client APis, 
and the formats and protocols on the net
work. Thus, the best you can do in het
erogeneous database environments is to 
create a loose federation of databases 
whose least common denominator is typ
icall y dynamic SQL. 

In defense of SQL, we can say that it is 
easy to create client/server applications in 
single-vendor/single-server environments. 
A wealth of GUI tools makes SQL appli
cations easy to build, and SQL is familiar 
to milli ons of programmers and users. 

JP MONITORS 
You can' t create mission
critical applications without 
managing the programs (or 
processes) that operate on 
data. Th at 's wh y, in the 

mainframe world , a TP monitor comes 
wi th every mi ss ion-critical database. TP 
monitors manage processes and orches
trate programs by breaking compl ex 
applicati ons into pieces o f code ca ll ed 
transactions. The modern client/server in
carnations of TP monitors haven' t domi
nated the Ethernet era, but they' ll be major 
players in the intergalactic era. It's not far-

fe tched to assume that every machine on 
the network will have a TP monitor to rep
resent it in global transactions. 

Transactions are more than just busi
ness events; they've become an applica
tions design philosophy th at guarantees 
robustness in distributed systems. Under 
the control of a T P monitor, a transaction 
can be managed from its point of orig in
typically on a cli ent-across one or more 
servers and back to the orig inating client. 
When a transaction ends, a ll parties in
volved agree that it either succeeded or 
fa iled. 

The transaction is the contrnct that binds 
tJ1e c lient to one or more servers. It 's the 
fundamental unit of recovery. consistency, 
and concurrency in a client/server system. 
Of course, al l participating programs must 
adhere to the transactional discipline; oth
erwise, a single faulty program can cor
rupt an entire system. In an ideal world , 
all client/server programs will be written as 
transactions. 

Transaction models define when a trans
acti on starts, when it ends, and what the 
appropriate units of recovery are in case 
of fai lure. The fl at-transaction model has 
long been the workhorse of the current 
generation ofTP monitors (and oilier trans
actional systems). In a fl at transaction, all 
work done within a transaction's bound
aries occurs at the same level. The trans
act ion starts with a begi n_tran sact i on 
and ends with either a commit transac· 
ti on or an abort_t r ansact i on . Jt's all or 
nothing-there's no way to commit or 
abort parts of a fl at transaction. However, 
newer transaction models offer finer con
trol of a transaction's t11reads and can more 
c losely mirror their real-world co unter
parts. 

Most alternatives to the fl at transaction 
extend the fl ow of control beyond the sim
ple unit of work, eit11er by chaining units of 
work in linear sequences of minitransac
tions or via nested subtransactions (see the 
fi gure "Nested Transac ti ons"). A sub
transacti on' s effects become permanent 
after it issues a local commit and all its 
ancestors commit. If a parent transaction 
aborts, all descendant transactions abort 
whether or not they issue local commits. 
The beauty of it is that subtransactions can 
run on di ffe rent nodes. 

TP moni tors were invented to run ap
plications that serve thousands of cl ients. 
By interjecting themselves between clients 
and se rve rs , TP mo nitors can manage 
transactions, route them across systems, 
load-balance tJ1eir execution, and restart 
tllem after failures. A TP monitor can man
age transacti onal resources on a sing le 



2. Protect All Your Data 
With aullelProDI securllY 
sottware That supports

Every Plattorm Ind 
Operating swstem 

Across Your Entire 
Enterprise. 

1. Standardize 
On ACommon BUI 
Interlace That 
Makes II Easler 
TD use. Reduce 
Training costs 
Ind Boost 
ProducllYllY. 

6. Lmrage Your 
swstems Management
Experience. Expertise

Ind Personnel. 

4. Demand An Open Solutton 
That SUPPOrll Ill IBY lndUSll'Y 
Standards Ind Protocols. 

5. Partner With 
The World's 
Leading Sottware 
company. 

7. Replace Disparate
Point Products Wllh 
l Slngla, tntegratad.
comprehensive
Solution. 

Presenting The 7commandments 

01 svstems Management Sollware. 


When choosing your systems server computing across heterogeneous platforms. 
management soft\-vare, you So call today for more information about the 

shouldn't have to make a leap systems management software you can believe in: 
CAWorld'95 

of faith. And with new CA-Unicenter.JUIV 16-21, 1995 
Hew Orleans. CA-Unicente~ you don't have to. Call 1-800-225-5224,DePL 10500 

ca111-aoo-cA-IHF095 "-' _. ~ ,.. Because CA-Unicenter is the sin- For More lntormauon And 
for information. gle. integrated systems management solution that To Register For The CA-Unlcenter 

solves all of the challenges of managing client/ sonware GIYeawBY. 

CA·Unicenter 
t:'OMPUTER" Integrated cnenVserver srstems Management sortware 
~SSOCIATES Q Qllnputer Assodat os lnternatlonal. Inc., lsland!a. NY 117!18-1000. Offcr!jood In US and c:anada on!)< All other f"'Xk>a names referenced 
Softwore superior by design. ~narc trademarks of their respeaive com pan~ Rtqul~ for Sofrwar? Giveaway available through toU·fret number. 

Circle 289 on Inquiry Card. 



GIGs. 


hung1')7 PCs and 

workstations, you'll find T<Jums 2 

an ideal solution. It packs two 

gigabytes of formatted capacity 

into a one-inch high 3.5-inch 

disk drive. And to maximize per

formance, we increased drive 

speed to 7200 rpm and shortened 

the average seek 

2g ios time of 8.9 ms.c'5 
With Fast or 

Fast/Wide SCSI-2 interface, low 

power requirements and small size, 

Taurus 2 easily integrates into any 

desktop system. 

GIGGER. 


and applications 

demand superior performance, plus 

lots of capacity, Capricorn 4 is a 

perfect fit. It packs over four giga

bytes of formatted capacity into a 

standard 3 .5-inch disk drive. And 

with an average seek time of 8.9 ms 

and drive speed of 7200 rpm, you 

get unsurpassed 

performance. 

For easy integra

tion into new or existing systems, 

Capricorn 4 drives are available 

with either a Fast or Fast/Wide 

SCSI-2 interface. 



Qrnoo1n nnA Here is 

tlL Un r U u the answer 

for systems and applications 

that demand maximum capacity. 

With over nine gigabytes of 

capacity in a standard 5.25-inch 

disk drive you get true Super

Capacity. The Scorpio 9 's 5400 

rpm speed, average seek time 

of just 12 ms, 

and lowest cost9 gigs 
per-megabyte, 


make high performance extremely 


affordable. Scorpio 9 is available 


with either Fast or Fast/Wide 


SCSI-2 interface. 


1-800-395-3748 
for audio/visual applications tha t demand 

every frame, every note, every time. And all 

Micropolis drives are backed by a five-year warranty. Call for the 

name of the reseller or distributor nearest you. 

MICROPOLIS® 

@ 1995 Micropolis Corpor.uion. Micropolis, T:iurus, Capricorn and Scorpio arc registered tr:idemark~ of Micropoli!I Corporation. All other names :md logos :uc the property of thcir ropcctivr owners. 

Circle 248 on Inquiry Card (RESELLERS: 249). 



Special Report Client/Server Computing 


Nested Transactions 
Begin 

Begin 
transl:lction 

Call 

en 

Main transactiontransaction 

Call subtransaotion 


Begin 

trans clion 


c:' g 
iil 
::J 
(/) 

Cl 
n.
5· 
::J 
(/) 

Nested transactions can capture the true complexity of real·wortd business processes while distributing the 
transaction load across many server nodes. 

server or across multiple servers, and it 
can cooperate with other TP monitors in 
federated arrangements. TP monitors also 
pe1form a "great funneling act" that helps 
the operating system and server resource 
managers deal wi th large numbers of 
clients (see "Scale Up with TP Monitors" 

on page 123). 
X/Open and the OMG (Object Man

agement Group) have created comple
mentary standards that defi ne how TP 
monitors interact with applications, re
source managers, and other TP monitors in 
both procedural and distributed-object en

viron ments. Some good tools are avail
ab le to help you create TP-monitor appli 
cations. 

TP monitors are probably overkill in 
single-server, si ngle-vendor departmental 
applications. That's one reason they ' ve 
been slow to take off. Moreover, vendors 
haven't come to grips yet with the realities 
of the shrink-wrapped software market , 
and they haven ' t been ab le to explain the 
advantages TP monitors offer. The inter
galactic era wi ll make those advantages 
increasingly self-evident. 

GROUPWARE 
Groupware comprises five 
foundatio n technologies 
geared to support collabo
rative work: multimedia 
document management , 

work flow , E-m ail , conferencing, and 
scheduling. Groupware isn't another down
sized mainframe technology. It's a gen
uinely new model of client/server com
puting. It he lps users collect unstructured 
data-including text, images, faxes , mai l. 
and on-line conference proceedings-and 
organize that data as a set of documents. It 
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At Lexmark, we don't limit top-of-the-line features 

to our top-of-the-line printers. 

The new Optra~ family is the first full Ii ne of network

ready, desktop laser printers capable of true 1200x1200 

~ dpi* printing. Each Optra laser printer, from 

~ the extremely affordable 12 ppm Optra R to the 

~~'tw;;;~~ extremely powerful 16 ppm Optra Lxi, delivers 

four times the sharpness of ordinary 600 dpi printers. 

No matter which option you choose, our break

through MarkVision~ printer utility is standard. Users 

and LAN managers can control and configure every 

Optra on the network, and monitor job statistics, right 

from Windows'"or Macintosh workstations. 

PostScript'" Level 2 and enhanced PCL" 5 emulations 

are also standard. Which means that every Optra prints 

incredibly sharp graphics and beautiful , crisp text from 

virtually any of your applications. 

All this value and innovation from Lex.mark, a 

former division of IBM. For more information, call us 

at 1800 891-0399, ext. 230. 

Thanks to the new Optra family, you can choose 

the best printer, rather than the best compromise. 

ADVANCING THE ART OF PRINTING 
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further enables users to view those docu
ments, store them, replicate them, and 
route them anywhere on the network. The 
multimedia document is to groupware 
what a table is to a SQL database-the 
basic unit of management. 

Groupware excels in the art of docu
ment databa<;e management and makes ef
fective use of E-mail, which is its preferred 
form of middleware. E-mail is one of the 
easiest ways for electron ic processes to 
communicate with humans. Asynchronous 
by nature, it's a good match for the way 
businesses really work. E-mail is ubiqui
tous, with over 50 million globally inter
connected electronic mailboxes. 

To appreciate what makes groupware 
technology so different, consider Lotus 
Notes, the premier groupware product in 
the industry (see " Document Reposito
ries" on page 131 ). The secret of Notes ' 
success is that it whole is much more than 
the sum of its parts. Like al l good group
ware, Notes makes effective use of E-mail 
and can manage document databases in a 
client/server fashion. 

What makes Notes revolutionary, how
ever, is widespread replication of these 

databases. What happened to locking and 
data integrity, the watchwords of SQL 
databases? Notes doesn't care-it was 
more imponant to get the information out. 
Now, that' s revolutionary! With release 
3, Notes introduced a level of version con
trol that provides adequate protection for 
document-oriented applications. But Notes 
is not recommended if you require con
currency or immediate updates . 

Managing business processes by means 
of work flow is another revolutionary as
pect of groupware. ln a work flow , data 
(and sometimes functions) passes from 
one program to the next in structured or 
unstructured client/server environments. 
Modern work-flow software e lectroni
cally simulates real-world collaborative 
activity. Work can be routed in ways that 
correspond to interoffice communications. 
You can create sequential routes, parallel 
routes (i.e., alternate paths), routes with 
feedback loops, circular routes, and more. 

A good work-flow package lets you 
specify acceptance criteria for moving 
work from one stage to the next. So, work 
flow brings the information to the people 
(and programs) who can act on it. It can 

also coordinate existing software and track 
processes to make sure the work gets done 
by the right people. 

Groupware provides many of the com
ponents we need for creating intergalac
tic client/server applications . The tech
nology is al o starting to encroach on its 
competitors' turf. For example, Lotus 
Notes-via DataLens-can access infor
mation that ' s stored in SQL databases; it 
also gives SQL applications access to 
Notes data by way of ODBC (Open Data
base Connectivity). 

New tools (e.g., Notes VIP) integrate 
GUI-building client facili ties with data 
that can be accessed from document or 
SQL databases. At its best groupware can 
flexibly combine different client/server 
technologies and adapt to the way people 
do business in both structured and ad hoc 
settings. 

DISTRIBUTED OBJECTS 
Distributed-object technol
ogy promises the most flex
ible client/server systems. 
This is because it encapsu
lates data and business logic 



. ... ........... ~~ . 

.. Ill!!_, . ,..II' • J 

II _ • 

·j 

Remote Control Software. 
Rated _#I. ·Over and Over 
~nd OVer... 

. .1111." I 
Ill 

~11 . }Overall
~ r Evaluation 

~'~ Overall , 
1~ 11

,11 '.l Power 
ill I 

LJ ''" 1- ',,.--·; o' _::c ::.~::;;:_t" ,~ 

#}Overall ' 
.· Usability 

Wi Performance 
I I .. 1 II ' 

Iii: 11, II '~I . 1.. ~' !! ~" ' '11 ~I I ! : . . 

W:i ~~::~t~lity 

~}Ease of1 ~ Learning 

~iE~~~ ~f Use 

STORAGE &COMMUNICATIONS 


12636 High Bluff Drive, San Diego, CA 92130 U.S.A. 
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The 45-page reviewfbr Software Digest covered all the bases. It was 
the most extensive review ever done on remote control software. In the 
end, the experts called ReachOut Remote Control simply "the best 
program in the... evaluation." It outscored the competition in not one, 
not two or three, but in seven categories. In its report for Software 
Digest's June '94 issue, National Software Testing Laboratories wrote: 

NSTL recommends ReachOut Remote Control for its excellence in 
almost every category. No other program matches its number 
of features or ease of use, and it is the unanimous choice for best program 
in the testers' general usability evaluation. 

The recommendation confirms the findings of exhaustive corporate 
evaluations. And it parallels assessments by such leading publications 
as Byte, LAN Magazine, PC User, Network Computing, Government 
Computer News and InfoWorld. 

But why not judge for yourself? We will be happy to send you 
more information on the NSTL report. Better yet, take advantage of 
our 60-day money-back guarantee and order your copy of ReachOut 
today. Call 1-800
677-6232 ext. 421 
for your nearest 
dealer location. 

Before you know 
it, you'll be using 
ReachOut. Over and 
over and over. .. 
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In the Ethernet cfienVserver era, which Is still very much in progress, SQL databases, TP (transaction 
processing) monitors, and groupware have begun to displace file servers. But the intergalactic 
client/server era, with its distributed-object Infrastructure, Is fast approaching. 

and the resources they 
control. 

When it comes to 
standards, distributed
obj ect technology is 
ahead of the other 
client/server approach
es. Since 1989, a con-

software bus on which 
object components written by different 
vendors can interoperate across networks 
and operating systems. The OMG currently 
boasts 440 member companies, and the 
object bus is well on its way to becoming 
the mother of all client/server middleware. 

The secret to the OMG's success is that 
it defined how to specify an interface be
tween a component and the object bus
using working technologies as a model
but didn't prescribe how to implement 
those specifications. Specifications are 
written in IDL (interface definition lan
guage), independent of any programming 
language. Components specify in IDL the 
types of services that they provide, in
cluding the methods they export and their 
parameters, attributes, error handlers, and 
inheritance relationships with other com
ponents. 

IDL becomes the contract that binds 
clients to server components. The beauty of 
IDL is that it can easily be used to encap
sulate existing applications. You don't 
have to rewrite your entire inventory of 
applications to take advantage of distrib
uted-object technology. 

The object bus provides an ORB that 
lets clients invoke methods on remote ob
jects either statically or dynamically. If a 
component interface is already defined, 
you can bind your program to an IDL-gen
erated stub to call its methods. Otherwise, 
you can discover how the interface works 
at run time by consulting an OMO-speci
fied interface repository . 

In late 1994, the OMG approved a set of 
specifications that 's called CORBA 2.0 
(Common Object Request Broker Archi
tecture), which defines a TCP/IP-based 
ORB-to-ORB backbone. CORBA 2.0 also 
specifies an optional inter-ORB cornmu
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nications service based on DCE. The new 
interface-repository specification defines 
extensions that let the components gener
ate universal global IDs for their inter
faces-using IDL, of course-to ensure 
that they are unique at the intergalactic 
level. 

In addition to defining the object bus, 
the OMG has specified an extensive set 
of ORB-related services for creating and 
deleting objects, accessing them by name, 
storing them, externalizing their states, 
and defining complex relationships among 
them. In late 1994, the OMG also defined 
a comprehensive set of services for trans
actional objects. The idea is that you'll be 
able to create an ordinary object and make 
it transactional, lockable, and persistent 
by having it inherit the appropriate ser
vices using simple IDL entries. 

The OMG created important alliances 
to make sure that its standards are univer
sally accepted. The COREA-defined per
sistence service is closely aligned with the 
new ODMG-93 (Object Database Man
agement Group) specifications for object 
databases. The object-transaction services 
can interoperate with X/Open-defined pro
cedural transactions. The OMG is also 
working with X/Open to help define ORB
based system management interfaces, in
cluding security. 

In addition, CI Labs-which is the con
sortium of companies responsible for 
OpenDoc-picked CORBA as its object 
model for intercomponent communica
tions. Both Taligent and OpenStep are pro
viding CORBA gateways for their external 
object communications. Even Microsoft 
approached the OMG in late 1994 with a 
proposal for an official OLE-to-CORBA 
gateway. 

generation of CORBA 
1.2-compliant ORBs is not ready for in
tergalactic prime time. We believe that 
CORBA 2.0 and the new object services
including transactions, locking, life cycle, 
naming, and persistence-must be imple
mented in commercial ORBs before the 
technology can take off. The good news 
is that in thi s case, unlike the SQL world, 
the standards lead rather than lag the com
mercial offerings. 

Once distributed-object technology 
takes off, it can subsume all other forms of 
client/serve r computing, including TP 
monitors, SQL databases, and groupware. 
Distributed objects can do it all and do it 
better. Objects can help us break large 
monolithic applications into more man
ageable components that coexist on the 
intergalactic bus. They are also our only 
hope for managing the millions of soft
ware entities that will live on intergalactic 
networks. 

As shown in the figure " Three Waves of 
Client/Server Computing," the Ethernet 
era of client/server saw a file-centered ap
plications wave followed by a database
centered wave. TP monitors and group
ware generated minor ripples. Distributed 
objects are the next big wave, and we be
lieve they' re the only way to make the in
tergalactic client/server vision real. Are 
you ready to catch the wave? • 

Robert 01.fali, Dan Harkey, and Jeri Edwards are 
th e authors of Essential Client/Server Survival 
Guide (Van Nostrand Reinhold, 1994). Edwards is 
the director oftransaction processing a11d clie111/ 
se111er software developmem at Tandem Comprll
ers. Orfali and Harkey work on the application 
of distributed-object technology at IBM; they have 
worked 011 applied clie111/server technology for 
the kw eighr years. You can reach rhem on BfX c/o 
"edirors. " 
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Scale Up with TP Monitors 

.HM GRAY AND 
JERI EDWARDS 

I 
n a simple client/server system, 
many clients issue requests and 
one server responds. But when 
you scale up from 50 clients to 

500 or more, this model break most 
operating systems. TP (transaction pro
cessing) monitors solve thi s scale-up 
problem by modifying the simple re
quest-response flow using techniques 
that have evolved over the last 30 years. 
They also introduce tools for design
ing, configuring, managing, and oper
ating client/server systems. We' ll first 
focus on how TP monitors tackle the 
fundamental upsizing problem and then look at some of 
their configuration and management capabilities. 

Dedicating one server process per c lient is the obvious 
way to build a client/server application. ln this model, client 
applications run concurrently; if one malfunctions, others are 
not affected. But the server-process-per-client design has two 
severe scalability problems. First, there ' s the percentage 
problem. At 10 clients, each client gets 10 percent of the 
server; however, at I 00 clients, each gets just 1 percent of 
the server. The shared server and its data become prec ious 
resources as the number of clients ri ses above 30 or so. 

Then there's the polynomial explosion problem (see the 
figure "Process per Client: XxYXZ Connections"). Each 
client typically wants to open several applications. Each ap
plication wants to open severnl fi les. So X clients opening 
Y applications each with Z open file s results in XxY 
processes and XxYXZ connections and open files. Before 
long, this adds up to thousands of processes, tens of thou
sands of connections, and a crashed operating system. 

The obvious solution to these problems was to go from 
a server proce s per client to a server process per server 
(see the figure "Process per Server: X+Z Connections"). 
Many companies implemented an efficient operating system 
within the operating system- folding the entire applica
tion within one operating-system process. This TP operat
ing system implemented a private thread library and built a 
private file system based on the host operating system 's 
raw file interface. Typical of this approach was IBM's orig
inal CICS, which could support hundreds of cl.ients on a 
half-MIPS, 100-KB server running DOS/360. The idea was 
reincarnated in the 1980s by Novell's NetWare and by 
Sybase ' s SQL Server. 

Sybase multithreaded a si ngle Uni x process and added 
stored procedures, thus getting a three times speedup and 

a 10 ti mes scale-up ad
vantage over the pro
cess-per-client servers 
from Oracle, Ingres, and 
Lnformi x. Today, data
base vendors have cop
ied the Sybase des ig n 
and offer multithreaded 
servers with stored pro
cedures. Nove ll ' s Net
Ware file server, intro
duced in 1982, quick ly 
evolved into a database 
and applicati ons server. 
By using inexpensive 
threads and emphasizing 
the performance of the 
s imple requests, Net
Ware was abl e to sup-

When client/server 
applications grow to 

accommodate 
hundreds or 
thousands of 
clients, today's 
operating systems 
break down. Here's 
how TP monitors 
come to the rescue. 

port many clients with a relati vely modest server. 
The process-per-server design addresses the percent

age problem by offering efficient services. Novell is justly 
proud of NetWare' s ab ility to service a client's disk re
quest in under a thousand instructions, which is 10 to 100 
times better than such general-purpose operating systems 
as OS/2, Uni x, and Windows NT. The process-per-server 
design solves tl1e polynomial explosion problem by having 
only one server process. There are only X client connections 
to the server; Y applications at the server collectively open 
only YXZ files. These are manageable numbers. 

Applications Server Partitions 
CJCS, NetWare, and Sybase have been extraordinarily 
successful , but there are problems with the process-per-
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Process per Client Xx Yx ZConnections 
Clients Servers Files 

Each client can use many server processes, and each server process can use many files. The resulting 

polynomial explosion can rapidly overwhelm an operating system. 

Process per Server. X+Z Connections 
Clients Server Files 

Using threads. a single-server process drastically reduces the number of connections and open files 

required to support a given number of clients. 

Process per Partition: X+l Connections per Server 
Clients Server partitions Files 

With partitioned data. the application can scale across multiple servers. But It's tricky to partition the 

data, and clients have to maintain connections to multiple servers. 

server design. It does not scale to shared
memory symmetric multiprocessors be
cause the single operating-system process 
uses a single processor. Other processors 
just sit idle. If that single operating-sys
tem process faults or waits in any way, the 
entire server stalls. Even worse, the pro
cess-per-server design does not scale to 
clusters of servers. 

Beyond these scalability problems, the 
process-per-server model has a manage
ability problem . The des ign creates a 
monolithic process that collapses all ap
plications into one address space. A bug in 
any app lication can crash the se rver. 
Changing any application can impact all 
others. 

These scaling and management prob
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lems obviously suggest the idea of a pro
cess-per-application-server partition (see 
the figure "Process per Partition: X+ 1 
Connections per Server") . The idea is to 

specialize a process or processor to ser
vice a particular application function . You 
scale the syste m by adding servers for 
each application. If an application satu
rates a single server, you partition the ap
plication data and dedicate a server to each 
partition. 

The process-per-application-server-par
tition technique is widely used 10 scale up 
CICS , NetWare, Sybase, and Oracle ap
plications. The difficulty is that it reintro
duces the polynomial explosion prob lem. 
The clients must connect to each applica
tion-server partition, log on to it , and main

tain a connection with it. The client code 
needs to route requests to the appropriate 
partition. 

It is not easy to parti tion most applica
tions. A particular request may touch many 
partitions. There are often central files or 
resources that all partitions or applications 
(e.g., the customer list, the price list, and 
the bindery) use . Partitioning such re
source is not possible, so they must be 
replicated or managed by a shared server. 
Nonetheless, process-per-application par
tition is the most widely used scalabi lity 
technique today. 

All the solutions described so far in
volve two kinds of processes: clients or 
servers. These are generically called two
ball designs. All the two-ball designs ex
pect the client to find the servers and route 
requests to the appropriate server. Each 
server authenticates the client and man
ages the connection lo the client. 

Routers: A More Scalable Design 
The three-ball model introduces a router 
function (see the figure "Three-Ball Model : 
Routers Have X+A Connections") . The 
client connects to a router, and the router 
brokers client requests to servers. The 
client is authenticated once and sends all its 
requests through a single connection to its 
router. This design scales by adding more 
routers as the number of clients grows. 

Routers typically create and manage 
pools of application-server processes. All 
members of a process pool provide iden
tical services. A pool can be distributed 
across the several nodes of a cluster; the 
router balance the load. Each appl ication 
can have a separate server pool. The router 
can run different pools (applications) at 
different priorities to optimize response 
time for simple requests. If a server fails , 
the router redirects the request to another 
member of the pool. This arrangement pro
vides load-balancing and transparent server 
fail -over for clients. 

IBM 's IMS, built in 1970, was the first 
three-ball system. It had a single router 
process. With time, Tandem (Pathway, 
1979), Digital Equipment (ACMS, 1981 
and RTR, 1987), AT&T (Tuxedo, 1985 
and Topend, 1991 ), and Transarc (Encina, 
1993) generalized the ideas to provide 
many additional features. 

The process-per-cl ient model had the 
virtue of implementation simplicity, and 
each client benefitted by having its own 
server process. However, the design did 
not sca le up becau se of the percentage 
problem and the polynomial explosion 
problem. The two-ball model collapsed all 
the applications together, thereby solving 



these two problems but creating other scal
ability problems. 

The three-ball model multiplexes the 
seve ra l clients down to a few server 
processes. This solves the polynomial ex
plosion problem, but the percentage prob
lem remains an issue. The three-ball model 
uses the operating system to provide server 
processes . The benefit is that the router 
and applications can use symmetric mul
tiprocessors and clusters. They can scale up 
to large systems with high throughput. If 
the router is designed carefully and the op
erating system dispatches well, the three
ball model can compete with the unipro
cessor two-ball systems. 

The three-ball model allows the appli
cations designer to use either a process per 
server CPU, a proces per application, or a 
process per client, which is the most in
teresting case. By dynamically connect
ing the client to a server on an as-needed 
basis, the three-ball router increases the 
duty cycle on each server. This solves the 
polynomial explosion problem while still 
allowing the application to have simple 
interactions with the client. 

Initially, class ic CICS (on the main
frames) was implemented as a two
ball model. When ClCS was reimple
mented on Unix to be portable, it was 
implemented as a three-ball system built 
above Transarc' s Encina toolkit. Now it 
is fair to say that all the popular TP mon
itors, such as IMS, CICS, ACMS, Path
way , Encina, Topend, and Tuxedo, are 
three-ball systems. 

TP Monitors and ACID Transactions 
Originally, TP monitor meant telepro
cessing monitor-a program that multi
plexed many terminals (clients) to a single 
central server. Over time, TP monitors 
took on more than just multiplexing and 
routing functions, and TP came to mean 
transaction processing. What's a transac
tion? A transaction is a set of actions that 
obeys the four so-called ACID proper
ties- atomic, con istent, isolated , and 
durable (see the text box "The Four ACID 
Properties"). 

The ISO!fP standard (IS00026) defines 
how to make transactions atomic, and the 
X/Open Distributed Transaction Process
ing standard defines a system structure and 
API that lets servers participate in atomic 
transactions. The transaction tracking sys
tem in NetWare, the resource manager in
terfaces in TP systems, and the transaction 
mechanisms of many SQL products can 
be used to build ACID applications. 

TP monitors go well beyond a database 
system's narrow view of ACID applica

tions. A TP monitor treats each subsys
tem (i .e., database manager, queue man
ager, and message transport) as an ACID 
resource manager. The TP monitor coor
dinates transactions among them. For ex
ample, a TP system will assure that when 
a database gets updated, an output mes
sage is delivered and an entry is made in 
the work queue, either all these actions 
will occur (exactly once) or none wil l. 

Beyond ACID, TP monitors configure 
and manage client/server interactions. 
They help applications designers build and 
test their code. They help systems admin
istrators install, configure, and tune the 
system and help the operator with repeti
tive tasks. They also manage server pools. 
Finally, they connect clients to servers and 
provide efficient system services to appli
cations. 

Queued, Conversational, and 
Wori<-Flow Models 
Most TP monitors have migrated from a 
two-ball to a three-ball model in which the 
client perfonns data capture and local data 
processing and then sends a request to a 
router. The router brokers the client re
quest to one or more server processes. 
Each server in turn executes the request 
and responds. Typically, the server man
ages a file system, database, or BBS shared 
among several cljents. This design has 
evolved in three major direclions: queued 
requests, conversalional transactions, and 
work flow. 

Queued TP i convenient for applica
tions where some clients produce data 
while others process or consume it. E-mail, 
job dispatching, EDI (Electronic Data In
terchange), print spooling, and batch re
port generation are typical examples of 
queued TP. TP monitors include a sub
system that manages transaclional queues. 
The router inserts a client 's request into a 
queue for later processing by other appli
cations. The TP monitor may manage a 

pool of applications servers to process the 
queue. Conversely, the TP monitor may 
attach a queue to each client and infom1 
the client when messages appear in its 
queue. Messaging applications are exam
ples of queued transactions. 

Simple transactions are one-message
in, one-message-out client/server interac
tions, much like a simple RPC (remote 
procedure call). Conversational transac
tions require the client and server to ex
change several messages as a single ACID 
unit. These relationships are sometimes 
not a simple request-response but rather 
small requests answered by a sequence of 
responses (e.g., a large database selection) 
or a large request (e.g., sending a file to a 
server). 

The router acts as an intermediary be
tween the client and server for conversa
tional transactions. Conversational trans
actions often invoke multiple servers and 
maintain client context between interac
tions. Menu and fom1s-processing systems 
are so common that TP sys tems have 
scripting tools to quickly define menus 
and fonns and the flows among them. The 
current menu state is part of the client con
text. App lications designers can attach 
server invocations and procedural logic to 
each menu or fonn. In these cases, the TP 
monitor (router) manages the client context 
and controls the conversation with a work.
flow language. 

Work flow is the natural combination 
of conversational and queued transactions. 
In its simplest fonn, a work flow is a se
quence of ACID transactions following 
a work-flow script. For example, the script 
for a person-to-per on E-mail message is 
compose-deliver-receive. Typical scripts 
are quite complex. Work-flow systems 
capture and manage individual flows. A 
client may advance a particular work flow 
by performing a next step in the script. 
The systems designer defines work-flow 
scripts as part of the app lication design. 

comi1111ed 

Three-Ball Model: Routers Have X+A Connections 
Clients Routers 	 Application Files 

server pools 

Routers manage pools of application-server processes and broker client requests to servers. This design 

scales by adding more routers. 
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THE FOUR ACID PROPERTIES 

Transactions provide a simple model of success or failure. Atransaction either 

commits (i.e., all its actions happen), or it aborts (i.e., all its actions are un
done). This all-or-nothing quality makes for a simple programming model. 

The ACID properties describe the key fea
tures of transactions: 

Atomk All or nothing, either all the actions 
happen or none do. 

Consistent The transaction as a whole is a 
correct transformation of the database. 

Isolated Each transaction runs as though 
there are no concurrent transactions: 

Durable The effects of committed trans
actions survive failures. 

Database and TP systems automatically 
provide these ACID properties. They use 

Admin istrative tools report and adminis
ter the current work- in-process. 

Writing Applications in a TP System 
TP systems vary enormously, but the gen
eral programming style is to define a set of 
services that the server will provide. Each 
serv ice has a message interface. To im
plement a system, you define cl ient pro
grams that generate these messages and 
server programs that service them. 

Jn the two-ball model, your server pro
gram runs inside the TP monitor as, for 
example, a Sybase Transact SQL, Oracle 
PL/SQL, or CICS program. In the three
bal I model, a C, C++, or COBOL pro
gram runs in a standard process using the 
TP system library to get and send mes
sages. 

Service programs are in voked wi th a 
message either from a queue or directly 
from a client. The service program exe
cutes the applicati on logic and responds 
to the client with a response message. 

TP systems general ly provide tools to 
automate construction of forms-oriented 
clients and of simple applicat ions servers 
that can serve as templates for customiza
tion. Other tools come from independent 
too l vendors, such as Intersolv, Magna, 
Texas Instruments, and Dynasty. 

System Configuration, Management, 
and Operation 
TP monitors allow you to build enormous 
cl ient/server system . Before three-ball TP 
monitors appeared on Unix systems, it was 
hard to scale up to (never mind manage) 
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locks, logs, multiverslons, two-phase-commit, 
on-line dumps, and other techniques to pro
vide this simple failure model. All the program
mer need do is write consistent programs and 
bracket them with BEGIN and COMMIT. II 
anything goes wrong the programmer can call 
ROLLBACK-much like the quit function in a 
text editor. This simplicity is especially impor
tant In client/server computing and distributed 
databases, where the transaction may have 
done work at many nodes. COMMIT makes all 
the changes at all the nodes durable; ROLL
BACK undoes all the changes. 

300 c li ents . Today, mos t vendors are 
reporting TPC-A and TPC-C benchmarks 
demonstrat ing thousands of clients at
tached to a single server and tens of thou
sands attached to server clusters. 

Now that you can build such systems, 
how do you manage them? TP moni tors 
have evolved a broad suite of tools to con
fi gure and manage servers, a5 well as large 
populations of clients . 

The TP monitor thin ks of each data
base and appl ication as a resource man
ager. These resource managers reg ister 
with the TP monitor, which, in turn , in
fo rms them of system checkpo ints and 
shutdowns and provides an overall oper
ations interface to coordinate orderly sys
tem start-up and shutdown. Database sys
tems, transactional queue managers, and 
remote TP systems all appear to be re
source managers. 

The TP monitor views each application 
as a co llection of service programs run
ning on one or more servers and provides 
tools to package these serv ices relati ve to 
servers. Typically, short-running or high
priori ty services are packaged together, 
and batch or low-priority work is pack
aged in separate erver processes. 

After packaging the serv ices, an ad
mini strator assigns security attributes to 
them. Aspec ts o f security typica ll y in
clude role, workstation, and time, so, for 
excunple, clerks might be allowed to make 
payments from in-house workstations dur
ing business hours. The TP moni tor pro
vides a convenient way to defi ne users 
and roles and to spec ify the securi ty at

tributes of each service. It authenticates 
clients and checks their authori ty on each 
request, rejecting those that violate these
curity policy. 

Each service has a des ired response 
time. Some services are long-running re
ports or minibatch transactions, and others 
are simple req uests. TP monitors manage 
the size and priority of server pools so that 
each service meets its response-time goals. 
T he admin istrator can control how many 
processes or threads are available lo each 
service. Server pools can be spread over 
multiple nodes of a cluster, and this num
ber can be dynamic, growi ng as loads do. 
When the number of requests for service 
exceeds the max imum size of the server 
pool, requests are queued until the next 
server becomes available. 

Systems involving thousands of clients 
and hundreds of services have lots of mov
ing parts. Change is constant, and TP mon
i lors manage it on the fly. They can, for 
example, insta ll a service by creating a 
server pool for it. Even more interesting, 
they can upgrade an existing service in 
place by installi.ng the new version, cre
ati ng new servers that use it, and gradu
ally killing off o ld servers as they com
plete their tasks. Of course, the new version 
must use the same request-reply interface 
as the old one. 

TP systems ma5k fai lures in a number of 
ways. Al the most basic level, they use the 
AClD transacti on mechani sm to defi ne 
the scope of fai lure. If a server fails , the TP 
monitor backs out and restarts the trans
action that was in progress. If a node fails, 
it migrates server pools at that node to 
other nodes. When the failed node restarts, 
the TP system's transaction log governs 
restart and recovery of the node's resource 
managers. 

Innovative TP Techniques 
Modern database systems can maintain 
multiple repl icas of a database. When one 
replica is updated the updates are cross
posted to the other replicas. TP monitors 
can complement database repl ication in 
two ways: Firs t, they can submit transac
tions to multiple sites so that update trans
actions are applied to each replica, thus 
avoidi ng the need to cross-post database 
updates. 

More typical, TP systems use database 
replicas in a fa llback scheme-leaving the 
data replication to the underlying database 
system. Lf a primary database site fails, the 
router sends the transactions to the fa ll 
back replica of the database . Th is hides 
server fai lures from clients-giving the il
lusion of instant fa il -over. Because the 
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TP-Lite vs. TP-Heavy 

A ccording to database advocates , 

simple database transactions with 
stored procedures are all the trans

action management anyone requires. That's 
the "TP-Lite" philosophy. In contrast, advo
cates of TP (transaction processing) moni
tors extend the notion of transactions beyond 
data resources. TP monitors track the exe
cution of functions on a single server or sev
eral servers. That's the "TP-Heavy" approach. 

TP-Lite is to TP-Heavy as a bicycle is to a 
Harley-Davidson motorcycle. TP-Lite can best 
be defined by what it lacks. TP-Lite functions 
don't execute under global transaction con
trol. There's no global supervisor and only 
primitive process management. TP-Lite server 
functions incorporate only a single resource 
manage((i.e. , the local database), and they 
don't support any form of ACID (atomic, con
sistent, isolated, and durable) nesting. TP..LJte 
may be adequate for a number of purposes, 
but the missing ingredients are rarely men
tioned in the database marketing literature. 

Scope of the Commit 
A TP-Lite stored procedure is written in a 
database vendor's proprietary procedural 
language (e.g., PL/SQL and Transact SQL) 
and is stored in the database. A stored pro
cedure is a transactional unit , but it can 't 
participate with other transactional units in a 
global transaction. It can't call another trans
action and have it execute within the same 
transaction boundary. So you have to write 
large transactions that put everything within 
the scope of the commit, which doesn't help 
the cause of modularization or reuse. 

In contrast, TP-Heavy procedures are written 
using standard procedural languages. For TP
Heavy, global transactions are second nature. 

Managing Heterogeneous Resources 
A TP-Lite stored procedure can commit trans
action resources that are only on the ven

route r u es ACID transactio ns to cover 
both messages and database update , each 
transaction will be processed exactly once. 
Without this router functi o n, clients must 
ex plicitly switch servers when a primary 
database server fail s and probably won ' t 
preserve exactly once semantics during 
the switchover. 

RPC and request broker technologies 
are the bread and butter o f TP syste ms. 
The emerging crop of commercial ORBs 
(object request brokers), whose perfor
mance can sometimes be measured not in 
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dor's database or resource manager. It can
not synchronize or commit work that is on a 
foreign (local or remote) database or resource 
manager. 

TP-Heavy procedures can easily handle 
ACID updates on multiple heterogeneous re
source managers within the scope of a single 
transaction. 

Process Management 
ATP-Lite stored procedure gets invoked, ex
ecuted under ACID protection (within a single
phase commit), and can then be cached in 
memory for future reuse. That's about it. 

In contrast, TP-Heavy processes are pre
started and managed as server pools. As 
the load on a server pool grows, more pro
cesses start automatically. 

Server pools support priorities and other 
class-of-service attributes. Server processes 
are protected from one another. If a server 
process dies, it can be restarted, or the trans
action can be reassigned to another server 
process in that class. The entire environ
ment runs under the constant supervision 
of the TP monitor. The server pool concept 
helps the TP monitor understand what class 
of service is required for a particular group of 
functions. It 's an intelligently managed en
vironment. 

Client/Server Invocation 
The TP-Lite stored procedure invocation is 
extremely nonstandard. Vendors provide 
their own proprietary RPC (remote proce
dure call) invocation mechanism. The RPCs 
are not defined using an IDL (Interface De
finition Language), and they're not integrated 
with global directory, security, and authen
tication services. The communications links 
are not automatically restarted, and they 
are not under transaction protection. In 
addition , TP-Lite does not support MOM 
(message-oriented middleware) or conver

transactions per second but rather in sec
onds pe r transaction , wo uld do we ll to 
embrace the three-ball model and the tech
niques pioneered by TP system . Mean
while, the venerable TP monitors, CICS, 
CMS, ACMS, Pathway, Tuxedo, Encina, 
and Topend, will continue to e volve as 
hi g h-pe rformance message routers and 
server-pool managers. • 

Jim Gray is a specia/isr in darabase and rransac
rion-processing >)'Siems. He fros worked for IBM, 
Tandem, and Digira/ 011 projecrs including Sys

sational exchanges. 
in contrast, the TP-Heavy environment Is 

open to different communications styles. The 
RPC can use DCE (Distributed Computing 
Environment) as its base. Queued TP (a com
mon option in TP monitors) is reemerging 
with the new name MOM. Most TP monitor 
vendors also support APPC/CPl-C (Advanced 
Program-to-Program Communications). 

Perfonnance 
TP-Lite stored procedures are faster than 
networked static or dynamic SQL. But they 
don 't perform as well as TP-Heavy managed 
procedures, especially under heavy loads. 

The TP monitor offloads the database 
server by multiplexing client requests. It acts 
as a funnel on top of whatever funnel the 
database may have already put in place. So 
the TP monitor helps with both scalability 
and performance . Significant cost savings 
can be achieved because fewer database 
resources are needed to support a given 
workload. The Standish Group says: "Today, 
virtually all standardized transaction pro
cessing benchmark results (e.g., TPC-A) are 
executed with a TP monitor managing the 
application services in front of a database." 

The Bicycle or the Harfey 
TP-Lite is useful in situations where you're 
dealing with a single vendor's database and 
fewer than 50 users. It's ideal in these entry
level environments, because you have to 
deal with only one server component: the 
database. The TP·Lite vendors also under
stand how to market their wares-an im
portant advantage. 

However, TP-Heavy technology is critical 
to the future of client/server computing. TP 
monitors allow us to mix components in all 
sorts of wild combinations; at the same time, 
they guarantee that everything meshes like 
clockwork. 

tem R. SQUDS. DB2, IMS- Fasr Parh, Encompass, 
NonSropSQL, Pathway, TMF, Rdb, DBI. and 
ACMS. fie is ediror ofThe Benchmark Handbook 
for Da1abase and Transaction Processing Systems 
(Morgan Ka11f 111a1111. 1993) and coaurhor ofTrans
action Processing ConceplS and Techniques (Mor
g<m Ka11f 111an11. 1992). Jeri Edwards is direcror 
of rm nsacrio11 processing and clie111/sen1er soft
ware developmenr at Tandem Computers and one 
of tire 0111/wrs of Essential Client/Server Surviva l 
Guide (Van Nosrrand Reinhold, 1994). You can 
reach rhem 011 the lmeniet or BIX ar Gray@crl 
.com or E<lwards_Jeri@Ta11de111.co111, respecrively. 
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MORE DISK SPACE. 


FROM THE PEOPLE WHO BROUGHT 

YOU MORE MEMORY. 


Have you ever tried to clean up your system? 

Then you know that removing all of the 

Windows'" apps, files and system components 

you don't want in order to make room forthe things 

you do want is next to impossible. 

Unless you have the right tool. 

With Quarterdeck's new CleanSweep•• at your 

disposal,you can safely unclog your system and 

free up megabytes of precious disk space with 

the greatest of ease. 

ADISK IS ATERRIBLE THING TO WASTE. 

So before you blow abunch of money on anew 

drive, grab your mouse and ask CleanSweep to 

analyze aprogram for you. 

The long list of system files, 

DLLs, VxDs, Help files, .ini files, 

add-ons and otherstuff that 

pops up on your screen will 

give you apretty good idea 

of how much disk space you've been wasting. 

And since all those files are scattered all over 

your system, they're very hard to find.Which is 

why CleanSweepcomes equipped with exclusive 

Helper Technology that understands the bizarre 

installation habits of popular Windows programs. 

TO DELm. OR NOT TO DELETE. 

CleanSweep knows more than just where to look 

for the maximum number of files. It also knows 

what to do when it finds them. 

And what not to do. 

Since uninstalling the wrong file-say, a shared 

DLL-£an disable other programs you use daily, 

CleanSweep uses Superlinks to track files that 

are needed by multiple applications. 

It also lets you view any file, confirmevery 

action, undo anything you've done and even 

perform trial runs to see how much disk space 

you're about to gain. 

Which is just the sort of ingenious func

tionality you'd expect from Quarterdeck, the folks 

who brought memorymanagement to millions 

with the legendary QEMM~ 

LEAVE NO FILE UNTURNED. 

To really get the most out of CleanSweep, you'll 

want to use it to track down and delete duplicate, 

backup, archive,help and bitmap files. 

Not to mention unneeded system compo

nents such as graphics drivers, fonts, wallpaper, 

system files and screen savers. 

But before you can do any of this,you'll 

need to see your nearest reseller. 

Or call us at 800-354-3222. 

Wherever youbuy 

CleanSweep, if you're not 

thrilled, you can return it within 

30 days for afull refund . No questions asked. 

Don't worry. CleanSweep uninstalls itself. 
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Document Repositories 

JONATHAN MACKENZIE 

D 
uring the early 1980s, r 
spent s ix months pro
totyping a retail cash
process ing applicati on 

in Applesoft BAS IC, and another six 
months with a compiler and a 6502 as
sembler honing the oftware to perfec
tion. One day my bo s called me into 
his office. "Look at th is," he aid, flick
ing through the menus and the all-too
familiar screens. " It 's so si mpl e." I 
flushed with pride; here was recognition 
at last. " Yes," I agreed. " ft is simple." 
"So what the hell took you a year?," 
was the response. 

Lotus Notes is a Jill ie bi t like that: It has been evolving 
for nearly as long as Microsoft Windows has, and you can 
only guess how much was thrown away over the years. 
But what's remaining is deceptively simple. 

Deceptively? Yes, because from an lT (information tech
nology) perspective, you can suddenly build bigger and 
more distributed system -with all the problems that pro
cess impJjes. It' s also deceptive because such systems typ
icall y require conventional RDBMS (relational DBMS) 
capabi lities that Notes awkwardly lacks. But for end users 
swamped with pile of documents, Notes makes it easy to 
build real client/ erver applications to help manage those 
documents. 

Documents, Views, and Fonns 
A Lotus Notes database contains only documents-its 
data records. But these data records are miles ahead of the 
conventional kind (e.g., "Given x bytes per record, record 
N must be at offset N xx."). So, designer Iris Associates 
(which is now a part of Lotus Development) coined the 
term document for a dynamic data record of indetermi
nate size that can store any of seven different types of data: 
text, text bsts, numbers, number ranges, times/dates, time/ 
date ranges, and type composites. 

A type composite, also known as a rich-text field, is a 
fl ex ible, se lf-describing formal that can store just about 
anything that you care to pas te or embed into it. This in
cludes word processor fi les, spreadsheets, bit maps, OLE 
objects, sounds, hypertext links (i.e., doclinks) to docu
ments in the same or a different database, and even- if 
a C programmer using the Notes API so arranges- user
defined data types. To avoid confusion between a document 
in the Notes sense and a conventional document (e.g., a 
word processor or spreadsheet fi le), I will hereafter refer to 

Notes data records sim
ply as notes . 

Views a re w ind ows 
fo r browsing thro ugh 
the database; the y ' re 
sorted by pertinent data 
fi e lds. Each co lumn in 
a vie w e ither maps to 
a fie ld in each note or 
shows the result of a Lo
tus 1-2-3- li ke formul a. 
Using categories derived 

With Notes, even 
beginners can 

create and manage 

document 

repositories in true 

client/server fashion 

from the value in a database, a view can expand and con
tract in much the ame manner as the outliner in a word 
processor does. 

Forms are templates for entering and displaying a note ' s 
data. A form can contain static text, bit maps, data fi elds, 
and command buttons. The fi elds of a fonn map by name 
to the fields of a note, so a user can enter data with one fonn 
and view it using another. 

From a user's perspective, you double-click on a Notes 
database icon to open a window containing a view. You 
then scroll through the view to the note that you want and 
double-click on it; anotl1er window opens to display the 
note's data in a form. It mi ght contai n, for example, an 
Ami Pro icon. Double-clickjng on that launches the ap
plication and opens an embedded Ami Pro file for edit
ing. When you quit Ami Pro, tbe fi le is stored safely back 
in the note. 

Because notes are such flex ible containers, a database 
can store all the e lements of its own user interface within 
itself- icons, fo rms, views, macros, and so forth . Thus, 
each database becomes a completely self-contained ap
plication. comimied 

APRTL 1995 B Y T E :1.3:1. 



Special Report Client/Server Computing 

Transmitting Documents by Replication 
Replication means c loning a Lotus Notes 
application (or database- the terms are 
usually synonymous). There's no restric
tion on how many replicas can exist, and 
no single replica serves as the master. Each 
replica accumulates its own unique addi
tions and deletions (the latter are repre
sented by deletion stubs). 

Replicas synchronize in two ways. Serv
er-based replication is typically a sched
uled affair; a task on one Notes server 
opens a dial-up or LAN connection to an
other. Client-based replication occurs in
termittently at a user's discretion-per
haps from a laptop that dials in to a Notes 
server from a hotel room. 

Either way, the involved parties first es
tabli sh each other' s identity . Next, they 
consult their replication histories and build 
a list of the data notes, design notes, and 
ACL (access-control list) notes that have 
changed since the pair last replicated. Sub
ject to each application 's access perrnis
sions from the other, they then start to ex
change notes. The first note to be swapped 
is the ACL, which can then govern access 
permissions for the rest of the exchange. 

After all notes have been successfull y 
swapped, both replicas update their repli
cation-hi story records. Since an applica
tion doesn ' t know which other applica
tions it wi ll replicate with in the future, or 
when , all deletion stubs are kept intact. 
They' re finally removed after the deletion
stub-purge interval , which is typically 90 
days. 

What happens when, say, my cowork
er Fred and I use different replicas of the 
same database, which contains a note that 
has an embedded Ami Pro 
memo? l make some edits. 
Fred makes some different 
ones. Then we replicate 
with each other. (In a real
li fe situat ion, we ' d like ly 
both dial in and replicate 
with the office server, but 
the effect is the same.) 

Sooner or later, howev
er, a fight will inevi tably 
develop. In fully connected 
c li ent/server scenarios, 
user-interface software ar
bitrates overlapping ed it 
requests. But Notes, only 
intermittently connected. 
handles conflicts the only 
way it can. Both notes end 

ing, attaching, and embedding. 
Based on Microsoft 's DDE protocol , 

li11ki11 g is a kind of dynamic copy-and
paste operation that's just too clunky to 
be of any real value within an occasion
ally connected workgroup. I' ve seen grown 
men break down and cry trying to get the 
Paste/Specia l/Link menu option to work 
smoothl y and consistentl y across a net
work. And if you' re trying to work at home 
away from the LAN, forget it. That said, 
however, the two most useful protocols, 
DIP (Document Insert Protocol) and OLE, 
are both layered on top of DDE. 

Any kind of disk file can be attached 
to a note. Notes stores a copy of the file 
in the document database, representing it 
as an icon in a rich-text field. DTP works 
by looking in the NOTES.fNI file fo r the 
DDE strings required to launch an appli
cation and to pass it a command 10 open 
a file. The application need only be capa
ble of being a DDE server. " DIP will prob
ably go away by Notes version 3," a Lotus 
spokesperson once commented, " by which 
time most applications will be supporting 
OLE." 

But today, on the eve of Notes 4.0, DTP 
is still with us and should not be under
estimated as an effective tool in the doc
ument-repository designer ' s kit. Why ? 
It has the merit of simplicity. When you 
double-c lick on a file-attachment icon , 
Notes asks whether you want to detach 
the attachment (i.e., extract a copy as a 
separate file) or launch it. lf you choose to 
launch it, Notes creates a temporary di sk 
file and then passes its name to the host 
application. 

This technique works well when most 
material is read-only or is 
created by a few and read 
by the majority. But updat

ts!llw.w~lli.S!S~iilll::ii!Wl~J:ll. i ng a file in place is aw k

Creating Business 
-in the South Pacific~ 

• 

ward. You have to save it 
by another name, switch to 
Notes, put the note in edit 
mode, de lete the exi sting 
attachment, attach the new 
file , save the note, and re
member to delete the saved 
file from your disk. 

up in both databases , and ""'•-r-------------,..-.--------------...,.,-i 

By contrast, a document 
in the form of an embed

easier to update. Like the 
attachment, a word proces
sor file res ides physically 
in th e database . And , as 
with a n attachment , the 
host icon is displayed in a 
rich-text field . But double
c lick on the icon, and you 

the one that loses the edit
ing battle is marked "Edit During the edit of an embedded file , double-clicking on the Icon In the rich·text fie ld of a note 

or rep I ication con fl ic l. " launches the host application under OLE 1.0 control. 

From then on, it 's up to the humans to re
solve things. 

The Notes Document Repository 
Some say that in any organization with 
more than 500 employees, there are no 
medium-size Notes databases. (And with 
its current average of 230 users per site, 
Notes isn' t selling to small enterprises
yet.) A typical large organization has either 
one big application , with professional de
velopers, thousands of users, and a bud
get to match, or a little database used by 
a team of about eight people, built by an 
IT-aware member of that team. 

Typically, a large organization will start 
out wi th one big Notes application, often 
a personnel-oriented one with a hybrid 
client/server architecture. Such an appli
cation enables smaller workgroups, typi
cally driven by the need to manage docu
ments, to build and use their own Notes 
applet~. 

All organizations, large and small alike, 
have a standard document repository: the 
file server, a labyrinth of directories wi th 
thousands of files named in the DOS 8.3 
formal. Users can more effectively clas
sify, navigate, and search for those files 
if they are placed under Notes' control. To 
create a simple Notes repository from the 
standard Document Library template. you 
only need about the same level of skill re
quired to produce a usefu l spreadsheet. 

Link, Attach, or Embed? 
Word processor files can be left in nati ve 
DOS fomiat and linked to a note. Alter
native ly, there are three ways to move the 
contents of files directly into Notes-link

i..r1 look at this uriouoly. Fo: too long wt have boen uying lhll lht mall menufacturing b ded OLE 1.0 objec t is a lot 
1upporhbJ1, thal we would lou mort than wt rn.dt. Bu;\. &hal't IDjut\. che.ngtd. Along 'om' • 
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We've Made Network Faxing 

Easy and Affordable 


Delrina has put the benefits of network 
faxing within your reach. Meet Delrina 
WinFax PRO for Networks'" 4.0 - the 
easy, affordable way to share fax modems 
and telephone lines across your network. 

The benefits of WinFax PRO for 
Networks are enormous. Save the 
expense of buying individual fax modems 
and telephone lines. Make your people 
more productive, by letting them fax 
directly from their own PC. And, WmFax 
PRO for Networks is so easy to use and 
implement tl1at you can have your entire 
group up and running in no time. 

Network faxing Easy t0 Use. is now as easy as 
printing from your PC. Using the world's 
best-selling, most award-winning fax 
software, WinFax PRO'" 4.0, you can send 
faxes directly from any Windows appli
cation. Then, choose any fax modem on 
your LAN or let WinFax PRO for 
Networks select one for you. To send a 
fax to a group of people, 

New Delrina · 

WinFax PRO for 

Networks 4.0 


WinFax PRO for Networks will even 
use up to four modems at once. And 
because everytl1ing takes place in the 
background, you can continue working 
while you fax. 

WinFax PRO for Aff0rdable. Networks is the most 
affordable solution for groups of up to 
50 people. You don't need a dedicated fax 
server. Start off with a few users sharing 
one fax modem and grow w1til everyone 
in your department is faxing. To expand, 
simply add more fa x modems - up to 
four per server and 16 per workgroup, 

tJ"bl WinFax PRO for Compa e. Networks also inte
grates with your existing hardware and 
software. It supports over 600 popular 
fax modems. It works with all popular 
networks including Novell NetWare;· 
Microsoft Windows for Workgroups• 3.11 

and Artisoft LANtastic'." Plus, it routes 
faxes using all popular e-mail packages 
like Microsoft Mail'" (MAP!), Lotus 
cc:Mailn (VIM) and all MI-IS-compatible 
systems. If you don't have e-mail, simply 
forward faxes directly to another WinFax 
PRO user over your network. 

Call T.odayl The benefits of ~et-
11 • work-based faxmg are 

now within your reach. WinFax PRO for 
Networks gives you an easy and afford
able way to put faxing where it 
belongs-on your network. 

Call now for information 
or to upgrade from 
WinFax PRO or see your 
local dealer.with as many workgroups per LAN as 

you need . To add more users, simply 
purchase affordable 10, 25 and 50 volume 
user packs. 

N.America: U.K.: 44(0)181-207-3163 

Germany: 

1-800-598-8679 

+49/89/6419 22-0 France: 33.1.46.94.80.40 

Delrina. Winf ax PRO and Winf ax PRO fo r Networ1<s are lrademar1<s of Delrina Corporation and Its aHmated 
companies. Microsoft is a registered u-adomarX ol Microsoft Corporation. AU other product names are trademarks ot 
lheir respective owners. <C 1994 Delrina (Canada) Corporation. All righ!S reserved. 
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Notes and Relational Data 

I n a convent ional RDB MS (relational 

DBMS), a contact management application 
invariably stores company data in one table 
and contact infom1ation in another. Because 
there' s a many-to-one relationship between 
contacts and companies, muny contact records 
for a company can share a single company 
record. 

But Notes is a document database, not a 
relational database, and it just can't work this 
way. In lead, applications designers typically 
rely on a useful feature of otes called 11amed
jield i11herita11ce. For instance. an application 
might present a company fonn with a button 
called Create New Contact. Its effect is to com
pose a new document that inherits the com
pany name, phone number, fax number, and 
other fie lds, leaving ju t the contact name to 
be entered. 

Unfonunately. this company information 
is now stored in the database twice. But other 
than their conunon data, no connection links 

Synchronizing Notes and SQL 
Notes clients 
(usually read-only) 

land in a new host application window 
with the fi le loaded (see the screen on page 
132). Edit away, c lose the host applica
tion window, and the edited fi le is written 
back into the note. Since tJ1is is an in-mem
ory operation, there's no temporary file to 
complicate matters. Lotus Notes 3.x sup
ports OLE 1.0 as a client, not as a server. 

For Unix users, there's LEL (Link, Em
bed, and Launch-to-Edit ). Lotus Devel
opment and Software Pundits jointly de
signed and produced LEL at the same time 
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the two notes, so when you edit one, the oth
er remains unchanged. Worse, if you change 
I.he organization note and then create another 
contact, the new note has the new address, 
but the older one does not. 

One can argue that dupl icating data is the 
only sane approach in a highly distributed, 
occasionally connected world. Nevertheless, 
it': often necessary to layer relational capa
bil.ity on top of Notes. There are three ways of 
doing thi : You can build a custom Notes user 
interface to enforce relational integrity, build 
a server- or client-based agent to police the 
data, or tightly link Notes to a relational data
base. 

A custom user interface fo r Lotus Notes 
is typically a Windows client program that's 
wrillcn in C and uses the Notes AP!. Alter
natives include Visual Basic (with the right 
VBX [Visual Basic custom con1roll), Power
Builder, and ViP, the Lotus visual program
ming int.erface for Notes. To add relational 

A program linked to two APls-that of Notes and that of a SQL seiver-can run on a scheduled J)asis 
to synchronize a Notes database with a relational database. Alternatively, it can be activated by SQL 
trlggera or- the Notes equlllalent, DBHOOKVEC. 

SOL server clients 
(usually read/write) 

that Notes was ported to Uni x. LEL is the 
func tional equi valent to OLE 1.0 and is 
spec ia ll y designed to Jet users store and 
relrieve documents in a mi xed Windows/ 
Unix environment. When an application 
is avai lable on both these platforms, ob
jects that are created on one platform can 
be launched and run by the application on 
the otJ1er platform. 

At the time of this writing, only Ami 
Pro 3.0 enjoyed this exalted position. Like 
Microsoft with its OLE toolkit, Lotus and 

capability, a custom user interface must notice 
when a user saves a note so it can search the 
database fo r related notes and update them 
as well . 

A server-based agent, scheduled to run at 
limed intervals, can achieve the same results. 
Written in C to the Notes AP!, it runs on the 
server as an add-in task. Of course, you have 
to compile the program with a C compiler 
that' native to the erver operating system. 
dedicate a server for development and test
ing. and (if you want to u e the add-in on a 
different platform) port it. Moreover, if the 
add-in program blows up while running on a 
production machine, it usually takes the serv
er down with il. 

A good alternative to the server add-in pro
gram is a Notes APl program runni ng on a 
client PC. A imple periodic task launcher 
can run an agent (or a series of them), wait a 
few minutes. and then start from the top again. 
l.f the task launcher and the agents take their 

configuration parameters from a Notes 
database on a server, the whole show 
can be controlled remotely (except 
for reboots) and the workstation can 
be locked in a cupboard. 

A Light link between a Lotus Notes 
database and a SQL server usually 
takes the form of a program that' s 
linked with both servers· APL libraries 
(e.g., Notes and the Sybase DBLLB) 
and run by a scheduler task (see the 
figure "Synchronizing Notes and 
SQL"). Each time it runs, it must look 
fi rst at one side (e.g., the Notes data
base) and ensure that all modi fica
tions made since the las t time the 
database was visited arc used to up
date the SQL server. Then it picks up 
all modi fi cations made to the SQL 
database since the last time and uses 
them 10 update the Notes database. 

Software Pundits provide an LEL toolkit to 
enable Uni x developers to incorporate the 
technology. bolh client and server, in their 
application . 

S. G. Warburg's Stream Repository 
File attachments are a central part of an 
in ternational marketin g system, ca ll ed 
Stream Repository, developed by the cor
porate finance division of in vestment bank 
S. G. Warburg. Jeremy Stone, the director 
res ponsible for the projec t, remembers 



Now there's abetter way to measure develo~ment 
time for apps that route forms over e-mail. 

That's right. We're talking a fraction of the time 

compared to a traditional development language 
or other forms software. 

Which means that only Delrina FormFlow~ lets you 
deliver fully mail-enabled applications for purchase 
orders and change orders, vacation requests and 
budget approvals - in fact, any forms application you 
have in mind - completely designed, prototyped and 
deployed in hours instead of days or even months. 

To start, FormFlow comes with the richest set of 
electronic forms development tools you'll find. Tools 
that make it a cinch to create forms and customize the 
user interface by modifying the menus and ribbons. 

But it also comes with the Intelligent Forms 
Language';' the fastest way possible to establish rules 
and procedures for intelligently routing any number 
of interdependent forms. 

FormFlow tightly integrates with all 
popular e-mail systems. It reads and 
writes virtually any combination 

.Ainl 14. 19')t 
""""'1.CW 
FcrnftJr,.1 .0 

of desktop and 
SQL databases, 
including 
ODBC and 
Lotus Notes. 
It supports 
Windows, Unix, 
Macintosh and 
DOS users. 

Plus, it's 

the only forms technologies to quickly create applications with 
software to powerful form s routing rnpabilities. 

~· 
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PURC HA SF REQUE S T 

... ...... 

Delrina FormP/ow integrates e-mail and database 

win two PC Magazine Editors' Choice Awards for '94, 
and outscore all other forms products in InfoWorld. 

All of which means that with FormFlow, it's 
not just when your application will be ready, it's what 
time. Call today. 

U.S. and Canada: 1-800-598-8673 

United Kingdom: 44(0)181-207-3163 

Germany: +49/89/ 64 19 22--0 

France: 33.1.46.94.80.40 DEi.RINA\. 
Delrina, FormFJow, Perform ;rnd lntcJligent Forms Language are lrademarkc; of 
Dclrin;i (Ca nada) Corpora tion. All olher product names arc regist~red trademarks / 
tradenames of their respective owners. ©1988 -1 994 Dclrina (C1nada) Corporation. 
All rights reserved . 
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IN THE PIPELINE: NOTES 4.0 

JON UDELL 

N otes 4.0' s first public showing, at Lo
tusphere in January, brought 6000 

developers and business partners to their feet 
cheering. It should debut later this year. List
ed below are just some of V4's many im
provements. 

A single document interface. Open a V4 
database, and you land in a single three-paned 
window that shows a folder hierarchy, a list 
of items in the current folder, and a preview 
of the current item (see the screen). It's not 
a new idea, but it' s a big improvement for 
Notes. In V3, each open document got its 
own independent MDI (Multiple Document 
Interface) window. These cluttered the screen 
and obscured the controlling view. 

The current trend in efficient information 
display favors a single window with sub
panes and sliding splitters. Lotus wisely 
jumped on the bandwagon. 

Folders. For years, users and designers 
had to jam all database-level information dis
play into collapsible-outline views accessed 
through the Views menu. In V4, views be
come folders, always visible-and naviga
ble-in the folder pane. Folders in the view 
subtree collect documents automatically, 
based on a selection formula Another subtree 
contains truly Mac-like nesting folders that 
hold ad hoc collections of documents. Other 
top-level folders hold the design elements 
and agents used to build V4 applications. 

Web browsing. V4 can work as 
a native Web browser by means of 
on-the-fly conversion from HTML 
(Hypertext Markup Language) to 
Notes. A gateway server acts like 
a cache for a whole Notes network 
relative to the Web, so pages fetched 

Web page. Because the gateway connects to 
the outside world via TCP/IP, but to the in
ternal Notes network only through the Notes 
API, it also acts as a kind of firewall. 

A cc:Mail 11ser in.te1face. By popular de
mand, Notes mail will now look and feel 
very much like cc:Mail. 

Location co11.fig11ratio11. With Notes V3, 
it was a challenge to manage multiple repli
cas of a database where each was appropri
ate for use in a different location: the office 
LAN, home. and a hotel room, for example. 
V4 keeps all replicas of the same database 
as a stack of icons that appear as a single 
icon on the Notes desktop. 

V 4 also stores connection rules for each 
location. When you select your location, the 
appropriate icon bubbles up to the top, and 
that repl.ica becomes current You can cus
tomize replication for each replica, so the 
laptop version might replicate headers only 
while the LAN version replicates all fields, 
including attachments. And you can control 
the order of repl.ication, so when time is short, 
you can be sure that your mail replicates first. 

Improved formatting. The one-line-per
titJe constraint of V3 goes away; V4 sup
ports multiline rows. Bullets, revision mark
ing, and better table formatting are other wel
come enhancements. 

View/inks. When double-clicked, a doc
link displays the referenced document. Anal
ogously, a vicwlink displays an entire data
base view. 

Collapsible sections. Large documents can 

indexed and searched. Ifa page isn't 
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now be divided into collapsible sections. This 
technique aids the development of work-flow 
applications, since the parts of a document 
that are shown or hidden can vary on a per
user basis under programmatic control. 

Subfonns. V4 extends the inheritance ca
pability of V3 with subforrns, so documents 
can share common content within or across 
Notes databases. 

A nonscrolling button bar. In V3, a button 
that invoked programmed actions appeared 
on the surface of a document and could 
disappear when a user scrolled through the 
document. V 4 allows the use of a fixed region 
for action buttons, so they're always visible 
and accessible. The button bar can react to, 
and reconfigure itself for changing values 
in database fields. 

Graphical navigators. The default con
trolling metaphor for a database view is a 
fo lder hierarchy. but an alternative one is an 
image (a map, for example) with hot spots 
that, when clicked, dri ll down to the next 
level of detail 

LotusScript. V4 continues to support the 
Notes macro language, but it can alternately 
use the far more powerful and convenient 
LotusScript, Lotus 's standard embedded pro
gramming language. LotusScript uses Visu
al Basic syntax with object-oriented exten
sions, features an integrated debugger, and 
can call component and DLLs-notably 
those that package the Notes API. In design 
mode, all the methods and actions available 
to the LotusScript programmer are displayed 

in browsers. 
Actions. Triggering on such 

events as opening a document or 
perfonning a search, actions can 
take three forms: simple, formula, 
and script. Asimple action requires 
no programming at all. You might, 
for example, hook the "send news

69.92ii 
letter summary" action to a peri

66. 190 odic search agent so that every 
search automatically mails a list 
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In the cockpit of eve1y 

, Delta Air Lines jet you'll 

find something absolutely 

critical to safe, legal, and efficient air travel: 

a FrameMaker" document. It's called a 

Minimum Equipment list, and it's also 

avaJable on-line, for access via radio from 

dispatchers on the ground. ~ It's one of 

many operational, technical, and administrative 

manuals that Delta writes and publishes in 

FrameMaker. Because FrameMaker gives 

Delta the functionality and flexibility they 

need to create, update, and consolidate tl1eir 

extensive documentation. ~ Particularly 

attractive were features lJw automatic 

indexing. Superior graphics handling. 

Multiplatform capabilities for file compati

bility across PCs, Macintoshes, and 

UNIX systems. Ancl of course, 

on-line document distribution, complete 

with automatic hypertext links, through 

FrameViewer.• ~ So don't just settle for 

any old publisher - fly first class with 

FrameMaker 4. Call l-800-U4-FRAME 

Extension 618 today for a free copy of 

our program demo disl~. And watch your 

publisbing projects really take off with 

FrameMaker 4. 
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Because nobody likes coming home to a dark house, we designed 

INTRODUCING THE GALANT LS 

the Galant LS with Mitsubishi Homelink"'. An exclusive system that
WITH THE EXCLUSIVE 


MITSUBISHI 

lets you turn on house lights, and open garage doors and security 

HOMELINK'" SYSTEM .* 

gates, all without ever leaving the driver's seat.I (This is what we 



mean when we say th e Galant has meaningfu l luxury.) You just to imagine yourself in a Galant. Surprising ly, t he Galant S 

touch a button on the driver's sun visor, without fumbling with start s at $14,349, whil e the Galant LS with Luxury Package 

multip le remotes. You can also program the system to operate is $23, 164. d For even more details, simply turn the page. 

other devices. It's easy to imag ire the possibilities. And easy You know how we hate to keep people in the dark. 



OR MAYBE JUST THE SAFE, 

COMFORTABLE SURROUNDINGS. 

Located in the dr 
Universal Transmi 
garage doors an 

Because 
a height- . 

For long road 
control and a 

• rior room than 

To ensure a perfe 
power adjustable 

ore comfortable 
ious leather trim. 

No more 
thanks to 

tion is turned off. 

Every Ga/ant has 
zones and side-g 

ipped with child 
ther thing to 

For more information, or for the loca tion of the Mitsubishi Dealer nearest you, call 1-800-SSMITSU. 

G A L A N T 
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Dimensions of Data 
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Multidimensional 
analysis in a 

client/server 

world 

EDMUND X. DEJESUS 

B 
eth Ceja tracks statistical 
safety and accident in
formation for over 17,000 
employees at Southern 

California Edison. For two years, her 
tool of choice has been the multidi
mensional analysis package CrossTar
get from Dimensional Insight (Burling
ton, MA). Reports come in from over 
20 locations to a mainframe running 
DB2. Then they stage to the server
based multidimensional store that she 
analyzes using CrossTarget. Because 
such tools can rapidly "slice and dice" 
complex data in ways that are difficult 
or impossible for conventional SQL-oriented tools, they ' re 
an increas ingly popular way to analyze raw numbers. 

Data sources can include the following: mainframe data
bases, client/server relational databases, spreadsheets, data 
warehouses, text reports , flat flies, and proprietary sys
tems. Multidimensional tools can access file-based ex
tracts, act as clients to SQL servers, or talk to specialized 
multidimensional servers. These OLAP (on-line analytical 
processi ng) servers and their clients are an important new 
flavor of client/server computing. 

Flatland 
Flat files, typical of legacy systems, are the most common 
data source. These files can be staged to a multidimen
sional structure on the mainframe itself, to a SQL server, 
or to a multidimensional server. Whatever the destination, 
a metadata layer (i.e., a data dictionary) is usually involved. 
Metadata describes the source, format, and layout of the 
extracted data. 

Multidimensional products vary in their support for 
defining metadata. Some offer menu-driven or drag-and
drop interfaces to simplify the process (see the screen on 
page 140); others require considerable knowledge of source 
structures and transfer processes. Once in place, though, 
metadata remains fairly static. 

Many vendors emphasize their products' ability to han
dle flat-file data, which ensures access to legacy data on 
mainframes. The fl at-file format may also be the only op
tion when transferring data between source and destination 
components that share no other compatible data formats. 

Accessing Relational Data 
It may not be necessary (or desirable) to replicate rela
tional data to a natively multidimensional database. How

ever, multidimensional tools 
that reach direct.ly into SQL 
stores must create SQL state
ments to extract the data they 
analyze. As we saw with flat 
file s, some products offer 
menu-driven or drag-and-drop 
interfaces to simplify the pro
cess. These interfaces enable non-SQL programmers to 
perform multidimensional analysis of SQL data. Because 
relational databases represent multidimensional reali ty the 
way a set of 2-D blueprints represents a house, defining 
metadata for access to relational data can be complex. 

Relational database tables contain records (or rows). 
Each record consists of fields (or columns). In a normal re
lational database, one field in each record is the primary 
key, a unique identifier for each record . In contrast, the 
multidimensiona l data model is an 11-dimensional array 
(sometimes called a Hypercube). Each dimension has an as
sociated hierarchy of levels of consolidation of data. For in
stance, a time d imension might have a hierarchy with lev
els such as months, quarters, and fi scal years. Each location 
in a multidimensional array, corresponding to an inter
section of all the dimensions, is a cell. 

Variables (which are also known as measures or metrics) 
in a multidimensional array correspond to columns in a 
relationa l database table. Values within a table column 
correspond to values for that variable in a multidimen
sional array. Virtual variables (which are al o known as off
page variables) in a multidimensional array are values that 
are not stored but calculated on the fly fro m stored variable 
values. An example of this might be variance, which is 
calculated from actual and predicted data. Multidimen
sional tools can manipulate and display virtual variables just 
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as they do stored variable values. 

Metadata maps the columns and rows 
of a relational database to the dimensions 
and ce ll s of a multidimensional array . 
Metadata may also include rules for the 
consolidation of data at each level of each 
dimensional hierarchy. Variati ons on a 
time dimension, for example, might be 

days~weeks 

days~months~calendar years 
days~quarters~fiscal years 

where data consolidates at each level of 
these hierarchies. 

Multidimensional tools can access re
lational database data via SQL calls, pos
sibly using multidimensional extensions 
to SQL that can, fo r example, treat col
umns as subscript-accessible arrays. The 
advantage of this approach is that multi
dimensional and relational tools can share 
a common relational data store. 

However, there are also drawbacks. A 
SQL store is not a Hypercube. Instead, it's 
a set of related tables, and slice-and-dice 
analys is ("show me sales by region by 
month by salesperson") can be slow go
ing, even if you've staged the data fro m 
the transactional server to a dedicated 
analysis server. Products that access rela
tional data in this way include Brio Tech
nology 's DataPivot (used with its Data
Prism), Cognos's PowerPlay, MicroStrat
egy's DSS Agent, and Tri nzic's Forest & 
Trees. 

In formation Advantage has staked out a 
position fi rmly in the middle. The com-

Siies Aii 

To prepare for multidimensional analysis, users graphically Interconnect 

objects representing data sources, operations, and outputs. The example 
here is Planning Sclence1s Gentlum. 

• 
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pany's product called Decision Support 
Suite is an integrated set of applications 
to perform multidimensional analysis dy
namically on a data warehouse and act as 
a server to a variety of front-end tools in an 
open three-tier client/server architecture. 

Decision Support Suite is therefore a mul
tidimensional analysis engine, accessing 
nonmultidimensional data and providing 
multidimensional infon11ation to client ap
plications. This middleware approach does 
not dictate the form of the original data, 

What the Users Say 


HOW CISCO USES PABLO 

Sales representatives for router manufacturer Cisco Systems have financial 

Information at their f ingertips, even when they're on the road. They use 

Andyne Computing's Pablo to access multidimensional data 

downloaded onto their Mac PowerBooks. 

According to Ed Terpening, IS tools and technology manager 

at Cisco Systems, financial data (including transactions, sales, 

and revenue) resides in an Oracle relational database on a 

Hewl~tt-Packard Unix system. This data is loaded into a virtual data 

warehouse and then goes to the multidimensional structure on a Mac server. 

Pablo 's mult idimensional structure, called a Hypercube, contains data from 

the previous year (30 to 40 MB) that is updated weekly. 

Terpening points out that, although about 30 to 40 people use Pablo now, 

he expects that number to eventually rise to about 100. They aren't just data 

analysts either. Pablo's ease of use allows comparatively nonexpert users, 

including regional managers and sales and marketing staff, to generate 

reports and comparisons as needed. 

Because Cisco sales representatives compete against each other, each 

has only his or her own as well as aggregated data-no representative gets 
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another one's private data. But 

having all that data resident, and 

having Pablo to slice and dice it , 

gives them a powerful advantage 

when they make sales calls. 

HOW US WEST USES 
IRl'S EXPRESS 

Us West uses Express as both a 

source of data and a front end, 

according to Tom 

Keeney, director of 

financial systems 

development. 

Financial analysts in 

each business unit submit budgeting 

and other information direct ly, using 



For the easiest 
30 modeling available 

anywhere, fo,llow 
these instruclions 

closely. 

"""""~ Don't add any expensive, new memory boards or graphics accelerators. Forget tha 

sound cards and display drivers. Skip the Ille viewers, plot spooling, and antlaliaslng 

software too. Just switch on an Indy ModelerTll workstation lrom Silicon Graphics. 
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and it allows access by a number of front
end tools. 

input screens running in Express. Monthly, a flat file is extracted from DB2 to 

Importing and Transfonning Relational Data the Express multidimensional database running on an IBM ES/9000 
Instead of reaching into SQL stores di  mainframe. The company is In the process of migrating this to a Hewlett
rectly, some tools import relational data Packard Unix server. Users with Express running on PCs can access this 
and transform it into a multidimensional 

multidimensional data and generate reports as they need to. 
array. It's a four-step process: 

I . Establi sh the number of dimensions. 

Usually, it ' s the same as the number of 

keys in the relational database. HOW RHONE-POULENC-RORER PHARMACEUTICALS 

2. Traverse the key relations. Each logi USES IRl'S EXPRESS 

cal group or collection represents a di

mension in the multidimensional database. 
 Howard Mark, director of systems and programming for International Rhone
The multidimensional tool thus organizes 

Poulenc-Rorer Pharmaceuticals, uses IRl's Express to track sales and 
the data into hierarchies. 

marketing information worldwide. 3. Consolidate the rel ational database 
columns to appropriate levels. For exam According to Mark, every stable source of sales and 

ple, data that is dimensioned by location marketing data (including prescription information, factory 
may be consolidated into a hierarchy of sales, promotions, sales forecasts, and sales calls) feeds into 

a mainframe collection point runnihg Express. 

(Soon, however, Mark expects to replace the mainframe with a Structure of aMultidimensional Data Store 
Pentium server.) Nightly batch runs populate the Express 


Array header 
 multidimensional database running on a LAN server. Some 50 
Multiway arrays are comprised of Array name, users access the data, currently with Express EIS as a front 
two parts: a header and a data Number of 


dimensions, block. Tlie header contains the 
 end, though they may upgrade to Express for Windows. 

Number of cells, 
 basic data dictionary, or meta<:tata, 

comments 
 ifor the array: and the data block 

Dimension 1; contains the actual values tliat 

Number of 
 populate the arrays."It is thepositions HOW BLUE CROSS USES ESSBASE 

combination of the header and dataPos1 name AND MICROSOFT EXCEL
block that allows Multiway arrays to 

very quickly index and access large 

volumes of multidimensional data. 


Pos2name 

Providers of health insurance have to track their own 

Fast offset Array data 
calculation data True 

Bfinension #n 

Denver 
~ Access and Manipulation 
To access data, the header Is used to 4 

determine which specific cell is requested. $87.65 
This allows the data to then be directly 
accessed In a single disk 1/0. Because the 16 
header conta!ns inform<!lion about the size, 
shape, and attributes of each array, many RoblnsoJl 

dictionary ctianges (e.g., adding and deleting 3 .14 
positions) can be done without ever changing the 
data, by accessing.only the header. Moreover, new arrays can be 
created and manipulated through the header, reducing database 
maintenance and overhead. 

expenses as well as ours. For George Trudel, business and 

technology office consultant at Blue Cross/Blue Shield of 

Rhode Island, that means getting cost-accounting information 

off the mainframe and into Excel spreadsheets. 

His solution Is to use Arbor Software's Essbase 

as middleware between the mainframe and the 

spreadsheets. 

The expense data lives on an IBM mainframe, 

with updates flowing in daily. Each month, a flat file containing 

the past two years of this information (around 800 MB) is 

extracted to Essbase. Running on an IBM OS/2 server with 32 

MB of RAM and a 2-GB hard drive, Essbase populates a 

database with dimensions, including time, cost center, line of 

business, and expense type. Excel macros can then pull data 

in from Essbase and fill the spreadsheets in about 5 minutes. Kenan's Multiway (part of the Acumate product) splits data into 
header and array blocks to streamDne access. (Courtesy Kenan (Trudel considered using Pilot Software 's Lightship as a front 
Systems Corp.) end, but he found the spreadsheets adequate.) 

Of special interest to Trudel was Essbase's support for 

multiple hierarchies. It can load data at the lowest level of each dimensional 

country. hierarchy. Users can then define rules for rolling up the data in different 
geographical levels-district, state, and 

4. Design the calculated data. Most tools ways. Also crucial was Essbase's method of handling sparse data. The 
let you design computed variables on the 
fly. co111in11ed 
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The resulting multidimensional array 

may differ significantly from Lhe source 
relational database. Extensive calculations, 
consolidations, comparisons, sorts, and se
lections can occur automatically during 
the transformation. lf the relational data
base stores current operating data and his
torical data, the corresponding multidi
mensional array might create, calculate, 
and store future or projected data. 

Becau se the data dictionary defines 
sources of data, dimensions and variables, 
dimensional attributes and their hierar
chies, and formulas to calculate virtual 
variables or handle time series, it' s a valu
able by-product of transformation. This 
enhanced view of the raw data can greatly 
simplify conventional client/server appli
cations development. 

Going Native 
Products that implement specialized mul
tidimensional servers include Arbor Soft
ware 's Essbase, Comshare's Commander 
OLAP Server, Holistic Systems' Holos, 
IlU Software' s Express, Kenan Technolo
gies ' Acumate, Pilot Software's Lightship, 
and Planning Science's Gentium. These 
servers let users explore up to gigabytes 
of data, interactively teasing out meaning 
and insight. 

Products that construct file-based mul
tidimensional data stores include CrossTar
get and Andyne Computing's Pablo. The 
vendors of such products claim greater 
portability of the data store (e.g., for use in 
mobile-computing situations), because the 
client/server architecture is not required 
to access the data. 

Whether they ' re server- or file-based , 
multidimensional stores work with tons 
of data. How do they manage it? Sparse 
arrays are one key optimization . An array 
is sparse when few celJs are populated or 
when many cells repeat the same value. 
Either way, the array can be compressed to 
cut down on storage and boost perfor
mance. Kenan ' s Acumate can be config
ured for different sparsity tolerances, and 
it splits the data into header and array 
blocks to streamline access (see the fig
ure "Structure of a Multidimensional Data 
Store" ). 

Arbor Software has patented a way to 
dynamically configure the dimensionality 
of the base unit of storage in Essbase to 
optimize its performance. This technique 
improves consolidation speed and mem
ory utilization. ft also cuts query response 
time and disk-storage requirements. 

Predefining data location and format 
with metadata is also the key to rapid ac
cess. Some products, including Acumate, 
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database in question has over 4 trillion possible cells but is only 0.03 

percent populated. 

HOW AIRTOUCH USES ESSBASE AND EXCEL 

Keeping track of your own phone bill is often a frustrating and mystifying 

experience. Imagine doing it for customers all over the globe, all in different 

currencies, and you have some idea of the challenges Don 

Sherwood faces. Sherwood, staff director of AirTouch 

International, a provider of international wireless 

communications services (including paging and cellular 

phones), has to consolidate Information from 90 Excel 

spreadsheets to construct statements for customers and for internal use. 

After trying other solutions, he's settled on Arbor Software's Essbase. 

Users have run their Excel spreadsheets for five years, and no one wanted 

to disrupt that part of the operation. It was important to preserve the 

software people were familiar with. Previous attempts to consolidate the 

information had included such diverse technologies as Next computers , 

combinations of Lotus 1-2·3 and FoxPro, and IFPS (Interactive Financial 

Planning System). However, the special rapport between Essbase and Excel 

clients makes this solution a natural flt. 

" It's as simple as a drag and drop for us," said Sherwood. He selects the 

90 Excel spreadsheet file icons and drops them on Essbase, running on a 

486 OS/2 server. Essbase knows the structure of the Excel files. Using 

previously defined specifications, it can extract the required information 

(about 100 MB), perform calculations to transform currencies, and 

consolidate the information into a multidimensional database. 

Sherwood's multidimensional database has six dimensions. Certain 

specific views are defined to automatically generate the needed reports. 

Currently the system's sole user, Sherwood expects use to expand to five 

or more. The capability of the Essbase multidimensional database makes 

that expansion both attractive and feasible. 

HOW SEARS USES ESSBASE AND LOTUS 1·2·3 

Sears. Many stores. Many products. Many customers. Lots of data. How 

does It track actual sales versus projected sales? Irena Kleinaitis, retail 

reporting systems manager, consolidates mainframe and spreadsheet data 

with Arbor Software's Essbase multidimensional database server to generate 

a gross-profit matrix analysis. 

Actual sales and inventory data reside on an IBM 

mainframe. Projections live in many Lotus 1-2-3 spreadsheets. 

Once a month, the mainframe data is passed as a flat file to 

Essbase, running on a 60-MHz Pentium PC with 256 MB of 

RAM and an 8-GB hard drive (though Kleinaitis points out that only 128 MB 

and 2 GB are needed). Data transfer, formerly a 39-hour marathon with a 

DB2-based product, now takes just 30 minutes. That improvement, and 
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provide direct cell-level access, which al
lows high-speed loading, updating, and 
retrieving of large quantities of array data. 
On suitable hardware, Kenan's ALT (Array 
Level Interface) can perfonn thousands of 
cell accesses per second, on both sparse 
and dense arrays. Such speed is necessary 
when populating a multidimensional data
base with gigabytes of infomiation, even in 
an overnight process. These services are 
accessed through a C APl that allows direct 
data exchange between application pro
grams and the array. 

Alternative Architectures 
IRI Software's Express runs with the data 
engine and data dictionary residing on the 
server, while analytical screens and queries 
run on the client. A single database can 
be distributed among several locations. 

Comshare's Commander OLAP Server 
includes a data refinery for data extrac
tion, cleanup, and transport from legacy 
data sources. Part of the data refinery sits 
next to the source data on Windows NT, 
OS/2, VM, MVS, VMS , and Unix sys
tems. Only the required data is extracted 
and moved, which cuts down on process
ing and improves perfonnance. 

Kenan 's FocalPoint tool creates and 
manages high-level data links that afford 
" virtual " access. When you request data, 
FocalPoint checks to see if the data is in the 
multidimensional array. If this is not the 
case, it generates the code to access a re
lational database (using SQL) or a flat file 
(using file read commands). You don't 
have to know where the data is located or 
in what format. 

FocalPoint loads data automatically at 
prearranged times, either statically ( in 
batch mode, periodically) or dynamically 
(by user request to support on-the-fly drill
downs). The metadata defines the multi
dimensional data model, the locations of 
external data sources, the mappings be
tween data sources and the array, and the 
distribution of data between sources and 
the array. 

Multidimensional applications typically 
require access to multiple sources of data. 
Gauging the effect of sales promotions on 
sales volume, for example, may require 
tapping into separate advertising and sales 
databases. 

Along with client/server support, mul
tidimensional tools should handle local 
data storage and manipulation. so users 
can analyze data sub. ets off-line. 

Open Access 
Not everyone is in favor of multidimen
sional servers. Users rightly worry about 
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outstanding query performance, are welcome to the 40 users of the system, 

many of whom employ Lotus 1-2-3 as the front-end client to Essbase. 

HOW NORTH MEMORIAL MEDICAL CENTER 
USES FOREST & TREES 

Hospitals generate mountains of data on patients, so it's no surprise that 

administrators would turn to a multidimensional tool to help analyze it all. 

Ron Heim, vice president of information services and CIO of 

North Memorial Medical Center in Minneapolis, uses Trinzic 's 

Forest & Trees to sift all that data for the information 

managers need. Helm's customers for this information are the 

president and the top two levels of management at the 

hospital. They require information daily about how many patients are using 

which of the hospital 's locations for what services. 

The patient information currently resides in a Sybase relational database 

running on Sun SparcStation 20s. (Laboratory results are on a separate IBM 

AS/400 and can be accessed via SQL calls that are transparent to the user.) 

Data is added to the patient database constantly, amounting to up to 10,000 

patient records per day. Forest & Trees accesses the information every 30 

minutes to provide snapshots of the system throughout the day. In addition, 

an overnight batch run sifts through over a million patient records so that 

Forest & Trees can generate daily reports to upper management. 

The response time to the system is good, and Heim expects the current 20. 

users to swell to almost 60. The value of the system is that it provides timely 

views of how the hospital is serving the needs of its patients. 

HOW PHILLIPS PETROLEUM USES 
SMARTSTREAM ANALYZER 

Plastics, the party guest advised Dustin Hoffman in The Graduate. That 

advice has worked for the $1.8 billion plastics division of Phillips Petroleum. 

Keeping track of al l the operational data involves plenty of 

computer power and the multidimensional capabilities of Dun 

& Bradstreet Software's SmartStream Analyzer. 

According to Mark Evans, plastics IT (information technology) 

manager, the impetus behind the move to multidimensional 

analysis came from a senior executive who didn't like receiving filtered data. 

Using SmartStream Analyzer, managers can slice and dice raw data 

themselves. 

Operational data Includes product sales, inventory, manufacturing reports, 

and logistics (e.g., locations of rail cars). Data from a variety of mainframe 

legacy systems feeds a central repository implemented in DB2 on another 

mainframe. SmartStream Analyzer interrogates DB2 nightly and extracts data 

to a Sybase relational database on an IBM RS/ 6000. From there, the data is 

available for querying by over 30 top managers from their networked PCs. 

The fact that managers can see operational data on many different levels 
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proprietary access, the lack of tuning and 
maintenance tools, and the inability to up
date data incrementally. Many users will 
thus continue to rely on conventional re
lational systems for transaction-oriented 
work and supplement these with multidi
mensional sy. terns for querying, report
ing, and analysis. In fact, the Gartner 
Group predicts that natively multidimen
sional databases will fall behind products 
that optimize SQL-oriented databases for 
multidimensional analysis. 

Vendors of multidimensional solutions 
are striving to make their products more 
open and accessible, embracing technolo
gies such as ODBC (Open Database Con
nectivi ty) , OLE, and DCE ( Distri buted 
Computing Environment) . By publishing 
their own APJs, as Arbor Software has 
done with Essbase, vendors hope to attract 
third-party support and establi sh de fac to 
standards in an otherwise standardless 
field. 

Vendors increasingly stress the ability to 
access relational data on the back end and 
to display it in spreadsheets on the front 
end . Further, they try to serve up a variety 
of back-end data sources to a variety of 
front-end tools. Use of an exi sting client 
leverages the buyer' s investment in soft
ware and the user' often considerable ex
perience with the tool he or she knows 
best, so an architecture open to front-end 
clients is preferred. 

The data dictionary is the crucial link 
between conventional data stores and mul
tidimensional analysis tools. Most of the 
latter can already reach through and di
rectly access original data sources. These 
capabilities will probably expand in the 
future. Some people predict the emergence 
of a standard MDQL (multidimensional 
query language). 

Complementary Solutions 
There ' s a trend toward partnership in the 
multidimensional camp. Comshare has li
censed the Essbase engi ne from Arbor as 
a server component of Commander EIS . 
Micro oft Excel is strongly linked with 
Essbase. And Cognos ' s PowerPlay and 
Essbase are merging into an integrated 
OLAP solution. The establishment of the 
OLAP Council in January by charter mem
bers Arbor Software, Comshare, IR1 Soft
ware, and Pilot Software is expec ted to 
produce a common AP! to simpli fy access 
(although some vendors complain they've 
been excluded). 

Because OLAP and OLTP (on-line 
transaction processing) complement each 
other, the ultimate solution is to let both 
use the same data. Because OLTP must 
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can have unexpected consequences, says Evans. "A senior manager can call 

up lower-level management and say, 'Why has this rail car been sitting in 

Chicago for 120 days?' " Having used the system to great success in the 

plastics division, Phillips is considering it for the entire corporation . 

HOW HERTZ USES COMMANDER OLAP SERVER 

How can Hertz maintain a competitive edge against hundreds of competitors 

in thousands of locations worldwide? By consol idating and automatically 

monitoring competitive price data from multiple sources using 

multidimensional technology, according to Peter Ondi {director of global 

marketing planning information) and Bill Carroll (division vice 

president of marketing planning). 

Data about competitors' prices flows in constantly from 

multiple sources, including travel agency databases and 

private providers. Hertz's mainframes provide its own·internal 

data. On a daily basis, this multiple-source data is transformed into ASCII flat 

files and then filtered and merged with existing data into a multidimensional 

model. 

A proprietary system of logic, rules , and criteria operates on the 

multidimensional model to automatically monitor prices and bring 

observations and trends of sometimes critical importance to the 

organization's attention. The model uses Arbor Software 's Essbase running 

on a server. Comshare's Commander OLAP Server, running on Windows PCs, 

obtains multidimensional data from the model for analysis as a front end. 

Carroll recalls that not too long ago, most of the data acquisition was done 

by phone and analysis was done by hand. Automated multidimensional 

analysis is both a dream come true and a business necessity. "To provide 

value to the customer, Hertz must be competitive on price, · says Carroll . 

"This tool gives us a tremendous advantage with competitors in this market. " 

write and access data quick ly, this argues 
for the darn to be in a relational database. 
The problem then becomes how multidi
mensional tools can best access it. Ideally, 
there would be some way to rapidly trans
fer data from relational databases to mul
tidimensional tools. 

A big boost for multidimensional tools 
would be "data pumps" to move data from 
ex isting relational or nonrelational data
bases to native multidimensional data 
bases automatically. Such data pumps al
ready exist to move data to relational data
bases from other relational databases or 
from nonrelat ional database .. However, 
John Faig of the Meta Group sees a need 
for the ability of large organizations to au
tomat icall y populate multidimensiona l 
databases in an off-line batch mode. 

Relational databases and multidimen
sional arrays are not mutually exclusive, 
but complementary. Many organi zations 

will want to use both . There are several 
ways to configure the two systems to co
ex ist peacefully. For example, informa
tion about the relational database can be in
cluded in the multidimensional server's 
data dictionary. This lets the multidimen
sional server access the relati onal data
base with dynamic SQL slalt:mt:11 l ·. Al
ternatively, tables in the relational database 
can be formatted to behave like exten ions 
to the multidimensional server' s data dic
tionary. 

Someday soon, with luck, the details of 
OLTP/OLAP interoperability will be 
worked out. Users will then be able to get 
on with their real job: turning data into in
formation . • 

Ed1111111d X. Del es11s is a BYTE senior editor. Ne 
has a Ph.D. in physics and has been a professional 
programmer for over 15 years. Yo11 can reach him 
0 11 the lnremer or BIX at edejes11s@bir.com. 
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raving about our bigger, new, high-performance 1765GM 
and 1785GM 17-inch "green" monitors: 

"Best 17-in. monitor" (Monthly PC Magazine,Japan). 
"Best overaO perfrmnance"(Soft& Micro Magazine, France). 
"One ofthe best monitors...bright,sharp display and excellent 
colors" (Windows Magazine,Sept '94). "Symbol of&cel
lence Award" (CETDC/ Business Week Asia,Taiwan). 
"Best Display Products" (Computex/Byte, Taiwan). 

Not only does the larger, flat-square tube give you 

more display area for Windows~ an ultra-fine .26mm dot 
pitch and flicker-free 1280 x 1024at 75Hz resolution 
bring your graphics to life as never before. 

Users thrive on the ergonomic design; anti-glare, 
anti- reflection, anti-static screens; and its front
mounted, full-featured digital touch-panel. 

These new low-radiation (MPR II-compliant) 
"green" monitors use only five watts of power when 
"on" but inactive. That's six times better than even 
the US EPA's own Energy Star guidelines. 

So how did we get so big so 
fast? Simply by giving you more 
for less. For more information, 
call your nearest CDC office. CHOICE OF TIIE PROS 

USA llcadquarteis 20530 E.vlgateStreet, Walnu~ CA 91789, 90%9!Hil46, l'ax m59!Hi293 Technical Support 1~2012 BBSm594-8973 Southern Region 6624 JimmyCarter 
Blvd., Norcross. GA 30071. 404-729-8900. Fax 4().1-~ Eastern Region 4 l·A Ed~ard Ross Drive, Elmwood Park. J 07407, 201-6-16-0707. l'ax 201-646-1998 Midwestern Region 
500 Park Blvd., Ste. 295C, Itasca, !I. 60143. 708-285-0202, l'ax 708-2~2 12 Southwestern Region 1225 E. Crosby Rd., Ste. A2 1. Carrollton, "IX 75006, 214"116-9610. Fax 214-245-7447. 

©1994 crx International. Inc. All brand names are trademarks or registered trademarks of their respective owners. 
'Official 1993 Monitr:ik U.S. monitor sales research. 
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It Makes Simple Presentations Impressive. 

It Makes Impressive Presentations Simple. 


It's a Proxima Ovation"'+ projection panel. 

It works with your computer and 

an overhead projector to project 

powerful large-screen images. 

Anything from simple graphics to 

full-motion multimedia presentations. 

And yes, you need one. 

Because with it, you can 

communicate more 

effectively than ever before. 

But that's not all. 

Proxima's Ovation+ is easy to 

use-just plug it in like a monitor. 

It's impressive to watch-it's active

matrix display projects 16.7 million 

eyepopping colors. And it puts you in command. 

Our unique Cyclops• interactive pointer system works 

like a cordless mouse to give you total control of 

your software from anywhere 

in the room. Any software, any 

presentation, any platform. 

Suddenly, your presentations 

are more impactful. Your 

points more memorable. Your 

workgroups more productive. All because 

you have an Ovation+ projection panel. 

To receive information on our complete line 

ofProxima Desktop Projection'M products, call us 

today at 1-800-447-7694. 

PROXI~ 
TH E D ESKTOP P RO J E C TJ N C MPA Y 
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Client/Server with Distributed Objects 

ROBERT ORFALI AND 
DAN HARKEY 

W 
hen Microsoft and 
CI Labs talk about 
OLE components 
and OpenDoc 

objects, they focus on the benefits of 
document-centric (as opposed to today's 
mostly application-centric) desktop com
puting. But these objects and compo
nents won't live onJy on the desktop. 
They're destined to become the curren
cy of the intergaJactic client/server era. 
How will OLE and OpenDoc talk to 
servers? How will object servers deliv
er the mission-critical support for trans
actions, concurrency, and scaJability that today is the province 
ofTP (transaction processing) monitors? The OMG (Object 
Management Group) has long anticipated these problems. 
Version 2.0 of the COREA (Common Object Request Bro
ker Architecture) aims to solve them by defining key object 
services, including transactions, concurrency, relationships, 
and extemaJization. Microsoft, with help from DigitaJ Equip
ment, has a rival solution called COM (Common Object 
Model), and Novell's AppWare Distributed Bus may be 
yet another contender. All this enables us to say that we 
have seen the future, and it is distributed objects. 

What' s a distributed object? AC++ or Smalltalk object 
encapsulates code and data, and can be specialized by means 
of inheritance, but can' t reach across compiled-language or 
address-space boundaries. In contrast, distributed objects are 
packaged as binary components accessible to remote clients 
by means of method invocations. Clients don' t know which 
language or compiler built a server object, or where on the 
intergalactic network the object physically resides. They need 
to know only its name and the interface it publishes. 

Ultimately we want supersmart client/server compo
nents that can not only interoperate but collaborate. For 
example, agents roaming the intergalactic network should 
be able to negotiate with other agents. In a homogenous 
programming environment, such as Telescript, that' s easy. 
But the emerging world of software components is het
erogeneous, and we need standards that set the rules of 
engagement among different types of components. 

OMG's Object Management Architecture 
The OMG envisions a common interconnection bus (see the 
figure "CORB A Standards for Component Evolution") that 
hosts client components, core services needed by aJJ com
ponents (including naming, persistence, events, and trans

actions), and common facilities 
for component collaboration. 
These may be horizontal in the 
case of user-interface or system 
management facilities that inter
connect components from dif
ferent application domains, or 
vertical when specific to partic
ular domains-say, car rental or 
hotel management. ln these ver
tical domains, users will manip
ulate suites of business objects 
on the desktop, and tap into 
underlying client/server webs. 

In the fall of 1990, OMG first 
published the Object Manage
ment Architecture Guide. It was 

CORRA 2.0 
mechanisms and 
services define 
how today's 
desktop objects 
and components 
can ride on 
tomorrow's 
intergalactic 
software bus 

revised in September 1992, and the details of the common 
facilities were added in January 1995. The four key elements 
of the OMG's architecture are: 

•The ORB (Object Request Broker): It's the object 
interconnection bus. Clients are insulated from the mecha
nisms used to communicate with, activate, or store server 
objects. COREA 1. 1, introduced in 1991 , defined the IDL 
(interface definition language) and APis that enable 
client/serverobject interaction within a specific implemen
tation of an ORB. COREA 2.0 specifies how ORBs from 
different vendors can interoperate. 
•Object services: Packaged as components with IDL-spec
ified interfaces, these services extend the capabilities of the 
ORB. OMG has adopted the following object services: 
naming, event notification, persistence, life-cycle manage
ment, transactions, concurrency control, relationships, and 
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externalization. Five new services are ex
pected by mid-1995: query, licensing, prop
erties, security, and time. These object ser
vices should be bundled with every ORB . 
• Common facilities: These collections of 
IDL-defined components define the rule 
o f engagement for application objects. 
They' re categorized as horizontal and ver
tical. The horizontal ones address four dis
ciplines: user interface, information man
agement, systems management, and task 
management. The user-interface services, 
Hke OLE and OpenDoc, govern on-screen 
activities such as in-place editing. The 
information-management services resem
ble the OLE and OpenDoc mechanisms 
for compound document storage and data 
interchange. Systems management ser
vices define interfaces used to manage, in
strument, install, configure, operate, and 
repair di stributed objects. Task manage
ment services include things like work 
flow, long transactions, agents, scripting, 
and rules. In the realm of vertical facili
ties, IDL-defined interface will support 
suites of interacting objects specialized for 
health , retail, finance, and other domains. 
• Application objects: These are compo
nents specific to end-user applications. To 
participate in ORB-mediated exchanges, 
they too must be defin ed using IDL. App]j
cation objects, ofcourse, build on top of ser
vices provided by the ORB , common facil
ities, and object services. 

CORBA Standards 
for Component 
Evolution 

Obfect services 

A common Interconnection bus, the ORB (Object Request Broker) hosts systemwide object services, such 
as naming, penlslence, and transactions; appllcatlon-spec services, Including user-Interface 
technologies similar to Ol£ and OpenDoc; and application objects that wield aD these other senlces. 

The CORBA 2.0 ORB and object ser however, are works in progress. When the distributed service we know today. Note 
vices should be incorporated into commer common facilities are ready for prime time, that it is not the OMG' s goal to reinvent all 
c ia l ORB s starting in mid-1995 . The perhaps by the end of 1996, CORBA will of these services, but rather in many cases to 
application objects and common facilities, provide IDL interfaces for virtually every provide IDL wrappers for existing standards. 

The Structure of aCORBA 2.0 Object Request Broker 

Client 
IDLstubs 

ORB 
interface 

Object Request Broker core 

Interface 
repository 

CORSA clients Invoke services statically by way of compiled IDL !Interface definition language) stubs or on the fly using Implementation 
of dynamic Invocation APls. CORSA seners route client requests to object Implementations analogously by means of repository 
static skeletons or at run time using the new dynamic skeleton Interface. Clients and servers share the utlfity APls of

New with 
the ORB (object request broker) Interface.• CORBA2.0 

162 BYTE A P R I L 1995 



In Whi c h S e lf As s urance Speaks Louder Than Words 

System Architect 

As much aswe'd1ike to haveyoubuyi~


we'd ratherhave you try1tfirst 

If you're looking for a clienc/server software 
engineering tool that destroys the myth 
about low price meaning low functionality, 

SA Now Supports 

OMTL 

Rumha!Jgh 

Sj1ste111 Architect 
s11ppo1ts the most 

popularOO 
methodologies 

i11dudi11g 
BOOCH94, 

ConrUY011rdo11 & 
110111 t111ailnble: 

OMT/Rmnhnugh. 

we'd like to send you 
an evaluation copy of 
System Architect.,." You 
will receive the actual 
product, not a demo. 
Keep it for 30 days to 
see if it makes sense for 
developing your client/ 
server applications. 

Multiple 
Methodologies 

System Architect sim
plifies the development 
of clienc/server applica
tions by supporting 
OMT/Rumbaugh , 
Yourdon/DeMarco , 

Gane & Sarson, Ward & Mellor (real-time), 
IDEF, CoadNourdon, Shlaer/Mellor (00), 
Booch, Information Engineering, SSADM IV 
and ER diagrams. To give you added flexi
bility, System Architect comes in either 
MS Wmdows®, NT® or OS/2 PM®versions. 

SA Schema Generator. 

For Most Popular RDBMs': 


AS/400 • OS/2 Oarabase Mgr. 
ANSI SQL • Paradox • dBASE ill 
PROGRESS• DB2 • Rdb 0/AXJ 

Informix • SQL Base 
Ingres • SQL Server• lnterbase 
SYBASE • SYBASE 10 • Oracle 

XDB•WATCOM 
Teradara • ODBC 

Exceedingly 

Customizable 


System Architect is the essence of unre

strained possibilities. It comes fully loaded 


FREE FOR

.-' ... ; rn ···.;·-~,_-, rJ fi: : :i 

I, '~ : 

I : .l 

;, '·'._.-,, [·! 

'. ~ .. S~ I 
•'i 

:· , ::· 11 

30DAYS 

All you pay far it Jh ippi11r.. Offer '111ailable in U.S. and Canada only. 

with an integrated data dictionary that can be 
customized to your myn particular needs. For 
instance, you can define up to 50 user objecrs. 
SA is easy to use and ready to produce results 
from day one. What are you waiting for? 

What Every 
Project Team Needs 

Team members can work concurrencly on 
the network version of SA. They share the 
SA repository by locking diagram and 
dara dictionary records and by using the 
check-in/check-out facility. Also available 
is forward and reverse engineering of 
C++. Moreover, SA is affordable enough 
for every project team member to use, 
not just a select few. Network security is 
also provided. 

What Else Is On 
Your Wish Llst? 

Here are the System Architect options now 
available: 

*SA Object Oriented Analysis & Design 
*SA Schema Generator 
*SA Screen Painter 
*SA Reverse Data Engineer 
*SA Project Documentation Facility
Windows only 

*SNPowerBuilder Link-

Windows only 


MICROsoFr. 
*SNSQL Wmdows Link WINDOWS. 

(available from Gupta) 
Ifyou want more information about any of 
these, just call us. Better yet, when you 
order an evaluation copy, we'll include the 
options you request. Then if you still don't 
have what you're looking for, stay tuned. We 
may be working on it. 

It's Your Money 
A customizable model-based development 
tool used to cost more than most businesses 
could afford. Since 1988, we have proved 
repeatedly that low price and high perfor
mance need not be mutually exclusive. 
Today there are more than 50,000 users of 
System Architect worldwide. Which goes to 
show there are prudent people everywhere. 

It's Easy To Qualify 

For An Evaluation Copy 


Of System Architect. 


Just Call 800-732-5227, x 621. 
Or Fax Us At 212-571-3436. 

mSYSTEM 
• ARCHITEC1:. 

Popkin Softw a re & Sys t e m s, Inc . 
I I P a rk Pl a ce , N ew York , N Y 1000 7 

RE AL TOOLS FOR THE REAL WORLD. 

Australia (1-800) 658660' Benel ux 31-3406-65530 ' Brazil 55- 11 -535-5200 • Chil e 56-2-695-3330' Col um bia 57- 1-2 18-8877 •Denmark 45-4599-9300 

England 44-926-45 0858 ' Germany 49-6 15 1-86203' Icela nd 354- 1-67 1920 •Italy 39-49-8700366 · Korea 212-75 1-11 09 · Malaysia 60-3-757- 1806 


New Zeala nd 6 1-02-346499 ' Peru 5114-417828 • Spain 34-3-415-7800 • Swede n 46-8-626-8 100 ' Swit ze rl and 4 1-6 1-6922-666 


© 1995 Po pk in Softwa re & Systems. In c. T he Sys tem Arch itec t logo is a trade mar k of Popk in Softwa re & Sys tems, In c. 
All o th er brand and product n:i mcs arc tr:idc mark5 or regis rcrc: d tradem arks of thei r rcspccrivc ho lders. 
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The ambitious goal of CORB A is to tum 
everything into nails, and give everyone a 
hammer. The nails are the IDLized services, 
and the hammer is the IDL interface to these 
services. 

The ORB Client 
A CORBA ORB looks more complex (see 
the figure "Structure ofaCORBA2.00RB") 
than it really is. The key is to understand that 
CORB A, like SQL, provides both static and 
dynamic interfaces. Let's first review how 
CORB A works on the client side. 

154 BYTE APRIL 1995 

Client IDL stubs provide the static 
interfaces to object serv ices . These 
precompiled stubs, generated by the IDL 
compiler, define how clients invoke 
corresponding services on the servers. With 
dynamic invocation APis, on the other hand, 
you can (at run time) discover a service that 
you want to invoke, obtain a definition of it, 
issue a parameterized call to it, and receive 
a reply from it. 

Interface repository APis allow you to 
obtain and modify the descriptions ofall the 
registered component interfaces, the methods 

they support, and the parameters they require. 
CORB A calls these descriptions method sig
natures. The interface repository stores, 
updates, and manages object interface defi
nitions, and your programs use its APis to 
access and update this information. 

With CORBA 2.0, ORBs provide global 
identifiers called repository IDs that 
uniquely and globally identify a component 
and its interface across multiple ORBs and 
repositories. The repository IDs are system
generated unique strings that enforce nam
ing consistency across repositories-no 



eCD-RO 
at your • 

Multimedia publishing. Data backup. Software 
distribution. Electronic publishing. Records archiving. With 
the dataDisc series of CD-recorders you can put any 
infonnation on a worldwide compatible CD-ROM 
and retrieve your infonnation from any CD-ROM 
player. 

These third generation CD 
Recorders will cut an industry 
standard 680 megabyte blank 
disc in less time with more 
reliability than comparable CD
ROM recorders. Plus, as the largest 
CD-R blank media retailer, we offer the best blank media at 
the best price. 

Our systems come bundled with everything you need 
to begin making CDs right out of the box. With 
DiscMaker;1'1 our powerful CD mastering software, you can 
cut discs in all fonnats including CD-ROM (nonnal data), 
CD-DA (Digital Audio) and multisession format Or add 
DiscMakerrn Multimedia mastering software and make 

CDs for XA (audio/video interleaving), CD-I, Photo CD, 
CD-TV and now Video-CD. 

Fast, easy and affordable. The dataDisc CDR-2x 
comes bundled with DiscMakerrn mastering software, 
SCSI card, cable, IO blank discs and lifetime, toll-free 

technical support for only s2,495. 
Other configurations and faster 
CD-recorders are also available 
(CDR-4x and 
CDR-6x). 

Your data 

We simply do it for less."' 
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Is an Object Adapter aTP Monitor? 


name collisions are allowed. They're gen
erated by means ofDCE (Distributed Com
puting Environment) UUIDs (universally 
unique IDs) or a user-supplied unique pre
fix attached to IDL-scoped names. 

The ORB interface (used by clients and 
servers alike) supplies miscellaneous useful 
APis. For example, there are APls to con
vert between object references and strings. 
These calls are handy if you need to store or 
communicate object references. 

With support for both static and dynamic 
client/server invocations and an interface 
repository, CORBA is more powerful and 
flexible than first-generation middleware, 
such as RPC (remote procedure call) (see 
"ORB vs . RPC" on page 160). Static 
invocations are easy to program, fast, and 
self-documenting. Dynamic invocations, 
while harder to program, offer maximum 
flexibility and are essential when applications 
must discover services at run time. 

The ORB Server 
Servers can ' t tell the difference between 
static and dynamic invocations. The same 
message semantics apply in both cases. The 
ORB locates an object adapter, transmits 
the parameters, and transfers control to the 
object implementation through the server 
IDL stub (also calJed a skeleton). 

Static skeletons provide interfaces to each 
service exported by the server. These stubs, 
like the ones on the client, are created using 

How does a CORSA server deal with 
millions of small objects? Who man
ages the object references? ·How are 
these references stored persistently? 
. In.theory, the .answer to all these ques
tions is the object adapter, GORBA's 
version of a TP monitor for objects. An 
object adapter registers the applica- , :,,. 
tion's classes, instantiates new·objects, 
gives them unique IDs, advertises their 
existence, invokes their methods when 
clients request it, and manages con
current requests for their services (see 
the figure "The Structure of a Typical 
Object Adapter"). More sophisticated 
object adapters will also provide trans

action management, loa_s:t balancing, 
and fine-grained security: 

An object adapter defines whether 
activating an 9bject IJleans creating a 
ne.w process,. c:reating a thread in an 
existil'!-g process! 'or reusing an e).(isting 
thread or process. Servers may support 
a vari~ty of- object. aqapters to satfsfy 
different types of request;s. for example, 
an object database may want to implicitly 
register all its Jine'gr:ained oi>j~ots·, 
without issuing individual calls. to the 
object adapter-. In such a case, it doesn't 
make sense for ·an obJect ..adapter ~o 
maintain per-object state, so the ~bJect 
database can provide a special-purpose 

object adapter that interfaces with the 
.ORB core ar.id at the same time meets 
its own special requirements. 

OMG prefers not to see a proliferation 
of object adapters. So CORSA specifies 
a BOA (basic object adapter) that can .be 
used in many cases. CORSA requires 
that every ORB supply a BOA. 

Today's object adapters aren't on par 
with TP monitors, but we expect this to 
change now that the object transaction 
and concurrency services have been 
adopted. TP monitor vendors may be 
_the first to offer massively parallel object 
adapters that can orchestrate millions of 
server objects. 

0 Registers server classes with the 

Implementation rep_osltory. You can think of 

1lie Implementation repository as a;perslstent 

store t1lllllaged by the object adapter. 

8 lostantlates new objects at run time. The 

number of instances created Is a function of. 

demand for services. Tife adapter is 

responsible fpr balancing the supply of 

obj~ctS with the Incoming client demands. 

e Generates and manages object references. 

The object adapter assigns references (unique 

l!)s) 1o thtfoew objects It creates. ~s 

responsible for mapping between 

lfllplementation-speclfic and ORB-specific 

'representations of object references. 

8 Broadcasts the presence of the object 

servers. The qbject adapter may broadcast the 

seMces it piovldes·on the o"Ra. or it may 

~spond to directory queries from the ORB 

core. Bther way, it's job Is to tell the outside 

world about ttie services It manages. 

E~ntually, we expect to see tight Integration 

With global directory services, such as X.500. 

0 Handles Incoming client calls. The object 

adapter Interacts with the top mes~iigl{lg layer 

The Sbucture of aTypical Object Adapter 

0 0 
Up-call to Register
method new classes 

Q .. 
i 

Instantiate 
n~wobjects 

0 Broadcas services 

of the ORB communlcatlon stack, peels off 0 Routes the up-call to the appropriate 

the request, and hands It to the Interface method. The object adapter Is Implicitly 

skeleton. The skeleton Interprets the Involved In the Invocation of the mettiods 

Incoming parameters and presents them lo a described In the skeleton stubs. It may be 

fonn that's acceptable to the objeCt's method Involved In activating the lmplerneotatlon and 

Invocation. can authenticate Incoming requests 
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With BW-MultiConnect and 

BW-Connect NFS for Windows NT 


You Won't Be Left Out In The Cold.. 


It's easy to get your NFS clients 
and NetWare®users to warm up to 
the benefits of Windows NT~ Reel 
tl1em in with BW-MultiConned" 
and BW-Connecf' for Windows 
NT. Both solutions are from Beame 
& Whiteside of course, the experts 
in on-line Windows NT connectivity. 

Windows NT users will bite on 
a wide range of NFS file and print 
services with BW-Connect NFS 
Client for Windows NT. It's the first 
multi-threaded NFS client for 
Windows. And it's kernel-mode, 

delivering throughput up to 1,000 
Kbps on some platforms. And 
BW-Connect NFS Server lets you 
share services wiili oilier NFS clients. 

For all of your NetWare users, 
BW-MultiConnect for Windows NT 
is the catch of the day. With full 
NetWare server emulation, it provides 
open access to Windows NT file 
and print services. And best of all, 
you won't need to add any extra 
software on the NetWare client side. 

Put your connectivity problems 
on ice with these affordable 

Windows NT solutions. As Fred 
says, "If the software isn't from 
Beame & Whiteside, throw it back." 

For your FREE 30-day 
personal evaluation just call: 

1-800-216-8450 

Let~ Connect/SM 

Software"' 


R See us at NetWorld & lnteropMicrosoft" Booth #2610, South Hall A.(i•l !I Ii l1Jll I Q;l1lfJI 1J4 ;I ·~1.-lool~No.dl ...u...........;..withiap«110liii•pnxiwct. 
~ ruiswith .\ll 11mdr.wUanlbcpropcrty cl their mputi1co-om. Btamc& 9'1Utc:sidt:PartnerNetWore. Nn-Nf~ s.m,, a... ~d.......,J Sol'twur, lnr. 71)} llilhboniup. St.. H.lcigh. NC27603, Tri:{'J l9)&J l-8989,
-

for DOS& Willlknn Pack:iv. \\'inJowa fo:(91Qj8.Jl·BWO.0 1995 lie.,.. & Wh;1esidt Soflw" ' · '"· (056) 
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COKBA's Object Transaction Service ·, 
With support for nested and Inter

ORB transactions, It's an object 

foundation for dealing 

with the complex world of 

multlstep consumer-to-business 

and business-to-business 

transactions 

Transactions are essential for build
i ng reliable distributed applica

tions. So it should come as no surprise 
that transactions and distributed 
objects are getting married . OMG's 
(Object Management Group's) newly 
adopted OTS (object transaction ser
vice) defines IDL (interface definition 
language) interfaces that enable objects 
distributed across multiple ORBs (Ob
ject Request Brokers) to participate in 
atomic transactions, even in the face of 
catastrophic failure. It provides for 
interoperability between object trans
actions and procedural transactions 
that adhere to the X/Open DTP (dis
tributed transaction processing) stan
dard, and it optionally supports nest
ed transactions. In short, it's an object 
foundation for dealing with complex, 
multistep consumer-to-business and 
business-to-business transactions. 

An object involved in a transaction can 
assume one of three roles: transactional 
client, transactional server, or recoverable 
server (see the figure "The CORBA 2.0 
Object Transaction Service "). 

•A transactional cllent issues a set of 
method invocations that are bracketed 
by begin/end transaction markers. The 
calls within the bracket may be for both 
transactional and nontransactional 
objects. You declare an object trans
actional in its IDL defin ition . The ORB 
intercepts the begin call and directs it to 
the transaction service , wh ich estab
lishes a transaction context associated 
with the client thread. The client then 
issues method invocations on remote 
objects. The ORB implicitly tags the 
transaction context and propagates it in 
all subsequent communications among 
the participants in the transaction. The 

The CORBA 2.0 Object Transaction Service 

Transactional 
server 

Transactional 
method 

Propagation Involvement 

Object ffiequest Broker 

Transaction context 

Transaction service 

ORB also gets involved when the client 
issues a commit or rollback and notifies 
the transaction service. The client is 
oblivious to all this under-the-covers 
activity; it simply starts a transaction, 
issues its method invocations, and then 
commits or rolls back the transaction. 

•A transactional server is a collection 
of one or more objects whose behavior 
is affected by the transaction but have 
no recoverable states or resources of 
their own. The ORB implicitJy propagates 
the transaction ' s context whenever 
these objects cail a recoverable 
resource. A transactional server does 
not participate in the completion of the 
transaction, but it can force the trans
action to be rolled back. 

• A recoverable server is a collection of 
one or more objects whose data (or 
state) is affected by committing or rolling 
back a transaction. Recoverable objects 
are transactional objects with ACID 
(atomic , consistent, isolated , and 

durable) resources to protect (see the 
text box "The Four ACID Properties" on 
page 126"). They inform the transaction 
service that a recoverable resource has 
justjoined the transaction whose context 
was propagated in the client call. 
Recoverable objects provide methods 
that are used by a transaction coordi
nator (i.e., the transaction service whose 
client originates the transaction) to 
orchestrate an ORB-mediated two-phase 
commit protocol. 

OTS provides IDL-ized interfaces for 
the objects that make uP the transac
tion service. So it is possible for clients 
and transactional objects to get more 
intimately involved in the details of the 
transaction via explicit method invoca
tions. However, most transactions will 
depend on the ORB to transparently do 
all the work using its built-in facilities. 
Less intervention means better perfor
mance. OTS is a well-designed, low
overhead service that should perform at 
least as well as X/Open-compliant pro
cedural transaction services. 
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an IDL compiler. A static skele
ton provides hardwired support 
for the IDL-defined methods of 
a particular object class. 

The dynamic skeleton inter
face, introduced in CORBA 2.0, 
provides a run-time binding 
mechanism for servers. The 
dynamic skeleton inspects the 
parameters of an incoming mes
sage to determine a target object 
and method. This technique is 
handy for building bridges 
between ORBs. It can also be 
used by interpreters and script
ing languages that have to fab
ricate object implementations 
on the fly. Dynamic skeletons 
can receive either dynamic or 
static invocations from clients. 

The object adapter sits atop the ORB ' s 
core communication services, accepting 
requests for service on behalf ofthe server's 
objects. It provides the run-time environ
ment for instantiating server objects, passing 
requests to them, and assigning object IDs 
(object references) to them. The object 
adapter also registers the classes it supports 

Generic ORB-to-ORB Bridging 
Logical client-to-server 

operation request 

Loglcally, a client In communication with one ORB (Object Request Broker! Just 
requests a senlce from a server associated with another ORB. Under the covers, 
ORB A uses the new DSI (dynamic skeleton lntelfacel to route the client's request 
aoross an Inter-ORB bridge, and then ORB BIssues a dynamic Invocation to the 
server. 

and their run-time instances (i.e., objects) 
with the implementation repository. CORBA 
specifies that each ORB must support a stan
dard adapter called the basic object adapter. 
Servers may, however, support more than 
one object adapter (see "Is an Object Adapter 
a TP Monitor?" on page 156). 

The implementation repository lists the 

classes a server supports, the 
objects that are instantiated, and 
their IDs. It also serves as a 
common place to store trace 
information, audit trails, secu
rity, and other administrative 
data. 

CORSA 2.0's Intergalactic ORB 
CORBA 1.1 was only con
cerned with creating portable 
object applications; the imple
mentation of the ORB core was 
left as an exercise for the ven
dors. The result was compo
nents that were portable but not 
interoperable. CORBA 2.0 
tackled interoperability by 
specifying the IIOP (Internet 
inter-ORB protocol)-a scary 

name for TCP/IP with some CORBA
defined message exchanges that serve as a 
common backbone protocol. The messaging 
part of the backbone supports common data 
representations for all the OMG IDL types, 
interoperable object references, and com
mon message formats and semantics opti
mized for ORB exchanges. Every ORB that 

Is your sys admin group 
balancing proprietary 
e-mail systems against 
interoperability and 
ease of use? Try an open 
system. Try Eudora~ ! 

MacUser thinks we're the closest thing to ~~~~ 
perfect e-mail because you get an un 1/
limited number of mailboxes, great filtering 

2options, and you can attach files to your 
heart's content. (Jt's great for PCs, tool) 

When buying 
proprietary e-mail, 

you may just get 

why did we take the 
world's most popular 
freeware and charge $65 for 
it? We pumped ii up with 
nifty features, ensured Mac/ 
PC compatibility, and more! 

more than you
bargained for. 

~ 
!{ 

Most proprietary e-mail applications have 
tons of features. But try pushing one through 
a gateway without getting something 
trampled on... like your message. 

QUALCOl\fv\I\ 
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Special Report Client/Server Computing 


Protocols). At a semantic level, the DCE and 
Internet ORB implementations use the same 
messaging protocols. The IIOP is designed 
to enable out-of-the-boxORB interoperability 
over TCP/IP. The DCE ESIOP provides a 

calls itself COREA-compliant must either 
speak IIOP natively or be able to bridge to it. 

COREA 2.0 specifies DCE as the first of 
many optional inter-ORB protocols, called 
ESIOPs (Environment-Specific Inter-ORB 

more robust envirorunent for mission-critical 
ORBs requiring advanced features , such as 
Kerberos security, cell and global directories, 
distributed time, and authenticated RPC. 

CORBA 2.0 also defines how to build 
ORB-to-ORB bridges (see the figure 
"Generic ORB-to-ORB Bridging Using 
COREA 2.0's Dynamic Facilities"). When 
a client on one ORB calls a server on 
another ORB, the new DSI (dynamic skele
ton interface) transmits the request to the 
target ORB, and then the dynamic invoca
tion interface invokes the target object on 
that ORB. This dynamic technology is also 
well-suited for building gateways to non
CORBA object busses, such as COM (see 
"COM: The Other Object Bus" on page 
154) and the Distributed AppWare Bus. 

The CORBA 2.0 Object Services 
The CORBA object services provide a 
unique way to build custom middleware. 
It's unlike anything today's conventional 
client/server systems offer. Component 
providers can use mix-in multiple inheritance 
to integrate their own code with the CORBA 
object services. Components gain persistence 
or transactional capability by inheriting these 

Small 
Investment. 

Few things cost so little yet save so much as 
Software Security's family of superior hardware

or software-based protection solutions. 
Call 800-841 - 1316 today to protect the return 

on your software investment. 

SOFTWARE ;4_
SECURITY (..},,_,. 

6 Thorndal Circle. Darien. CT 06820-542 1 (203) 656-3000 

Software Security Intern ational Ltd. 
+44 -(0) 1784-430-060 
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What makes SAMTRON MONITORS 
such a great va lue? 

QUALITY 

Producing high qualiry monitors 

is our only business. In face, our 

commitment to qualiry has been 

r=r~rln ::::~~::gm, 
l:!fiiii! 3:S·llf·"''' facilities in the 
Mf6W3'*3·1•·i; M 
111.mu.h U.S. Accorcling 

to rhe NTSL lab report in the 

January 1995 issue of BYTE 

magazine, "The Samcron SC-728SXL 

earned rhe best overall image qualiry 

rating" . In their December 1994 issue, 

Windows Magazine wrote "Ic's not often that high 

Ef.UINI)QWS qualiry comes at a midrange 

ID price. But Samrron's SC-728SXL, 

with its truly flat 17-incb screen is an exception. Right 

our of the box, rhe qualiry of this 17-inch monitor was 

apparent. " 

TECHNICAL SUPPORT 

Our commirmenr to qualiry doesn't end when you buy 

a Samrron monitor. Our professional Customer Service 

Representatives are avai lable for unlimited technical 

support. Call our ro ll-free 

technical supporc li11e at 

1-800-SAMTRON. 

WARRANTY 

& SERVICE 

Our DXL line of 

monirors feature a new 3-year 

Parts and Service Warranry. 

Samrron "STAR" Service Cenrers 

guarantee your satisfaction by 

offering 48-hour turnaround 

warranry service"'. 

SC-728SXL 

FULL LINE SELECTION 

If your needs call for the impact of a 20" 

display, or the versati liry of a 15" flat screen, our product 

line offers a fu ll selection of high-qualiry monirors ideal 

for use in any application. 

SC-52BUXL 

15" 0.28 Dot Pitch 

1280 x I 024 (60 Hz) 

MPRIJ 

SC-726DXL SC-208DXL 

17" 0.26 Dot f'jirh 20" 0.28 Dot Pitch 

1280 x I026 (76 Hz) 1280 x I 024 (76 H~) 

/\'/PR II Mac Compatiblt MPR II Mac Compatible 

MONITORS WITH STARPOWER~ 

18600 Broadwick Street 

Rancho Daminguei. California 90220 

Tel: (310) 537-7000 

Fax: (310) 537-1033 

Technical Suppolt (800) SAMTRON 

·srAR Serva Cmll!rs ~m U.S. Elim.... tmy. lbe Bii &iergy Sllr" mblem 
doamtl!jll!Sl!ll! Elll .m-.taf'"' pnob:t 111...a.~ ..;m .. 
dusge wida!l noliz. Sams "' simiU1H. 
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Network Data &Fax Special Report 

~ Dial-out & Dial-in Modem Sharing & Pooling 

~ No TSRs Under Windows 

~ Supports High-Speed Modems 

~ Complete Management Console 

~ Integrated Network Security 

~ Supports DOS INT-14 Applications 

~ Works with Windows Communication Applications 

~ Windows NT Server 3.5, Netware, NetBIOS, & TCP/IP Networks 

~ Windows, Windows for Workgroups, and Windows NT Clients 

~ Store-and-Forward Fax Gateway 

~ No TSRs 

~ Inbound Routing 

~ Real-Time Send & Receive Logs 

~ Annotation 

~ Network Attachments & Phonebooks 

~ Windows NT Server 3.5, Netware, NetBIOS, & TCP/IP Networks 

You've told us you what you want in an ideal modem sharing and network 
fax world. Here are the results. WINport 5.0 and FAXport 5.0. Each 
module is better than ever with easier installation, comprehensive 
administration, and support for more networks and more modems. 

Purchase WIN port and FAXport independently, or integrate them for a 
complete network fax and data solution. 

LANSource 1·800·677·2727, (416) 535·3555, Fax (416) 535·6225 '.\;: ~ ~ 
LANSource UK Tel: +441954 782 799 Fax: +441954 782 79& E ~ 
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things through IDL interfaces. 
OMG currently defines standards for 

eight object services: 

• The life-cycle service defines how to 
create, copy, move, and delete components. 
• The persistence service provides a sin
gle interface for storing components in a 
variety of containers, including object data
bases, relational databases, and simple files. 
• The naming service enables compo
nents to locate other components. The ser
vice allows objects to be bound to existing 
network directories or naming contexts, 
including ISO's X.500, OSF's (Open Soft
ware Foundation ' s) DCE, and Sun's NIS 
(Network Information Service). 
•The event service allows components on 
the bus to dynamically register (or unregis
ter) interest in specific events. The service 
defines a well-known object called an event 
channel that collects and distributes events 
among components. 
• The concurrency service provides a 
lock manager that can obtain locks on 
behalf of either transactions or threads. 
• The transaction service provides two
phase commit coordination among recov
erable components using either flat or nest
ed transactions (see "CORBA's Object 
Transaction Service" on page 158). 
•The relationship service provides a way 
to create associations (or links) between 
components. It also provides mechanisms 
for traversing the links that group these com
ponents. The service can be used to enforce 
referential integrity constraints, and to track 
containment relationships and any other 
kind of linkages among components. 
• The externalization service provides a 
standard way to stream data into and out of 
an object. 

These services, and the five additional 
services OMG is currently working to 
define, empower components and provide 
a robust environment in which they can 
safely live and play. 

Intergalactic c li ent/server requires a 
common interconnection bus and an 
environment in which smart components 
can collaborate. CORBA 2.0 provides both 
and , with 440 member organizations 
backing the standard, we may finally get 
the universal plumbing we need to sustain 
the next client/server revolution. • 

Bob Orfali and Dan Harkey are (along wirli Jeri 
Edwards) rhe authors of Essential Clien!/Server 
Survival Guide (VNR, 1994). They c11rre111ly work 
011 rhe application ofdistributed object technology 
at IBM. You can reach them 011 the Internet ar 
liarkey@ v11et.ibm.com. 

http:v11et.ibm.com


Optiquest award winning quality 

raises the standard...not the price. 

To some, a 'good buy' means hav ing a low price tag. Solution, the 4500DC joins our whol line with valuable 

At Optiquest, we have a far higher standard. We build high Opti-Greenrn energy and environmental sav ing throughout. 

quality, technologically advanced monitors that are winning To check out the award-winning quality, high technology, 

national and international quality awards AND we se ll them and very competitive pricing of the 14" to 20" Optiquest 

at prices competitive to lesser quality monitors! Only Opt iquest monitor fa mily, just call 1 (800) THE-O PTI. With all the 

builds a complete family of fully EPA Energy Star compliant good pre s we've been getting, you won't be alone. 

monitors each containing ergonomic and performance attr ib
utes that rival any competitive product. In fact, on October 

12th, 1994 Optiquest was one of only 12 companie world
wide honored by the EPA as a 1994 Outstanding Energy 

Partner for 100% product line Energy Star compliance. 
The new 17" 4500DC (15 .7" diagonal viewing area) 

hown here features 1600 x 1280 non-interlaced resolution, 
advanced co lor management systems, full y digital controls, 
and programmable memory mode . Its street price will rea ll y 
surpri e you. And as part of the Optique ·t Complete Green 
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Optiquest's Green Family Line 
Maximum Controts .. CRT Size Dot Non-lntet1aced Maximum Analog MAC Color 

Monitor (Dfo, . In) Pitch RasolutJon Rcfre1h Dlgltnt Compatible Matching Ust 

9005 14" .28 1024 x 768(1) 87Hz A $ 265 
10005 14" .28 1024 x 768 72Hz A $ 279 
15000 14" .28 1280x1024 110Hz 0 $ 385 
1562A 15· .28 1024 x 768 76Hz A $ 389 
200005 15" .. 28 1024 x 768 100Hz 0 $ 419 
20000C 15· .27 1280 x 1024 UOHz 0 Yes $ 449 
4000DC 17" .27 1280 x 1024 100Hz 0 Yes s 765 
4000TC 11· .25 1280 x 1024 90Hz D Yes · Yes s 925 
4500DC 11· .28 1600x 1280 100Hz 0 Yes Yes $ 859 
2082DC 20· .28 1600 x 1280 90Hz 0 Yes Yes $1A95 
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el' The most complete hardware palette 

el' WIBu®-BOX for LPT, COM, ADB, as card 
for (E}ISA slots and as PCMCIA-Card 

II' Protection for DOS, Windows and networks 

Weare 
looking for 

International 
Distributors 

Order your 
evaluation 
package 
today! 

I 
I 
I 

without requiring source code modification 

el' Win32s, Windows'"NT, Mac™os, 0812®, DOS 


~------------------
WIBU-SYSTEMS GMBH, Germany 
Rueppurrer Strasse 54, D-76137 Karlsruhe WIBU 
Phone: +49-721-93172-0, FAX: +49-721-93172-22 P. 0 . Box 308, Brookeville, MD 20833, 

SYSTEMS Email : 100142, 167 4@compuserve.com Phone: (301) 570-3497, FAX: (301} 570-4773 

sfufhwind International Inc. 

pre-printed forms 

Now, Go FROM PAPER To ELECTRONIC FORMS 

AUTOMATICALLY. 


~ Introducing TransForm~M As incredible as it any computer platform. • Another benefit: with TransForm, 
~ sounds, you can now scan your paper forms you can quickly make changes to forms at any time and 

into fully editable, electronic forms in minutes. print out new forms when you need them. No more 
Thanks to its artificial intelligence, TransForm senses boxes throwing away stacks of obsolete forms! • And for 
where data is entered and lets you type into them directly. convenient form storage, our mips FormShuttle™ holds up 
Each form you create with TransForm can be filled or to 200 forms, and plugs right into the cartridge slot of your 
merged with variable data, E-mailed and faxed . What's laser printer. Since forms stay printer-resident they'll print 
more, all your forms can be filled and printed from nearly much faster. • Find out more today: 800-898-8560 

Call t he mlps authorized DocuPrint, Sweden: mips Technologies GmbH, ..::::=... Dataline America, Inc.dealer near you. 46-8-580-34990 Germany: 49-6127-3845 mipsOpen Systems Solutions, Printline AG, Switzerland: PC:\Forms>lnc., Wisconsin: 

Venezuela: 582-239-6113 411-814-1412 800-786-8827 (619) 679-4070 • Fax (619) 679-4073 
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Powered by the 
GLINT™ 300SX 

Call for information on 
our complete line of PC 
and VMEbus graphics 

products. 

OMNICOMP GRAPHICS 

CORPORATION 


1734 W. SAM HOUSTON 

PKWY. N. 


HOUSTON,TEXAS77043 


PHONE: (713) 464·2990 

FAX: (713) 827·7540 
TELEX: 285801 OMNICO UR 

INTERNET: 
omnlcmpOphoenlx.phoenlx.net 

APls and Libraries 
supported by the 

3DEMON 

o SiliconGraphics, Inc. 

rEALl"'=.U "" 
LAB::::..:.....::: 

~ RENDERMOAPHICS 

RenderWare* 
(9 

criterion 
~ 

~ BRender"'
r(() Argonaut 

3DR "' 
Intel ® 

•n "' 


Omnlcomp and 30EMON are l700em1rl<a ol Omnloomp Graphics Co<poralion. GLINT 300SX 11 a lrademarl< ol 301abo Ire•• Lid.~ NT is o ~odemarl< of Mlc:rosoh. Inc. OponGL is a tnoclemarlc and a c:opyrighl. and Open 
lnwnlOt Is a copyrighl of S_,, Graphics, Ire. Rondo<Molphk:s and Reality Lab "'" trademarks of RendorMo<phics,Lld. BR000er and Argonaut are 11lldemarlcs of Argonaut Soflwaro,ut. R..-want and C_,,,, ate 
marb ot Criierion Software, Inc. X lnskie is a rog la lored trademark of X Inside. Inc. 3DR ~ a trademarlc; and ln1el i:s a registered ttodema.r1c of I n~. Inc. All other trademarits or registered tradematks aro lho pnJpeny of lho6r 
respecdvo owners and aro hereby acknowSedgod. The speciflcaUons In this documen1are1ublect to chango without notlco. 
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Your Choice of Keyboard Monitor Switches 


• Switch by keystroke, from front panel,or RS232 port 
• Two or four ports per unit 
• Cascade units to support up to 255 CPUs 
• Supports monochrome, EGA,and VGA 
• Includes keyboard booting for 286, 386,and 486 
• Includes RS232 and PS/2 mouse interface 

Other Ross products: Print servers. printer sharing units, 

Call toll-free now 
for your copy of our 
Switching and Sharing 
Solutions catalog. 

• LEDs display selected CPU and CPU power-on ptlnt buffers. keyboard monitor extenders, video splitters.Keyboard controlled unit All Rose products ere US·madeand hove a 1-year warranty.• Scan function switches among CPUs automatically 

Access multiple computers with a single keyboard and monitor 
to cut equipment costs, save valuable space, and end clutter Typical Application 

CPUs/Servers 
• Simple pushbutton operation for quick selection 
• Four,eight, or twelve ports per unit 
• Daisy-chaining connects unlimited number of CPUs 
• Compatible with EGA,VGA, Macintosh, Sun,and others 
• Optional keyboard booting for 286, 386,and 486 
• Optional RS232 or PS/2 mouse interface 
• PCB construction for high reliability and low crosstalk 
• Rack mount,matrix,and customized units availableManually controlled unit 

Make the Rose Connection ~~),..._'fl ELECTRONICS 
ROSE 

10850 Wllcrest Drive• Houston, Texas 77099 •Phone (713)933-7673 •Fax (713)933-0044 1-800-333-9343 
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screen (Active Matrix 
also available). 

Mic In I Speaker I 
Headphone out Jacks 

3.5" floppy drive 

l 9mm trackball In 
Just the right spot 

_ Dependable 
NiMH Battery 

ernational 7 60 

The fastest notebook in the world. 

(Again). 
 Brilliant l 0.3" Dual-scanBut that's just the Passive Matrix Color 

beginning of what 
you get for only 

$3300. 
Built-in multimedia speaker 
for the built-in soundblaster 
compatible 16--blt soundcard I 

Two type II PCMCIA card 
slots (equal to l type 3) 

340mb removable local bus 
HD (up to 810mb available) 

8mb RAM (up to 40mb using 

user-upgradeable modules) 

and 256K L2 cache! 


.9lJocu.s on service andsupport since 1984! 

We give you free lifetime toll-free tech support. We preload the latest versions of DOS 
and Windows for Workgroups, including all video, sound, and PCMCIA card utilities. Our 
l Year Parts and Labor Warranty includes our outstanding 48 hour warranty service 
turnaround time, proving that we understand how you depend on our products. Our 
30-day money back guarantee is pretty simple : you get a refund if you're not satisfied 
for any reason . Our RealHelp disk included with every notebook allows us to service 
your technical configuration files by remote access. Our 48-hour+ extensive burn-in 
and testing period on every single notebook, before it leaves our facility, ensures an 
absolute minimum of failures in your notebook. Anything less is just not mint! 

* Shipping charges will be withheld from any refund. along with 2% of invoice total on any c redit cord orders. 

Micro International. 10850 Seaboard Loop. Houston, Texas 77099. Top quality seNice and support since 1984! 

Full information (including specifications, all options & prices) available by fax or mail on request. 


Fax (713) 495-7791 Hours: 8-6 Mon-Fri, l 0-1 Sat. Call today toll free: 

*Pentium is a registered trademark of Intel Corporation. 
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Revolutionary Tape Backup at Four Times the Speed 
of Conventional Technology. RAPID-Tape Arrays. 

1OMB/sec~ 36GB/hour! If your window 

of. opportunity to backup your critical 

data is narrow, perform your backup 

with the fastest fault-tolerant solution 

available. RAPID-Tape arrays from 

ANDATACO incorporate industry 

standard 4mm, 8mm and Digital Linear 

Tape (DLT) tape drives and advanced 

Redundant Array of Parallel 

Independent 

Device (RAPID) 

technology, so 

data manage

ment is made 

simple . RAPID

Tape 's resilient design allows 

your backups and restores to continue 

even when a tape drive needs service or 

a tape cartridge requires replacement . 

Experience the exhilaration of up to four 

times the capacity and data transfer rate 

of a single tape drive. RAPID-Tape, the 

fast and reliable backup solution that 

breaks all backup barriers. 

= 	Compatible with all major operating systems 

and backup software utilities 

= 	Appears to your system as a conventional 

tape drive. No device drivers required 

= 	560GB of unattended backup with RAPID 

Stacker systems 

= 80GB capacity with an array of 


RAPID-Tape DLT drives 


=Striping and parity to rapidly 

store and protect your data 

Simplify your disaster recovery 

and provide critical data security 

= 	Mirroring allows for up to five copies 

simultaneously 

= 	Hot-swappable user replaceable tape E 

canisters and power supplies I® 
=	On-site installation, maintenance and 

dedicated 800 telephone support available 

Sa le s a nd Product Information 

Shop Electronically 
World-Wide Web URL: ~ANDATACO 
http://www.andataco.com OUR REPUTATION IS ON LINE 

10140 Mesa Rim Road, San Diego, California 92121 Tel : 619-453-9191 Fax: 619-453-9294 E-mail: inquire@andataco .com 
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Server management. V4 won't compete 
with NotesView, the new Hewlett-Packard 
OpenView-based management console for 
Notes, but it will offer baseline manage
ment tools to help administrators monitor 
server usage, analyze mail routing, and trace 
document Oow. 

OLE 2.0. As OLE 2.0 clients that sup
port in-place editing, V4 document repos
itories can more seamlessly integrate host 
applications. LotusScript can drive appli
cations that export OLE automation hooks. 
As an OLE automat ion server, V4 will 
be controllable from the outside by OLE 
automation clients. Some of the V4 user 
interface will be available for scripted con
trol, as well as much of the APJ, according 
to Ray Ozzie. 

Agents. V4 public agents arc like V3 
periodic macros, but they're server-based 
and can be written in LotusScript. They 
automate things that otherwise might be 
handled by server add-in tasks. Personal 
agents, which can run on workstations or 
servers, support per-user customization. 

Pass-through authentication. V4 allows 
access to multiple Notes ervers on a single 
call. 

Faster replication. Field-level inheri
tance, and a fas ter method of exchanging 
replica IDs, should speed replication dra
matically. 

Scalability. V4 more aggressively ex
ploits SMP ( ymmetric multiprocessing) 
hardware than V3 did and hould also scale 
more effectively. It can run multiple repli
cator tasks concurrently on an SMP sys
tem, which should relieve bottlenecks in 
densely connected replication topologies. 

Vin11ali;;atio11. A single V4 server can 
act like many independent virtual servers, 
each with its own set of users and data
bases. Why is this useful? With the advent 
of public Notes-based services uch as 
AT&T Network Notes, it's handy 10 be 
able to divvy up server resources in this 
manner. A small company that can't af
ford to rent one of the boxes in AT&T's 
server farm will now be able to rent part 
of a server. 

Jon Udell is a BYTE senior technical ed
itor at large. He can be reached on the 
lntem et or BIX atjudell@bix.com. 

how it got started. "Our worldwide mar
keting effort, much of it [involving] pitch
ing to governments for the job of priva
tizing huge public-sector companies, relied 
heavily on hand-crafted, color-printed 
books presented to the people who made 
the decisions," he recalls. 

"Yet all those books had to be produced 
by one or two centralized desktop pub
lishing departments. The business is get
ting more marketing-intensive, and also 
turnaround times were getting shorter, 
creating a potential bottleneck. We decid
ed that rather than increase the size of the 
central units to cope with increased vol
umes, we should take the opportunity to 
integrate the process of document pro
duction with all the other things that have 
to be done by corporate finance execu
tives preparing for a transaction," he con
tinues. 

"We had to take the PC-based office 
software as given-Word and Excel were 
the group standards. Attaching key Word 
or Excel files to Notes forms enables us to 
control content and style and avoid [the 
need for] people reinventing wheels every 
day. The main components of the docu
ment repository are standard, frequently 
used items that can be freely mixed and 
matched in different documents but indi
vidually need to be controlled and kept 
up to date. The Notes database enables 
us to do th.is and also leverage the power 
of the tools we started off with," he con
cludes. 

The principle behind Stream Reposito
ry is that a complete, street-ready presen
tation document can be assembled in Word 
with the aid of templates and macros. 
Graphs and diagrams are produced in 
Excel. A custom Chart Wizard, written in 
an Excel macro, allows the u er to create 
graphs and place them on the clipboard to 
be pasted into the Word document. Lotus 
Notes databases are used at the beginning 
as a repository of frequently used, ready
formatted Excel charts, logos, and Word 
text paragraphs, and again at the end to 
store the completed presentation docu
ments. 

The simplicity of file attachment has 
worked well for the Stream Repository 
system. It has reduced potential problems 
in a combined Mac and PC environment 
as well as reducing support costs as the 
new technology has been roUed out world
wide. 

Because the file attachments can't be 
indexed and searched by Notes ' Verity 
Topic engine, the note that carries the at
tachment icon also has over a dozen dif
ferent simple-text fields (e.g., Country, 

Sector, and Type) that help users find what 
they're looking for as they navigate views 
of the database. In many cases, the note 
also carries keywords and even a short ab
stract to support fulltext search. 

Coopers & Lybrand's CLASS 
CLASS (Coopers & Lybrand Audit Sup
port System), developed by the accounting 
firm Coopers & Lybrand, uses embedded 
objects. This system is a powerful imple
mentation of Lotus Notes as a document 
repository. 

As Rod Parry, the U.K. international 
partner for CLASS development and roll
out, explains, "As you would expect, with
in C&L, the audit process is well under
stood, and it is, by definition, a workgroup 
activity. On a complex international au
dit, team communication is paramount, 
with perhaps 30 auditors in the U.S. and 
several groups of 10 in different locations 
around the globe. 

"All of the team must have all of the 
audit file, all of the time. Jn addition, the 
system must enshrine our principle ofTEQ 
[Total Engagement Quality] for each and 
every audit." 

The CLASS sy tem is already being 
used by 4000 people in 18 countries, with 
a planned 15,000 users in 25 countries by 
the end of 1995. It's split into three mod
ules: Strategy, Audit Fi le, and Audit Fi
nancials. 

For each audit, the Strategy module, 
which is written in C , is used first. After 
an in-depth parameter- etting ession, the 
Strategy module builds and populates a 
new Lotus Note application , the Audit 
File, which is used as an audit plan , con
trol-documentation store, on-line issue clear
inghouse, and document repository. 

Ami Pro and Lotus 1-2-3 are the word 
processor and spreadsheet used for the 
CLASS system. The te mplates for Ami 
Pro files and 1-2-3 spreadsheets are kept 
in a separate Lotus Notes database, called 
the Template Manager. This makes repli
cation around the globe easier and ensures 
that all template files are up to date and 
fully meet legal requirements. Within t11e 
Template Manager, Ami Pro documents 
are embedded in a rich-text field, and a 
button on the form lets users copy the ob
ject to the clipboard . 

When users switch back to t11e Audit 
File module with the insertion point in 
the required field, the Edit/Paste/Special/ 
Embed menu option embeds the Ami Pro 
file in the note. As the audit proceeds, a 
complete database is built up, containing 
not only electronic copies of all letters, 
memos, and spreadsheets, but also all the 
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audit issues that are signed off as dealt 
with and all tasks that are signed off as 
done. Consistent quality is ensured for all 
audits, from one-person jobs to the largest 
international engagements. 

Fulltext Searches 
In practice, fulltext searches within a Notes 
document repository are rare. There are 
two reasons for this. First, attachments and 
embedded objects cannot be opened by 
the search if they are represented on a note 
by icons, although rich text pasted into a 
field is searchable. (This restriction is lift
ed in Notes 4.0, which can index attached 
and embedded content.) So, unless the host 
note carries a pertinent text abstract in a 
plain-text field alongside the object icon, 
it's invisible to the indexer and the search 
engine. 

Second, a note usually carries other text 
fields (a letter, for instance, would have 
To, From, Title, and Date fields). Thus, it 
requires less thought, though a little more 
time, to find "that letter I sent to Jones last 
week about office equipment" in a view 
than it does to master even the simplest 
arcana of the fulltext search bar. 

FX 
FX, short for field exchange, is a valuable 
feature for document repositories . It al
lows the bidirectional exchange of data 
between a document, which is an OLE 1.0 
object, and text fields in the note to which 
it belongs. Supported applications include 
Ami Pro 3.01, Freelance 2.01, lmprov 2.1 , 
Lotus 1-2-3 release 4.01 , and, most recent
ly , Microsoft Word 6.0c and Excel 5.0c 
(later versions of aU these programs are 
also supported). 

FX requires an OLE-embedded object 
in a note, SHARE.EXE (or VSHARE.386) 
to be loaded, and one or more hooks from 
the note to the object. In Ami Pro, for ex
ample, these hooks take the form of special 
bookmarks in the file (e.g., @TestFi e l d) 
and identical field names in the note (e.g., 
Test Fi e l d). Note the leading @for the 
bookmark name in Ami Pro. 

When the object is launched, all fields 
that have matching names are read from 
the note and are used to update Ami Pro 
immediately before it displays the docu
ment. In a similar manner, when the host 
application window is closed, all the book
mark names are read and used to update 
the note. 

With FX, for instance, the names of the 
fields in the note and their corresponding 
bookmarks in Ami Pro might be some
thing like ToName, Organization, Address, 
DateOnLetter, Subject, and Title. If these 

bookmarks are edited while Ami Pro is run
ning, the edits automatically update the 
fields in the note when the document is 
closed. 

As mentioned earlier, a good Notes 
document repository is based on infor
mation stored in the note alongside the 
object. FX makes this job much easier. 
As you might expect, the technology used 
for FX is based on OLE; the object appli
cation is the server, and Lotus Notes is 
the client. 

Further Refinements 
It's possible to build automatic object ac
tivation into the design of a note so that 
when you open tl1e note, the contained ob
ject launches. You can also control which 
actions-for instance, creating, reading, 
or editing of the note-invoke this behav
ior. Further, the note itself can be displayed 
or hidden. 

When combined with FX, this produces 
the purest form of document repository. 
You open the Notes application, navigate 
a view to find the title that you want, and 
double-click on it. Your word processing 
application is then launched with the doc
ument in it. If you edit the title and close 
the document, the view will reflect the 
new title. 

Because Notes lacks a distributed lock
ing mechanism, it isn ' t a document man
ager in the purest sense. However, it pro
vides a useful versioning mechanism. If 
you edit an embedded object within a note 
(or just edit a note), Notes saves a new 
note instead of overwriting the existing 
one, building a link between the two. This 
I.ink ensures that, even if users recatego
rize on the fly, aU the versions of a note are 
always clustered together. 

Lotus Notes can support enterprise-doc
ument repositories, but it 's also useful at 
the workgroup level. Users can store doc
uments where they can easily find them 
again, use long names, categorize on any 
combination of fields , and painlessly rep
licate across continents, as well as to and 
from laptops. 

This combination of features is certainly 
compelling. Lotus understands that Notes 
doesn't have to be the most powerful doc
ument manager or have the ability to sat
isfy all the criteria of, say, a professional Li
brarian-it just has to be easy to use. And 
that it is. • 

Jonmhan Mackenzie, M.B. C.S., is a freelance 
consultant specializing in large, distributed 
systems. He can be reached on CompuServe 
at 1000 l 6, 2107 or on the Internet or BIX at 
editors@bi.x.com. 
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a Windows shell text and bitmaps 
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send menu/keystroke 
commands and 
execute DDE 
commands ---HJr-K 

Use innovative tab 
buttons to create multiple 
button "layers" 

Embed or attach custom toolpads 
on any program window 

Create floating pad 
palettes that pop up 
automatically 
or on-demand. 
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Add a macro 
recorder, task 
manager and run ... 

.......------~I- processor to any 
toolpad 

Embed Customizable Toolbars in Any Application! 


• Standardize the look feel and function 
across applications from different 
vendors. 

• Create customized shell to replace 
Program Manager. 

• Add BalloonHelp and ButtonClues to 
any application for ease of use. 

• Automate repetitive and con1plex tasbs 
with macros, DDE, scripts, etc . 

• Automate data sharing across Windows, 
DOS and host-based applications . 
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inter-application automation tools 
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The New Watcom SQL 4.0. 
You Would Think We Looked 
at Your Wish List. 
Introducing the database erver you've been waiting 
for: Watcom SQL 4.0. 

With powerful features like stored procedures, 
trigger and cascading updates and deletes,Watcom 
SQL 4.0 can enforce your bu iness rules and ensure 
data integri ty. 

In addition, dynamic multiple database support 
gives you and your users the unique abili ty to add 
and remove databases on the 11y. 

And, take a look at our self-tuning query 
optimizer; it learns a you use it. Each query 

performed against your databa e teaches 
the optimizer about your data. making it 

smarter... and faster. Thi dramatically 
reduces the co ts a sociated with set

up and performance optimization of 
your DBMS by expert personnel. 

Also. the Watcom SQL product 
line includes both standalone 

and network ervers bui lt 
to allow you to move 

seamlessly between 
single and multi-user 

environments. 

database server with the 
functiona li ty, performance and 

versatility you 've been waiting for. 
Don't let the price fool you! 

To check out the new features of Watcom SQL 4.0,
call 1-800-395-3525 today. 
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One Box, Two Computers 

With a PC inside it, Apple's DOS-Compatible Power Macintosh offers 
the best of both worlds 

TOM THOMPSON 

I 
n the Spring of I 994, Apple Computer 

conducted an interesting market test. 

The company bu iIt an expansion board 

that was actually a fully functional PC com
puter. The board, code-named Houdinj , 
plugged into lhe single slot ofa Quadra 6 I 0 
(see " Apple Provides PC on 
a Mac," BYTE, January 
1994). Houdini had some 
design Limitations: Its 25
MHz 486SX processor 
provided only modest 
performance and it 
lacked support for 
Net Ware operations 
and Sound Blaster I/O. 
Despite these flaws 
and the jaw-breaking 
name of DOS Compatibility Card for the 
Quadra 6 I 0, Houdini sold Like mad, ex
hausting the inventory of 25 ,000 boards 
wi thjn several months. 

Early this year Apple began shipping 
an updated Houdini that addressed the per
formance, networkfog, and sound I/O lim
itations that handicapped the original Hou
runi . Now we have Houdiru ' s successor: 
DOS Compatibility Card for the Power 
Macintosh (DOS Card for short). As you 
might guess , this next-generation DOS 
Card fits in a Power Macintosh 60 I PDS 
(Processor Direct Slot). You can obtain a 
DOS Card separately ($739) or packaged 
within a Power Mac 6100/66--the DOS 
Compatible Power Mac we review here. 

Board Basics 
The DOS Compatibility Card is a 7-inch 
expansion board with a 486DX2/66 pro
cessor. It supports 16-bit sound compati 
ble with Creative Labs ' SoundBlaster 16 
board and 800- by 600-pixel SVGA 
graphics. DOS support comes via a Chips 
& Technology BIOS, and Apple bundles 
Microsoft' s DOS 6.22 and Windows 3.11 
with the board. 

A single 72-pin SIMM socket on the DOS 
Card provides local memory expansion up 
to 32 MB. If this socket is empty at boot 
time, the Mac OS allocates the DOS Card a 
user-specified amount ofRAM on the Power 

Mac's main logic board. In this 
mode, dedicated hardware trans
ceivers perform the endian byte
swapping required to bridge the 
disparate memory organization 

the two processors use (little en
dian forthe 486, and big cndian for 

the PowerPC). A OMA cha nne l that the 
Mac OS operates helps boost memory ac
cesses in this shared mode. 

So far, lhe DOS Card sounds like stan
dard PC fare, but here the resemblance ends. 
The host Mac handles all serial 1/0, disk 
I/O, keyboard, mouse and network opera
tions. For example, the Power Mac's floppy 
drive, which can read and write DOS and 
OS/2 floppies , fill s in as the DOS Card ' 
drive A. There is no parallel port 1/0 support, 
because the Mac lacks thi s interface. 

Apple added code to the BIOS and wrote 
support programs to manage the peripheral 
I/O. A PC Setup Control Panel acts as the 
control center where you establi sh the data 
routes that the Mac uses to field the DOS 
Card ' s I/O requests. Here, for example, is 
where you might map the DOS Card' s 
COMI and COM2 serial I/Oto the Mac ' s 
modem and printer ports. You occasionally 
have to watch out for Mac- pecific 
lirrutations. Continuing with the PC serial 
port example, the maximum baud rate is 
19.2 Kbp . 

Across the Great Divide 
The PC Setup Control Panel also sets the 
PC display resolution , the amount of 
memory the Mac wi U share (if the DOS Card 

has none), sound TIO control , and drive C 
and D fi le mapping (more on this in a 
moment). You can also configure which 
hot-key to use for switching between the 
two systems, and for easier file exchange 
between DOS and Mac systems, you can 
set up a Mac folder that appears as a drive 
to the DOS Card. Support software lets you 
copy and paste certain graphics and text 
between U1e two environments. 

You can et up fi le storage for the DOS 
Card in eiU1erof two ways: on U1e Mac drive 
as a "container" file or as a separate DOS
formatted SCSI drive. Container files are 
Mac files whose internal structure resembles 
a PC hard drive . To the PC Card , the 
container file appears as a DOS drive. From 
DOS, you can format volumes, erase files , 
and load all sorts of PC software. You can 
actually run DOS Installer programs that 
dutifully copy application software into this 
container file from tloppies inserted in the 
Power Mac' s floppy drive. Container fi les 
occupy the same amount of space as the 
equivalent DOS hard drive. 

You can also mount a PC-formatted SCSI 
drive as long as you preform at it a a 
bootabledevice (FORMAT D: /s) on a DOS 
system. To make the drive acce ·sible to the 
DOS Card, you select DOS partition from 
the pop-up menu in the PC Setup Control 
Panel' s drive mapping section, and then 
select the drive 's SCSI lD in the dialog box 
that appears. When you reboot both systems, 
the DOS Card readily accesses the drive 
partition. DOS access doesn ' t require special 
support files , drivers, or modifications to 
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NATIVE MODE BENCHMARK RESULTS FOR DOS 

the CONFIG.SYS file, which makes for real 
plug-and-play support for SCSI peripherals. 

Doing Up DOS 
We reviewed a DOS Compatible Power 
Mac-a Power Mac 6100/66 with 16 MB of 
RAM, a 500-MB internal SCSI drive, and 
an installed DOS Compatibility C_ard. The 
DOS Card came with 8 MB of local RAM. 
With the DOS Card and operating system 
preinstalled, set up came down to choosing 
the system' s monitor arrangement: either a 
single-monitor configuration, where a hot 
key switches the screen between the two 
computers, or a two-monitor configuration, 
where you can simultaneously view both 
environments. Apple provides a scaiy-look
ing four-headed adapter cable with a 26-pin 
connector that plugs into the single con
nector on the DOS Card. The other con
nectors attach to the Mac video port, a Mac 
monitor, and to a PC joystick. This cable 
has a Mac DB-15 monitor connector, so 
you '11 need an adapterto attach a VGA mon
itor to the system. 

We preferred the two-monitor arrange
ment with both systems displayed. With 
the Mac busy on a Code Warrior compila
tion, we could toggle to the DOS Card and 
check some article refer
ences via the network. You 
can use the shared mouse 
and keyboard witli only one 
system at a time. However, 
when you toggle to the DOS 
Card, the Mac monitor dims, 
a nice visual cue as to which 
system owns the keyboard. 

The Mac Extended Key
board is a plus, because it 
sports th e PC keyboard 
function keys, cursor keys, 
and numeric keypad, all of 
which operate as tJ1ey should 
for a PC. The system soft
ware maps the Mac 's Op
tion key neatly to the PC' s 
Alt key (labeled for both), 
which lets you operate and 
navigate both DOS and 
W.mdows application menus 
readily. 

We Coll.nected a Dos-"or
'' 

matted hard drive to the 
Mac ' s SCSI port, and with 
afewmouseclicksandare
boot, it became drive D for 

Ethernet port. Sup We tested the Power Mac DOS Card's low-level performance using BYTE's 
port for NetWare's Native Mode test. Both integer and floating-point results were slightly slow
IPX protocols is er than the comparison system, a 486DX2/66 PC. Without local RAM on the 

DOS Card, performance dropped markedly. The index score is based on a Dell 

90-MHz Pentium system. 
through an ODI 
(Open Data-Link In
terface) driver sup

TEST COMPARISON PC DOS CARO WITH DOS CARD USING 
plied by Apple. This 8 MB LOCAL RAM SHARED MAC RAM 
driver reroutes the 

.244Integer index .415 .402
IPX packets to the 

Floating-p0int index .265 .251 .1!13
Mac' s Ethernet driv
er. 

You have to provide the remaining Net
Ware client software to complete the link. 
TCP support is also available through an 
ODI driver, but other network interfaces 
are not supported at this time. Once the 
AUTOEXEC.BAT file was configured 
properly, I was able to access all BYTE' s 
NetWare file servers. The Mac OS was 
also able to access an AppleShare server 
and all networked laser printers simulta
neously. As long as the DOS Card and 
Power Mac use different network proto
cols (e.g., IPX and AppleTalk, or TCP and 
lPX), both can share the Ethernet connec
tion without trouble. 

Compatibility and Perfonnance 
DOS and Windows compatibility was ex

cellent. The DOS Card ran 
SoftWindows: The Next Ceoeration Doom-and even produced 

If you occasionally want to run 

005 software on a Power Mac 

without buying a DOS Card, you 
might check out Insignia 

Solutions' SoflWlndows (Insignia 

Solutions, 1300 Charteston Rd., 

Mountain View, CA 94043
1 

18001 
848-7677). The company plans 

soon to release a major upgrade 

to its SoflWlndows, a program 

that emulates the PC 

environment. SoflWlndows 2.0 

will emulate a 486 processor and 

thus offer 386 Enhanced Mode 

capabilities to those applications 

thatrequireit.Perfonnancegets 

a boost from the interpreter's 

dynamic compilation of 

frequentlyusedxS6code 
segments. The new version also 

offers enhanced sound (through 
the Windows Sound System only, 
no Sound Blaster), SVGA support 
forDOSdisplays,andsupportfor 

slmultaneoususeofmorethan 

onenetwort<protocolstack. 

the sound effects-witJ1out 
problems. Under Windows, 
we could access a networked 
CD-ROM drive holding Ziff 
Communication's Compul
er Select. We could also use 
Folio Corp. ' s Folio Bound 
Views application to search 
for items in the text of the 
last five years of BYTE, 
which was stored on a Net-
Ware server. This setup 
allowed use of Mac 
applications, while provid
ing easy access to resources 
that are available at BYTE 
only in a PC format. 

In terms of performance, 
the host Mac has the kick 
of your typical 66-MHz 
Power Mac. As the BYTE 
N . M d b h k 

at:Jve o e enc mar ' re
sults show, theDOSCard ' s 
tJ1roughput nearly rivals that 
of a typical 66-MHz 
468DX2-based PC. Howev

the DOS Card. An external AppleCD 300 er, the comparison PC system had a 256 
CD-ROM drive appeared both on the KB secondary RAM cache, which the 
Mac' s Desktop and as drive E to the DOS DOS Card lacks. While tJie memory-shar
Card. The DOS Card was also able to con ing mechanism works flawlessly, it exacts 
nect to the BYTE network via the Mac a huge performance hit. On a DOS Card 
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shai-ing Mac memory, PC test results con
sistently plummeted by 40 percent. The 
Mac felt the hit less, perhaps because it 
physically owned the memory, but its per
formance degradation fluctuated between 
13 to 40 percent, depending on the opera
tion . 

The Best of Both Worlds 
As mentioned earlier, the DOS Card alone 
costs $739. A Power Mac 6100166 with 16 
MB ofRAM, a 500-MB internal hard drive, 
and a DOS Card, but no monitor or 
keyboard, costs $2759 . Neither price 
includes local memory for the DOS Card, 
but budget for it if you opt for just the board 
(you can move one of the Mac's RAM 
SIMMs to the DOS Card to obtain 8 MB of 
local RAM for each computer). 

Overall, the DOS Compatible Power Mac 
makes a superb PC, especially with a Mac 
wrapped around it to handle the messy 
details of attaching peripherals. The Mac 
offers its convenience and graphics, and the 
DOS Card provides access Lo a wide variety 
ofDOS and Windows programs. Although 
a PC in a Mac seems like a Jekyll-and-Hyde 
prospect, it actually delivers the best that 
each platform offers. • 

Tom Thompson is a BYTE senior technical 
editor at large with a B.S.E.E. from Mem
phis State Uni versity. He is an Associate 
Apple Developer a11d author ofPower Mac
intosh Programming Starter Kit (Hayden 
Books, 1994 ). Con/Clef him on Apple Link as 
T THOMPSON, or on BIX or the Internet at 
tom_thompson @bix.com. 

DOS Compatible Power Macintosh ...... $2759 
(16 MB RAM, 500-MB hard drive, DOS Card; 
price doesn 't include monitor, keyboard, or 
DOS Card memory) 

Apple Computer, Inc. 
1 Infinite Loop 
Cupertino. CA 95014 
(800) 776-2333 
(408) 996-1010 
fax: (408) 974-6412 
Circle 1002 on the Inquiry Card. 
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Visual C++ Goes Multiplatform 

Microsoft's latest development system is a well-crafted set of tools 

for building Win32 applications-and it's not just for PCs anymore 

STEVEAPIKI 

V isual C++ 2.0 is much more than 
an upgrade. With Microsoft's 
delivery of Alpha and Mips de

velopment environments, and especially 
with its shipment ofthe Cross Development 
Edition for Macintosh, Visual C++ has 
become a real multiplatform development 
tool. Lf you're a software developer con
cerned with targeting the Mac as well as 
various tlavors of Windows and Windows 
NT, you now have a slew of new options. 

On the other hand, if you are concerned 
solely with Win32, the choice is simple: Get 
Visual C++ 2.0. Enhancements to MFC 
(Microsoft Foundation Classes), support 
for 32-bit OLE controls, and a much-im
proved integrated environment make this 
an easy decision. Unfortunately , Win32
only is an unlikely scenario-for most 
developers, supporting the Mac, or 16-bit 
Windows, or even DOS are day -to-day 
realities. With add-ons, Visual C++ 2.0 can 
deliver on these platforms as well. 

New and Improved 
Version 2.0 succeeds both the 32-bit edi
tion of Visual C++ I. I and Visual C++ 1.5 
and adds significant improvements over the 
existing products. Chief among these are 
MFC 3.0 and a noticeably improved inte
grated environmenl. 

MFC 3.0 extends the framework to 
incorporate virtually all Windows-re lated 
technologies. Version 3.0 adds classes that 
support ODBC (Open Database Connec
tivity) and OLE 2.0. (Although these were 
present in MFC 2.5, MFC 2.5 is a 16-bit 
class library, so Win32 developers had been 
left out in the cold.) MFC 3.0 further extends 
OLE capability with classes that model OLE 
controls (although not control containers), 
the 32-bit component replacements for 
VBXes (Visual Basic custom controls). New 
user-interface elements like tabbed dialog 
boxes, tool tips, and <lockable windows, all 
of which Microsoft says will map directly 
to Windows 95 gadgets, round out the new 
classes. These and other MFC enhancements 
are full y supported through a new App
Wizard and a new Class Wizard. 

The new integrated environment is a big 
improvement over tho e found in Visual 

Customizable toolbar 
with drag-and-drop 
access to buttons. 

Syntax highlighting. In 
Version 2.0, S)'llbx 
coloring is customirable. 

Project management 
features allow control of 
build settings for multiple 
targets. This screen 
shows Macintosh targets, 
which are arallable only 
with the addition of the 
cross-development kit. 

Incremental 
finking speeds 
Onks. 

Tabbed output windows allow 
easy access to build results; find 
results, or output screen. 

Integrated resource tools. 
External AppStudlo Is 
gone, replaced by 
Integrated tools. 

Full·featured integrated 
debugger meshes well 
with editor, letting you 
make edits while In the 

New UI features like 
dockable windows and tool 
tips migrate to Visual C++ 
from Microsoft productlvlt' 

,, 
Du.., 

l:lJOL clov1n On 
( 

'""" 

debugger. applications. 

" 
Flnd·ln·flles option lets you search for 
strings or regular expressions In multiple 
files withoii leaYing the environment. 

The New UI: Visual C++ 2.0 presents a significantly improved look. with a better integrated debugger and 

easier access to peripheral tools. This screen Is from the Intel-hosted package; the core Mips and Alpha 

packages provide an identical set of options. 

C++ I . I and 1.5 . Most important, the 
debugger. resource editor, and other tools 
are more completely meshed within the IDE 
(Lntegrated Development Environment), and 
you aren' t constantly launching additional 
tools. The IDE itself incorporates all the new 
user-interface features of MFC 3.0, so you 
get first-hand experience with these before 
you foi st them on users. (As BYTE was 
going to press, Microsoft announced ver
sion 2.1 , which includes some Windows 95 
controls, an updated OLE developer' s kit, 
and ODBC support for the Mips version.) 

Moving Up to Win32 
Generating a new application for Win32 is 
trivial with Visual C++: A llip through App
Wizard, where you select the Windows fea
tures you want to support, rewards you with 
a complete template from which you can 
bootstrap development. However, most pro
jects don ' t start from scratch, so we evalu
ated version 2.0 by converting an existing 
16-bit Windows application that was not 

originally developed in MFC. 
Moving from a 16-bit project to a 32-bit 

project is an all-or-nothing affair. Visual 
C++ 2.0can ' t build 16-bit applications ; 16
bit Windows support is relegated instead to 
a copy of Visual C++ 1.5 I shipped on the 
same CD. Once you bring your 16-bit pro
ject into Visual C++ 2.0, it is forever after 
a 32-bit project, and you can no longer sup
port Windows 3.1 witl1out Win32s. This 
dichotomy between 16-bit and 32-bi t is the 
single factor that might make a person hes
itate to upgrade to Visual C++ 2.0. 

To begin the conversion, we ran App
Wizard to generate a new MFC-based pro
ject. AppWizard and ClassWizard, as in 
previous versions, simplify source-code 
generation by never touching user code. 
This keeps your code safe, but it makes it 
impossible to "regenerate" an application 
should you want a new MFC feature later, 
or to modify the names of message handlers 
using Class Wizard. Therefore, this is a step 
you need to get right the fir t time. 

co111i1111ed 
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Converting an existing non-MFC project 
to MFC was, ofcourse, the bulk of the work, 
but making the conversion is well worth the 
effort: MFC is at the right level to allow 
porting to other machines and other user 
interfaces like the Mac and Windows 95 
when the time comes. 

We confess to liking command-line tools 
and make utilities for flexibility and sheer 
variety . However, the level of integration 
in Visual C++ 2.0 is excellent, and new fea
tures like a Unix grep-like find utility make 
the IDE stand almost completely without 
external tools. Its weakest point is its edi
tor, which is Mac-Like in its command struc
ture but can ' t emulate other editors. 

With the editor, debugger, resource edi
tor, and other tools so tightly coupled, you 
rarely have to leave the IDE. You can edit 
in the debugger or set debugger breakpoints 
in the editor. A double-click on a line from 
the results ofa find-in -file command opens 
the file. AppStudio is gone, replaced by an 
integrated resource editor (which finally 
adds a text tool for the bit-map edi tor). 

Visual C++ will not deliver the shortest 
build times you've seen, but the compiler 
thread can run in the background while you 
attend to other tasks. Version 2.0 also sup
ports incrementa l linking, which really 
speeds up the link phase. One nice feature is 
the ability to build the browser database with
out completing a full link. While moving 
our project into MFC, we sometimes had 
conflicting definitions that kept the Link from 
completing; the browser easily pegged them. 

It took us a few weeks to get the core of 
our test application into MFC and up under 
Win32. The application also requires a 
DLL, which we also had to port to Win32. 
Once a ll that was up and running , we 
moved both projects over to Mips and 
Alpha versions of Vi sual C++ 2.0. Port
ing to both new platforms took less than 
an afternoon: The similarity among the 
environments is amazing. However, since 
the application was written to be portable, 
conditional compile statements had to be 
modified because they assumed that if 
_WINDOWS was defi ned , the program 
was being built for an x86 platform. There 
was also a . light difference in the va_ list 
type between Alpha and other platforms 
that required making some modification ·. 

Targeting the Mac 
Porting to Mips and Alpha NT was easy; 
porting to the Mac was not. Unlike other 
NT systems, which are both hosts and tar
gets for Vi sual C++ 2.0, the Mac is sup
ported only as a target through a cross com
piler that runs on Intel-based NT systems. 
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The Vi sual C++ 2.0 Cross-Development 
Edition for Macintosh is a $ 1999 add-on to 
the standard Intel package. The package 
includes the cross compiler (which inte
grates into the regular environment), WPL 
(Windows Portability Libraries), a remote 
debugger, and utilities for transferring files 
and executing programs across an Ethernet 
connection. Once your 68K-based System 
7.x Mac is hooked to your NT system run
ning AppleTalk, you build programs on the 
NT system and ship them to the Mac, where 
the debugger can execute them remotely. 

WPL is a set ofstatic libraries that imple
ment most of the Win32 API; you 1 ink these 
into your application and they mediate be
tween Win32 calls and Mac Toolbox rou
tines. The result is an application with a 
more-or-less native Macintosh look, although 
you must make some source and resource 
changes to complete the transformation. 

The first step in porting our test project 
was to set up Mac targets within the devel
opment environment. This is simple to do, 
and you can set 680x0-specific code-gen
eration features for these targets. Our test 
project included serial communications, 
which WPLdoesn't support. We ended up 
leaving these features out of this stage. Fin
ishing the port now required condi ti onal 
Toolbox calls to replace the Win32 call s; 
the required Apple header files and libraries 
are included. 

After taking out or replacing the Win32 
API features WPL doesn't support, we built 
and linked the application . Vi sual C++ 
automatically downloads the program to 
the Mac, but you must remember to ei ther 
include a size resource or set the memory 
partition size on the Mac before every run. 

The test application requires a DLL under 
Windows. The cross-development tools 
support Apple's DLL implementation
ASLM (Apple Shared Library Manager)
allowing construction and use of shared 
libraries. This is a critical requirement, with
out which porting most real Windows appli
cations would be impossible. However, 
converting a DLL to a shared library is 
difficult. Worse, the documentation on 
issues like what libraries are required i 
severely lacking, and the two technica l 
upport representatives we spoke to at 

Microsoft weren ' t versed in either Mac 
development or the cross-development kit. 

Microsoft shows little confidence in the 
future of ASLM; WPL itse lf is a static 
library . The company recommends that 
developers also consider linking Windows 
DLLs as static libraries for the Mac wher
ever possible. The PowerPC version of the 
cross-development kit, due out before the 

end of the year, will support code fragments 
instead of shared libraries. 

Building Mac applications under Win
dows NT limits tools on both sides of the 
connection. For example, because it is 
remote, the debugger requires that you set 
all breakpoints locally before beginning the 
debugging e sion . Also, some menus and 
dialog boxes from Windows are imple
mented as custom resources on the Mac, 
and you can't browse through them using 
programs Like Apple's ResEdit or Mathe
maesthetics ' Resorcerer. 

Living with Limitations 
Despite having a few limitations, the cross
development toolkit is an excellent option 
if Windows or Win32 is your primary tar
get. We would choose it over any ex isting 
cross-platform library for two reasons. First, 
if you already know the Windows AP!, you 
can generate a reasonable Mac application 
without learning an entirely new AP!. Sec
ond, it 's a single development environment; 
you can build, run , and debug for both tar
gets with just a click on each new target. ln 
short, the Visual C++ 2.0 cross-develop
ment toolkit greatly simplifies Windows
to-Mac porting. 

As for the Visual C++ 2.0 core package, 
it 's an outstanding product. For new devel
opment work on Win32, Vi sual C++ and 
MFC create an unmatched combination. 
The only significant drawback is the chasm 
between 16-bit and 32-bit applications 
development imposed by the splitting of the 
two compilers and the abandonment of 
VBXes on 32-bit platforms. The environ
ment is good enough that we wish we could 
use it to target 16-bit applications. • 

Sreve Apiki is a BYTE co11rriburi11g editor 
and senior developer at Appropriate Solu
tions, In c. , a Peterborough, New Hamp 
shire- based conmlting firm specializing in 
multiplatform. development. You can reach 
him on the lnterne/ at apiki@apsol.com. 

About the Product 

Visual C++ 2.0 
Visual C++ 2.0 for Intel platforms ....... . $399 

($499 subscription includes free updates) 
Visual C++ 2.0 for Digital Alpha ...•.... .. . $699 

Visual C++ 2.0 for Mips ....... .. .. .. ....... .. $699 

Cross-Oevelopment 

Edition for Maclntosh .... ..... ...• •.. ...... $1999 


Microsoft Corp. 
1 Microsoft Way 
Redmond, WA 98052 
(800) 426-9400 
(206) 882-8080 
fax: (206) 936-7329 
Circle 1008 on Inquiry Card. 
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Announcing CodeServer ~~ 
Discover Client/Server Power with xBASE 

file compatibility from C, C++ and Basic. 


With our new CodeServe1~ your 
data is safe, your software is 
reliable and you save$$ with 
royalty -free distribution. 

Completely Scalable Technology 
Move from single-user, to multi-user, 
to Client/Server, all using the same 
CodeBase APl- without code rewrites. 

Multi-User xBASE Compatible 
You can stil l access your data directly 
from dBASE, FoxPro and Clipper. 

Special Offer: 

Improve Reliability and Safety 

Using CodeServer only one computer 

physically changes your data. So even 

when a client crashes, the database is 

safe and others can continue working. 


Improve Network Performance 

Reduced network traffic means 

improved network performance. 


xBASE File Formats 

Choose between dBASE, FoxPro, or 

Clipper file formats for your data. 


Logging 

Now you'll know who changed what, 

and when. 


Incremental Backups 

Make daiJy backups of all the changes 

made that day. 


Query Optimizer: 1000 times faster 
Automatically 
uses available 
index information 

to return query 
results instantly. 

n.,.,,,.-.;;;;;;,. 

Now for a limited time only, with evelJ' order ofCodeServer'"', you get: 
• a FREE CodeBase'" Technology product for the language of your choice 
• a FREE copy of CodeConu-ols'" visual design software, 
• a FREE copy of CodeReporter"' visual report writer software, 
• and a FREE CodeReporter""' end-user distribution license. 

Call Now To Order: 403-437-2410 

Risk-Free, Unconditional 30-Day Money-Back Guamnree on all Sequiter product orders. 

FREE Report Writer Distribution 
Now give your OU.rtltfty Salff 

Atlas users the abi li ty Software 

to easi ly create 
 :=--~- ...
their own ad-hoc 

.reports by distrib
::::.l--~- ..-

uting our report ---·- .... 
writer with your 
applications, ROYALTY-FREE! 

FREE Visual Design Software 
For visual, inter
active application 
design, Windows 
programmers can 
use CodeControls 
for formatted data 
entry and data-aware controls. 

CodeBase Multi-Platform 

This special multi-user version 

supports DOS, Windows, NT, OS/2, 

Macintosh, AIX, HP, SCO, Solaris, 

SunOS, UnixWare, etc.. . 


CodeBase'" 

Database Managementfor Programmers 

SEQUITER Ill Fax: 4 03 -4 36 -2999 
SO F TIVARE lNC. UK Tel: +44·81 ·317·4321 
P.O. Box 575 Netwmatket NH03857-0S75 

C 1995 Soqultor Soff'Noro. Jnc. Al rtgnts reserved. COd68cw. Code&:J:so..-• , CooeBosk:. CooePocxwtet CodoCont1ol1r. Ot"d Coc:IOSefver oro trOdomor!Qot SoaultOI' Sonwore inc. Al olhef prOOUCI ~ore l rodemorbol Thek rospocnvo componles, 

Circle 100 on Inquiry Card. 



Win a Notebook Computer! 

Enter BYTE's 20th Anniversary Reader Sweepstakes! 
As we prepare our special 2oth anniversary issue, we want to hear from you. What are your thoughts on technology 
and society, on-line services, bugs and error messages? Return this form by April 21 , and you will automatically 
be entered in BYTE's 20th anniversary sweepstakes. The prize is a Gateway Liberty notebook computer. 

What is the best thing you've ever found on-line? 

What are your favorite on-line locations--news groups, forums, Web servers, home pages, topic areas, etc.? 
{Please provide . as appropriate. the service name, Internet address, uniform resource locator, forum name, and so on.) 

On average, how much time do you spend on-line each month? 

D 1- 3hours D 5-10 hours D 15-20 hours D 25-30 hours 

D 3-5 hours D 10-15 hours D 20- 25 hours D more than 30 hours 

In your opinion, what are the worst, most confusing computer acronyms? 

Tell us about the weirdest error message you've ever encountered. 

What's the most frightening bug (hardware or .software) you've heard of or encountered? 

What do you think is the most important programming language? .. . . D No w .... 0 1N TEN YEARS 

D 0 Assembler 

D 0 BASIC 

D OC ++ 
D 0 COBOL 

D 0 FORTRAN 

D 0 usp 

D 0 Prolog 

D 0 Smalltal k 

D Other --  -  - 
0 Other _ ____ 

D O c D 0 Forth D 0 Pascal 0 Something new 

If you could de.sign your own u.ser interface, how would it differ from the current popular interfaces? 

What do you think are the most important contributions that computers have made to society? 

Contest Rulea 

The con1ost Is open to an U.S. resldonts 18 years of age or 
older. No purchase necessary. An Individual may enler 1&
gardess of wholher Of nol he or she chooses 10 participate in tho 
suNoy. Enlrnnls shoukl fill out lholr daytlmo 1olophono num· 
bor where Indicated. Limit: one entry por porson. 

Entries must bo recetved by April 21 to bo eligible lor lho 
drawing. Tho t1naNst wUJ be detormlnod In o random drawing 10 
tako p&oce at BYTE. The winner win bo announced in BYTE's 
Sopcerroer 1995 20lll illVWersaly iss<Je and wil bo CXlfl1aaed by 
telephone during worldng hours._, publlcatloo ot tho lssuo. 
Personal contact with the incfrvidual spocif.ed on the entry card 
must be mado '°'the finalist lo be dedllrod lhe winner. The 
winner shun be req1.ued to sign an atfidavil rok)asing McGraw
Hdl , Inc .. lrom liabUiry in connection with~ of the prize. 

Tho odds of wwnno depend on tho tOlaJ number ol entries re
- by the cutoff date ol April 2 1. Employees ol McGrow·H•I, 
Inc .. and their relatJves cue no! oligiblc to par1idpoto In tho con· 
tost. McGra.w·Hlll, Inc., I~ no! rosponsiblo for lost, lalo, or mis· 
direciad mail or inollglblo ontrios. Atl federal, stnto, nndfor '<>cal 
rulos and rogulatkms apply. Vokt where prohibl1od by law. Ono 
prlzo wilt bo awarded. Total value ot prize is $2500. Tho prize is 
no: redeemabio lex CMh. nor is substitution of the prtz.o by the 
winner allowed. Tho winnet" is responsitMe loc any nnd an loxes 
associated wi1h tho acceptance ol a prize. BYTE roservos lhe 
ri!1>t to Slbstitulo a prizo ""°" unav.iilabiity. F0< tho namo ol the 
winner. send a sell-oddrns.sed, stamped envclopo otter Sop
tcmber 15 to M arketing Oepanment, BYTE Magazine, Ono 
Phoenix MilJ Lano, Peterborough, NH 03458. 

Tltle: ____________________ 


Company: ____________ ______ _ 


Address: _ ________________ 


City; _ _____ Slate:__ Counby:__ Code:___ 


Phofte: _______ E-maD: __________ _ 


Fax your responses to (603) 924-2563, or mall them to BYTE, One Phoenix Mill Lane, Peterborough, NH 03458. 
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Intrusion Protection for Networks 

CheckPoint•s Fire Wall-1 protects your gateways from the 

g rowi ng thr eat of Internet s ecurity breaches 

Network Objects 

Destination 

Log Vlewe~ 

services Action Track 
lt--"""t""':"."loca-l~n-et--1-::@:=-A'"'ny----1--""'2!'i:---;r--""""lmi"""-t------1~~r-----1 

Any 

SIMailsewers 

Any 
w 

J. BRUCE DAWSON 

L ike most useful too ls, the 
Internet is a double-edged 
sword. It 's an open, fl exible 

resource that le ts you log in to No. 
systems around the world, transfer 
fil es, and execute programs. But once 
you ' re connected, it ' s also a way for 
other people out there to get into your 2 
sys tem. 

An increas ing number of busi 3 
nesses have begun to address these 
Inte rn e t security issues by con
s tru c tin g fire wall s, o r phy . ical 4 
boundari es , between private and 

public networks. While it's possible J.£-l!j------------- ----------------:1 
to build router-based firewall s using , taunehlng l<>g vlawer ... CopyrlghtO 1993'€~eckPolnt· Software :rechnologles Ltd.in-house development, a potentially ..,__....,.._________________....,..____________~ 

more affordable and robust solution is to 
run a commercial firewall product on a 

dedicated server. 
CheckPoint Software Technolog ies ' 

Fire Wall - I is among the first stand-alone 
fi rewall products. It is noteworthy in 
part because Sun Microsystems' SunSoft 
di vision cho e it to work with the com
pany' s So lari s-based Inte rn et servers. 
FireWa ll - 1 runs on SPARC machines 
running SunOS 4.1.3 or higher and Solaris 
2.3 or higher, as well a! lntel 386-or-higher 
computers with Solaris 2.4. 

Building the Wall 
FireWall - 1 provides vario us levels of 
securi ty from wide open to screwed down 
tight. lt is also very flexible, permitting 
you to selectively control access at the 
service and host level, along wi th providing 
vo luminous details on atte mpted and 
granted accesses. Additionally, it lets you 
run scripts to control entire classes of 
access, such as packets coming in through 
a serial -interface gateway or through a 
Telnet connection. 

In the current versi on , FireWall-1 
works by monitoring the lowest level of 
the IP network: the individ ual packets. 
Accordingly, it works only with Internet, 
or other TCP/IP-based, networks. It will 
work with other protocols, such as Nov
ell NetWare, if they are being tunneled 
through IP. (CheckPoint say Fire Wall- I 
is actuall y protocol-independent and may 

FireWall-1 's GUI is the main control center. where the network administrator identifies networks, 

gateways, and servers , assigning the desired level of security and transaction logging to each. 

be ported to other protocols, such as !PX, 
in the future.) 

By convention, all network hosts using 
the IP suite are allocated at least one IP 
address from the networkin g authority 
(which is either the domain administrator 
or the national Network Information Center). 
The upshot: If your system has an rP address 
and is connected to other networks, it is open 
to attack. (For that matter, your computer 
is also vulnerable to attack from others on 
your LAN.) Although most smal l sites gain 
some level ofprotection from enforcement 
of computer use policies, larger s ites are 
more vulnerable because policies are harder 
to enfo rce. 

Enter the enforcer. FireWall- l provides 
both a GUT and a command-line interface 
that a llow a site to monitor all packets 
passing over t11e LAN. Additionall y, if a 
given computer is acting as a router or 
gateway (i.e., if it connects two or more 
physically separate networks), FireWall-1 
can perform the following operations on 
classes of packets that the system admin
istrator can speci fy: lt can drop the packet, 
thus preventing it from going th rough t11e 
gateway; it can issue an alen ; and it can re
turn an error message after a failed attempt 
to end a packet t11rough, essentially re
jecting the packet. And you' ve always got 
the option to perform a logging ac tion 

Access Rules 
FireWall- 1 employs a set of user-defi ned 
rules to judge the admissibility of network 
packets. Each rule specifies what is to be 
done with a packet based on its orig in, 
destination, and packet type. 111e latter are 
most likely to be UDP (User Datag ram 
Protocol) or TCP packets, depending on 
the particular site; they may also be enter
ing via FTP (file transfer protocol) or Tel
net. If a rule applies to a packet, FireWall
1 takes the indicated action (accept, drop, 
or reject) and performs any logging asso
ciated with the rule. 

There are five monitoring and logging 
options: " ring" a bell and post a message 
on the firewall console, send an E-mail 
message, log a message to a file, run a pro
gram (such as a user-written program that, 
fo r example, exam ines packets to deter
mine which directory tree FTP is access
ing), or do nothing. 

FireWall-1 has numerous features that 
network administrators, in particular, will 
love. First, you have fu ll control over rule 
sets, including the ability to keep mu lt i
ple sets and institu te them for vari ous 
times of the day by using FireWall- l ' s 
command-line interface and Unix's cron 
fac ility. And, bes ides the powerful com
mand lin e , Fi re Wall- l comes with a 
library for programmers and a GUI based 
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on Open View, Hewlell-Packard' network 
management software. 

At this level of control, Fire Wall- I func
ti ons as a hi gh-level monitor of network 
traffic, reducing its own negative impact 
on system resources but still assuring sys
tem security. It remains important, how
ever, to use each ne twork app lication's 
own security mechani sms; for in tance, the 
file transfer program that invokes the FTP 
sti ll depends on Unix 's own fi le security 
tools (w hich include owner, group, and 
world read/write/execute permission). 

That said, FireWall-1 's real strength lies 
in its ability to apply reporting, monitoring, 
alerting, and logging to network logical 
links with minimal impac t on the host 
system. 

Going to the Wall 
To get a feeling for FireWall- 1's capabil
ities, we set up two Ethernet IP LANs and 
connected them at a computer running the 
software. The firewall machine was a Sun 
Microsystems SparcStatio n. Al various 
times, we also used a De ll 32sli notebook 
running Windows and FTP's PC/TCP; a 
Fintronics 486/66 running Linux, a Unix 
variant ; a DECStati on 3 100 running Ul
trix , Digital 's Unix viu-iam; or a Vi sual X
Term terminal. Due to configuration prob
lems, we were unable to test SUP and PPP 
connect.ions. 

The first LAN (IP address 192.1.1.0) 
was an internal network with FireWall- 1 as 
its only connection to the out. ide world. 
The other LAN, 199. 125.76.0. had a lo
cal direct connection to the Internet. Ad
ditionally, we made sure that at least one 
DOS-based PC was runnin g FTP's 
PC/TCP to test FireWall-1 's ability to 
work with non-U nix IP systems. (Fire
Wall-1 did so without a problem.) 

After completing the network configu 
ration on every test system, we created 
some rules that would permit " fingering" 
(generating a li st of currentl y logged-on 
users) only from systems on the l 92. l. l.O 
network but would drop fingers that were 
transmitted into the 192. l. I.0 network . 
The system worked as intended. 

Nex t, we got a little devious and tried to 
controvert the security rules by fingering 
from a computer on 199.125.76.0 to one on 
192. 1.1.0, but Fire Wall- I would have none 
of that. The firewall computer appeared to 
hang, which is an awkward way to prevent 
unauthori zed access. We then switched 
Fire Wall 's action option from drop (which 
has a stop sign for an icon) to reject (which 
has a wrong-way sign) and tried again. 
This time, instead of hru1ging, the machine 
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FireWall-l's Scripting Language 

FireWall - 1 will load rule scripts writ
ten in its FW- 1 language, which fo l
lows the basic syntax scope action 
conditions. You can also use FW-l at 
the command line. 

For example, the follow ing code 
checks inbound packets at all in ter
faces on my - hos t and let. any host 
send mai l to my - ho st: 

/linclude "std . def" 

inbound all@my-host accept 


dst i n my- host , s mtp ; 


running Fire Wall- I issued a more friendly 
"Connection Refused" message. 

In a test using FTP, we to ld FireWall
1 to log all access at tempts so we could 
later verify that setting tl1e rules to accept, 
reject, and drop th e connections had 
worked. They did; the log showed that 
each connection attemp t was handled 
appropriately. We set up other rules to 
permit FTP and RWHO connection (the 
latter li sts all users on the LAN) but to 
reject all others (including pings , signals 
a computer sends out to see if it can reach 
th e host). We verified that the log 
contained the desired information. 

Some Shortcomings 
Other tests included loading new rule sets 
with connections in progress-a process 
that revealed some minor shortcomings 
of the product. CheckPoinl says load ing 
rule sets is an atomic operation (i.e., one 
that must be performed enti re ly or not at 
all ), so it is not supposed to be pos. ible 
for packe ts to s lip throu gh durin g rule 
loadi ng. We di scovered while switching 
rul e sets th at supposedly protected ne t
works became exposed if the firewa ll 
sys tem was kep t on wh il e FireWall - l 
wasn't running. There appeared to be no 
way to keep the gateway buttoned up in 
thi s s ituation. CheckPo int ays the net
work admin istrator can configure the boot 
process to determine which modules and 
applications load first, thus preventing any 
packets from slipping in . 

We a lso wa nted to see w ha t wo uld 
happen if we changed rul e sets with an 
FTP link in progress. We found that a rnle
set change does not affect an FTP fi le 
transfer that is in progress, but it affects 
sub ·equent FTP connections. CheckPoint 
expla ins that thi s is so because with the 

defaul t ru le set in effect, FireWall- I looks 
only at the initi a l logical connec tion of 
the TCP port. To avoid this scenario, the 
network adm ini strator can override the 
default by changing the "Enable Estab
li shed TCP Connections" option in the 
GUI s "Control Properties" wi ndow, ac
cord ing to CheckPoint. Then, whi le an 
FTP session is in progress, if the rnle set is 
changed to prohibi t the FTP service from 
passing any packets at all , the user's FTP 
session will be interrupted. Exac tl y how 
th a t sess ion is interrupted (e ithe r by 
hangi ng the particular connect ion or by 
sending an error message, as in the earlier 
example) depend on the new ac tion 
specified by the administrator (e.g., a reject 
instruc ti o n mi g ht produce an e rror 
message, and a drop instruction would 
cause the connection to han g, and FTP 
would call time out) . 

The Final Checkpoint 
Running FireWall-1 can be a good way to 
enforce a company 's Internet access poli
cies because it offers extensive monitoring 
and reporting facil ities with contro ls for 
preventing anticipated intrusions. Most 
important, it permits flexibil.ity in Internet 
access policies, allowing exclusion of any
thing from an individual packet to entire 
classes of services. Additionall y. if an 
unanticipated sec urity breach occur , the 
logs generated by Fire Wall-I mi ght hold 
ev idence that will help track down and 
prosecute the culprit. 

In short, FireWall- 1 is a powerful and 
flexible tool for combating the growing 
threat of network security breaches origi
nating in the often anarchic world of the 
Internet.• 

J. Bruce Dawson is a consultant with Vir
gin Software Ltd. in Manchester, New Hamp
shire, and has been a developer of /ow-level 
Unix. VMS, and DOS applications f or 10 
years. He can be reached on the Internet as 
jbd@virg in.111v. co111or011BlX do "ed ito rs. " 
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FlreWall-1 
Under 50 nodes ... .. .........•...... ....... ... $4990 

Unlimited license (one gateway) .....• $18,900 

CheckPolnt Software Technologies, Ud. 

1 Militia Dr. 

Lexlngton. MA 02173 

(BOO) 429-4391 

(617) 859-9051 

fax: (617) 863-0523 
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FAST, FLEXIBLE STATISTICS & GRAPHICS 

FOR SERIOUS SCIENTISTS 
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" .••nearly every kind of statistical analysis imaginable, and its graphics capability 
is fa r and away the best of any PC statistical package." - tnfoWorld 

" ... the most flexible program for graphical representation of numeric data...and it 
has the most co mprehensive procedures for data exploration.'' - MacUser 

" •.•the best software for analysis of designed experiments...superh graphics, high 
quality statistical algorithms ... " - PC Magazine 

YOU CAN RELY ON SYSTAT FROM DATA TO DISCOVERY 
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SYSTAT is available for DOS, Windows 
and the Macintosh. For more 

information, contact SPSS Inc. at 

Discover hlclclen pattems 

In your clata easily. 

With SYSTAT, it's easy to overloy, 

combine charts and to simply rotate 

even the most complex 3-D plots 

with the press of o button. 


Display geographic clata 
clearly ancl quickly. 
SYSTAT is the only statistical 
package which lets you easily 
combine axes, contours, surfaces, 
scatlerplats and icons on any mop. 

Display your raw mecllcal 
clata in a simple, easy-to
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SYSTAT is the only statistical 
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dot plots. 
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Comprehensive statistics for 
all types of scientific data 
• A fvll range of powerful statistics 
• Work witli on unlimited number of variables 
• Robust algorithms give precise, accurate results 

even when xour data ore extreme 
• Most powerful GLM procedure 
• Design of experiment procedures include 

Toguchi, Plockette-Bormon, Box-Behnken, Latin 
Squares and mixlure models. 

• Extensive matrix procedures for finding inverse, 
Cholesky decomposition and many otliers 

The most graphics 
• More graph types than any other statistical 

package - even more than Sigma Plot, Delta 

• Flexible, easy-to-control object oriented graphics 
• Interactive graphical transformations Tools to 

explore data 
• Fast problem-solving capabilities, including 

Quick Buttons, Quick Graphs and o powerful 
internal calculator 

• Object oriented graphics to easily edit all aspects 
of your graphs and charts 

• Extensive graphical tools for exploring your data 
in real-time including_ 3-D rotation of graphs, 1 (800) 543-5835color and grayscale fill defaults and rescaling 

Extensive r.rogrammablllty
and flexib lity 
• Choose command line or easy-to-use menus SYSTAT® 
• Handles all steps in analysis - data analysis, 

Graph and Harvard Graphics combined screening, intermediate, graphic presentation 
• Extensive, high-precision world mops SYSTAT is a p roduct of SPSS Inc. 
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MP90/100 System Featuring 
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• 8 MB RAM 
• 540 MB Hard Disk Drive 
• 1.44 MB 3.5" Floppy Diskette 

Drive 
• 	PCI VGA Card with l MB RAM 
• 	Double -Speed CD ROM Drive 
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• 2 Low Distortion Speakers 
• 15" Non-Interlaced SVGA 
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• Serial Mouse 
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• 	MS Dos & MS Windows 
• 	FREE Gift: CD Titles Package 

$2239/$2379 

MP60/66 System Featuring 

• 	INTEL Pentium 60/66Mhz Processor 
• 8 MB RAM 
• 540 MB Hard Disk Drive 
• 1.44 MB 3.5" Floppy Diskette 

Drive 
• 	PCI VGA Card with l MB RAM 
• 	Double -Speed CD ROM Drive 
• 16-bit Professional Sound Card 
• 2 Low Distortion Speakers 
• 	15" Non-Interlaced SVGA 

Monitor 
• Serial Mouse 
• 	101 Keyboard 
• 	MS Dos & MS Windows 
• 	FREE Gift: CD Titles Package 
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• 	INTEL Pentium 75Mhz Processor 
• 8 MB RAM 
• 540 MB Hard Disk Drive 
• 1.44 MB 3.5" Floppy Diskette 

Drive 
• 	PCI VGA Card with l MB RAM 
• 	Double -Speed CD ROM Drive 
• 	16-bit Professional Sound Card 
• 2 Low Distortion Speakers 
• 	15" Non-Interlaced SVGA 

Monitor 
• Serial Mouse 
• l 01 Keyboard 
• 	MS Dos & MS Windows 
• 	FREE Gift: CD Titles Package 
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Business 0hjects Done Right 
Next shows I t mea ns bus iness with Enterprise Obje c t s Framework, a d ata 

management infras tructure that moves a g eneration beyond exist i ng t ools 

KEVIN SVEN BERG 

T he current trend in deve lopment 
tools is to tout visual construction 
environments, object frameworks, 

and increased data access capabilities 
(witness Powersoft' PowerBuilder , 
Borland Internationa l ' s Delphi , and 
Microsoft ' s Visual Basic). However, some 
visual environments share few ofthe benefits 
of true object orientation, and some object 
frameworks deliver little more than an 
underlying procedural orientation. Likewise, 
many database tools merely present the guise 
ofvisual manipulation. It is easy to construct 
whiz-bang demon trations and prototypes 
with tools such as Next Computer's DB Kit, 
but what does it take to construct real-world, 
corporatewide so lutions in the business 
environment? 

The short answer is reliable, industrial
strength database engines that are scalable 
across multiple networked platforms and 
eas ily modified . Next has created such a 
development tool in Enterpri se Objects 
Framework a coherent infrastructure of 
robust object systems for manipulating 
database information. EOF excels in its 
flexibility , letting developers factor , 
network, and distribute customized com
ponents. In addition, EOF is designed to 
minimize the impact ofchanging databases 
or data formats . Its simplified memory 
management and error handling make for 
more reliable programs. And ample visual 
tools make EOF easy to learn and maintain. 

Working first with a beta version ofEOF, 
I helped develop an EOF-compliant API for 
my company' s compound document prod
ucts. Although they are EOF-compliant, our 
current products do not directly depend on 
EOF. 

The Framework 
The software' s framework design clearly 
distinguishes it from competing tools. While 
the packaged behavior of A Pis limits a 
database library , a framework uses in
heritance , protoco ls , and delegation to 
change a program 's function . Object 
frameworks have become the de facto 
method of creating new applications, and 
specialized frameworks, such as Borland's 
OLE class library , are emerging as well. 

Enterprise Objects Framework leverages the visual construction environment of the NextStep operating 

system's Interface Builder, integrating easi ly with other NextStep programs. Above, an EOController object 

(an instance of EOController, the heart of the interface layer) is wired to a column so that the 

DepartmentName attribute wi ll be displayed. A second EOController (called Employees) has been 

arranged to create a master-detail relationship. 

Taligent-the object-oriented operating 
system that IBM , Hewlett-Packard, and 
Apple are developingjointly-wiU compete 
closely with EOF as a more generic , 
framework-based development tool. 

From a deploymen t standpoint, object 
framework design and implementation will 
determine how effectively you can leverage 
development efforts over the life of a 
product. You must look beyond the visual 
aspects of the current development tools 
and evaluate the underlying architecture. 
EOF's des ign borrows from the proven 
Smalltalk MVC (Model-View-Controller) 
paradigm , which cleanly separates da ta 
content from presentation with an inter
vening control layer. Adjoining components 
know just enough to communicate, so you 
can blindly exchange them like stereo 
components. The same paradigm has been 
applied at different levels of abstraction 
throughout the entire framework . Com
ponent factoring even extends into the data 
access layers, allowing more control over 
transaction management, interface and data 
buffering, and error delegalion. All of this 
means that EOF is likely to meet real-world 
needs and adapt easily to new requirements. 

The gesta lt view of the arch itecture is 
intriguing. In essence, Next has created an 

intelligent data-flow conduit that can be 
interconnected, chained, and adapted to fit 
the terrain of an app lication , even a net
worked one. The framework becomes the 
infrastructure for the flow ofdata containers, 
which are called ente1prise objects, derived 
from data models created using the included 
EOModeler application. 

These objects contain key-value infor
mation that can map onto stored data at one 
end and into intetface elements on the other. 
Access methods hide whether a value wa5 
extracted from a database record or derived 
from another source, such as adatabase join. 
Enterprise objects are the primary reason 
data format changes can be isolated from 
other parts of an app lica tion , redu cing 
maintenance costs. 

BuRdlng Blocks 
The entire EOF is constructed from the 
new OpenStep Foundation Kit classes, 
fundamental building blocks that bring 
strong synergy to EOF component . The 
OpenStep specification is available via the 
WWW (World Wide Web) on the Internet 
at http://www.next.com, http://digifix.digi
fix.com, or frp:://frp.next.com/pub/Open
StepSpec in either compressed PostScript 
or RTF format. co111i1111ed 
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We we re stru ck by th e e legance and debugging unpaired lock/unlock focus calls 
power of the Foundation classes compared across numerous views in different pro
to the tools that come with Next 's NextStep grams. The suggested debugging methods 
operating system. Instead of writing code provide too little control or information. 
to parse a string into 
compo ne nts or to 
read input fr o m a 
fi le or to scan an in
put buffer fo r pro
cessing, you simply 
use a single-method 
ca ll to the Founda
ti on array, string, or 
scanner objects. 

The most radical 
Foundation change 
involves memory al
1ocati on. The new 
auto- re lease mem
o ry po li c y e limi 
na tes th e need to 
ma nage me mo ry 
ownership between 
object relationships. 
While this simplifies 
norm al codin g, it 
also makes memory 
management of dis

What's Next for EOF 
As this review was bei ng prepared, 

Next began shipping beta copies of 
Ente rprise Objects Framework l. l . 
Here' what' s in the upgrade: 

•Support for SPARC platforms. 

•The ability to de ploy e nte rpri se 
objects on Sun OS, Solaris, HP-UX, 
and OSF/1 platforms using Next's 
PDO (Portable Distributed Objects). 

• Oracle 7 and Sybase adapters on all 
four EOF platforms (Intel, Motorola, 
Hewlett-Packard , and SPARC). 

• Kanj i development and deployment. 

• Performance enhancements in object 
and row fetching operations. 

Also , with auto-re
lease, memory per
fo rmance tuning be
comes a subtle art of 
balancing automatic 
versus intentional 
memo1y-pool recla
mation. Fo1tunately, 
EOF a lready han
dles many memory 
iss ues e ffi c iently 
and suppons a broad 
degree of furth e r 
tuning throu g h 
fe tch- o n-d e ma nd 
and object uniquing 
strategies. 

EOF relies on the 
first available com
ponent s fo r Open
Step th a t descend 
from a new, incom
patible root class. If 
you are integ rating 

tributed objects completely transparent. This 
is where enterpri se objects take a quantum 
leap by becoming autonomous data agents 
able to fl ow anywhere in a heterogeneous, 
networked enterprise framework, much like 
blood cells in an organism. 

Using Enterprise Objects 
Just how effective is the EOF architecture? 
We fo und it fl exi ble enough to accom
modate such unnatural experiments as 
replacing an SQL data source with a word 
process ing engine. However, we found the 
EOModeler application les than hospitable 
to cus to m adapte rs and mode ls, so we 
encoded them manu ally . Specifically, it 
was ha rd to debug custom code ins ide 
EOModeler. In theo1y, EOF layers can be 
made independent to the extent that vendor
spec ifi c information (e.g., SQL command 
vari ations) does not creep into portions of 
code or the model definiti on. In practi ce. it 
is easy to leverage SQL directly or to take 
ad va nt age of spec ia li zed access at th e 
adapter level, breaking modul arity (Next 
even does this with a few examples). While 
thi s fl ex ibility is a boon, EOF can some
times g ive you just enough rope to hang 
yourself. 

Furthermore, the auto-re lease memory 
policy, though it makes memory manage
ment nearly invis ible, till presents chal
lenges. II can be downright tedious to find 
mismatched retai n/release pairs; imagine 
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EOF into legacy code, you will face mix ing 
objects from both new and o ld class hierar
chies. Next has greatly smoothed Lhe transi
tion by using categories to implement shared 
protocols. However, you will still want to 
read the on-line manual, Working with ln
1e1face Builder, for advice on surviving in a 
" mi xed" world. There, for instance, you ' ll 
learn about the need to 
use spec ia l a rchiving 
functions when storing 
objects from one hierar
chy in another hierarchy. 

Unfortunate ly, sev
eral useful EOF coding 
techniques are not men
tioned in the Develop
ers Guide. For instance, 
a top- level exception 
handle r that retri e ves 
error descriplions helps 
pinpo int pro bl e ms 

HP-PA, and SPARC), and EOF will support 
coming OpenStep envi.ronments, uch as 
the Solaris implementation (see the textbox 
" What 's Nex t fo r EOF"). If you ' re an 
independent software vendor you may wish 
to consider whether your customer base has 
adopted EOF, because the required run-time 
libraries do not ship with NextStep. This 
makes ado pting EOF an all -or-no thing 
commitment , which may di scourage some 
customers. Finally , if you have a legacy 
application that relies on DB Kit , be aware 
that Next regards EOF as the environment 
for future dvelopment, but the company will 
continu e Nex tSt ep suppo rt for legacy 
applications. 

lfyou do purchase EOF for personal use 
o r custom deve lopment note th at EOF 
doesn' t come with a database. This is not a 
huge d rawback, as the product inc ludes 
example code that uses a flat-file data source 
and inex pensive relational databases are 
avail able. We would like, however, to see 
8-tree support included in the base product 
as another efficient storage al ternative. 

The Object Isn't Objects 
Next faces a challenge in marketing EOF, 
the product being neither fi sh nor fow l, but 
an in frastruc ture. It will be tempting to 
mirnic vendors ofotherobject-oriented tools 
and re ly on whiz-bang demonstrati ons to 
market EO F. However, the rea l value of 
EOF lies in less tangible aspects, such as 
scalability, modularity, extensibili ty, and 
reliability-assets th at are crucial to any 

About the Product 
Enterprise Objects Framework ... .$299 

with printed documentation. $349 
Developer·s Guide and Working wilh 

lncerface Builder manuals. S25 each 

Next Computer, Inc. 
900 Chesapeake Dr. 
Redwood City. CA 94063 
(800) 879-6398 
(415) 366-0900 
fax : (415) 780-3714 
Circle 1001 on Inquiry Card. 

corporate database 
solution . 

EOF is a significant 
techn o logy that war
rants attention. With it, 

ext has in verted how 
we think about building 
database applications in 
exactly the same way 
object frameworks have 
changed th e way we 
build other applications: 
outside-in versus inside-
out (i.e., adding or mod

much fas ter Lhan error codes. Next should 
insLa ll this exception handler in version I. I 
as a debug feature for standard project tem
plates. Another enhancement wou Id be for 
Next to generate a description method for 
the ente1vrise object templates EOModeler 
creates. 

Con ider several important issues before 
adopting EOF. First, EOF is a Nex tStep
onl y so lut io n. However, the number of 
supported platforms conti nues Lo grow (the 
li t currently include Motorola 680x0, Intel, 

ifying behavior versus calling librari es). 
The challenge for anyone evaluating EOF is 
to see beyond its interface wizardry into 
thee ence of what it takes to run a business 
in the information age. • 

Kevin Sven Berg is a Senior Software Engi
neer at Pages Sofnrare, In c., a San Diego 
developer ofNextStep-based compound doc
11111e111 technology. He can be reached 0 11 the 
llllernet at kevin @pages.com or 0 11 BIX c/o 
"editors. " 
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Whi le they're grazing, ZEOS is blazing .. . and setting new records. 
In a December 6, 1994comparison report, PC Magazine benchmarked 
96 Pentium processor-based systems.The ZEOS Pantera Pentium-90 
earned the highest Winstone 95 score of all machines tested, and the 
Pantera Pentium-66 easily passed both of Gateway's Pentium-90 PCs! 
If you're after performance (and who isn't?), then get a Pentium proces
sor-based system. But, as the benchmarks prove, not al l Pentium PCs 
deliver.The ZEOS Pantera will give you unbeatable performance and 
the highest quality features-all at an affordable price. And it's ready 
to ship today! For the fastest, hottest Pentium-based PC, call a ZEOS 
Systems Consultant now at 800-554-5226. 

Score .... 0 1

ZEOS·Pantera Pentium-90 r···••iiliilliiiliiilll 1~ 
ZEDS Pantera Pentium-66 132 

Gateway P5-90 1 113, 
Gateway P5-90 Family PC _109----

WORST BEST 

Reprinted from PC Magazine. December 6, 1994 

Pantera As Tested: 

Pentium-66 $2745 
Pentium-90 $3095 
:> Genuine Intel .. Pentium'" 66 and 90 February 1995 

processors 
:> 16MB RAM, 256KSRAM cache 
:> IGB local bus IDE hard drive, 256K cache 
:> 4X CD-ROM drive and3.5" l.44MB floppydrive 
:> Diamond Stealth 64-bit PC! local bus SVGA color 

graphics card with 2 IB VRAM upgrade 
:> 15"1024 x 768 NI SVGA color monitor, 

.28mmdot pitch 
:> 'l\vo high-speed serial ports, one enhanced 

parallel port 
:> On-board Fast SCSI-2 option (Pentium-66) 

On-board PCI local bus Fast SCSI-2 and Ethernet 
options (Pentium-90) 

:> Six-bay desktop case (Pentium-66) 
Ten-bayvertical case (Pentium-90) 

:> 101-key space-saving keyboard 
:> Microsoft Mouse 
:> Microsoft DOS 6.2 and Windows for Workgroups 3.ll 
:> Lotus SmartSuite 

Fax Orders:800-362-1205 or 612-362-1205. Phone Orders: Outside U.S. and Canada: 800-554-5226 
612-362-1212. Government: 800-245-2449.ZEOS Information Systems, Inc. GSA # 24 Hours a Day 
GSOOK94AGS5176. Purchase Orders, MasterCard,VISA,Am Ex, Discorer, Z-Card, 365 Days a Vear zEos· 

INTllNA110NAl. LTO COD and affordable leasing programs. 

Clrcle 112 on Inquiry Card. 
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Radical Xhase Objects 

CA-Visual Objects is a classy 7 object-oriented middleware package 

that opens a migration route for taking Clipper to Windows 

RICK GREHAN 

C omputer Associates lnte rna 
ti onal's CA-Visual Objects is 
hard to classify. It i an appli 

cation builder, an integrated development 
environment, and a programming language 
with a nati ve-code compiler. It 's a lso a 
migration path for bringing Clipper pro
grams from DOS to Windows. 

Perhaps CA-Visual Objects i best de
scribed as vjsual , object-oriented middle 
ware, with middleware defined as database 
application generators that take much of 
the typing out of development. This s ig
nifi can tly reduces development time , 
maki ng CA-Visual Objects also a player in 
th e grow ing RAD (rapi d app lic a ti o n 
development) market. 

Nested Views 
Working in CA-Visual Objects takes you 
into a three-tiered hierarchy of abstrac
tion: application, module, and entity. These 
do not imply inheritance; rather, they serve 
as a mechanism for gathering and orga
nizing the components of an appl ication. 

To ge t a quick idea of how the three 
e le ments fit together, imag ine you have 
constructed a typical database application, 
say an inve ntory program. Fire up CA
Visual Objects, and the opening window 
shows you the "application view." Appli
cations are represented by large buttons, 
each bearing a na me a nd a n ico n that 
indicates the nature of th e applicatio n: 
executable, library, or DLL (see the screen). 

Double-click on your inventory appli
cation icon and another window opens. 
This wi ndow shows the modules in your 
inve ntory application . 

OrderEnlry 

The left subwlndow is CA-Visual Objects· application view; the right subwindow is the module view 
(modules contain entities, the third and lowest level of the CA-Visual Objects hierarchy) . Colored 
indicators on each button denote whether an entity Is up to date (green), or modified (yellow) or contains 
an error from the last compilation (red). 

About the ProductIts structure is much like drop radio buttons, text 
the app lica tion view : boxes, and so on. CA-Visual Objects 1 .0 ....... ......... .. $895 

named buttons decorated A centra l re posi toryComputer Associates International. Inc. 

1 Computer Associates Plaza with icons. Modules are keeps track of depen
Islandia. NY 11788the gath e rin g mecha dencies between appli 
(800) 225-5224

ni s m for the third and cations , modul es, and(5161342-5224 
lowest level: the entity entities. Thi s architec fax: (516) 342-5734 

Circle 1010 on Inquiry Cant. level. ture also makes recom-
Within modules reside pilation fas ter (because 

tions, window defini tions, classes, methods, 
fie ld speci fi cations, and so on. 

Double-click on a module, and you open 
the entity browser window. This window 
looks markedly different from the applica
tion and module browsers. Each entity is 
represented by a horizontal button labeled 
wi th the entity ' s type and name. You open an 
entity by double-clicking on its button; it is 
this act that reveals CA-Visual Objects' real 
strength. For when you open an enti ty, you 
launch one of seven editors, chosen on the 
basis of the type of entity you ' ve opened. 

Click on a class or method entity, and you 
open the ource code editor, wh ich looks 
and operates like any typical text editor. 
Click on a window entity, and you launch 
the window editor. This is a visual window
builder, complete w ith floating toolbar 

that le ts you drag an d 

entities, the " leaf' nodes of the imaginary 
tree. Entities are not grouping mechanisms 
as are appl.ications and module . Entities do 
the ac tual work: They are the menu defini

changes can be localized at the entity lev
e l) and allows on-the-fl y tes ting of code 
changes (because the repository keeps track 
of each application's components). 

Noteworthy Entities 
As mentioned above, all action takes place 
in entities, so some specific examples are 
worth ex plori ng. A window entity is a 
window , but there are severa l kinds of 
windows in CA-Visual Objects. There are 
data windows, dialog wi ndows, and shell 
windows. Of these, the data window is the 
most interesting because it connects to a 
data server and thereby becomes data aware. 
This means a data window "knows" how to 
display a nd to manipulate data from a 
database. You can display data in "form' 
mode-w here each field is a separate, 
labeled edit box-or in "browse" mode, 
which presents the familiar grid of records 
arranged in rows, columns, and fields. 

A server entity acts as an interface in
to a database-a view, if you wi ll. In the 
server editor, you specify such things as 
what database file the server accesses, 
whether it is I.inked to another table in 
master-detai l fashion, and what index file 
to use. The server editor also provides a 
list of the fields in the table. 

Inside most CA-Visual Objects editors 
you will find a floating , always-on-top 
window called the properties window. It 
li sts the properties of whatever e lement 
currently has the focus in the active win
dow. Open the server window, for exam
ple, and the properties window includes a 
li st of such items as whether the file is 
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Data Compression 
Library® Products 

The PKWARE Data Compression Library products allow you to include 
state-of-the-art, patented data compression technology within your software 
applications. Data produced by the PKWARE Data Compression Library 
products is compatible across platforms! 

The PKWARE Data Compression Library products offer an all purpose data 
compression algorithm which compresses ASCII or binary data quickly. An 
adjustable dictionary size allows software to be fine tuned for maximum 
speed or compression efficiency. TI1e use of application defined callback 
functions allow maxin1um flexjbility. No runtime royalties. The format used 
by the compression routine is completely generic and not related to the 
PKZIP® file format. 

Versions available for DOS, OS/2, Windows, and soon for Win32. 

OS/2. 

• Compatible with 

IBM Cset/2& 

Borland C++ for 


• Routines provided as an object file 
& library file. 

• Requires 36k ofmemory to • TI1e DLL requires 36k ofmemory 
compress & 12.Sk of memory to to compress & 12.Sk ofmemory 
extract. OS/2 Version $350 to extract. Windows Version $350 

• Compatible with 
popular 16-bit 
language com
pilers. 

• Compatible with Microsoft • Can be used in any memory model. 
Visual C 32-bit & Borland C++. 

• Requires 36k of memory to •Requires 35k of memory to com
compress & 12.Sk ofmemory to press & 12.Sk of memory to extract. 
extract. 

Win32 Version $375 DOS Version $275 

Pleas.: add $5.00 Shipping & Handling 
per package in the U.S. & Canada; 
$ 11.25 overseas. Wisconsin residents 

The Data Compression Experts. -·:IK please add 5% st11lc sales tax & 

9025 N. Deerwood Drive applicable county sales tax. No COD. 

Brown Deer, WI 53223-2437 

Phone: (414)354-8699 Fax: (414)354-8559 
 ~ ~=-

Copyright 1994, PKWAAE, Inc. PKWARE , tho PKWARE logo, PKZIP, and the PKWARE Data Cofr4>ross1on Ubrary oro registe red lrodomaik.:t ol 
PKWAAE, Inc. Mlcrosolt is a reglstored tmdoma1k and Windows, Wln32, nnd lho Window~ IOgo are 11ademar1<.s al M1crosoll Corporalion. 0 512 and 
1he OS/2 togo aro roglslered lradema/Xs ol lntemational BuSlness Machines Corporation . Trademar'l(S or othor companies menlionad here appear 
lor idenlillci:ltlon pu1poses onty and me lho prop6rty of their rospcctJvo companies. 

BY495 

• Compatible with 
Microsoft Win
dows 3.x appli
cations. 

• Fully reentrant. 
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I:m fM'ti Xbase Objects 

shared, whether it' s read-only, or what the 
database driver is. 

Clipper Port 
If you ' re a Clipper programmer, you are 
eyeing CA-Visual Objects as a way to get 
your applications into Windows. The CA
Visual Objects language (called VO by 
Computer Associates engineers) is touted 
as a superset of CA Clipper. There are 
some differences; one of the manuals ex
plains porting from DOS Clipper to CA
Visual Objects and includes an appendix 
on known incompatibilities. 

Still, if you want to tum your whole un
der-65-KB Clipper program into a single, 
monolithic method-frightful as that 
sounds-you can do it You' II use the DOS 
terminal emulation window class, and your 
application will end up lookil)gjust like a 
DOS program running under Windows. 
More likely, you'll end up migrating pieces 
of your application into the CA-Visual 
Objects paradigm. Luckily, your core code 
can remain largely unchanged. 

The Object of Desire 
We have seen simil ar products before: 

KnowledgeWare's ObjectView, Gupta's 


. SQLWindows, and Powersoft' s Power

Builder, to name three prominent ones. 

Few, with the possible exception of Power

Builder, are as well integrated as CA-Vi

sual Objects. In some of the other pack

ages, when you open, say, the equivalent 

of a window editor, you get the feeling 
you've been handed off to another pro
gram_ Not so in CA-Visual Objects; you 
know you're just down in another one of 
the editors. 

There's a lot more to CA-Visual Objects. 
When you build a new application, the sys
tem automatically gathers enough entities to 
make a working framework, eliminating 
piles of drudgework coding. Application 
windows come not only with prebuilt (but 
modifiable) menus but also floating tool
bars. CA-Visual Objects supports Xbase, 
FoxPro, ODBC (Open Database Connec
tivity), and a number of SQL database diiv
ers. And the inte1face grants full access to 
the Windows API and lets you call and cre
ate DLLs. 

The li st goes on. It all adds up to quite a 
package. CA-Visual Objects is an efficient, 
fully integrated database development en
vironment. And if you're a Clipper devel
oper, it 's the best game in town. • 

Rick Crehan is technical director of the 
BYTE Lab. You can reach him 011 the Inter
net or BIX at rick_g @bix.com. 
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Server with a Slot 

With two PC Card slots, Microplex•s multiprotocol print server can 

simultaneously support Ethernet and Token Ring LANs 

BEN SMITH 

I
n the features-for-the-price war 

among stand-alone print serv

ers, Microplex's M204 is win

ning, and it has little to do with the 
unit's PCM CIA network adapter de
sign. While the two PC Card slots 
were what first caught our attention 
the M204's other capabilities im
pressed us more (see "Features: More 
than PC Card Slots"). The $595 
M204 is a small (8.5- by 6.2- by 1.3-inch) 
box with four printer ports (two parallel, 
two serial) and two PC Card slots for Ether
net and Token Ring network adapters. 

As a multi protocol print server, the M204 
can serve your whole network, supporting 
PCs, Macs, and most Unix sy terns. As a 
stand-alone print server, the M204 gives 
you flexibility : You can connect nonnet
work printers directly to your network with
out an intermediate host computer, and in the 
location most convenient for sharing. Com
pared to most printers with a built-in net
work interface or network card option, a 
stand-alone print server like the M204 de
livers more features and delays obsoles
cence. When upgrading printers, you don't 
have to buy a new network interface. And 
with its PC Card slots, the M204 can also up
grade to future network interfaces. 

Strong on Features 
The M204 ha other slick features. Take, 
for example, the M204's ability to balance 
the network printing load by redirecting 
print jobs. You can assign any M204 printer 
port, serial or parallel , to one ofeight "des
tinations" (logical queues). You can also 
assign any logical queue to an alternate 
queue. If the primary queue is busy, the Mi
croplex server can automatically redirect 
print jobs to the alternate queue. Compared 
to directing jobs through a sophisticated 
print-spooling program (often single pro
tocol) running on something like a Un ix 
server, it 's an easy and inexpensive way to 
double the capability of a print station. 

The M204 can also handle bidirectional 
communications with attached printers 
through any one of several job status re
porting methods. You can send a print job 
to a PostScript printer and have return mes

sages sent to a console 

or even to an E-mail 

address. While some 

PC-based print driv

ers know what to do 

with messages re

turned from a bidirec

tional printer port, the 

M204 gives you the same level of manage

ment with network printers. 


Despite the preponderance of pa.ralle l
port printers, the M204's two serial pons 
are quite useful. Hook up a terminal or a 
laptop with a communications program, and 
you can log in to the M204 to read or set any 
of its many configuration options. The ser
ial ports can also serve as write-back paths 
for printers that support it. Most surprising, 
you can use an M204 serial port as a net
work terminal server to telnet into any ad
dress on your net. 

Also unusual, the M204 lets you establish 
an encrypted data Link with the host so that 
snoopy workstations and network sniffers 
can't see the con tents of files as they move 
across the network. Not as secure as an RSA 
Link,Microplex 's scrambling technique does 
offer some level ofprotection and certainly 
privacy. 

The M204's most distinguishing feature 
is its PCM CIA interface. The two PC Card 
slots aren't for flash memory (though the 
M204 has internal flash memory for upgrnd
abi lity ); they ' re for PC Card net work adapt
ers, a first for stand-alone print servers. Not 
only doe. the M204 automatically detect 
network type and connect to two networks, 
the fim1ware supports simultaneou print
ing from Ethernet and Token Ring LANs. 
With two networks connected , the M204 
can also act as a low-cost router. Future 
plans include usi ng the PC Card bus for 

other devices as well, such as SLIP con
nections in or fax/modem connections out. 

While the PC Card interface is flexible 
and convenient, it adds to the total cost of the 
package because the network interface card 
are options. Microplex sells two $295 Ether
net cards (l OBase-2 or IOBase-T) and a 
$495 Token Ring card. You can use cards 
only from Microplex, because each card re
quires specific M204 firmware support. It's 
not a notebook that can load Card and Socket 
Services from some PCMClA card vendor. 
In this respect, the PC Card slots are little bet
ter than the proprietary interface upgrades 
provided in a print server like Milan Tech
nology's FastPort 3200X. 

Shell Collection 
A product as complex as a multi protocol 
print server require good management soft
ware and documentation. Microplex pro
vides both. The Macintosh and Novell op
erating sys tem s a lready have all the 
management tools you need to get started. 
The Mac automatically sees the M204 
printer ports on the net\vork. Simply select 
the printer port from the Chooser menu. 

Similarly, the NetWare supervisor uses 
the same Novell tools as would be used for 
any other network printer. Microplex pro
vides complete installation instructions for 
Net Ware, with the M204 appearing both as 
a NetW are print server and a network printer. 
Microplex includes an MS-DOS program 
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FEATURES: MORE THAN PC CARD SLOTS 

• 	 Simultaneous multiprotocol printing for TCP/IP, Novell NetWare 

(versions 3 and 4), NetBIOS over TCP/IP, and Apple Ethe.talk. 

• 	 Optional PC Card Interfaces for Token Ring, thin Ethernet, and 
lOBase-T Ethernet. 

• 	 Two bidirectional IEEE 1284-compllant paraUel ports; two 9-pin 
38.4-Kbps serial ports. 

• 	 Load balancing through automatic redirection of jobs from one 
printer port to another. 

• 	 Multiple-use serial port connections: printing, print server 
console, and tennlnal server port. 

• 	 Configuration and control from a telnet session, through 
NetWare controls and utilities, or through SNMP. (Available 
now, SNMP enor reporting wasn't functional at testing time.I 

• 	 Error messages and status monitoring through SNMP, reverse 
telnet communications, SMTP E-mail, NetWare utilities, and 
Appletalk. 

crypting the data going over 
the network, a banner text 
generator, a utiJjry for wrap
ping ASCII text into Post
Script, an d a daemon fo r 
handling retu rn communi
cations from the piint server. 

The mos t impress ive 
piece of work is a 27 ,000
line shell script, np co nfi g, 
and a 7000-line subset of 
that script, ezset up . Any 
Unix system can run the 
configuration shell scripts 
without spec ial binarie , a 
compiler, or anything other 
than the utilities found on 
every Unix system. The dis
advantage: Scripts this large 
are difficult lo write and de
bug. Unlike theC program

NPSH for monitoring the M204 and, with 
password protection, setting the configura
tion directly from a NetWare workstation. 

For connecting the M204 through TCP/IP 
to Unix workstations or servers, your op
tions are legion. The installation would be 
daunting were it not for the utili ties and awe
inspiring management scripts that Microplex 
provides. You get compi led executable uti.1
iLi es for SCO (The Santa Cruz Operation) 
Unix 3.x, Silicon Graphics JRIX4.0.5, and 
Sun Microsystems OS 4. 1. I, as well as the 
source code to these utilities. 

The Unix utilities include a method of 
sending data directly to any of the M204 
ports, a newline lo carriage-return-plus
newline filter, a scrambling fi lter for en-

ming language, or even Perl , shell scripts 
lack development environments and de
bugging tools. 

Worse, shell scripts are slow. Microplex 's 
shell cripts not only help 
configure the M204 but 
a.lso help set up the print 
spooler configuration on 
the Uni x host-a nasty job 
on some Un ix systems. It 
is often simpler and faster 
to configure the M204 
through a te lnet sess ion. 

The 200-page manual , 
well organized and wel l 
written, supplies agood in 
dex and a glossary specific 

to Microp lex tern1inology, which are help
ful because some concepts are a little diffi
cu lt to grasp at first, and all the information 
that you need is there, with a few excep
tions. Lacki ng, for example, are guidelines 
for troubleshooting Net Ware installations. 

The Shakedown 
The M204 is impressive, but Microplex has 
a few design detail s to work out. Besides 
bugs in shell scripts (which are easy for any 
Uni x administrator to fix), we found that 
setting up the alternate device paths is less 
than intuiti ve, some Macintosh error mes
sages were inaccurate, and e lements of the 
Unix installation were not as tlexiblea~ they 
should have been. 

IfMicroplex put as much effort into de
veloping a good socket-connected man 
agement c li ent as it did into writ ing the 
gargantuan shell scripts, the TCP/IP con
figuration and control would not only be 
fas ter but far more flexible. Nonetheless, 
the M204 is a great perfor mer and has 
tremendous flexibility for its price. There's 

About the Product 

Mlcroplex M204 .. ..................... $595 


PCMCIA Ethernet card .. ..... ....... $295 

PCMCll\ Token Ring card .........$4!l5 


Mlcroplex Systems, Ltd. 
8525 Commerce Court 
Burnaby BC, V5A 4N3, Canada 
(800) 665-7798 
(604) 444-4232 
fax: (604) 444-4239 
info@mlcroplex.com 
Circle 1000 on Inquiry Cant. 

also the promise that Mi
crotest will upgrade the 
M204 fim1ware to support 
future PC Card network 
interfaces . • 

Ben Smith is a Unix and 
IP networking consultant 
and afonner BYTE testing 
editor. You can reach him 
0 11 th e lntemet a t ben @ 
ronin. com or 011 BIX as 
"be11s1nith. " 
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SOLID STATE Disk Emulators and PCMCIA Products 
Board Level Disk Emulators High Capacity DRAM Drive 
•Replace mechanical drives in embedded systems 	 •Expandable 16 to 512MB. 51/4' or 
•High performance and low cost models available 	 desktop models. Fast SCSl-2, SIMM 
• Flash, EPROM and battery-backed SAAM module based, .1 msec access with 

technologies . Capacities from 180K to 16MB built-in battery back-up and ECC. 
• Dual drive and hard drive emulation support Flash IDE Drives with capaci
•8 and 16 Bit ISA bus support ties from 2.5 to 40MB 

PCMCIA Carddrives & Adapters 
 Features: Autoboot capability, all 
•Use PCMC IA cards in your desktop or models. Support for all popular op
embedded PC system erating sytems. Solid state reliability. 

•Internal model fits in 3"2'' drive bay Applications: Embedded 
•Dual socket & external models available Systems, Diskless PCs, LANs,
•Support for all types of memory , POS, Medical, CAD/CAM,PC CardShark II ™1/0 cards and Type Ill hard drives Graphics, High Performance PCsPCMCIA Carddrive •DOS & Windows compatible drivers included and Servers. 

................... CURTIS, INC. Industry Leader in Disk Emulation Products 

418 W. County Ad. D •St. Paul , MN 55112 • 612/631-9512 •FAX 612/631-9508 

182 UVTE APR LL 1995 

mailto:info@mlcroplex.com


to grow in. 

projects full

SOONER OR LA1ER 

MS-PROJECT WILL CRAMP 


YOUR MANAGEMENT S1'YI JE. 

OnlyProject Scheduler 6 


gives your projects the 

ideal envrronment 


Why be baited into software 
that struts out easy to use. but 
ultimately compromises your 
ability to efficiently plan. track, 

~ 


evaluate and report 
all of your project 
management data? 

_, 1fl9.I So:OI CCiporolJOfl. 333 Mdd!ef.eid Road. SecordRoot. Menlo Park. Cl\ 9Jll25. Tel. 415-162-12(X). Internet. sa/eSCsatOI can. In France. cal ( 1) 4329 44 37. In Getman-!. call0 6!J. 6 66 80 25. 
In Che UrutcdKnadan. caJ/0384-392 12 1. In Australia. ca'l(02)956-78fXJ. ln Soull1Afnca. caH{Ol l)IJ86.521J3. f'to/ecl Sctl6duJer6isa regisleredtradematk. and AR15andtheSc1rorname81ll 
l!adematks ofSC/ror Corporation. t1nloW0<1d. Januaiy 3. 1994. Microsoft f'roiee1 lJlld Wl/1CIO'.tS ara trademarks ol M.c1oso/1 Corp Cl\ SupetProj<x:t is 8 ln1dcmlJJkol Computer AssocilJIOS. No fish ware 
subjected 10 undue cruolly. such as using Microsofl PrCJiec;r. during the maklfl!} ol this ad. 

Choose Project Scheduler 6" for 
W1Ddows~and get the tools and 
professional project management 
insight to effectively handle all of 

the changing deadlines, 
schedule crunches and 
res0trrce allocation 
problems that happen in 
the real world. 

"Aimed at users who 
don't !necessarily] manage 

-time. but want a 
product that won't run out of 
steam. !Project Scheduler 6 I 
surpasses Microsoft Project and 
CA SuperProject - in addition to 
challenging many high end 
packages." wrote InfoWorld.1 

So whether you're managing 
one or one hundred projects. all of 
your activities are streamlined 
with a single. unlimited resource 
pool, task and resource calendars. 

user-configurable 
spreadsheets,plus 
interactive graphics 
and icons for quick 
access to functions and 
views you use the most. 

Sophisticated model
ing features like the 
Advanced Resource Before you make a project 

Tracking Spreadsheet management software enterprise. 
(ARTS)'~ let you de~~:~~~l~~~~:~~e Don't get caught 
uniquely evaluate Call 1-800-533_ short by the lure of9876resource costs and software that won't 
usage on aperiod-by-period 
basis. Evaluating multiple 
"what-if' scenarios is abreeze 
with Project Scheduler's ability 
to do multiple undo/rectos. And 
our built-in object-oriented report 
writer offers outstanding layout 
versatility. 

You can even selectively share 
project data with other OD3C

compliant applications. 
Now in its second 
generation.Project 
Scheduler's Open 
Database Connectivity 
helps build greater 
data reporting 
efficiency and controls 
throughout the 

completely support your projects 
downstream.Get Scitor on the 
line.and try Project Scheduler 6 
for W!Ildows today. 
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Order Now & 
Savel Subscribe to 
BITE on CD-ROM for 
only $54.95 and receive 
the full text of BYI'E 
from 1990-1994 PLUS 
quarterly updates on 
CD-ROM that include full 
te.\1 and graphics from 
every issue in 1995! Or 
order just the full text of 
BYfE on CD-ROM (text 
only) from 1990- 1994 
for only $39.95. 

Place Your Order Today! Call 1 ·800-924-6621 
(outside of U.S. 603°924-2625)

0 Send me BYTE on CO-ROM PLUS 1995 quarterly updates or FAX your order to 603·924·2683 
with lull text and graphics for just $54.95. 

0 Send me BYTE on CO-ROM with the lull text of BYTE from 
1990-1994 lor just $39.95. 
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Project Management for Windows 

Four midrange power tools that can help you marshall 
complicated projects to completion 

SCOTT HIGGS 

A s organizations merge, split , 
and downsize, managers face 
increasing pressure lo improve 

efficiency and to document actions taken 
toward that goal. And they are turning to 
project management software for help. 
Project management programs provide a 
sing le interface to track and manage all 
the people , resources , and decisions 
employed to reach a goal. While using 
time-honored models such as Gantt and 
PERT charts, the current generation of 
project managers also uses newer E-mail 
a nd workgroup concepts to invo lve 
groups of people in project tracking. 

NSTL tested the top four "midrange" 
project managers: Computer Associates' 
CA-SuperProject 3 .0 for Windows, 
Microsoft Project for Windows 4.0, Sci
tor' s Project Scheduler 6 for Windows 1.5, 
and Symantec ' s Time Line 6.1 for Win
dows. All four programs carry price tags 
under $700, target nonspecialists, and sup
port workgroups and enterprise connec
tiv ity. NSTL limited its review to prod
ucts that can mode l comp lex task 
relationships, provide full reporting and 
charting capabilities, and manage resources 
with automatic leveling. 

Keeping on Time 
AII the tested programs include fair Iy com
plete tools for scheduling tasks. You can 
specify durations down to the minute, place 
constraints on start and finish dates, and cal
cu late schedu les by applying either "as 

Taskllame 

Prepere Specs 
2 Draft Propose! 
3 Internal review 1d 

Field test 
5 Ols1rWe S8n"f)les 10d 
I Test software 10d 
7 EV81uate feall.res 6d

• ~Test 6d 
9 Meet to Review 2d 

10 Pl.rchase 3d 
11 Configuration 15d 
12 mtalalion 10d 

other product~. CA-SuperProject for Win
dows and Project Scheduler 6 let you enter 
best, worst, and most likely estimates for 
task durations and then use these estimates 
to ca lcul ate probabi lities for project dates. 

Tracking and Reporting 
Some managers use project management 
software simp ly to draft a schedu le and 
post a chart on the wall. But increas ingly , 
managers fi nd that tracking and entering 
progress data can be worth the time. The 
extra effort allows printing up-to-date sta
tus reports and graphs, identifies problems 
before they snowball , and creates an 

arch ive of data that can help improve the 
accuracy of fu ture schedules. 

All four programs tested encourage you 
to continue using the software throughout 
the project. They wi ll calculate remaini ng 
durations and costs, compare budgeted and 
actua l cost s , and generate profiles of 
resource usage. With the exception of CA
SuperProject for Windows (which offers 
only a global update), all make it relatively 
pain less to update progress on a number of 
selected tasks all at once. 

CA-SuperProject for Windows and 
Microsoft Project for Windows offer 
unusual tracking flexibility by letting you 

soon as possible" or "as late as possible" 
models. Tasks and projects can extend 
over decades, if desired, and the pro
grams readi ly handle all standard task
precedence re lationships, calcu lating 
tloat(the length of timean activity can be 
delayed without disrupting the project) 
and app lying resource calendars as they 
do so. 

A handful of special capabi lities dis
tinguish the programs. Project Sched
uler 6 lets you assign unique calendars 
by activity , as well as the srandard 
resource calendars. Time Line for Win
dows offers more flexibil ity in sched
uling unusual work shifts than do the 

OVERVIEW 

eLi es 

**** 
*** Average 

** Below.avera1i9.. Poor 

~ Good

• Fair ,,. Unacceptable 

.. Estimated retail price 
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set up to six baseline schedule per pro
ject. This capabi lity enable more efficient 
what-if analysis and provides alternative 
views of progress. T he other programs 
maintai n only one baseline per project. 

All the products support extensive sorting 
and fi ltering options on reports . Wi th the 
exception ofCA-SupcrProject for Windows, 
au also include a generous assortment of 
formatting options, including extensive font 
con trol , user-spec ified reduction and 
enlargement, and output forced to fit a page. 
Time Line for Wi ndows and Microsoft 
Project for Windows provide handy calendar 
reports that display task assignment and 
progress in a familiar format. 

Resource Management 
CA-SuperProject for Windows delivers 
by far the most complete set of functions 
for modeling rea l-world resources. It 
allows you to define material resources, 

Highlights 
UmitationsStrengths-
No ODBC, OLE supportFastest program overall CA·Superf'roject 3.0 for Windows 
Steepest learning curveSummary PERT 

Less flexible chart presentationSophisticated resource 
~ leveling 

Ii( 

No task-splitting optionMicrosoft Project for Windows 4.0 Customizable toolbar 

Simplistic resource-leveling 
calendaring 
Flexible repc;>rting, 

algorithm 

Weak tools for resource 
management 

Easiest to learn and use 

'ij~tfi,; 
Project Scheduler 6 for Windows 1.5 No OLE support 

leveDng 
Sophisticated resource 

No 11111cro debugging tools 

Unlimited ui;ido No font mixing in PERT charts 
ODBC SUpJJ.qrt

<*; 
TimeLine 6.1 for Windows Sluggish performance 

Customizable toolbar 
OLE and 0 DBC support 

Simplistic resource-leveling 
Summary PERT algorithm 

No simultaneous task editing 
.~ t'tt 

vary resource capacities and costs, factor 
overhead costs, and assign overtime based 
on task priority. Along with Project Sched
uler 6, CA-SuperProject for Windows 
stands well ahead of the re t of the class 
with its abi lity to use resource leveling 
(automatic reallocation of resources to bet
ter balance the workload) to optimize a 
schedu le by sp litting tasks. 

Of a ll th e speciali zed function - men

tioned above, Microsoft Project for Wi n
dows offers only overhead costing. For most 
other procedures, you must resort to a 
workaround, such as an external spread
sheet program for calculations. Project pro
vides the tools for mi ni mal resource man
agement, but it has few refi nements fo r 
handling complex resource situations. 

The other two programs fall between these 

extremes. Time Line for Windows is a bi t 
stronger in letting you set variable resource 
capacities, while Project Scheduler6 permits 
nonuniform resource use and employs a more 
effective leveling algorithm. 

Across the Enterprise 
Yendo1 and managers agree that workgroup 
functions hold the key to the future: Almost 

Primavera Takes SureTral{ in Two Directions 

Primavera Systems, Inc. (Bala Cynwyd, 

PA; (800) 872-5457 , (801) 973
1300), provides some of the industry's 
most popular software for professional 
project managers in manufacturing, 
construction, engineering, and a wide 
range of other fields . Their flagship 
product, P3 (Primavera Project Planner) , 
come.s in versions for DOS and Windo.ws. 
both optimized for large-scale, complex 
projects. At $4000 per copy, P3 addresses 
the needs of specialists more than the 
scheduling goals of average managers. 
SureTrak Project Manager for Windows is 
Primavera's first entry into the midrange 
Windows market, priced to compete 
aggressively with the other products 
reviewed here. 

SureTrak has capabilities similar to 
those of the four project managers we 
tested: fully customizable Gantt charts , 
split-screen views, automatic resource lev

eling with priorities, and cost and schedule different users employing different tools for 
variance reports. Primavera loaded many access and editing. This model proposes 
sophisticated resource-tracking and that individual project managers work with 
reporting functions into SureTrak to SureTrak and that higher-level managers 
encourage managers to use the program view and control multiple projects with P3. 
throughout the entire life of a project. Sure- Managers with specialized needs can use 
Trak also offers revenue fields as well as add-in products (each costing from $2500 
cost fields to accommodate resources to $5000) with modules to support risk 
whose costs can be recovered. Another." analysis, probability, and tight sphei:Juling 
unusual option Is a function that auto- · of intense, short-duration projects. For 
matically "spotlights" all tasks that should 
have been worked on in a specified time 
period. This lets managers focus quickly 
on key activities and assess progress. 

For many users, SureTrak's major 
appeal is its tight integration with P3. Both 
programs can read and write data files in 
P3 format , minimizing the need for 
translation. Primavera encourages users 
to think of a "concentric " model for 
enterprise-wide project management. with 
all data in the same database and 

connectivity outside the Primavera family, 
SureTrak is also compliant with ODBC 
(Open Database Connectivity), allowing 
direct access to project data in other 
ODBC applications. 

Based on a brieftriaf with the program, 
SureTrak was a strong product that should 
be competitive with the four tested pro
grams. It has greater flexibility than most 
in resource management, and it offers a 
clear upgrade path for people who need 
sophisticated modeling. 
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GenIE 

The power ofintelligent Data Modeling 


You've heard about CASE before, Computer 

Aided Software Engineering. 

Ir 's supposed to help you 

build better, more precise, 

more reliable, and ultimately 

more m aintainable software, 

but often ir just doesn't seem ro 

work our that way. 


Perhaps you've cried CASE, but 


fo und ir gor in your way or made 

you l.:ss producrivc. Perhaps 

you' re forced ro use CASE fo r 

documentation purposes, bur it 


doesn't integrate well into your 

development environment. Or 


perhaps you've personally mastered 

rhe benefits of CASE bur want a less 

expensive way of having your entire 


rea m using CASE productively. 


Ge nlE is designed for 

GenlE is Industrial St rength CASE. 
Those fami liar with CA E will appreciate 
rhe following specifications: 
• Single reposirory for all modeling objecrs 

and d iagrams. 
• Access repository via SQL/DD E link from 

any Windows applica tion . 
• User configurable reporting. 
• J'rinr fra mes support WY JWYG and 

mulri-page fo rmats. 
• Configurable diagraming nocarions gives 

consistency with major methodologies. 
• Selectable val idations ensure 

database correctness. 
• Multi-user client-server tech 

nology with roll back recovery. 
• Automatic SQL, DDL and xBasc 

data, index, and memo generation 
includes ANSI, Gupta, Informix, 
C lipper, FoxPro, DB2, Access, 
Oracle, and SYBASE. 

• Portable relational repository: 
UNIX, Novell NLM, OS/2, NT. 

• 	 1on-prescriptivc approach does 
nor fo rce any methodology. 

GenlE has simplified CASE. 

This product simplifies the language of 

CASE-making it more accessible to every


one. Now you don't have to be trained in 

CASE methodologies to rake advantage of 

rhese va luable tools and techniques. 


"Previous tools of this sort have:: been 
an overhead to ou r DP development. 
This is much easier to use and offers 
real improvements in productiviry." 
-John lirrlr, DP Deuelopmmr Director, 

C11111 bridgabire County Council 

For a complete business 
process reengincering tool, 
try our Modeler v4.0 with 
the revolutionary P rocess 

Simulator. 

Call Now 
800-893-8398 
FAX: 617-894-0418 
Call or FAX for more information. 
30 day rest drive version available. 

Oursidc the U.S. conracr: 
CASE wisr, Inc. 
Swiss Cmr3gc I-louse, 3rd Floo r 
9· 13 Swiss Terr.ice, London 
Engbnd, NWG 4RR 
TEL: +44 (O) 171 722 4000 •.,..FAX: +44 (0) 1717224004 

Dealer inquiries welcome. 

Circle 281 on Inquiry Card. 

people who want more 
success, and more professional 
results from their existing 

development environments. 
Ir is for people who desire ro 

become more effccrive ana lys es 
and wane more innovarive 

development reams. It is also 
intended for peo ple who arc 

struggling wirh providing 
precise , understandable , 
professional system 
design plans, and finished 

Data Flow 
Show your 

system works. 
·~ 

~ -~ 

syste m documentation. 

Unique 
CUE-CARD 

·~---·-

Learning rnSystem ·---- 

No expe nsive tra ining required . 
Gcn! E comes with our unique Cue-Card 
on-line turor sysrem. T his is much more 
rhan help, because C uc-Cards nor only rel I 
you whar you can do, bur acrually show 
you how ro do ir. \Xli rh rhis sysrem you 
can sta re using Gen IE right our of rhc box, Gen!E integrates into your development 
and learn as you go. environment under !VIS Windows~ as an 

intuitive design & analysis component. 
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nobody works on projects in isolation. Each Time Line for Windows emphasizes 
vendor takes a uniq ue approach to connectivity to other corporate data in a 
supporting the enhanced connectivity client/server model. It features a built-in 
required for project management. SQL database engine, permitting you to 

.PROJECT MANAGEMENT FEATURES 

CA·Supeif MS Project PSchedliler 6 Tnne Lile 

PROJECT CALENDAR 
Maximum size (years) 179 65 100 120 
Latest calendar date 
Breaks out calendar by activities 
Breaks out calendar by resources 
Multiple master calendars (for resource groups) 

SCHEDU LINGCO NSTRAI NTS 

Start no·ear1ier than © 

Start no later than<D 

Finish no.earlier than 

Finish no later than 

Fixed (mandatory) date activities 

Calculates ASAP/ALAP scheduling 


;); Tesll DUR~TI ONS AND RELATIONS HIPS 
Durations in minutes 
Durations in hours 
:BesVworsVmost-likely estimates 
Calculates total float 
Specifies duration in elapsed days 

RESOURCE INFORMATION 
Maximum resources per project 
Maximum resources per task 
Sets resource capacities 
Normal and maximum resource capacities 
Variable resource capacities 
Variable resource cost 
Overtime resource costs 

LEVELING 

Continuous resource leveling 

User-specified resources to level 

User-specified tasks/dates to level 

Level material resources 

Sets minimum resource allocations 


TR ACKING FEATURES © 


Maximum baseline (target) schedules 

Remaining durations for activities 

Show percenta!)e complete 

Actual cost of activity 

Summary update of project 

Summary update of selected activities 

Globally update percent complete 0 (5J 


Budgeled resource amount @
•Budgeted resource cost @ 

• = yes; 0 = no; U = un limited 

(Note: Features that are not integral to the mainprogram are marked "O") 

©Prevents schedule calculations·from overriding critical dates 

®Sets duration and finish/start no later/earlier than date 

<3> Simulated by setting sten date constraints and entering a duration 

© In most cases, the user enters Information and the program calculates results 

<I> Can update selected tasks to auser-specifieddate 

® User must enter figure 


integrate Time Line data with other core 
business applications for reporting , 
updating, and analyzi ng information. This 
model assumes that a company has a central 
data repository and that Time Line for 
Windows will be just one of many 
specialized tools for working with subsets 
of that data. 

Project Scheduler6 supports many of the 
same benefits as Time Line by virtue of its 
strong ODBC (Open Database Connectiv
ity) suppo1t. Microsoft Project for Windows 
and CA-SuperProject for Windows offer 
good import and export capabilities but are 
less suited to sharing enterprise data. Time 
Line for Windows and Microsoft Project 
for Windows provide the most complete 
OLE support, and all products except Pro
ject Scheduler 6 inc lude DDE for linking 
with other Windows applications. 

All these programs can establish central 
resource pools for mu ltiple projects and gen
erate reports and charts that represent an 
overview of several projects . CA-Super
Project for Windows makes some of these 
tasks relatively awkward, requiring you to 
"combine" projects to generate overview 
charts. Microsoft Project for Windows can 
establish task dependencies between proj
ects, but you must set up DDE links rather 
than use an internal program function (as 
offered by other vendors) to handle this pro
cedure. Time Line for Windows and Proj
ect Schedu ler 6 manage multiple project 
models with fewer workarounds. 

Communication problems among team 
members can often thwart a project's suc
cess. Therefore, Microsoft Project for Win
dows inc ludes unique tool s to expedite 
communication and to minimize repetitive 
data entry. Thanks to tight integration with 
Microsoft Mai l (and other MAPl-compliant 
mail systems), managers can plan a sched
ule, click a button, and have automatic mail 
messages generated to all the people who 
are assigned to tasks. Built-in messages 
(including check boxes and a notes field 
for recipients) offer initial confirmation of 
assignment, updates (when schedules 
change), and progress tracking . When 
reviewing replies, the project manager can 
incorporate the information received at the 
click of a button, automatica lly updating 
the master project file to reflect the status 
reports received. This time-saving feature 
dramatically improves the usability of pro
ject management software beyond that of 
t11e initial planning stages. 

Mid-level project management software 
sti II lacks an effective architecture for man
aging simultaneous access by multiple users 
of corporate data. Currently, none of these 
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Demand NexGen's Nx586™Processor. 

Superior Performance. Unbeatable Price. 


Now, you don't have to settle for a Pentium"' processor-based PC.Because there's a 
tough new kid on the block tl1at delivers superior power and performance . .. for a 
lot less money. 
It's the NexGen Nx586 processor. Manufactured by IBM Microelectronics:" Witl1 
patented RISCS6™microarchitecture that outpe1forms the Pentium processor,mega
hertz for megahertz. It's fully compatible with your DOS and Windows™ applications. 
And it's absolutely available right now 

So just call one of the PC suppliers listed below and ask for it by name. The Nx586 
processor by NexGen. Don't buy a PC without it. 

NexGen Chip Challenges Pentium Perfonnance 	 PCllOOLD,- 1991 

_...Shorter times are better. 

1 	 Won! 2.0 lor Windows Fr!le~nce 1.0 lor Windows • 1·2-3 release 3.4Average score of six Pentium·90 systems. 
•Extel4.0 • Wonl'1!rtet16 .0lorDOS Parad013.5 

Testsrunonpreproductionunil. 

PC Wood Test C<!llet aillkation bendlma> 
 • Paradol 1.0 lor Windows 
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four project managers supports the record
level locking necessary to allow multiple 
users to edit different portions of a fLle at 
the same time. 

PROJECT MANAGEMENT FEATURES 

Pretty Pictures 
Gantt charts (the s reen on page 185 shows 
an example from Microsoft Projec t for 
Window ) form the backbone of basic pro

CA-Saperl' MS Project 

GANTT CHARTS 

Total float 

Free float 

nme scale In minutes 0 • 
Time scale in hours 

Scale by variable periods, not calendar dates 

User-selectable on-screen chart size 

Shows task-dependency lines on Gantt 

Activities grouping in summary bars 

Can select and mix fonts or styles 

PERT CHARTS 

Zoom feature • 
Activity named directly on node 

User-positioned tasks 

User-positioned arrows 

Automatic, time-scaled task placement • 
Displays lag times between activities • 
Precedence relationships ©• 
Summary PERT • 
RESOURCE REPORTING 

Resource report by activi ty 


Budgeted vs. actual variance 


Report In wall-calendar format 
 • 
Resource profile as bar chart 


Resource profile as stacked bar/multiline chart 


Resource profile as line chart 


Calendar view by resource 
 • 
nme scale in hours • 
Cumulative resource profile 


Resource capacity report 


NETWORK CAPABILITIES 

Network (multiuser) version available 

Locks by record (not by file) 

Read-only file lock 

Identifies lock holder 

Maintains personal settings 

Password protection 

Passwords for ditterent access levels 

SUPPORT FOR MULTIPLE PROJECTS AND WORKGROUPS 

Combines multiple projects 


Links multiple projects 


Max. number of projects open simultaneously ® 60 

Inter-project task dependencies (3)
• 
Maximum number of projects linked at once © 12> 

Automatic update of master project 


Central resource data for multiple projects 


• =yes; =no: u = unlimited 
(Note: Features that are not Integral lo the main program are marked ""O") 
© In special, less detailed PERT chan 

Umiled by available RAM 
~ Available via Windows ODE/OLE 
© Vartes trom 15 lo 255, depending on DOS version 

P~6 T11111lile 

• 
0• 


• 
0 

• 
0 

•• 

• 


• • 
0 

<2> u 

(2) 

• • 
u 

ject management. Accordingly, most pro
gram bring up a Gantt view by default 
and give users a fair amount of control over 
formatting the cha rt s. The same basic 
information and look characterize all of 
the e programs Gantt chm1s, making them 
roughly comparable in term of basic analy
sis. Variations in this category primarily 
reflect choices in time-scale layout, leg
end, and general formatting. 

Project Scheduler 6 and Microsoft Pro
jec t fo r Windows ge nerate the most 
att ractive Gantt charts, with clear time 
sca les and a hi gh-contrast layout. These 
two programs create the kinds of charts 
that will impre clients. CA-SuperProjecl 
for Windows and Time Li ne for Windows 
proffer respectab le, readable charts that 
serve well for in-house purpo es . 

PERT charts ex.hibit much more variation, 
as each program take,~ a different approach to 
placing, spacing, and connecting the many 
node. that represent project tasks. We found 
that none succeed in the dual goals ofclar
ity and attractive presentation. CA-Super
Project for Windows comes closest in the 
fonner category, with connecting lines that 
make task relationships relatively easy Lo fo l
low in a layout on ly an engineer could love. 
Microso ft Project for Windows makes a 
much prettier picture but generates a chart 
full oflinks that are difiicult to decipher. Time 
Line's charts are fairly clear but quite unat
tractive, and Project Scheduler 6 generates 
attractive nodes tangled in a cobweb oflines. 

Roll Up 
Managers who send proposals to clients or 
to top management must roll up selected 
project data into custom-fo rmatted charts 
and reports. Just as advances in spread
sheet fm111atting and charting have raised 
standards for genera l data presentation, 
charting enhancements among project man
agement programs have raised expecta
tions for customized output. 

Microsoft Project sets the pace in this 
area, with more va ria tions offered (in
cluding free- fl oating text and graphics) 
than in any other program. Project Sched
uler 6 provides strong graphical analysis, 
while Time Linc offers a wide range of 
text-formaning options. CA-S uperProject 
for Windows brings up the rear. delivering 
the basics but imposing awkward limita
tions on page and text formatting. 

Quality of schedule calculations seldom 
receives much attention in reviews. Differ
ences become apparent only when applied 
to complex projects-exactly the circum
stances faced in offices every day. NSTL 
created such a project, ass igned resources, 
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CA-SuperProject 4.0: AWelcome Upgrade 

Computer Associates International was 

expected to announce a major up
grade to CA-SuperProject for Windows by 
early th is year. Although this upgrade, ver
sion 4:0, was not available during the test
ing period ;- we took a close look at a pre-· 
release version of the application and noted 
significant improvements in the program's 

·. usability and versatility. 
The most visible improvements are in 

the user interface. Data entry forms now 
work in split views, and they can change 
their content to reflect user selections in 

, . ,9ther windows. This change allows more 
' control over the work environment and 

·greatly speeds editing. New tabbed dialog 

boxes make a.wider range of. options ayail
able as well as reduce the need to jump 
back and forth between menus. 

Other improvements include spell check
ing and multilevel undo. Stronger mouse 
sopport allows more flexibility in graphical 
editing of charts and more control ove·r 
task links during clicking and dragging. 
New views and improved charts make it
easier to track projects . Gantt charts now 
have more flexible formatting, and his
tograms chart a wider range of fields. In 
addition, CA-SuperProject now tracks three 
baselines to facllltate coniparisons arid 
what-if analysis·. 

Managers who coordinate· multiple proj

ects will appreciate the new combi~ed 
project view, which provides combined·, 
editable views, all while maintaining each 
project as a separate entity. You cah cre
ate task links between projects with the "· 
click of a mouse, and all linked projects ' 
recalculate simultaneously, as heeded . 
The program now supports data exchange . 
via ODBC (Open Database Connectivity) " 
and as an OLE 2 .0 client. . 

Overall, CA-SuperProject 4.0 for Win
dows addresses many of the usat:>ility con

cerns that frustrated NSTL's testers. New 


· functions bolster this product's claim ._to. 

offer the most-powerful features in this 

midrange market segment. 

and detennined a standard project end date 
within each program. Then, after changing 
one resource assignment, our technicians 
had each program recalcul ate and opti

CA-SuperProject 3.0 for Wlndows... .... ...$649 

Computer Associates International, Inc. 
1 Computer Associates Plaza 
Islandia, NY 11788-7000 
(800) 225-5224 
(516) 342-5224 
fax: (516) 342-5734 
Circle 1004 on Inquiry Card. 

Microsoft Project for Windows 4.0..... ...$469 
(estimated retail price) 

Microsoft Corp. 
1 Microsoft Way 
Redmond , WA 98052 
(800) 426-9400 
(206) 882-8080 
fax: (206) 936-7329 
Circle 1005 on Inquiry Card. 

Project Scheduler 6 for Windows 1.5....5695 

Scitor Corp. 
393 Vintage Park Dr .. Suite 140 
Foster City, CA 94404 
(800) 533-9876 
(415) 462-4200 
fax: (415) 462-4201 
Circle 1006 on Inquiry Card. 

Time Line 6.1 for Windows........ .. ........5499 

Symantec Corp. 
10201 Torre Ave. 
Cupert ino, CA 95014 
(800) 441-7234 
(408) 253-9600 
fax: (408) 253-3968 
Circle 1007 on Inquiry Card. 

mize the schedule using resource leveling. 
CA-SuperProject for Windows and Pro

ject Scheduler 6 came through this test with 
flying colors. These programs analyze an 
entire project, reshuffle task sequences, and 
propose new schedules that add only two 
days of de lay to the projec t overall. 
Microsoft Project and Time Line fail to find 
any of the avail able shortcuts, propose 
lengthy periods of relati ve inactivity, and 
delay the whole project by 12 days. 

No vendor algorithm can possibly return 
optimum results in all situations, but Proj
ect Scheduler 6 and CA-SuperProject for 
Windows present suggestions that require 
far less manual editing than those of Time 
Line for Windows and Microsoft Project 
for Windows. 

Performance Matters 
Project Scheduler 6 will irritate managers 
who are eager to see their printouts. The 
program takes over 3 minutes to fi nish 
printing a Gantt chart and more than twice 
as long as the next-slowest program to 
print a PERT chart (over 6 minutes total). 
All other program functions are fas t, and 
even when printing, you' ll regain control 
of your system in a few seconds . 

Time Line for Windows records its best 
times in printing, and lags well behind the 
other programs in almost every other mea
sure. The overhead of its SQL database 
makes fil e manipulations relati vely slow. 
More important, routine editing changes 
that require schedule recalculation tie up 
the system over four times as long as the 
next-s lowest program. With Time Line, 

you' 11 wait 13 seconds for a recalculation 
that Microsoft Project and Project Sched
uler perform in l second or less . 

Seeing It Through 
The programs reviewed here require much
Iess specia l.ized training than those of a 
previous generation. In the near future , 
planning schedules, assigning resources, 
and tracking progress with project man
agement software may be as fundamental 
to management as using a spreadsheet has 
become for budgeting. 

To choose the most appropriate soft
ware for your circumstances, consider the 
relative importance of usability, special
ized project management functions, out
put quality, and workgroup capabilities. 
NSTL weighed these and many other vari
ables in calculating our overall rating, 
based on our assessment of a typical user's 
needs. ln the end, Microsoft Project for 
Windo ws and Projec t Schedul er 6 for 
Windows both earn ed NSTL's second
highest possible recommendation- four 
stars for excellent.• 

This report co~tqi11s .rhe p_artial rl!Sults of'f, ,, 
recen~ issue qf Sdftware ~ige.~~:a 111onth?',~ 
publicarion ofNf:iTIJ;,-Inc. 7o p urc1idse a: com- "" 
plere copy ofthe rqJort, contact NsrL ar 625 
Ridge Pike, Conshohocken, PA 194z8, (610) 
941,9600; fax (6t(J) 94 f -9950; {!/" Oil the. /~·~ ,; 
tem et a1 edi10i·s@ 11st(.com. lior a subscrip: ~ 
lion, call (800) 257-9.402. BYJ'& Magazine ·~ 
and NSTL are both 0perari11g4111irs of Mc
Gr:a.w-Hil/, Inc. 
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See How WOUT Lets You Build Real, Heavy-Duty Programs Without Writing aSingle Line o[ Code. Pree. 

PC Week called Layout a "sure thing." 

Wecallicarevolucion. Wichover200,000 

users, cons of add-ons, and widespread 

third-parry support, Layouc is the only 

tool chac lets you build DOS or Windows 

programs by manipulacing ob

jects on screen-wichouc wric

ing code. Not just simple pro

grams, buc real, heavy-duty, 

mission-cricical applications. 


The True Power of Objects 

Layouc is cruly objecc-orienced, 

boch in the programs it creaces, 

and in how you use it. You start 

out by arranging objects in a 

simple diagram, and then add 

more objects as the program 

grows, or create new objects by 

combining existing ones. You 

can even run your program as 

you're building it. Data-entry, 

database, and repore formats are 

all visually designed on-screen. 


\Vhat 1,ayoutDelivers 

When you're done, Layouc creates real 

.EXE files, or wdl-scruccured and effi

ciencC/C++, Pascal, or BASIC programs. 

You can even creace new objects righc in 

Layout, or even re-use exiscing source 

code. Layouc supporcs DOS and Win

dows, with NT and OS/2 coming soon, 

and applications written on any of these 

platforms are automacically porcable to 


the others - including Windows 95 
(Chicago). 

\'isual Power, lm:redible Performance 
The programs Layout creaces are com

pletely graphical, even under DOS, and 
fully support OLE 2.0, DOE, 30 buc
tons, hypertextlinks, messaging, creating 
and using D LLs, and much more. Layout 
even supporcs pictures as a data-type! 
L1yout creates very efficient programs
they're fastand compact. No 150K"Hello 
World" programs come out ofLayouc: it 
doesn't just spit ouc pre-canned code Like 
other so-called high-level tools. And now, 

Objects, Inc. is offering a free Win 
dows95 Toolkic wich Layouc so you can 
scare building tomorrow's programs to
day! 

l.ayoul:the UltimateTool 
Layouc delivers 
che fucure for 
$299.95, includ
ing everyching 
you need to build 
programs; free, 
unlimited, tech
nical supporc; 
and superb docu
mencation. Call 
coday, join the 
Layout revolu
cion, and never 
see code agam. 
Ever. 

Free! 
~\YOIIT APPLIL'.ITIOXS S.UIPLBR 

trS00-424-6644 

99 Rosewood Drive e Danvers, MA 01923 USA 

USA 508-777-2800 FAX 508-777-01 80 


Email info@objectsinc.com 

Australia 07-855-2333 FAX 07-855-2364 


Pricing and Conditions May Vary Outside Nonh America. () t995 Objects. Inc. New Zealand 03-343-2150 FAX 03-343-2151 

Circle 131 on Inquiry Card. 

mailto:info@objectsinc.com


HANDS-ON TESTING 


• 


We test top-of-the-line notebook computers with the 

horsepower and features to make traveling 

executives' dreams come true. 

ANTHONY .J. LENNON AND .JOHN MCDONOUGH 

he constant quest for faster portable computers motivates system vendors to deliver desktop 
system capabilities in portable packages. In this report, we find that, now more than ever, note
book computers offer luxurious features cleverly packed in small cases. We tested 28 high-per
formance mobile computers with 486DX4 and Pentium processors, a traveling executive's 
dream. To round out our portables coverage, we also look at Apple 's latest high-end Power
Book 540c and AST Research's Ascentia 81 ON; both represent suitable alternatives to Intel's dom

inant 486DX4-based systems. We also included the Ascentia 8 lON to compare its 66-MHz Cyrix 486DX2 
processor to notebooks running Intel's 486DX4/75. 

Our Roll Call on page 206 describes features found in high-powered desktop machines. Three of these note

books offer 90-MHz Pentium processors, and most feature 8 MB of RAM, over 500 MB of hard disk space, and 

L MB of video RAM. They all have active-matrix color displays. The Dolch Computer Systems' L-PAC 586 90, 

the only lunchbox system in this review, offers 1.05 GB of hard disk space and 64 MB of RAM. None of these 


high-revving systems is 

what you might call inex
How to use this guide 

We selected the best high-end notebooks by evaluating speed, screen quality, battery life , 
price, features, and ease of use. 

See the Roll Call on Rates the display"s 
pages 206-209 for crispness. 
features included at intensity/color 
this price. .:.::=:::-=.~=:-0::::.111;;:;;,~i,u range, and range 

1-Cl(ll.nl~,...'°'°"'''IW!ilnrao.irftUf'4l9' 11 '"'-~· viewing angles./ of
•~dltdilr~mlOma•....umdSOO t,'600~. n.. ..,,..... ~H,oo.a,...._.,,._.,,...... .... 

·~...,,...b--~ .. ONt-.'°'•r5A4tt 
-.....~~-DnlC!dt4••·--A combination of the -----==>-..=------------, A subjective 

weighted scores for ::-__::'::'*"' assessment ?f ~he 
performance. screen ... • •• ...--.....____ keyboard. pointing 
quality. features, 10 

..t..a..u. ...... device, status 
battery life. and ~ :: :! .... :::: lights, and other 
usability. -------------- considerations. 

pensive: The average as
tested price for a Pentium 
system in this report is 
$6500, and the average 
486DX4 notebook covered 
here costs $5000. IBM's 
ThinkPad 755CD costs as 
much as an economy car 
($7599 as configured for 
testing) , but sales of the 
ThinkPad line indicate peo
ple are willing to pay top 
dollar for state-of-the-art 
mobile systems. 
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not as beautiful. 

Adequate air 
circulation and 
heat sinks keep 
hot-running 
processors from 
overheating. 

PCMCIA SLOTS 
All but five notebooks In 
this report support one 

head type of pointing devices, such as IBM's 
TrackPoints. 

REMOVABLE HARD DRIVE 
Amodular design makes it easy lo 
swap hard drives among notebooks, 
reconfigure your computer, and 
upgrade when nacacsary. 

EXTERNAL FLOPPY DRIVE 

CD-ROM DRIVE 
Before you buy a 
portable, note the 
CO.ROM drive's 
speed and 
placement. Single
speed drives are 
slow. Often, CO.ROM 
drives come as 
external options and 
might lake the place 
of another 
component. 

PAGE~ 

Behemoths in Disguise 

LCD 
For high-perfonnance notebooks, color is a 
requirement, and active-matrix screens produce 
the brightest images. Systems with dual-scan color 
displays are more affordable, but their displays are 

Type Ill card, giving you 
the option of Inserting 
two Type II cards instead. 
For ease of setup, make 
sure your portable 
supports Card and Socket 
Services 2.1. 

All these systems use low-power 3.3-volt CPUs
either 486DX4 75- or 100-MHz CPUs, P75s, or P90s. 
Intel's new 75-MHz SL-enhanced Pentium processor 
adeptly conserves battery life without incurring a major 
performance hit. And our exclusive battery-life tests 
indicate that AST's 75-MHz 486DX4-based Ascentia 
91 ON squeezes an impressive 6 hours out of its lithium 
ion battery. Lithium ion batteries are approximately twice 
as expensive as NiMH (nickel-metal hydride) batteries. 

Our InterMark performance tests employ actual Win-

ILLUSTRATION: BAUCE SANOERS C 1995 

BATTERY 
Notebooks with lithium 
Ion batteries generally 
ouUast those with 
nickel-metal hydride 
packs, but NIMH 
batteries are less 
expensive. 

POINTING DEVICE 
It's a matter of opinion, and all pointing devices 
lake some getting used lo, but trackballs centered 
below the keyboard are generally the best for 
touch-typists. Our testers also liked the eraser· 

AUDIO 

Hyou need 

presentation 

capability, consider 

a notebook with on· 

board 16-bit audio, 

buitl·in speakers, 

and a microphone. 


dows and DOS applications; the BYTE low-level tests 
stress individual system components, such as graphics 
and storage subsystems under DOS; and the low-level 
lnterMark suite tests these same subsystems under Win
dows 3.1. Our Thumper II test deterntines battery life by 
simulating a word processing session that might occur on 
a typical cross-country plane flight. The portables in 
this report have, as minimum criteria, 75-MHz proces
sors, active-matrix color displays, 8 MB of RAM, 340
MB hard disks, and PCMCIA sockets. 
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BEST 

lhlS SL-i!nhanc9i:t 75'MHi 
system's batffiry lasts 
more than 6 hours, nearly 
2-hours longer than any 
91her model In this review. 
For $4635, the 9!1.0N 
-ships with 16 MB of RAM 
and a 510-Mll, hard drive. 
Its hlltllchl llCtlve-mDtrlx 
display produ~s beautiful 
colbr, saturayng tl;e 10.4' 
inch screen with vibrant 
images of 256 colors ·1n 
800- by 600-pixel 
resoli.jllon. FOl"$4698, the 
Digital HlNo ¢T475 
offers excellent 
pertormane&, an excellent 
screen, and ~.d features 
'lll'\d .11ase-of-ui;,e. 

AG£199 

·BEST OVERAil. 
PENTIUM 
Sceptre PeJJtiJnn Soundx 
l:tre$599!i P'entlum 
Soundx Is jllSt tlie system 
to meet future 6emands. 
Its 90-Mliz C~U, 16 MB of 
RAM, 256'KBtdli'.eet-

Jipped wrtte,o'ack 
secondary cache, 540-MB 
hard disk, and. CTI (Chips 
&Technologies) locaM>us 
(r:aphlcs all 00111blne to 
deliver excellent 
penormllll.!le. :rhePentium 
SoundX sportS a10.4-loch 

J!CtlVe-matrlx_aisplay, and 
Wisters llked1he design 
and response.of Its 86-key 
Reybpard. Audio features 
Include an o))-board stereo 
~sound ge@rator, 
·1ou!grated s~ai<ers , and 
a mlcrop_bone. 

http:response.of


75 MHZ AND FASTER 


The clock-tripled Intel 486DX4 processors enable sys T he Ascentia 9 10N and WinBook XP have eraser-head 
tems manufacturers to approach entry-level Pentium pointing devices, and the Twinhead Slimnote 51 OOT features 
performance with minor motherboard upgrades. The an integrated TouchPad, similar to those in Apple's Power
486DX4 processors are available in speeds ofup to I 00 Book 500 series. Many notebook vendors are moving to track

MHz and feature an integrated 16-KB (level 1) memory cache to pads; you can also purchase them as accessories (see "Do the 
reduce overall memory access time. The 486DX4s inherited Electric Glide" on page203). Aquiline's Cyclone has an inte
power-saving features from Intel 's 486SL line and they all operate grated joystick mounted next to the space bar-great for game 
at 3.3 volts, a reduction from the previous 5 volt processors. addicts. 

In our tests, the average 75-MHz DX4's battery lasted 40 The best pointing device is a matter of opinion; keyboard 
minutes longer than its 100-MHz counterpart (3 hours and 28 quality is also highly subjective. However, we really liked the 
minutes versus 2 hours and 47 minutes). feel and response of the Austin Business Audio Notebook, 

We tested systems that support a second battery pack in place T4850CT, and the Slimnote 51 OOT. 
of a standard floppy drive with just one bat
tery. This was particularly detrimental to the 
Panasonic V41 Multimedia Notebook PC, 
because its floppy drive replaces its main bat
tery pack. With its NiMH secondary battery, 
the V41lastedonly1 hour. To be fair, we then 
tested it with the main battery, and it ran nearly 
2.5 hours. When traveling, though, you might 
prefer to take out the floppy and go with both 
battery packs, effectively doubling the bat
tery life. 

The 486DX4-based notebooks are well
suited for graphical interfaces. All but the 
Compaq LTE Elite 4/75CX Model 510 con
tain 32-bit local-bus graphics. 

TheNECVersaM!75 High Resolution and 
AST's Ascentia 910N support a maximum 
internal resolution of800 by 600 pixels, higher 
than any of the others. But at a maximum 
internal resolution of640 by 480 pixels, IBM's 
ThinkPad 755CD, Panasonic's V4 l Multi
media Notebook PC, Hewlett-Packard's 
OmniBook4000CT, and Dell's Latitude XP 
4lOOCX can display up to 65 ,536 colors, 
whereas the 800- by 600-pixel systems sup
port only 256 colors. 

Digital 's HiNote CT475 offers the widest 
viewing angle (30 degrees left, 25 degrees 
right, and 35 degrees backward) as measured 
by our HURD (Heads Up Range Device). 
Developed by NSTL, the HURD tests deter
mine a notebook's maxi mum viewing angles 
from left to right and by tilting the screen 
backward. Compaq's LTE Elite 417 SCX and 
HP's OmniBook 4000CT provide the most 
limited viewing angles (about 25 degrees from 
side to side and 5 degrees to the back) . 

integrated pointing devices are standard 
on most mobile compu ters. The only note
book without one is Toshiba' s T4850CT. Its 
QuickPort mouse attaches to the right-hand 
side of the system and is easy to master, but 
it is of little use to lefties. 

AST ASCENTIA 810N 
All the other notebooks in this report nm on 
75-MHz and higher CPUs. The Ascentia 810N 
111ns on a66-MHz 486DX2 CPU from Cyrix, but 
in CPU- and memory-intensive tests like our 
WonlPerfectbenchmark,itisafonnidablecorn
petitorto the others. Configured with 20 MB of ~ 
RAM and a 510-MB hard disk, the $3948 810N 
boasts an integrated 8-KB write-back cache, 
which improves perfonnance by caching mem
ory writes as well as memory reads. The Intel 
486DX4 processor's integrated 16-KB cache 
uses awrite-through design that caches mem
ory reads but passes memory writes through to system memory. 

The Ascentia 810N is also proficient in the disk-intensive Microsoft Fox.Pro test. 
However, it cannot match the 75-MHz 486DX4 notebooks in tests dependent on 
raw processing power. 

Western Digital's RocketChip local bus graphics accelerator enhances the 
Ascentia 810N's graphics perfonnance, and its NiMH (nickel-metal hydride) bat· 
tery ran more than 3 hours in our test. You can double that to over 6 hours by 
replacing the system's floppy disk drive with an optional second battery pack. The 
Ascentia 810N supports up to 20 MB of RAM and a 510-MB IDE hard drive. It 
weighs only 6.5 pounds with its battery pack and AC adapter, and supports two Type 
II or one Type Ill PC card. The system includes a three-year parts-and·labor war
ranty plus unlimited technical support. -Anthony J. Lennon 

AST'S 486DX2/66 ASCENTIA 810N vs. 486DX4n5 NOTEBOOKS 
The geometric means of three tests' scores comparing the Cyrix 486DX2/66-based AST 
Ascentia 810N's performance to three of the Intel-based 486DX4/75 notebooks. 

WORD PERFECT6.0 LOTUS 1·2·3 MS FO l PRO 2.5 
FOR DOS R. 3.l FO R ODS FDR DDS 

AST Ascentia 81 ON 
486DX2/66 9.7 92.6 1526.1 
Austin Business Audio Notebook 
486DX4/75 9.4 103.8 1538.0 
Digital HiNote CT475 
486DX4n5 9.8 107.9 1700.5 
Toshiba T4850CT 
486DX4n5 9.2 104.4 1690.8 
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882026X 529.95 
Soltcover 

The easy, reliable way to Get 4 Books for satisfy your professional needs 

only $495_ 
Multl~edlJ 

Applications Development 
Using lndeo"' Vkteoplus 1 book FREE upon ~~-~~0 and OV1• Ttdvdogy 

prepayment when you join the 
Computer Professionals'Book Society 

THE 
INTERNET 

COMPLETE 
REFERENCE 

. 
~~~. 

;:;::.::!:"" 

As a member of the 
Computer Professionals' Book Society ••• 
... you'll enjoy receiving Society Bulletins every 3-4 weeks containirig ex.dting 
offers on tile latest books in the field at savings of up to 50% off•of regular, 
publishers ' prices. If you want the Main Selection, do nothing and it will be 
shipped automatically. If you want another book, or no book at all. simply 
return the reply form to us by1he date specified. You'll have at least·10 days 
to decide. Plus, if you ever receive a book you don't want due to late mail 
delivery of the News. you can re[urn it at our" expense. And you'll be eligible 
for FREE BOOKS through the Bonus Book Progiam. Your 0nly obligation 
is to purchase 3 more books during the next 2 years, after which you max 
cancel your meml:Jershrp at any time. 

016732 $40 .00 3279P S26.95 

8820375 $34.95 
SoflC.OYOf

" \\C+C++ 
Programming 
With Ob/eels 

lnC+andC++ 
• - ""'"C::::.;.. 
~~ '.t 

029662 $29.95 

020346 545.00 

0514879 SJ4 .95 

CuF.!ff/ 
·SERVER 

{m1PUTING 

0111928 S34.95 
Solt cover 

Sollcover 

881576·XX $24.95 
Counls as 2/Soltcover 

0050899·XX S40.00 
Counts as 2 

05761 73 SJ0.000464553·XX SJ9.00 
Counts as 2 

I 

0405395 $40.000062153 540.00 023994 SSS.OD 0464618 549.50 

All books are hardcover unless otherwise noted. Publishers' prices shown. It you selecl a book that counts 
as 2 choices, write the book number in one box and XX in Iha nexl. A shipping/handling charge and sales 
tax will be added to all 0<dars. © 1995 CPBS 

II card Is missing, write to: Computer Professionals' Book Society 
A Division of McGraw-Hill , Inc., Blue Ridge Summit , PA 17294-0870 

005076 550.00 0433003 545.00 8819806 S29.95 
SoftcO\ler 

NEW USERS 
~~ 

OAN 1EL P. DER 

0 1651 06 540.00 

882043X S29.95 
Soflcover 

9117864 $45.00 

BYP495 

8820251 524.95 8820561 ·XX 534.95 
Sof1cover Coun1s as 2/Sof!cover 

8819652-XX $39.95 8819245·XX $29.95 
Coun1s as 2fSol1cover Counts as 2/Softcovet 

'91n order to stay 
on the leading 

edge of 
technology, 

nobody can beat 
CPBS for state-of

the-art books at 
discounted 
prices . ~ 

-Jay Ranade, 
author and editor-in-chief 
of the renowned J. Ranade Series 



"We recommend lbe Atlion AXP ; 
as an excellent alHiround NT 
workslalion." 
BYfE Magazine, March 1995 

"WHOOSH!" 
Windows Maga7Jnc, March 1995 

'~275 streaks from lbe gale, 
shatters records, lbe slopwalcb" 
Governmenl Computer News, 

February 6, 1995 

"Alpha cleans Pentium's clock" 
Windows Sources, February 1995 

'~s good as ii gels ifyou need 
speed" 
PC World, February 1995 

'~clionAXP275 runs NT 
al full lbrollle" 
PC WEEK, November 7, 1994 

TbeAXP275 offers lbe 
faslesl Win32 performance 
we've seen..." 
Windows Sources, February 1995 

"Every component of Ibis 
computer is represenlalive of 
lbe besl technology available." 
PC World, February 1995 

The Worlds First Personal 
Supercomputer (PSC) 
Nothing compares to the computing power 
of the AClion AXP275 RISC PG-t/Je first 

Persomtl S11perComp11te1:The !'Cl-based 
AC'l'ion System from BTG uses Digital 
Semiconductor's Alpha 21064A 64-bit 
micro processor, with a cycle ti me or 275 
Ml-lz-t/Je fastest pivcessor available today! 

Capable or peak execution rates of 555 
MIPS, its pcrforrmmce is equivalent to a 
supercomputer. Imagine what you can do 
with this much computing power! 

With Microsoft® Windows 1\'TTM in talled, 

same familiar user interface as the MS 
Windows operating system, and runs MS 
DOS and all 16-bit and 32-bil Windows 
applications. 

Powered hy D i ~i tal and Microsoft 
Graphics by Nokia and Number Nine 
Storage by Ilcwleu- Packanl :md Toshiba 
Networking by Cogent. 

To learn more about the AC'lion AXP275 
or any other of our AC11on S)~tem 
computers, including Pentium , e:tll: 

(800) 449-4228 

mamaomo·· 
~ 

NOKIA~ 

W.'ilCOGENT. TOSHIBA/!!;!! .... .. , .......... .. : 


F_h:'m HEWLETT' 
~~PACKARD 

the AC.1'ion Alpha AXP275 provides the FAX (703) 876-1920 

formerlyBTG 
Circle 140 on Inquiry Card. 



To qualify in our De ktop BYTE BES 'T' 486DX4s 
Repl aceme nt ca tegory, the 
486DX4 notebooks had to sup

The Ascentia 910N ascends the throneport a 1024- by 768-pixel reso
lution externally and at least 32 

MBofRAM a 
Weighting for 650-MB hard 
Desktop disk, integrated 
Replacement so und . and an 

external expan
s ion chassis . 
Although only 
e ight of these 
sys tems could 
meet these re
quirements, all 
could function 
as a desktop re
p 1 acemen t to 
so me degree. 

On average, the DX4s support 
up lo 32 MB ofRAM, more than 
enough for even the most de
manding GUT, and a 785-MB 
hard disk (removable on all but 
tbe T4850CT and Tl' Travel
Mate 4000M). IBM and Win
Book include 14.4 Kbps data/ 
9600 bps fax modems, and the 
feature-rich ThinkPad 755CD 

also includes a 
Weighting for digital answer

ing machine andBest Overall and 
Low-Cost an inte grated 

infrared port for 
wireless file 
tra nsmi s ion. 

BEST OVERALL AST Ascentia 910N 

~ The Ascentia 910N won our best overall rating mostly due to its 

~ excellent battery life and outstanding 10.4-inch color display. This 

~ 7-pound system ran for over 6 hours in our Thumper II test. Internally, 

~ it can display 256 colors at a resolution of 800 by 600 pixels. The 
system's 82·key keyboard received above average ratings for its 

feel and response. Although Its overall performance Is only average for a 75-MHz 

486DX4-based system, its feature set propelled It to the top. 

BEST AST Ascentia 910N 

RUNHER-tJP Digital HiNote CT475 

RUHHER-tJP HP OmnlBook 4000CT 

RUHHER·UP NEC Versa M/75 High Resolution 

RUHMER·UP Twinhead Slimnote 51 OOT 

RUHHER·UP Zenith Z-NoteFlex 

PRICE AS TESTED CPU/SPUD OVERALL SCORE FEATURES EASE OF USE SCREEN QUALITY 

$4635 486DX4/75 7.4 ......... ......... ............ 
$4698 486DX4/75 7.3 .......... ... ...... ............ 
S6030 486DX4/100 7.1 ......... ............ ............. 
S5348 486DX4/75 7.0 ............. ............. ............ 
S4619 486DX4/100 6.9 ......... ......... ............ 
$5582 486DX4/75 6.8 ......... ... ...... ............ 

Incredi ble features for the affl uent 

DESKTOP REPLACEMENT IBM ThinkPad 755CD Notebook 

The 100.MHz 486DX4-based IBM ThinkPad 755CD Notebook works well as a multi

media desktop replacement system. It boasts a removable 5.25-lnch double-speed 

CO.ROM drive and 16-blt sound. Its 10.4-inch TFT (thin-film transistor) black active

matrix screen displays up to 65,536 colors, and the display's viewing range is excel

lent. Expansion options Include support for up to 40 MB or RAM and an 810.MB 

removable 11ard drive. An optional docking station ($710) houses two ISA expansion 
slots, a 32-blt voice MIDI synthesizer, and o one-third height drive bay. A Western 

Digital WD90C24 local-bus graphics subsystem speeds graphics performance. and Its local·bus hard drive inter

face made it a high achiever In the disk-Intensive benchmark tests. 

Manyoft11ese PRICE ASTISTID CPU/SPEED OVERALL SCORE FEATURES EASE OF USE SCREEN QUALITY 
portables are 

BEST IBM ThinkPad 755CD Notebook S7599 486DX4/100 6.8 ............ ............ ...... ... 

equ ipped with 

RUNHER·UP NEC Versa M/75 High Resolution $5348 486DX4/75 6.8 ...... ...... ............ ............. 

excellent multi RUNHER·UP WlnBookXP $3799 486DX4/100 6.5 ...... ... ............ ......... 

media features. RUIOfER-tJP Austin Business Audio Notebook $3319 486DX4/100 6.5 ....... ............ ............. 

The Panasonic RUHHER-tJP NEC Versa M/75 $4998 486DX4/75 6.3 ........... ............ ......... 

V41 , Aquiline's RUHHER-tJP Micro International Mint 7500T $3970 486DX4/100 6.1 .......... ......... ............. 

Cyclone, and 

IBM 's Thin kPad al l feature As the name says, the WinBook's a winner 
internal double-speed CD-ROM 
dri ves. You can repl ace the 

,LOW COST WihBook XPThink.Pad's CD-ROM dti ve witli 
an internal floppy drive; the 

With Its test configuration price of $3799, the WinBook XP Is an excellent value . This Cyclone features an ex ternal 
486DX4/100 system ran nearly four and a half hours on Its hot·swappable NiMH (nlckfloppy drive.AJl but fi ve systems 
el·metal hydride) battery. With a traveling weight or 7 pounds, It also features a 14.4

offer integrated sound chips. TI1e 
Kbps data/ fax modem. integrated 8-bit sound, and a TrackPoint II pointing device. The

ThinkPad 755CD fea tures a 
WinBook's Hitachi screen sports a wide viewing range but only average color quality. An

built-in Mwave DSP (digital sig optional docking station ($399) provides 16-blt sound, two ISA expansion slots, and 
nal proce sor) that provides two 3.5-lnch drive bays. Maximum RAM is 32 MB, the maximum hard disk size is 700 
MIDI sy nthe is and Sound MB, and Its secondary memory cache maxes out at 512 KB. 
Blaster support. Tl's TravelMate 
4000M offer an optional dou

PRICE AS TISTID CPU/SPEED OVERALL SCORE FEATURES EASE OF USE SCREEN QUALITY
ble-speed CD-ROM drive. 

BEST WinBookXP S3799 486DX4/100 6.6 ....... ............. ........... 

KEY 

Ratings from 1 to 4: 
• is the lowest. 
•••• is the highest. 

RllHHER.UP Austin Business Audio Notebook $3319 486DX4/100 6.4 ......... .............. ............. 

RllHHER·UP Samsung NoteMaster 3945T $3550 486DX4/75 6.2 ...... .............. ............. 

RUHHER·UP Austin Business Audio Notebook $3239 486DX4/75 6.1 ...... ... ............ .............. 

RUHHER·UP Micro International Mint 7500T $3970 486DX4/100 6.1 ...... .... .... ... ... .........
. 
RUNHER·UP DTK DTN-4T100P $2600 486DX4/100 5.5 ...... ...... ... .... 
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HowWe Tested 

PERFORMANCE 

W e assessed the performance of each 
system with a suite of BYTE low-leve l 
DOS benchmarks and NSTL' s applica
tions and low-level JnterMark tests fo r 
Windows. Prior to tes ti ng each system, 
we insta lled MS-DOS 6.2 and Microsoft 
Windows 3. 1 onto freshly formatted hard 
d isks. 

BYTE's low-level DOS benchmarks 
measure the perfonnance of specific sub
systems: CPU, FPU, memory, graphics, 
and the hard dri ve system. NSTL' s Win
dows- based low- leve l lnterMark tests 
exercise the Windows GD! (Graphical 
Device Interface), as well as low-level 
graph ics, CPU/FPU, and hard dri ve per
fo rmance. The GDl component deter
mines how well a system executes basic 
graphics calls within Windows. We ran all 
the Windows-based tests in 640- by 480
by 256-pixel reso lut ion using vendor
supp lied graphics drivers. 

The applications benchmarks employ 
popu lar business applications and por
tray real-world perfo rmance. 

FEATURES 
We as ked each vendor to comp le te a 
lengthy questionnaire to give us a detailed 
description of each system' s features and 
support options. We then weighted each 
feature and calculated an overall fea tures 
score (see the Roll Cal l on page 206). 

We focused on three aspects of screen 
quality: crispness, intensity/color range, 
and viewing range. We ran tests to gauge 
the clarity of text in both color and mono
chro me: hori zonta l and ve rti ca l line 
placeme nt , the co lo r and gray -sca le 
depths, and the frequency of LCD streak
ing. We used Sonera Technology' s Dis
play Mate Professional 1.0 to analyze a 
wide range of d isplay capabilities. To 
determine co lor quality, we displayed a 
color bar on each screen and ass igned a 
score ranging from I (worst) to 5 (best). 
We created a panel of three acti ve-matrix 
di splays judged to be at the low, middle, 
and hi gh range of quality to ass ist in our 
relati ve judging. 

Afte r computing the viewing range 
using NSTL's HURD, we plotted the 
group' s viewing-angle scores. 

We measured battery pe rformance 
w ith BYT E ' s Th u mpe r IT sys te m. 
T humpe r mimics real -wor ld use by 
emulating a typical word process ing ses-

THE CAT'S PAJAMAS: THE POWERBOOK 540c 
Apple's latest PowerBook, the 540c, seives up Quadra perfonnance, thanks to its 
33-MHz 68LC040 processor. Apple has revamped the design of the PowerBook line 
to offer a larger (lO·inch diagonal) active
matrix color display, a built-in Ethernet port, 
and a solid-state trackpad that replaces 
the trackball; however, the PowerBooks still 
fulfill Apple's all-in-one design goal. At 640
by 400-pixel resolution, the 540c supports 
32,768 colors; at 640 by 480, it supports 
256 colors. The power key is now on the 
keyboard, where it belongs, instead of at 
the back of the computer. Shutting the lid 
automatically switches the notebook into 
sleep mode. 

Aduplicate accessory bay can hold a sec
ond lithium battery or a PCMCIA card cage. 
Atwo-battery setup effectively doubles bat
tery life to 5 hours and 34 minutes, yet the 540c weighs only 7 pounds. The PCM
CIA card cage can hold up to two Type II PC cards or a single Type Ill card, and you 
can hot dock PC cards while the 540c is awake. The latest version of PC Exchange 
(Apple's system software for mounting DOS volumes) now has the capability to 
mount and access OOS-fonnatted PCMCIA storage devices. Such devices can be 
either flash memory or a hard drive. It may be a tough choice whether to go for the 
extra battery life or the accessibility to PCMCIA devices. Amajor plus of the 540c 
is its easily removable CPU card. You'll be able to transfonn the 68LC040/33 
540c into a PowerPC as soon as that option becomes available. The 540c as 
tested includes 12 MB of RAM and a 500-MB hard drive. It lists for $4999. 

sion. Robotic arms and optical sensors 
detect and control each system' s power 
management scheme. We tested note
books that support a second battery pack 
in placeoffl oppy dri ves with the floppy 
drive in place. 

Prior to testing, we completely drained 
and rec harged each system 's batte ry 
acco rdin g to th e ma nufacture r ' s 
instructions and then repeated that pro
cedure. We confi gured each notebook ' s 
power manage me nt features to sp in 
down the hard disk after 2 minutes of 
inactivity and shut off the backlighting 
after I minute. \Ve allowed each system 
to ente r standby mode duri ng the tes t 
cycle. At intervals, Th umper' s robotic 
arms wake up each system, and each runs 
until its battery dies. You must interpret 
th e res ult s of a ny ba tte ry- life tes t. 
including Thumper ll 's, with cauti on; 
individual usage pattern s wi ll affect a 
system's battery li fe. 

We also ass igned a general evaluation 
score to each system based on our over
all subjective impression. 

USABILITY 
We also assessed the quality of each key
board, concentrating specifically on key 
placement. We worked ex tensive ly with 
the notebooks to see how comfo rtab le 
they became after extended use, and we 
rated the response and feel of the keys. 
We al so evaluated pointing devices for 
both ri ght- and left-handed people, and 
considered the use FuInes of the LCD sta
tus indicators. We pored over the docu
me ntati o n, tak ing in to account both 
novice and expert needs. 

Contributors 

Anthony J. Lennon, Pmj ecl Ma11agedNSTL 

John McDonough, Tec'111ical Wri1ei/NSTL 

Maggi Bender, TesredNSTL 

111r Lob Re1x.m is rm tmgniug coflabvmlivt project 
he1wt!f!t1 /JYTE magazine mul Ncui01wl Software Testi111: 
Ll1hormorie.r (NSTL). HYtE magazine and NSTL tire both 
opemring m111s of M<·Cmw· Hill. Inc. Cqmact NSTL on tht 

lmrmer lll ~di1ws@1iul.com : at NS/'L Inc., Pl}'mouth 
Corporate Ccmer, Plymuutlt Meeting, PA 19462,· or at 
(610) 941·96lXJ. Co111ac1 IJYTE via the lntev1e1 or BIX aJ 

e<lilUrs@bix.com or at (603} 924·26'3, 
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ZEOS Meridian™ 

Color 400C .;, 

486DX2-50 $2595 
DX4-100 $2995 ,_ 

1 
._.Active Color 

,. 
400A 

486DX2-50 $3295 
DX4-100 $3695 

,... Genuine Intel' 486DX2-50 or DX4-IOO microprocessor 
,... SK (DX4: 16K) internal system cache 

,... 8MB RAM , expandable to 20MB 
,... 350MB IDE hard drive 

,... High-speed local bus video with !MB video RAM 

aooc 
$2795 
$3195 

SOOA 
$3595 
$3995 

,... Display: 640x480 VGA backlit LCD, up to 256 colors 400: 7.9" diag. 
STN or active matrix. 800: 10.3" diag. DSTN or 9.5" diag. ac tive matrix 

,... Support~ imultimeous display\vi tl1 external monitor 
,... 3.5'' l.44MB fl oppy drive, 400: External, 800: Internal 

,... PC~ I C I A slots: 400: 2 Type II ,800: 2 'lyPe rI or I Type III 
,... 84-key keyboard with embedded numeric keypad, 12 dedicated 

function keys and inverted "T"; Integrated poi ntingdevice 
,... Replaceable, rechargealile iMH battery, and extra battery 
,... Serial port, en hanced parallel port, external VGA video port, external 

keyboard or PS/2 mouse port (800 includes both). 400 also \vi th 
external floppy drive port 

,... Full powermanagement features 

,... ACll0-240V to DC adapter 
,... Custom carrying case 

,... MS-DOS 6.2, Mic rosoft Windows for Workgroups 3.11 

,... Lotus Organ izer 
,... 400: 7.8" x 10.2" x 1.7"; 3.9 lbs. 800: 8.9"x 11.7" x 1.9"; 6.3 lbs. 
,... EPA Energy Star comp liant 
,... 2q-hour toll-free support 

Otherprocesso1:~ andpackages available. Call for details. 

800-554-5226 
24 Hours a Day 
365 Days a Vear 

zEos· 
INTERNATIONAL . LTD. 

ZEOS Meridian™ 
Notebooks-

Finally, desktop power to go! Travel to the ends of the Earth-and 
beyond with theZEOS Meridian lineof notebooks. Thesky's tl1e limit. 

With sturdyconstruction that will go where you go, hot power and 
performance that soars beyond belief, and moreoptions than a road map, 
the Meridian is your perfect travel and workmate. 

\X11ile botl1 tl1eZEOS Meridian subnotebook and 
notebook feature power up to lOOMHz and large 
crisp color screens, each has an ideal purpose. 
For the lightest travel possible, tl1e Meridian 400, 

at 3.9 pounds, is your ideal traveli ng companion 
and ultimate color subnotebook. At six pounds and 

change, the Meridian 800 notebookis light enough to 
travel anywhere yet it's large enough to use for presentations and regular 
desktop computing. 

And the fare is light! With ZEOSMeridian notebooks, you can travel in 
style at a low price.We offer you tl1e flexibility of several packages, screen 
choices and options. Choose one that fits your exact needs and budget. 
(Shown at right is our mo t popular package with screen choices.) 
There's no boundary. 

For power and performance that'll take you to new heights, call a ZEOS 
Systems Consultant today at 800-554-5226. 

fax Orders: 800-362-1205 or 612-362-1205. Phone Orders: Outside U.S. and 
Canada: 612-362-1212, Government: 800-245-2449. Purchase Orders, VISA, 
MasterCard, Am Ex, Discover, Z-Card, CODand affordable leasing programs. 

Circle 111 on Inquiry Card. 



Pentium Lab Notes 

The emergence of 3.3-volt, SL


enhanced Pentium processors 

makes Pentium-based note 

books very nice traveling com

panions. With the exception of Dolch' s 
L-PAC58690MHz, which doesn' t sup
port battery power at all , all these Pen
tium notebooks provide NiMH battery 
packs, and all (including the 486DX4 
sys tem s) contain 3. 3-volt CPUs. 
AT&T's Globalyst 250 and Toshiba's 
T4900CT use 75-MHz CPUs and both 
lasted approximately 3 hours in our bat
tery-life test (the Globalyst ran 2 hours 
and 42 minutes, and the T4900CT per
si sted half an hour beyond that). Scep
tre' s 90-MHz notebook also ran for 
nearly 3 hours (2 hours, 54 minutes) . 
With a 256-KB direc t-mapped write
through secondary memory cache, the 
Globalys t o utperforms Toshib a's 
T4900CT in many memory-intensive 
applications, such as the Lotus l-2-3 
mathematical suite. Due to its local-bus 
graphics subsystem, the Globalyst holds 
an ace of spades in any graphics-inten
sive test. system's. However, the L-PAC does fea the WordPerfec t for Windows fi le LIO 

With 90-MHz processors, 256-KB ture a 32-bit PCI (Peripheral Compo benchmark. 
secondary caches, and local-bus graph nent Interconnect) hard drive, making All the Pentiums have acti ve matr ix 
ics, the Sceptre Pentium Soundx and the it a high-achiever in the disk-intensive color LCDs capable of displayi ng up to 
Mitsuba Ninja-P90 excel in overall per Fox Pro benchmarks. The Globalyst 250 256 colors at a resolution of 640 by 480 
fonnance. Dolch ' s L-PAC has an infe  perfonned poorly in the DOS-based Fox pi xels. We awarded the best color-qual
rior graphics design, which hurt its over Pro test. We concluded the Globalys t ity ratings to Mitsuba' s Ninja and to 
all performance score. The L-PAC's must have gone into local standby mode, Sceptre ' s Soundx. The Globalyst 250 
16-bit graphics circuitry lies on the same even though we set the power manage produced above average co lo rs a nd 
multifunction I/O card as its PCMCLA ment to Disabled. Toshiba ' s T4900CT offered the widest viewing angle. The 
controller, and the notebook's graph ics features a local-bus LDE hard dri ve and Dolch L-PAC also o ffers a wide 30
perfonnance pales considerably when outperforms the Globalyst in our low degree viewing range from side to side, 
compared to any 32-bit local bus sub- level file read/write tests, as well as in but you can' t tilt its screen backwards. 

Clockwise from top left: Mitsuba's Ninja-P90. Sceptre's Pentium Soundx, AT&rs Globalyst 250, 

and Toshiba's T4900CT. The Ninja-P90 and the Pentium Soundx look nearly identical. 

BEST OVERALL - SCEPTRE PENTIUM SOUNDX 
~ With its 90-MHz processor, the Sceptre Pentium Soundx delivers state-of-the-art performance. The notebook's 'M large 10 .4-inch Toshiba display produces vibrant, fully saturated colors. Battery life is excellent for a 
~ Pentium system: With its NiMH (nickel-metal hydride) battery pack, it ran almost three hours in 

· · our Thumper II battery test. Our testers enjoyed the feel and response of its 86-key keyboard. The 
system 's integrated 16-mm trackball , though conveniently placed in the middle of the wrist rest , is difficu lt 

to control. Audio features include an on-board 16-bit stereo FM sound generator, two integrated speakers, and a 
microphone. It supports up to 40 MB of RAM, a 720-MB hard drive, and an optional expansion chassis ($595) 
with two 16-bit slots and two 3.5-inch drive bays . An included remote-control mouse (shown at right) gives you 
mouse control within a 45-foot range . Other portables support third-party remote-control devices. 

PRICE AS TESTED CPU OVERALL SCORE FEATURES EASE OF USE SCREEN QUALITY 

Sceptre Pentium Soundx $5995 P90 8.0 ......... ............ ............ 

Mitsuba Ninja-P90 $4995 P90 7.7 ......... ............ ............ 

------ --· - 

AT&T Globalyst 250 $5535 P75 7.6 ............ ............ ... ......... 

-

Dolch L·PAC 586 90 MHz $8975 P90 7.2 ...... ............ ......... 

Toshiba T4900CT $7499 P75 6.8 ......... ......... ......... 

Key: Ratings from 1 to 4: & is the lowest, &&&& is the highest . 
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ROLL CALL OF NOTEBOOI~S rrESTED 


amm RAM AS 
LIFE PRICE AS TESTED/ 

PERFORMANCE (HR:MIN:SEC) FUTURES/ SCREEN TESTED MAI. 32-811 BIOS 
VENDOR MODEL NAME RATINC AS TESTED USE OF USE QUALITY (USS MSR P) CPU/MHZ RAM (MB) VEND OR 

Aquiline, Inc. Cyclone' •• 2:12:26 53795 486DX4/100 8164 AMI 

~ AST Research, Inc. Aseitntla 91 ON •• 6:09:07 •••• $4635 4860X4/75 16132 AST 

Austin Direct Business Audio Notebook/75 •• 2:22:06 53239 486DX4/75 8132 Phoenix 

Austin Direct Business Audio Notebook/100 ••• 2:03:56 •••• $3319 486DX4/100 8132 Phoenix 

Compaq Computer Corp. LTE Elite 4/75CX Model 5101 •• 2:55:15 $5799 486DX4/75 8124 Compaq 

Dell Computer Corp. Latitude XP 4100CX ••• 3:57:50 $4499 486DX4/100 8136 Phoenix/Dell 

DFI MediaBook 511 OT .t..t..t. 1:39:t5 $4740 486DX4/100 36136 Award 

Digital Equipment Corp. HINote CT475 •• 4:09:10 •••• $4698 486DX4/75 8/20 System Sett 

DTK Computer, Inc. DTN-4T100P' •• 2:21 :00 •• $2600 486DX41 100 8136 AMI 

Hewlett-Packard Co. OmniBook 4000CT .u.• 3:24:26 •••• 56030 486DX4/100 8132 Phoenix 

IBM Personal Computer Co. ThinkPad 755CD Notebook .u..t. 3:19:01 ••• $7599 486DX41100 8140 IBM 

Micro International, Inc. Mint7500T 2:07:29 53970 486DX4/100 8136 AMI 

NEC Technologies. Inc. Versa Mn5 ••• 2:59:07 •••JiJ•••• ••• $4998 486DX4/75 16140 NEC/Phoenix 

NEC Technologies, Inc. Versa Mn5 High Resolution ••• 3:37:37 •••JiJ•••• •••• $5348 486DX4/75 16/40 NEC/Phoenix 

Panasonic Personal 
Computer Co. 

V41 Multimedia Notebook PC ••• 1:00:05' ••• $6599 486DX4/100 8132 IBM/Phoenix 

Samsung 8ectronlcs NoteMaster 3945T' 2:38:53 53550 486DX4/75 8120 Phoenix 
America 

Texas Instruments. Inc. TravelMate 4000M 
DX4/1 oo Color 

••• 3:02:33 ••JiJ•••• ••• 55499 486DX4/100 8120 Phoenix 

Toshiba America 
Information Systems 

T4850CT •• 3:23:50 ...,.... .... $5349 486DX4/75 8124 Toshiba 

Twinhead Corp. Slimnote 51 OOT ••• 4:11:30 

··~··· •••• $4619 486DX4/100 16132 Phoenix 

Unisys Corp. PW2 Travel Asset 2:36:30 •1t.JiJ••• • $4730 486DX4/75 8120 Phoenix 

WinBook Computer Corp. WinBookXP ••• 4:21 :44 ••JiJ•••• ••• $3799 486DX4/100 8132 Phoenix 

Zenith Data Systems Z-NoteFlex 3:55:58 •••• $5582 486DX4/75 8124 ZDS/Phoenix 

Zeos International, Ltd . Meridian 800 ••• 2:37:41 •JiJ••• •••• $3995 486DX4/100 8120 Phoenix 

AT&T Global 
Information Solutions 

Globalyst 250 •••• 2:42:14 S5S3S Penllum/75 8140 Phoenix 

Dolch Computer Systems L·PAC 586 90 MHz" •••• NIA' •JiJ•••• ••• $8975 Pentium/90 32/64 AMI 

Mitsuba Corp. NINJA·P90' •••• 2:16:53 $4995 Penllum/90 8136 Award 

~ Sceptre Technologies, Inc. Pentium Soundx' •••• 2:54:00 ••JiJ•••& •&•• $5995 Penllum/90 16140 Phoen ix 

Toshiba America 
Information Systems 

T4900CT •••• 3:15:10 ••JiJ••• ••• $7499 Penllum/75 8/40 Toshiba 

~ = BYTEBest. ' Not SL enhanced. ' Not fl ash ROM upgradable ' No VESA local bus video 

• Panasonic V41 Muttimedla Notebook PC with main battery pack · 2:26:46 ' Now shipping with t0.4·1nch screen. • Comes with bullt·ln slots. 
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BATTERY 
MAX. DISPLAY CRAPHICS SIMULTANEOUS SUPPORTS 
RESOLUTION/ OIACONAL MEMORY INTERNAL &EXTERNAL PORUllllTY MULTIPLE RECH ARCES 
TOTAL COLORS SCREEN GRAPHICS AS TESTED/ DISPLAY/KEY HEICHT x WIDTH TRAYELLINC ESTIMATED BATIERY WHILE 
AT MAX. SIZE SCREEN ACCELERATOR llFR. BUS WIDTH ACTIVATED TOCCLE x DEPTH WEICHT BATIERY amm PACKS /HOT SYSTEM 
RESOLUTION (INCHES) MFR. AND MODEL (BITS) FOR DISPLAY SELECTION (INCHES) (LBS .) TYPE LIFE (HRS.) SWAPPINC IS ON 

640x480/256 9.5 Sanyo Chips & Technologies 65522 1 MB VAAM/32 Yes/No 2.8 x 11 .8 x 8.3 8.5 NiMH 3.5 No/No Yes 

800x600/'256 10.4 Hitachi Western Digital WD90C24A 1 MB VRAM/32 Yes/Yes 1.8 11.Sx 8.5 7.0 Li-Ion 5-10 No/Yes Yes 

640x480l256 9.5 NEC Western Digital WD90C24 1 MB DAAM/16 Yes/Yes 2 x 11.1 x 8.6 8.0 NiMH 3 No/No Yes 

640x480/256 9.5 NEC Western Digital WD90C24 1 MB DRAM/16 Yes/Yes 2 x 11 .1 x 8.6 8.0 NiMH 3 No/No Yes 

640x480/256 9.5 Compaq Compaq (custom) 1 MB DAAMl32 Yes/Yes 2 x 11.8 x 8.9 7.0 NiMH 4.5 NofYes Yes 

640x480/64K 9.5 !NP Western Digital WD90C24A2 1 MB VRAM/32 Yes/Yes 2 x 11 x 8.7 7.0 Li-Ion No/Yes Yes 

640x480l256 9.5 NEC Cirrus Logic CL-GD6440 1000 DAAM/32 Yes/Yes 2.2 x 11.2 x 8.8 8.5 NiMH 2 Yes/Yes No 

640x480/256 9.5 Toshiba Chips &Technologies 65540 1 MB VRAM/32 Yes/Yes 1.7 x 11 x 8.5 7.0 NiMH NofYes Yes 

640x480/256 10.3 Sanyo Cirrus Logic CL-GD6440 1 MB VAAMl32 Yes/Yes 2 x 11.1 x 9.5 8.0 NiMH 2-3 No/No Yes 

640x480l64K 10.4 Hitachi Western Digital WD90C24 1 MB VRAM/32 Yes/Yes 1.9 x 11 .6 1< 8.9 8.0 NiMH 3 Yes/No Yes 

640x480/64K 10.4 DTI Western Digital WD90C24 1 MB DRAM/32 Yes/Yes 2.2 x 11 .7 x 8.3 7.5 NiMH 3-9 No/Yes Yes 

640x480/256 9.5 NEC Cirrus Logic CL-GD6440 1 MB DRAM/32 Yes/Yes 2>< 11 x 9.4 8.5 NiMH 3 No/No No 

640x480/256 9.5 NEC Chips & Technologies 65545 1 MB DAAM/32 Yes/Yes 2.1 x 11 .7 x 9.5 8.0 NiMH 2.5 Yes/Yes Yes 

800x600J256 9.5 NEC Chips & Technologies 65545 1 MB DRAM/32 Yes/Yes 2.1 x 11 .7 x 9.5 8.0 NiMH 2.5 Yes/Yes Yes 

640x480/64K 10.4 Matushita Chips & Technologies 65545 1000 DRAM/32 Yes/No 2.3 x 11.7 x 9.3 10.0 NiMH 4.5 Yes/Yes Yes 

640x480l256 9.4 Samsung Western Digital WD90C24A 1 MB VRAM/32 Yes/Yes 2.2 x 11 .3 x 8.9 7.0 NiMH 3 No/Yes Yes 

640x480/256 9.5 Samsung Cirrus Logic CL-GD6440 1 MB DRAM/32 Yes/Yes 2.1 x 11 x 8.5 7.0 NiMH 3-4 No/No Yes 

640x480/256 10.4 INP Western Digital WD90C24A 1 MB DRAM/32 Yes/Yes 2.2 x 11.7 x 8.3 7.5 NIMH No/No Yes 

640x480/256 9.4 Sharp Western Digital WD90C24A2 1 MB DRAM/32 Yes/Yes 1.6 x 11.2 x 8.6 8.0 NiMH 3 Yes/Yes No 

640x480/256 9.5 NEC Western Digital WD90C24 1000 DRAM/32 Yes/Yes 1.3 x 11 x 8.5 7.5 NiMH 1.5 No/Yes Yes 

640x480/256 9.4 Hitachi Western Digital WD90C24C 1 MB DAAM/32 Yes/Yes 1.7 x 11 .3 x 8.5 7.0 NiMH 2.5 No/Yes Yes 

640x480/256 9.5 NEC Western Digits! WD90C24A 1 MB VAAM/32 Yes/Yes 2.2 x 11 .9 x 8.7 8.0 NIMH 2-4 Yes/Yes Yes 

640x480/256 9.5 Toshiba Cirrus Logic CL-GD6440 1 MB DRAM/32 Yes/No 1.9 x 11 .7 x 8.9 7.3 NiMH 3.5 No/No No 

640x480/256 9.5' NEC Chips & Technologies 65545 1 MB VRAM/32 Yes/Yes 2.1x 11 .7 x 9.3 8.5 NiMH 3-5 Yes/Yes Yes 

640x480/256 9.5 NEC Chips & Technologies 65535 512 VRAM/16 Yes/No 10.9 x 15.7 x 6.25 16.0 NIA' NIA' NIA' NIA' 

640x480/256 10.3 Sharp Chips &Technologies 65545 1 MB DRAM/32 Yes/Yes 2 x 11 x 8.5 7.5 NiMH 1.5 No/No Yes 

640x480/256 10. 4 Toshiba Chips & Technologies 65545 1 MB VRAM/32 YesfYes 2 x 11 x 8.6 7.5 NiMH No/N o Yes 

640x480/256 10.4 !NP Western Digital WD90C24A 1 MB DAAM/32 Yes/Yes 2.2 x 11 .7 x 8.3 7.5 NiMH 2 Na/No Yes 

Key: Ratings are from 1 to 4: ... is the lowest . ............ is the highest. 
NIA = Not applicable INP = lnfonnalion not provided 

Note: All systems support 220/240 autoswllchlng and autodetecting AC voltage. 
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ROLi-' CAI-' L OF NOTEBOOI~S TESTED 


HARD DRI VE HARO DRI VE STANDARD NUllBER Of 
INTERFACE TYPE/ HAR DDR IV E fOR llATlE O CAPACITY REMOVABLE l.5-INCH PC MCIA SLOTS 

HARD DP.IYE AV ER AC EAC CESS CONIROLLER (M B)/LARC EST HA RO DRIVE/ FLOPPY PARALLEL TYPE 11 / 
VENDOR MODEL NAME MOO EL TIME (MS) CACHE (KB) AVAILABLE (MB) CD -ROM DRIVE PORT TYPE Ill 

Aquiline, Inc . Cyclone' Toshiba MK246FC VESA/11 256 54011 GB Yes!Yes (1x) 	 External EPP 211 

• 	 AST Research, Inc. Ascentla 910N Quantum DA 514AT IDE/19 16 5101720 Yes/Opt. Internal EPP 2/1 

Aus1in Direct Business Audio Notebook/75 Toshiba MK2428FC VESl\/9.7 256 5241810 Yes/None ln1ernal EPP 211 

Austin Direct Business Audio Notebook/100 Toshiba MK2428FC VESA/9.7 256 5241810 Yes/None ln1ernal EPP 211 

Compaq Computer Corp. LTE Elite 4175CX Model 51 O' Compaq (Custom) IDE/17 NIA 5141510 Yes/Opl. ln1emal EPP 211 

Dell Computer Corp. Lalltude XP 41 OOCX Seagale ST9655AG VESA/16 128 5241810 Yes/Opt. ln1emal EPP 211 

DFI MediaBook 5110T Toshiba MK2526FC tDE/12 128 503/503 Yes/Opt. ln1ernal EPP 1 /1 

Digital Equipment Corp. HiNote CT475 Toshiba MK2326FCV VESA/13 128 340/520 Yes/None ln1ernal EPP 211 

DTK Computer, Inc. DTN-4T1 00P' IBM DSAA-2540 VESNlNP 96 520/520 Yes/Opl. ln1emal 1-way 211 

Hewle11-Packard Co. OmniBook 4000CT Toshiba MK2326FCH IDE/12 128 340/520 Yes/None Removable EPP 211 
Internal 

IBM Personal Computer Co. ThlnkPad 755CD Notebook IBM DHAA-2540 VESA/14 64 5201810 Yes!Yes (1x) Removable EPP 211 
Internal 

Micro International, Inc. Mint 7500T IBM OEM 520 VESA/13 NIA 520/820 Yes/Opt. Internal 1-way 211 

NEC Technologies, Inc. Versa M/75 IBM DHAA-2540 IDE/15 64 540/810 Yes/Opt. 	 Removable EPP 211 
lnlernal 

NEC Technologies, Inc. Versa M/75 High Resolution IBM DHAA-2540 IDE/15 64 540/810 Yes/Opt. 	 Removable EPP 211 
Internal 

Panasonic Personal V41 Mullimedia Nolebook PC Seagate ST9550AG IDE/16 120 4501680 Yes!Yes (1x) Removable EPP 211 
Compuler Co. Internal 

Samsung Electronics America No1eMaster 39451' Toshiba MK2326FCH IDE/12 128 340/500 Yes/None ln1emal 2-way 1/1 

Texas Instruments. Inc. TravelMate 4000M Seagate ST9655AG IDE/16 128 524/524 No/Yes (2x) ln1emal EPP 211 
DX411 oo Color 

Toshiba America T4850CT Toshiba MK2428FC VESA/12 512 5oom2 No/None ln1emal EPP 1/1 
Information Systems 

Twinhead Corp. Slimnote 51 OOT Hitachi DK211A-51 VESA/12 256 5001500 Yes/Opt. 	 Removable EPP 211 
lnlemal 

Unisys Corp. PW2 Travel Asset IBM DHAA-2405 IDE/19 256 3401340 Yes/Opt. External EPP 211 

WinBook Computer Corp. WinBook XP Seagate ST9655AG VESA/16 512 520/700 Yes/Opt. Internal EPP 211 

Zenilh Data Systems Z-No1eFlex Seagale ST9655AG VESA/<16 16 520/700 Yes/Opt 	 Removable EPP 212 
ln1emal 

Zeos International, Ltd. Mendian 800 Areal A340 IDE!15 32 350/350 Yes/None 	 Internal EPP 211 

AT&T Global Globalyst 250 IBM DHAA-2540 IDE/13 32 520/810 Yes/Opt. Removable EPP 211 
ln1ormation Solutions Internal 


Dolch Computer Systems L-PAC 586 90 MHz'> Conner CFA 1080A PCl/12.5 
 256 1050/1050 No/Opt. Internal EPP 211 

Mltsuba Corp. NINJA-P90' IBM N5401 PCl-IDE/12 N/A 520/810 No/Opl. 	 ln1ernal 2-way 211 

• 	 Sceptre Technologies, Inc. Pentium Soundx' IBM DBOA-2540 IDE/1 2 256 540/720 No/Opt. Internal EPP 2/1 

Toshiba America T4900CT IBM DVAA-2810 VESA/15 512 772m2 No/None 	 Internal EPP 1/1 
Information Systems 

• = BYTEBest ' Not SL enhanced. ' Not flash ROM upgradable ' No VESA local bus video 

' P =pans. L = labor. C = shipping to vendor. R=return shipment 
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BUILT-IN UTERNAL SPEAKE! PASSWORDS EXPANSION CHASSIS / WARRANTY 
BUILT-IN MICROPHONE/ PORT/SPEAKER PO WER -ON/ NUM BER OF DOCKING STATION LENGTH TOLL-FREE 
16-BIT EXTERNAL VOLUME KEYBOARD/SETUP KEYS /KEY AND PRICES, (YRS) & PHONE PHONE INQUIRY 
SOUND MICROPHONE PORT CONTROL UTILITY TRAVEL (MM) IF OPTIONAL COVERAGE ' NUMBER NUMBER NUMBER 
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Yes/Yes 
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Yes/No/No 

Yes/Yes/Yes 

Yes/NoNes 

Yes/NoNes 

Yes/Yes/Yes 
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Yes/NoNes 

Yes/NoNes 
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Yes/No/Yes 

Yes/No/Yes 

Yes/NoNes 

Yes/Yes/No 

Yes/Yes/No 

Yes/Yes/No 

Yes/NoNes 

Yes/No/No 

Yes/Yes/No 

Yes/Yes/Yes 

Yes/No/Yes 

Yes/Yes/Yes 

Yes/NoNes 

Yes/Yes/No 

Yes/Yes/Yes 

Yes/No/Yes 

Yes/Yes/Yes 

Yes/No/No 

Yes/Yes/No 

81/5 

82-8313 

85/4 

8514 

8212 

85/3 

86/3 

8213 

86/INP 

8512.5 

85/3 

86/4 

8313 

8313 

84/3 

84/3 

8413 

8213 

84/3 

85/2.5 

8213 

82/2 

84/3 

83/3 

101 /4 

8612.5 

86/2.5 

82/3 

No/No 

Yes: 5149/Yes: 5489 

NoNes: $259 

NoNes: $259 

Yes: $329-$399/Yes: $6

Yes: $199/No 

Yes: $100/Yes: $495 

Yes : $149/No 

No/Yes: $600 

Yes: $199/No 

Yes: $109-$299/ 
Yes: $399-$710 

NoNes: $490 

Yes: $199/Yes: $629 

Yes: $199/Yes: $629 

Yes: NPA/Yes: $649 

No/No 

No/Yes: $849 

NoNes: $649 

Yes: $199/Yes: $599 

Yes: $190/Yes: $500 

No/Yes: $399 

Yes: $209/Yes: $799 

No/No 

Yes: $105/Yes: $70Q-$7

No/No 

NoNes: $499 

No/Yes: $595 

No/Yes: $649 

99 

5 PLR 

3 PLCR 

1 PLR 

1 PLR 

3 PLCR 

3 PL 

1 PLCR 

3 PLCR 

1 PL 

3 PLCR 

3 PLCR 

1 PLR 

3 PL 

3 PL 

1 PLR 

2 PLC 

1 PLR 

3 PLR 

1 PLCR 

3 PL 

1 PLR 

3 PLCR 

1 PL 

30 3 PL 

1 PL 

1 PLR 

1 PLR 

3 PLR 

(BOO) 370-3322 

(BOO) 876-4278 

(800) 752·1577 

(800) 752-1577 

(800) 345·1518 

(800) 613·3355 

(800) 808·4334 

(800) 722-9332 

(800) 289·2385 

800) 443-1254 

(800) 772·2227 

(800) 967-5667 

(800) 632·4636 

(800) 632-4636 

(800) 742·8086 

(800) 726-7864 

(800) 848·3927 

(800) 334.3445 

(800) 995·8946 

(800) 448-1424 

(800) 468-2162 

(800) 582-0524 

(800) 423·5891 

(800) 225·5627 

(800) 538·7506 

(800) 648-7822 

(800) 788-2878 

(BOO) 334·3445 

(51B) 272·0421 

(714) 727-4141 

(512) 339·3500 

(512) 339-3500 

Call Local 
Compaq Dealer 

(512) 338-4400 

(916) 568·1234 

(603) 884-5111 

(818) 81 0-0098 

(503) 715·2004 

(914) 766·1900 

(713) 495-9096 

(408) 433·1200 

(408) 433·1200 

(201) 271·3182 

(201) 229·4000 

(817) 771-5856 

(714) 583-3000 

(408) 945-0808 

(408) 434·2848 

NIA 

(708) 808·5000 

(612) 362·1234 

(513) 445-5000 

(510) 661·2220 

(909) 392-2000 

(818) 369-3698 

(714) 583-3000 

1346 

1347 

1348 

1349 

1350 

1351 

1352 

1353 

1354 

1355 

1356 

1357 

1358 

1359 

1360 

1361 

1362 

1363 

1364 

1365 

1366 

1367 

1368 

1369 

1370 

1371 

1372 

1373 

NIA= Not applicable INP = Information not provided NPA =No price avai lable 
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BYTE introduces t/Je first in a series ofdisk-based information services for Teclmology Experts 

B\'TE has compiled every major article written on network

ing from theJanuary 1993 issue to the present on a 

multiple disk set. With easy-to-use search and 

retrieve capabilities, this fully indexed te:x.1 data

base allows you to access valuable technolo 

and product info1mation from networking p,rod

uct reviews, features, news analysis, antl technical 

columns from the pages of BYTE. All artioles are writ

ten by BYTE's staff, «ontributors, and 

other industry experts. 

Here are iust a few of 
tlte articles you'll find on dislc: 

+ Network Connections + Modems for High-Speed + Enterprise Computing 
Communications and + Fine-Tune LANtastic + Report on NetworkingPortability

+ Linking LANs + Digital Remote Access + LANs Make the Switch 
+ Printers Talk Back + Network Management + Wireless Mobile 
+ NetWare Goes Global Systems Conununications 

PLUS MOREi 

For telephone orders using a credit card (MasterCard, VISA. or American Express)

Place Your Order Today! CALL 1-800-924-6621 

Complete order form and send to: BYTE on Networking, Attn. Circulation Dept., 

One Phoenix Mill Lane, Peterborough, NH 03458 
or lax to 603·924·2603 

0 Check Enclosed 
(Make checks payable to BYTE Magazine, US funds only) 

0 MasterCard 0 VISA 0 AMEX 
City ___________State _____ 

Card #_____________Exp. Date____ 
Country ___________Zip _____ 

Signature ___________________ DK4 127 

Canadian and U.S. orders, please add $2.95 for shipping and handling. " 
Outside North America, add SS.00 for oir mail delivery. Pleose allow 6·8 weeks for delivery. F~ , ~ .1• ~-Disk format 3 1 /2 inch. Currently available for Windows only. 



CPUs Core Technologies 


New PowerPCs for 
Notebooks and PDAs 
The PowerPC 602 and 603e offer 

high performance while holding the 

line on power consumption and cost 

TOM THOMPSON 

I n February, at both the Portable by Design conference 
and the International Solid-State Circuits Conference, 
IBM and Motorola announced first silicon for the 

two newest members of the PowerPC RISC processor 
line, the PowerPC 602 and the PowerPC 603e. Both 
processors trace their lineage to the PowerPC 603, which 
was specifically designed for low-cost and low-power 
applications (see "RISC Grows up," January 1994 BYTE). 
Because of thi s heritage, the PPC 602 and PPC 603e 
address the same market. However, the IBM and Motorola 
engineers at the Somerset design center in Austin, Texas, 
optimized the features of each processor to precisely tar
get specific applications within this market. 

The 602, for example, features a die only 50 mm2 in 
size as compared to its sire, the 603, whose die measures 
85 . l mm2. Furthermore, the 602 sips l.2 Wat 66 MHz, 
while the 603 consumes 2.2 Wat the same frequency . The 
engineers ach ieved this ability by slimming down the 

capabi lities of 
• 1 million transistors the 602's FPU , 
• 144-pin plastic QFP shrinking the 

size of its on
chip caches and 
multiplexing the 
address and data 

signals on a single bus. These features make the 602 ideal 
for low-power, small form-factor systems such as high-per
formance consumer electronics and PD As (personal dig
ital assistants). The 603e, on the other hand, has larger 
caches, improved memory management , and operates at 
100 MHz. Despite these high-performance features, the 
designers held the 603e' s die size to 98 mm2, and it con
sumes only 3 W at 100 MHz. The 603 thus offers capa
bilities ideal for notebook computers where the emphasis 
is on long battery life while delivering the utmost in per
formance. Production of both processors is expected in 
the second half of 1995. 

602: New Chip on the Block 
The 602 is 3.3-V part fabricated using a 0 .5-micron 4
level-metal static CMOS technology. The die measures 
7.07 mm by 7.07 mm and contains l million transis
tors-making it smaller than the 603, which weighs in at 

7.4 mm by 11 .5 mm and has 1.6 million transistors. (See 
the table ''The Low-Power PowerPC Family" on page 
212) Like the 603, the 602 implements a 32-bit version of 
the 64-bit PowerPC RISC architecture, where the pro
cessor supports 32-bit addresses and 64-bit data. However, 
where the 603 has separate data and address pins, the 
602 time-multiplexes the address and data signals on one 
set of bus pins. This enables the 602 to be housed in a 
144-pin plastic QFP (Quad Flat Package), while the 603 
uses a 240-pin ceramic QFP. Although this trade-off 
requires extra bus cycles for data accesses, IBM and 
Motorola expect the 602's bus to out perform any mem
ory subsystem using 70-nanosecond or slower RAM. 
That's because most of the 602's memory accesses are 
made as bursts, which require only that the data's starting 
address be set up on the first cycle. The 602 ' s small die 
size and fewer signal lines make it attractive for low
cost applications, where design issues of price and logic
board real estate are paramount. 

Other steps were taken to trim logic from the 603 
design without compromis ing the 602's features and 
performance. The 602 uses a Harvard architecture, with 
two separate on-chip caches for instructions and data. 
These caches are 4 KB in size (as opposed to 8 KB per 
cache on the 603), and each is managed by a separate 
MMU (memory management unit). The smaller cache 
size is balanced by the performance of the cache' s two
way set-associative organization. Like the 603, these 
caches support a three-state cache coherency protocol 
(modified, exclusive, and invalid) that's tailored for a 
single-processor system design. The 602 has four inde
pendent execution units (integer unit, branch process
ing unit, load/store unit , and floating-point unit). The 
602 lacks the system unit found in the 603, because most 
of its functions were integrated into the integer unit. 
Since the 602 is expected to operate in single-user 
environments, such as in PDAs or in embedded graphics
intensi ve tasks such as a set top box , the designers 
deemed this consolidation of logic necessary. 

Where it was possible and practical, the logic in the 
remaining execution units has been simplified . For 
example, the 602's FPU handles only single-precision 
(32-bit) IEEE-754 standard arithmetic, while the 603 
handles both single- and double-precision (64-bit) arith
metic. A logarithmic addition function was added to 

• 2.6 mllllon translstors 

• uses3W 
•pin-compatible with the 603 
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Core Technologies CPUs 


support speech and THE LOW-POWER POWERPC FAMILY 

40 SPECint92 @ 66 MHz 

hand writing recog
nition. The designers PROCESSOR PPC 602 

used a different type Die size 50mm2 

of counter to imple Number of transistors 1 million 
ment the FPU' s mul Number of execution units 4 

tiplier array, whi ch Instructions disQatchecl/cycie 

red uces its size. The Cache size and type 4 KB, two-way 

in s truc ti o n decode Power di?Sipation (typical) 1.2W @ 66MHz 

log ic was simplified Performance (integer) 

so that it fetches and Performance (floating point) NIA 

dispatches onl y one 
instruction per cycle, 
versus two instructions pe r cycle on the 603. While thi s sim
plification exacts a performance hit , it trim med the size of the 
instruction decode and branch prediction logic. Eliminating the 
sophisticated graphics a nd stri ng move operati ons reduced the 
load/sto re unit 's comp lexity . However, the remainin g move 
operations were optimized so that they complete within a sing le 
cycle. Also, the load/store logic is smarter about accessi ng data 
th at li es within a double word boundary yet straddles a word 
boundary: It accesses the cache onl y once, fo r a pe1formance 
boost. Despite the. e reductions, the 602's MMU offers a fas t 
"protection-only mode" memory-protection mechani sm. It uses 
spec ial bits in the MMU's TLB (Translation Lookaside Buffer) 
to provide memory-protecrion functi ons without the overhead 
of an address translation. This is ideal fo r embedded operating 
systems in whi ch multiple tasks must run in the ir own memory 
spaces. 

The 602 uses static logic, which preserves the internal state of 
the caches and execution units when the clock signals to these 
devices are disabled. The 602 uses the same power-saving modes 
as those found in the 603: doze, nap, and sleep. The doze mode 
switches off most o r the processor except for the bus snooping 
logic, which maintai ns the coherency of the internal caches. The 
nap mode di sables the bus snoopi ng for further power sav ings. 
T he s leep mode di sables the clock to all interna l units for max
imum power conservati on. Even operating at full power, the 
602 uses the same DPM (dynamic power management) tech
niques found in the 603. This is where, depending on processor 
acti vity, the DPM logic switches off the clock to idle processor 
subsystems. For example, if the branch unit has no pending 
instructions, the DPM log ic disables the clock to the branch 
unit. l f a branch instruction is detected in the instrnction stream , 
the DPM reactivates the branch unit. When a tag miss occurs on 
a cache, the DPM suspends the cache until the bus logic fetches 
the first beat of da ta. Finall y, the 602 has a PLL (phase-locked 
loop) logic so that it can be c locked two times or three times 
the ex ternal bus clock rate. T his enables tJ1e 602 to operate at, say, 
66 MHz, while the system runs at 33 MHz, thus reducing overall 
system power consumption. The 602 is estimated to dissipate 1.2 
W during typical 66 MHz operation and 1.4 W maximum. It 
consumes under 2 mW in sleep mode. 

Simulations show that the 602 should perform at about 40 
SPECint92 at 66 MH z, compared to 52 SPECint92 for the 603 
at the same c lock speed. However, the 602 consumes nearl y 
half the power and uses much less board real es tate in terms of 
die size and number o l' signal lines. Furthermore. most PDA 
processors don ' t support fl oati ng-point computations, while the 
602 offers single-precision arithmetic. This makes it valuable fo r 
graphics-intensive applications and for speech and voice-recog
niti on task . 

PPC 603 PPC 603E 

85.1 mm2 98mm2 

1.6million 2.6million 

5 5 

2 2 

B KB, two-way 16 KB, four-way 

2.5W @ BOMHz 3W @ 100MHz 

75 SPECint92 @ 80 MHz 120 SPECint92 @ 100 MHz 

85 SPECfp92 105 SPECfp92 

603e: Faster and Better 
ll1e 603e is, simply put, an enhanced version of the 603. It' s a 3.3
V part and uses a 0.5-micron 4-level-meta l static CMOS tech
no logy. It packs 2.6 mi ll ion transistors on a die that measures 
8.4 mm by 11 .67 mm . The processor is available both as a 240
pin ceramic QFP or a I 6-by-1 6 BGA (Ball Grid Array). The first 
and fo remost enhancement is that the 603e supports a fas ter 
clock: It can operate at 100 MHz, while the 603 tops out at 80 
MHz. The processor also supports a wider range of clock multi 
pliers ( Ix, I .5x, 2x. 2.5x . 3x, 3.5x. and 4x), which allows systems 
designers to ho ld clown power system co nsumption by using 
slower clock rates in the system. For example, a system can be 
c locked at 66 MH z while the 603e using the 1.5 multiplier runs 
at 100 MHz. Like its predecessor, the 603e has DPM logic that 
manages the ac ti vi ry of the various subsystems. At 100 MHz, 
the 603e should typically dissipate 3 W (3.5 W max imum). 

The most prominent change to the overall processor design is 
the large on-chip caches' size: It has two separate 16-KB four-way 
set associative caches, while the vanilla 603 has two 8-KB two
way set associative caches. The larger caches are poss ibl y in 
response to Apple 's reported di fficulties in gettin g its 680x0 
emu lator to function on the 603. Thi s emulator uses the 680x0 
opcode as an index into a large lookup table that points to the cor
responding PowerPC instructions. It was thi s large tab le that 
fl ooded the 603's caches. 

Finally , sma ll improvements were added to the processor 
design . A key bit was added to a system reg ister th at fl ags a 
memory protection violation; the 603 software had to examine a 
combination of bits to determine if such a violation had occurred. 
This should improve an operati ng system'. response time to a 
memory faul t. Like the 602, most load/store operati ons now take 
fewer cycles to execute. 

In simulations, the 603e perform s 120 S PEC int92 and I 05 
SPECfp92 at I 00 MHz. If the shipping part matches these fig
ures, then the 603e easily outgu ns a Pentium ( 11 2 SPECint92 
and 82 SPECfp92) running at the same clock speed, all whil e 
operating at power levels that make it idea l fo r notebook com
puters. 

It is interesting that both IBM and Motoro la view the low
power market as splitting into two segments: low-cost, single-user 
PDA or embedded applicat ions. and long-battery- li fe, hi gh-per
formance applications. With the 602, 603 and 603e, they have the 
processors to in vade eac h of those segments. • 

Tom Thompson is a BYTE senior technical editor at large 1vith a 
B.S.E.E. deg reeji'{)fll Memphis State University. He is an Associate 
Apple Developer and author of Power Macintosh Programm ing 
Starter Kit (Hayden Books, 1994). Com act him 0 11 Applelink as 
T THOMPSON or 011 BIX or the !111eme1 at tom_thompso11 @bix.com. 
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HP-UX 10.0 


time by a factor ofeight. 

A B 	 seriali zed processes one at a 
Node 1 	 time. Once the highest-pri

ority serialized processes run 
to completion, the lower-pri

Processes: ority processes can complete. 
app_process_ 1 ln some test cases where 
app_process_2 
middleware_ 1 two instances touch large 
middleware_2 arrays ofdata randomly, 
Disks: 
lvol data1 this technique cuts clock 
lvoCdata2 

Network: 

IP 56.23.101 .44 
 As with the ni ce com

~!!:::===~t:l! mand you can return a 
seria lized process to 

normal priority. 
!Al Administrators define packages of resources that With Process Resource 
applications need to run, and they assign packages to servers. Manager, an alternate pro
(BJ When a server fails, MCIServlceGuard migrates packages to cess scheduler, the system 
backup sel\'ers in the cluster. administrator can create 

groups of users and guaran-

How HP improved the performance, 

reliability, and ease of use of its 

flagship PA-RISC operating system 

.JOHN SONTAG 

H P-UX 10.0, the latest operating-system release for 
Hewlett-Packard 's PA-RISC family of servers and 

workstations, should have just shipped by the time you 
read this. HP designed it to perform belier on SMP (sym
metric mu ltiprocessing) systems and under heavy loads. 

To increase reliability, the new HP-UX has a journaled 
file system and the ability to replicate services. It is also eas
ier to install, update, and manage thanks to a new software 
distribution utility, better system administration tools, and 
a simpler bundling scheme that rolls features formerly 
avai lable only on workstations or servers or as add-ons 
into a single standard package. Finally, it ' s more standard. 
Version I 0.0 complies with most of the COSE SPEC 1170, 
the Unix System V release 4.0 file system layout, NFS 4.2 
with diskless support, and the Posix real-time interfaces. 

Making It Faster 
Processors keep getting faster, but overal.I system perfor
mance can' t scale accordingly unless l/O throughput does 
too. Version I 0.0 attacks the 1/0 bottleneck in several 
ways. It coalesces 1/0 requests that access sequential areas 
of a di sk into a single 1/0 operation, which can improve 
disk throughput by up to 30 percent. It~ read-ahead routines 

High Availability with MC/ServiceGuard -

are tuned to predict file access behavior more accurately 
and exploit 1/0 coalescence. On SMP systems, disk 
throughput on a 12-CPU system was improved sixfold 
by more intelligent management of 1/0 initiations and in
terrupts across the set of processors. 

Traditionally in Unix, a high-priority process in need of 
more physical memory can force a lower-priority process 
to swap to disk. In the case of a large application , the 
swap can involve hundreds of megabytes, and even with 
a fast wide SCSI device, the high-priority process might 
have to wait 5 or 6 seconds for the swap to complete. 

ln version 10.0, the virtual memory manager achieves 
much smoother operation under high load by replacing 
process swap with process deactivation . When physical 
memory runs low or processes begin to thrash memory, 
low-priority processes can be deactivated-that is, taken 
off the run queue. The system then need only displace 
smal l clusters of pages when a high-priority process re
quests memory. Instead of waiting 5 seconds or more, 
the process waits only about 20 milliseconds-a major 
improvement in response time. 

To speed up systems with a large memory load, version I 0.0 
adds the se ri a li ze command (and system call). Consider 
two concurrent instances of a simulation program, each of 
which randomly touches a large data array. In earlier ver
sions ofHP-UX, these two instances would thrash physical 
memory because the least recently used and priority page 
replacement algorithms would not be able to predict which 
pages to keep in memory for best throughput. The se ri a l 
i ze command tells the virtual memory system to make a 
process eligible to be serialized behind other processes. It's 
analogous to the Unix ni ce command. When there is plenty 

of memmy, se ria li ze has 
no effect. But when memo1y 

Node 2 runs low, the system runs 
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tee each group a minimum share of the total CPU time. Mission
critical applications must respond to users in a hurry. This technique 
ensures that background activities don ' t get in the way, even if 
they run at a higher priority than the mission-critical software. 

Making It More Reliable 
LYM (Logical Volume Manager), which came from OSF/I , man
ages collections of di sk dri ves. It partitions drives, mirrors data 
for redundancy, and stripes data across multiple disks for higher per
form ance. HP-UX I 0.0 upgrades these features to improve the re
siliency of mass-storage subsystems. When you ' re running a 24x7 
(24 hours a day , 7 days a week) operation, there' s never a conve
nient time to do a backup. Now you can remove a drive from a mir
rored pair to enable off-line backup from any node with no inter
ruption of service. L VM also lets you take one copy of a data set 
spread across many disks off- line and back it up. The backup 
utility can access a frozen set of data and operate at high speed. 
When backup is complete, the disks are brought back on-line and 
synchronized with the live system data. L VM exploits RAID disks 
with multiple controllers, offering an automatic fail -over capability. 

Version 10.0 further protects data integrity with a journaled file 
system, VxFS (the Veritas file system) (see "The Great Little 
File System," February BYTE). Compared to the BSD 4.2 HFS 
and NFS , VxFS has superior data integrity, recovery, and per
formance. It maintains an intent log of uncommitted meta-data 
transactions. If the system crashes, recovery is a simple process 
of reading the intent log and applying or backing out changes. 
With add-on products, it is possible to resize and reorganize fil e 
systems on-line, control caching options, and use the intent log for 
fast, synchronous writes. All these features add up to a file system 
that is much more resilient across system fa ilures and , poten
tially, much fas ter. 

Resilience to memory faults becomes increasingly important 
as system memori es grow larger and denser. In version 10.0, the 
diagnostic system and the operating system can mark bad pages 
and then avoid using them, thereby preventing ystem panics. If 
a page shows two occurrences of recoverable errors at the same 
address or one unrecoverable error, it' s removed from service. In
form ation about bad pages resides in a nonvolatile RAM, where 
it survives across system boots. 

Ultimately, of course, reliability means keeping applications up 
and running no matter what. To that end. version 10.0 offers 
MC/ServiceGuard, a fac ility for mutual backup of ervices across 
clusters of up to four servers. When a protected service (or the sys
tem supporting it) fail s, MC/ServiceGuard resurrects it on an
other system in the cluster. Applications are made highly avail
able, without having to be rewritten, by means of packaging. 

A package defines the set of resources an application needs to 
run, including disks and network resources. When a system, net
work connection, or application fail s, a c lusterwide monitor 
noti ces the servi ce interruption and launches a package on a 
backup system. Using multiple disk connections, the backup sys
tem can commandeer the failed system's disk dri ve , and its net
working interface can adopt the fai led system· s IP address. 

When a mirrored di sk or a redundant network interface fail s, 
repair can occur in under 10 seconds. If an entire system fail s, 
users will be able to continue in I to 2 minutes, once application 
recovery is complete. Depending on the application, you might 
lose some data entry, or you might even have to reenter the ap
plication-this isn' t nonstop computing. But it 's an extremely 
cost-effective way to have servers back up each other. It offers 
peak performance when all is well. When a failure occurs, service 
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remains available with some degradation of performance be
cause one system now must do the work of two. 

Making It Easier to Use 
HP-UX 's system management tools share a common interface 
thanks to the OBAM (Object-Action Manager), which encapsu
lates di verse disciplines, including X Window System, Moti f, 
international and COE (Common Desktop Environment) sup
port , on-line help, regression testing, and character-based termi
nal support . Using the GUI-based SAM (System Administration 
Manager), an HP-UX administrator configures and manages au
diting and security , backup and recovery, disks and file systems, 
diskless cluster configuration , the kernel and devices, networks, 
peripherals, printers, processes, and user and group accounts. 
New with version 10.0 i a major reorganization of SAM, with 
emphasis on typical administrative tasks. The administrator also 
delegates such tasks to other users-with appropriate security 
restrictions- and adds user-defined utilities to the SAM menus. 

Version IO.O' s Software Distributor, or SD-UX, includes tools 
that package, distribute, and manage applications and operating
system software, as well as data. With SD-UX, users can pull 
software off the network and install it local.ly. Using an add-on 
product, admini strators' networks will be able to push software 
to any of the nodes in the system. SD-UX runs on top of a DCE 
(Distributed Computi ng Environment) RPC (remote procedure 
call) and will exploit a ecure RPC, as wel.I as DCE authorization, 
authentication, and directory services where available. SD-UX 
also lets customers define bundles made of products and partial 
products, install them on their systems, interrogate systems to 
determine what is insta lled, and remove software from systems. 

Making It More Standard 
HP-UX I 0.0 adds support for many industry standards. It complies 
wi th most of the COSE SPEC 1170 and lacks only System V 
signals and internationalized curses, both of which are due later 
this year. The HP-UX real-time scheduler, available since 1986, 
complies with Posix 1003. 1 B, which defines interfaces to a real
time scheduler and a set of high-resolution timers. 

HP-UX 10.0 also converts to the standard Unix SVR4 file sys
tem layout, so SVR4-oriented users can find files in the directories 
where they' re traditionally kept. (Links to the HP-UX 9.0-style 
directories ensure compatibility with the prior HP-UX tradition.) 

HP-UX 10.0 bundles the DCE client. The base technology, 
from OSF 1.0.3, has been upgraded to include the security and 
RPC features of OSF 1.1 . The disk footprint for the DCE client 
shrinks by 75 percent, and the RPC code has been tuned for 
about a 30 percent perfomiance boost. Version 10.0 also bun
dles the Streams architecture with the base HP-UX product. 

With NFS 4.2 support, version 10.0 enables disk.less systems to 
be served using the NFS disk.le s protocol. Initially for HP systems 
only, this capability will later extend to other vendors' systems, too. 
Version I 0.0 also offers full support for the 4-byte EUC (Ex
tended Unix Code) code sets, so programmers can intern ational
ize their applications. 

HP considers HP-UX a unified product--one that is equally at 
home on a small uniprocessor desktop machine or a 12-way SMP 
superserver in the data center. • 

John Sontag is the chiefarchitect fo r HP- UX at Hew/elf-Packard and 
has been working with HP-UX 0 11 PA-RISC systems since 1983. You 
can reach him on the Internet at somag@cup.hp.com or on BIX c/o 
"editors." 
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The Software Stopwatch 

It doesn't take special hardware 

to achieve timing resolution 

in the microseconds on the PC 

or the Mac. You just have to know 

where to look. 

RICK GREHAN 

0 ptimization is often the name of the programming 
game. But before you can optimize, you have to 

find that which is not optimal. Bill Atkinson, a member of 
the original Mac design team once said: "Optimization 
without measuring is wasted time. Find out where the ap
plication's really spending time and go whump on that 
code" (February 1984 BYTE, page 76). 

So, to optimize, you must whump, and before you 
whump, you must measure. But measurement may not 
be an easy task with today ' s processors running 200 MHz 
and higher. A person with a Rolodex won ' t even 

DOS C compilers will appear to 

return results with resolutions to 

the hundredths or thousandths of a sec

ond. The warning: This is only partly true. The true part is 

that the number returned by c 1 oc k ( ) has the proper di

mension. The not-so-true part is the fact that the c 1oc k ( ) 

routine doesn ' t advance one unit per tick. It lurches for

ward in time, skipping multiple milliseconds at a tick. 


For example, you can write a short C program that re
peatedly calls the c 1oc k ( ) routine, displaying a value only 
when there 's a change. (Try this with your favorite DOS 
compiler.) We uied this with one DOS compiler and the val
ue of c1oc k ( ) advanced by 5 or 6 ticks. That compiler' s 
t i me . h header file told us that the c 1oc k ( ) function pre
sumes 100 ticks per second. Sure enough, 55 ms works 
out to between five- and six-hundredths of a second, given 
that clock () will exhibit a 5-ms ' )itter." 

Higher Resolution 
There is a route to higher resolution on a PC running 
DOS. It appeared in the January 1987 BYTE in Byron 
Sheppard 's article "High-Performance Software Analysis 
on the IBM PC." The article included the source code 

begin to cut it. Some type of hardware/software as
sistance would be nice, but how do you safely get at A short assembly Language routine to f etch the entry point 
all those timers and hardware things that the oper ofthe VTD. It returns the address in DX:AX. 
ating system works so hard to insulate you from? 

getapi_ 
pr oc nearTime on the PC mov ax , 1684h 

At the heart of the old IBM PC-and still beating in mov bx,05h 
PC clones today-is a hardware timer that issues xor di , di 

mov es . dian interrupt about once every 55 milliseconds. This int 2fh
wa°rks out to about 18.21 clock ticks per second and mov dx . es 
is the basis for the time-of-day clock on most PCs. mov ax . di 

re tIt's also the reason "generic" time functions on a 
getapi_ endp 

PC may be inadequate for high-accuracy timing . 
Suppose you ' ve written a program whose perfor

; Subcode to ret urn AP I 
; VTO ID 
: Cl ear ES : DI 

: Ca l l interrupt 
: Return results 

Call the VTD. The entry point is passed to the routine in mance is highly dependent on a sorting routine. You 
the DX:AX register pair. Note that the routine fakes a have one of two choices as to what sort algorithm to 
CALL using afar retum. Also, this routine presumes put at the core of that routine. In your tests, the first 
t a r ray is a two-element array ofdouble words. sort algorithm takes a twentieth of a second ; the sec
get tick_ 

p roc near
ond takes only a fortieth of a second (not unheard of 
in these clays of90- and 100-MHz Pentiums). pus h cs 

If you simply test the candidate algorithms by mov bx . offset retspot 
running an iteration of each and timing the dura push bx 

push dx ; Pus h VTDtion, a DOS clock-based timer will report that they pus h ax : Push VTD 
both take the same amount of time. The problem is mov ax, l OO h : Func t i on 
one of resolution; a clock that ticks only 18 times a retf : Make the 

retspot :second can ' t "see" any events shorter than that. 

segment 
of fset 
co de 
fa r ca ll 

mov dword ptr _tarray , eax 
mov dword ptr _tarray+4 . edx 
ret 

gett i ck_ endp 
Brief Tangent 
Before we discuss fixing this problem, stop for a mo
ment for a warning. The c 1 oc k ( l function in many 
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listing for assembly language routines that could easily be mod
ified for calling from high-level language programs. 

Sheppard 's approach involved reprogramming the PC' s timer 
0, which turns out to be the timer that generates the 55-ms clock 
ticks. It also turns out that timer 0 is really ticking away with 
840-nanosecond pulses; the BIOS programs it to count 65,536 
pulses before generating the interrupt. In a nutshell, Sheppard's 
routine reads the count in the timer, which-with some math
you can use to determine the number of 840-ns ticks since the last 
timer intemipt. This gives you better-than-microsecond accuracy. 
If you want to check out Sheppard's listing, you can dig up your 
back issues of BYTE or download the file JANS?. ARC from the 
listings/frombyte87 area on BIX. 

Virtual Timers 
Unfortunately, using a hardware timer isn' t always an available op
tion . Within operating systems (e.g., Windows, which virtualizes 
hardware), directly accessing hardware can yield bizarre results. 
We tried Sheppard's high-resolution timer code from within a 
Windows program: Sometimes it worked, and sometimes it didn't. 

Fortunately Windows has a kind of back door into a timer 
that is as good as Sheppard's. Specifically, Window' s VTD (vir
tual timer device) provides access to a timer with a resolution 
of-guess what-840 ns. You can get to it using two assembly 
language routines lashed to your main code. 

One routine calls INT 2Fh, which is a kind of clearinghouse in
terrupt that returns the API entry point for all the device drivers 
Windows knows of. You just plug a virtual device ID into the BX 
register (the ID of the VTD is 05) and call the interrupt; ES:DI re
turns holding the entry-point address in segment:offset form (or 
all zeros if the V xD has no entry point). 

The other routine actually calls the YID. Plug a 1 OOh in the AX 
register (this is the function code) and then call the entry point that 
the first routine returned. The VTD will return the number of 
840-ns ticks because Windows was started in EDX:EAX. The list
ing on page 215 shows both routines. 

Time on the Mac 
Suppose you' re a Mac developer, and you want to do some high
resolution timing. There are no hardware timers to reprogram 
here. You first might try to use the timer global variable residing 
at 016Ah (referred to as LMGetTi cks in the standard header files 
for the Mac) . This location is updated 60 times a second and 
holds the number of ticks since the Mac was started. It is at least 
better than the DOS clock. 

But the revised time manager-provided with the Mac OS 
6.0.3 and higher-can provide timing with accuracy to 20 mi
croseconds. (The Mac OS 7.0 has the extended time manager, 
which does everything the revised time manager can and more.) 

The time manager' s real job is to schedule tasks to run at pre
determined future times . This lets you set up tasks that run at 
regular intervals, an important feature for multimedia and real-time 
activities that need routines run at precise intervals. 

What we want, however, is the ability to measure durations of 
time. With the above description of the time manager, it seems that 
t11e logical approach to this is to create a routine that wakes up 
every millisecond or so and updates a global variable; sort of a 
high-resolution form of LMGetTi cks. 

But Apple has built into the time manager a way to measure 
without submitting a task for the manager to run. Sounds weird, 
but it's true. The time manager keeps a list of all the tasks sched
uled to run on a queue, a linked list of data structures. Each queue 
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member contains a pointer to the task that you want awakened in 
the future, as we!J as the delay (i.e. , how far into the future the man
ager must go before waking up the task). You can specify the 
delay in milliseconds (for a long delay and not much accuracy) or 
microseconds (for the reverse). The time manager knows whether 
you want milliseconds or microseconds by examining the sign of 
the delay field: A negative value indicates microseconds , and 
positive indicates milliseconds. You put an item onto the queue us
ing the I nsT i me routine (after building the appropriate data struc
ture, of course) and "arm" it with a caJl to Prime Ti me. This latter 
function is the one that tells the time manager when to run the task. 
You remove an item from the queue with a call to Rmv Ti me. 

If you place an item on the queue that has a NIL value in the 
task pointer field , the time manager never starts the task (which 
makes sense, because you've basically told the time manager 
that there is no task to start). But if you issue a Prime Ti me call on 
such a queue element, the time manager keeps track of how much 
time is left were the hypothetical task started (it places this duration 
in a field of the queue element called tmCo unt). You then call 
RmvTi me and examine tmC oun t to determine the time left, from 
which you can compute the time that has elapsed since the call to 
PrimeTime. The rest is obvious: Bracket the code you want to 
time between a call to Prime Ti me and RmvTi me, and you have a 
software stopwatch (see the listing below). 

Watch the Watch 
Getting at high-resolution timers doesn't have to be a program
ming nightmare. Of course, you 've got to do some exploring. 
We had to dig through Inside Macintosh and various Microsoft de
veloper CDs-not a carefree jaunt. But it paid off. Now we've got 
stopwatches accurate into the microseconds. 

Whump away.• 

Rick Grehan is the technical director of the BYTE Lab. He has a 
B.S. in physics and applied mathematics and an M.S. in mathemat
ics/computer science. He can be reached on the Internet or BIX at 
rick-g@bix.com. 

Using the time manager on the Mac as a software 
stopwatch. This code can time events up to JO minutes. 
Note the calculation of oh ea d . which factors out the 
overhead of the time manager routine calls. 

st ru ct TMTask myTMT; 
long delay , ohead. rslt; 

I* Clea r TMTa sk str uct */ 

memse t((void *l&myTMT,0,sizeof ( TMTask); 

delay- 100* 1000* 1000: /* 10 minu te de lay */ 


/* Put ta sk on qu eue */
InsTime((QElemPtrl& myTMT): 

I* Ca l culate overhead */
PrimeTime((QElemPtr )& myTMT,-delay ) ; 
RmvTime((QElemPtrl&myTMT): 
ohead=delay+myTMTask.tmCount: 

/* Time somet hing */
In s Time((QE l emPt r )&myTMTl : 
Pri me Time((QElemP tr)&myTMT.-delay ) ; 
. .insert s tuff to be timed here ... 
RmvTime( (QE lemPtr l&myTMTl : 

/* rslt has duration in mi cr os ecs */ 
rs lt=de la y+myTMT.tmC ount - ohead; 

mailto:rick-g@bix.com
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Create More IP Addresses 

The transition to a new IP address 

format doesn't have to be painful 

TIM WINSTON 

T he explosive growLh in demand fo r IP addresses 
has led to the development of a new lP address 
fo rm at call ed lPng (IP nex t ge ne ration ). 

Eventuall y, aIJ internetworking equipment will run the 
new format because of its expanded address ing capabili
ty and also because of other new fea tures incorporated 
into lPng th at simplify packet routing and handling. 

The challenge for a corporate network manager is how 
and when to make the transition from their current IP (IP 
version 4) network to one based on IPng. Fortunately. 
there are several ways to make the migration. 

Companies have the option of upgrading routers lo 
start, or they can mix IP host and router upgrades. All 
the whil e, they have to ma inta in compatibility with 
ex isting IP internetworks that may have different migra
tion strategies. 

Why Change? 
TCP/IP' s growth has prompted the need for a new version 
of IP address ing. The Internet, the largest IP internet
work, is comprised of over 40,000 networks. This number 
has been doubling about every 12 months. 

The most apparent threat is depletion of the 23~ available 
IP 4 addresses that represent over 4 billion nodes. Al
though it seems l.ike that's enough addresses to go around, 
there's a potenti al shortage because of the way addresses 
are assigned. 

IP addresses are allocated in chunks per network, not by 
the individual device. The minimum all ocation is 256 ad
dresses . Yet, a network backbone may use only two of 
these (one fo r a router and one for a host computer). This 

IPng Handles Mixed Addressing 
IP 4/IP 6 host IP 4 host 

A.II 
~ ~ 
~ ~ 

I I

' 

hierarchical assignment is necessary for routing, but it 
reduces the prac tical number of available addresses. 

A more pressing problem is that routers, especiaIJy 
those on the Internet, are ra pidly being overwhelmed. 
Backbone routers on the Internet must effecti vely keep 
a table of every network address . A router must use this 
table to look up the destination address of each packet it 
receives before it can fo rward the packet. Before it re
ceives the next packet, the router must complete the entire 
process (address lookup and forwarding). 

While new protocols for sharing route in formation and 
new hardware are in continual development, the growth of 
in ternetworks may outpace such developments. Thus, the 
potenti al shortage of IP add resses and the burden on 
routers require that a new version of IP be deployed with
in three to seven years. 

The IETF (Internet Engineering Task Force) and the 
Internet commun ity began looking at proposals for the 
lPng in early 1992. As the debate progressed, proposa l 
merged and evolved until the IPng area directors made a 
recommendation in September 1994. The result is that 
IPng (technically, IP version 6) has several key features 
that distingui sh it from IP 4: 

•IP 6 offers greatly expanded routing and addressing ca
pabilities. IP 6 addresses are 128 bits, compared to 32
bi t IP 4 addresses. WhiJe thi s obviously provides astro
nomically more addresses, it mainly supports more levels 
of addressing hierarchy to simpli fy routing. 
•IP 6 has simpler packet headers. IP 4 headers include op
tions that are not necessary for routing, but routers must 
process them. IP 6 has a fi xed-size header containing only 
in formation needed to route the packet. Options that only 
the fi nal recipient needs are put in subheaders and don' t 
have to be processed for the router to send the packet to the 
appropriate output port. 
• lP 6 lets you label packets for special handling, such as 
"real-time" service. 

IP4 host 

~II 1! i
~ 
IP 4/IP 6 router IP 4 nmter IP 4/IP 6 router IP 4/IP 6 router 

~., 

.• 
The flexibility designed into IPng ensures compatibility even when there's a mix of current and new IP addressing fonnats. Here are just two examples of'• '• •' 

the types of mixed environments that can be supported. 
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Other protocols, most notably OSI (Open Systems Intercon
nection), have solved some of these problems that face TCP/IP. But 
none had an adequate transition plan. For example, an OSI router 
can' t support a computer running only TCP/IP. Before the transi
tion to an OSI network is complete, all devices must be upgraded. 

The IETF avoided this problem by ensuring a smooth transition 
from TP 4 to IP 6. The IETF's primary goal for its transition plan, 
called SIT (Si mple internet Transition), is that it be easy. If it is 
difficult, people won' t do it , and IP 6 will fail. 

One key element in meeting this goal is that incremental de
ployment is possible in a transition to TP 6 networks. Any router, 
computer, or other device can be upgraded without requiring 
anything else to be upgraded simultaneously (see the figure "IPng 
Handles Mixed Addressing" on page 217). This means that 1P 6 
support can be added in the regular maintenance cycle of each 
device. 

Furthem10re, devices do not need to be upgraded in any specific 
order. Routers can be upgraded at any time, regardless of the 
state of other routers or hosts (computers and other end nodes). The 
exception is that hosts need an upgraded DNS (Domain Name Sys
tem) to resolve names fo r IP 6 dev ices. Existing IP addresses 
that are compatible with the new addressing structure also make 
the transition eas ier. IP 4 addresses map to IP 6 addresses. 

If you ' ve been al.located fP addresses, you can use them ac
cording to your plans whi le upgrading your routers and hosts to IP 
6 software. By the Lime you run out of your allocation and can' t get 
another IP 4 allocation, the software transition hould be com
plete. Until then, you won ' t need an address deployment plan. 

While IP 6 supports IP 4, it does not extend it. As IP 4 deple
tion nears, hosts wi ll begin using addresses outside of the IP 4 
"network." Any device that does not have its software upgraded 
(e.g., a device that is IP 4 only) will not be able to interoperate with 
these "TP 6-only" devices. 

When dev ices are upgraded. the 1P 4 "network" is divided 
into two pa11s, IP 4---0nly (all TCP/IP hosts), and fP 6/IP 4 (hosts 
that do both). The IP 4---0nly addresses are represented by their 32
bit address padded out to 128 bits with zeros. For example, 
0:0:0:0:0:0: 192. 128.3.24 (numbers followed by colons represent 
16 bits, 8 bit if followed by periods. And IP 6 addresses are 
represented by eight 16-bit numbers separated by colons). When 
an 1P 6/lP 4 node sees thi s type of address, it knows it must use 
IP 4 to communicate. 

Addresses for nodes that handle both IP versions look the 
same with one exception- the 16 bits preceding the IP 4 ad
dress. For example, the address would look something li ke 
O:O:O:O:O:FFFF: 192.128.3.24. This identifies the node to other 
IP 6 devices as an IP 6--capable node, but it also has a unique 1P 
4 address to interoperate with lP 4-only devices. 

As the transition progresses, enough devices will be upgraded 
to IP 6 that it will become practical to assign addresses outside of 
the IP 4 "network." The addresses that use the higher order bits 
will not be inherently interoperable with IP 4-only nodes. How
ever, any IP 6/lP 4 node will interoperate, even if it is assigned an 
lP 4-compatible address. 

There has been di scussion of a mechanism to map IP 6 ad
dresses onto the IP 4 network. This would let a local network 
stay IP 4 only, yet interoperate wi th remote IP 6-only devices. 

Implementation Strategies 
Taking this level of compatibility designed into IP 6 and applying 
it to internetworking equipment i - straightforward. For most com
panies, routers will almost certainly be the first devices to gain IP 
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6 capability. Routers use addresses, not names, so they are not de
pendent on any other TP 6 support. All existing router protocols 
work with IP 6, so conunon router-to-router links will probably be 
the first LP 6 networks (tunneling IP 4 across IP 6 networks). 

Because computers and other end nodes need to resolve the 
mapping of names to IP 6 addresses to establi sh an IP 6 connec
tion, DNSes need to be upgraded to support an additional record 
type. Thus, new records need to be added for each device as it be
comes IP 6-capable. 

One of the new features of LP 6 is support for auto-configura
tion (plug and play) and mobile devices. This will necess itate 
changes to make DNS dynamic so that roaming devices can up
date their location on the network based on their name. Authen
tication is a key part of mobile support. It allows a specific device 
to be posi ti vely identified before updating its network location. 

Network management software will also need to support the 
(as-yet-undefined) MIB (Management Information Base) for IP 
6. Support for monitoring authentication, auto-configured de
vices, and mobile devices will a lso have to be added. 

Servers should have simultaneous support for IP 6 and IP 4. 
They will be used by devices with different transition schedules 
and priorities. Thus, they should be as accessible as possible, 
both locally and remotely (remember, a remote device may not be 
upgraded on the same schedule). Upgrading servers also can 
move heavy server-lo-server traffic to IP 6, helping the routers and 
improving perfo rmance. 

Desktops and other end nodes vary greatly in their use and 
priority of upgrade (and the avai labllity of upgrades). General-pur
pose computers, such as PCs and workstations, will probably 
have dual-protocol support available about the same time as 
servers. IP 6/IP 4 capability is important to give them access to re
mote hosts and stay independent of each host's upgrade schedule. 

As printers and terminals wear out, their replacements will 
probably support IP 6, but as long as the computers that use them 
are dual protocol , these devices may never have to be upgraded. 

Rules to Live By 
When faced with a transition from IP 4 to IP 6, the main thing to 
remember is don' t panic. JP 4 will exist for a long time. The 
move to IP 6 will prolong the viability of IP 4 networks by free
ing up addresses and increasing the efficiency of routers. 

For the most part, network software upgrades will "automati
cally" add IP 6 capability as vendors add IP 6 support to their 
products to stay competitive. This will be part of the normal up
grade and maintenance procedures. And existing address as
signments will work automatically . 

Upgrades should be available before 1P 4 addresses are de
pleted. By the time you need to deploy new addresses, auto-con
figuration, which is planned as part of IP 6, should be defined and 
available. Auto-configuration assigns addresses to devices as 
needed. It should also permit centralized address management. 

As devices are upgraded to IP 6, simply add a new record to the 
DNS so that other upgraded devices will be able to use an IP 6 
connection to reach them. Taking these steps and the backward 
compatibility of IP 6 into account, should allow a smooth tran
sition from IP 4 to IP 6. • 

Tim Winston has worked extensively in the design oflarge corporate 
networks. He is a development group manager at WRQ, a PC 
connectivity company with headquarters in Seal/le, Washington. He 
can be reached on the lmernet at timw @wrq.com or on B!X c/o 
"editors." 
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PROCOMMPLU 

Integrating 
fax with data 

opens up a 
wholenew world in 

communications software. 
PROCOMM PLUS for Windows 2.1 is here with 
new features which are above and beyond all 
other communications software programs. 

connections and an easy-to-use ITP file transfer and file 
management utility. With the fully-customizable Action Bar, 

you can easily activate frequently used features with 
immediately understandable icons. You'll find our 
new Dialing Directory smart enough to serve as a 
single phone source to organize voice, fax and data 
calls. Enhanced ASPECT lf!ll!WJ!l!ll!INIW 

scripts automate on-line sessions 
with services like CompuServe and 
MCI Mai l. Our GlF viewer displays 
graphics as you download them. 
And in the intuitive PROCOM I 
PLUS tradition, everything is 
extremely powerful and easy to use. 

Pirst up, you have access to complete fax capabilities includ Call us at 1.800.315.3282 
ing a fax viewer, scheduling, broadcast send, and the ability to upgrade for just S69. 
to receive faxes in the background; all from right within To start fresh, visit your computer 
PROCOMM PLUS for Windows. retailer. PROCOMM PLUS for 
Plus, you can access your local area net or the vast global Windows 2.1 ...a whole world 
village via the Internet with our TCP/IP support for Telnet is waiting. 

DAT AST 0 RM • P.O. Box 147 1 • Columbia, MO 65205 • 31 4, 443.3282 
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.JERRY POURNELLE 

Orchids and Onions: Part I 

I t's time for the annual Chaos Manor User's Choice 
Awards and the annual Orchid and Onion Parade. I do these now 
because, unlike the rest of the publishing world that believes a 
year ends in early November when the January issue goes to 
bed, I insist that a year isn't over until the end of December. 
Many products don't come out until the November Comdex, and 
while I could frantically try to review those, I'd never be able 
to use them before my deadline for the January issue. 

Ground rules: these are my awards. I consult with the other 
BYTE editors, but I decide. A User's Choice Award means: 
I've done enough with the product to become familiar with it. 
I've probably used the product. I certainly like it, and I rec
ommend it as good enough. Nowadays, I seldom pretend to Jerry presents his 
know what is the " best" in any category. There's just too much out there. list of last year's 

When I say I use something, I generally mean it. Despite the many piles of 
best and worst 

software, Chaos Manor is a small business. I do The mail program has a miserable user inter computer
research, build and test mathematical models of face and sometimes doesn't properly access the 
dynamic processes, write programs, write and Internet; but the WWW (World Wide Web) products 
market science fact and fiction, buy and sell sto browser is pretty cool, anonymous file transfer 
ries for my anthologies, hire consultants, keep works well, the news browser isn't bad, and 
books, pay my bills, and do my taxes. I'm al they all work smoothly in the background. 
ways looking for ways to use computers to make Moreover, OS/2 Warp is stable. Once it' s set 
my life easier, and that's generally what deter up properly, it' s extremely easy to use. You can 
mines a User's Choice Award. nest folders and program groups, set which ones 

open on start-up and which don't, and, in gen
The User's Choice Award for Operating Systems eral , set up buttons to do routine stuff for you. 
goes to OS/2 Warp, but a warning goes with it. Once all this is done, OS/2 Warp will work re

OS/2 Warp works just fine for people like liably and efficiently. 
my wife. Roberta uses Desqview and DOS pro The catch is setting it up . 
grams at present. She really needs Windows, That doesn't have to be difficult. Some peo
but she doesn' t much relish learning it. The only ple will have no trouble at all, particularly those 
multitasking she does is running communica who have a CD-ROM drive that OS/2 recog
tions in the background while she uses a word nizes; but even the floppy drive version can be 
processor. OS/2 Warp would let her run a few installed easily, albeit tediously, if you have the 
Windows applications without knowing much right equipment, even if you don't know much 
about Windows and would be easier to learn about what you're doing. The lucky ones may 
than Windows. It's also greatly superior to both then find it simple to access the Internet and 
Desqview and Windows for task switching join those crowds of smiling people seen in the 
among DOS programs. OS/2 Warp ads as they go network surfing and 

Jt would give her good access to the Internet. have a great time of it. 
OS/2 Warp comes with pretty good access tools. Others won ' t be so lucky. Some will have 
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Unleash your 
equipment incompatibilities. Others-well , DAT fill s that bill nicely.Pentium/Alpha! l don ' t know, they just may not hold their OS/2 Warp doesn' t. Once Warp is tuned 

Microway's NDP Fortran & CIC++ are the 
only 32-bit compilers which take full ad
vantage of the Pentium and Alpha's dual 
numerics w1its. They run on DOS, UNIX, 
OS/2, NT !Uld OS/F. To get RISC numeric 
perfonnance from a Pentium or Alpha you 
need to schedule your code and use Su
perscalar optimizations. In his Jan. '95 Dr. 
Dobbs article, S. Fried describes how to get 
35 megaflops from a Pentium using NDP 
Fortran. The Alpha version ofNDP Fortran 
hits 88 megaflops ru1ming on OS/F or NT 
systems or on DOS using Microway's new 
ISA add in card. Put our compilers or Pen
timn, i860 and Alpha systems to work for 
you today. Call for while papers on Pcn
limn, i860, or Alpha Code Generation, 
OS/2 or our Pentium FDIV fix, now! 

i860/Pentium/Alpha 
Supercomputers 

BX Series Pcntlum/Alpha/1860 Workstations· 
Microway's workstations and industrial PC's come 
configured with DOS, OS/2, UNLX, From .... $2195 

G igacu be ®rhrcc to s ix Quad Putcrs - Up to 24 
iR60's for $50K! Computational Server rnns NFS. 

Number Snmsher~860 Up to 80 megaflops, 
docs I 024 FIT in just .9 ms, From .. ........ ..... $2995 

QuadPuter~860 Four40 MHz i860's plus shared 
memory equals 320 mcganops ... .. ...... ....... . $11995 

ArmyPRO/XP™• 100/200 megaflops, 400 MB/Sec 
memory, 80 and 33 MD/Sec DSP Interfaces ... . $8995 
NumberSmashcr~Alpha 100+ mcgaflops-this 
ISA Supcrscalnr add in card runs on DOS or UNIX. 
It usesT8 links fo r parallel process ing. From $5995 

NDP Compilers 
Microway's fam ily of 32-bit compilers run on 
DOS, OS/2, NT, UNIX, and OS/F generating 
code fo r the Intel 386, 486, Pentium, i860 and 
DEC Alpha 
NDP Fortrnn"' is a full F77 with complete 
VMS, F66, DOD, ru1d MS ex1ensions. 
NDP CIC++™ nms in K&R, ANSI and C++ 
modes and generates the highest quality 
numeric code of any 32-bit C compiler. 
NDP Pasrnl™ is a full ISO Level 0 translator. 
DOS releases includes VCPI, DPMI, NDPLink, 
VM , NDPLib and OREX-Microwny's bit mapped 
graphics library. 111c 486/Pcntium version adds 
486/Pentium code (:Cncration, Clearview, the 
MOX vector grnpl11 cs library, and DPMI DOS 
Box support for demand paging and OREX. 

386 Version 4.41.. .............. ... .... ..... .. ........ $695 
Pentium/486 V~rsion 4.5 ........ ... ..... .. ..... .. $995 

OS/2 releases use IBM Tools, take advantage 
of the IBM WorkFramc and include MOX 

386.. ....... ................ ... ... ........ ......... ..... .. ..... $595 
486/Pcntium ............. ........ ...... ... ..... .......... .5895 

Alpha DP compilers start at... ..... ...... ....... .. $795 
Call for UNIX, OS/F and T pricing. 
NDP For1r.m 90 extensions to NDP Fortran .. . $295 

M1croway® 

Research Pork, Kingston, MA 02364 USA 
(508} 746-7341 FAX (508) 746-4678 

Coll for Germany. Indio, Indonesia, Israel. 
Japan, Poland, Russia andU.K. 
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mouths right. For whatever reason, insta l
lation will be sheer hell. Favorite oftware 
packages won' t work . The system will 
crash my. te ri ously. Perhaps Windows 
won' t work, even though it 's your own 
Windows. Unlike OS/2 2. 11 , Warp doesn' t 
come wi th Windows. You' ll need to have 
your own , and, if you' re smart, you' ll have 
it working properly under DOS before at
tempting Warp. Windows generally works 
fin e within Warp- but then everything 
else generally works just fine, too. 

Alas , in a sizable minority of cases , 
enough goes wrong that unsophisticated 
users will simply give up on OS/2 Warp. 
For the rest, those for whom things go eas
ily or who can find knowledgeable peo
pie to help them et up OS/2 Warp, the re-
suit can be very much worthwhile. Warp is 
fast. If you normally use your machine for 
the same thing day after day, you ' ll 
probably be better off with OS/2 ~ 

up and running properl y, it's stabl e and 
reliable, but my experiences using it as an 
experimental system haven' t been very 
pleasant. For one thing, you sure don ' t 
want to reboot often if you' re using OS/2 
Warp (or OS/2 2. 11 for that matter). It 
take longer to reboot Warp on a Pentium 
system than it does to bring up DOS and 
Windows on my 486- and if you install as 
much bad software as I do , you ' ll find 
yourself rebooting often. 

Of course, most of you don ' t have lo 
install a lot of bad software, if only be
cause you have me to do that for you ; and 
I do use the Warp machine (an IBM Val
uePoint Pentium system) as my primary 
communications system. It does my MCI 
mail. BIX, GEnie, and my increasingly 
complicated Inte rnet transactions. Most 
DOS games pl ay just fine under Warp ; 

and Warp has a dual-boot feature *_fl J::> that makes it very easy to boot 
Warp once you get it up and ,~-~~ up DOS for those games 

running. ~~~~ _JD,_ :) t~<~rld~v~r~i~~1~tl~atr~t ~~: 
Another group who will appre- fl ::J entire system. 
ciate OS/2 Warp is experi- L..:i\ OS/2 Warp isn't a per-
mentali sts, people who like lo '-....._~~ feet producl, but for many of 
play around with their computers ~\ us, it 's more than good enough; 
to see what will happen. If you ' re IJ-FFFf:/:.J and with those warnings, it gets 
looking for tricks and shortcuts, {f.. f'l=~t:~ my User's Choice Award for Op-
and you have time for mess ing - 3lf"" 
about with your syste m, OS/2 
Warp ma y be idea l. It 's far more cus
tomizable Lhan Windows, and it prints a 
lot faster. too. even from Windows pro
grams. When l have to print a 600-page 
novel , l always use the network to transfer 
the fil e to the OS/2 system before letting 
Word 6.0c fo r Windows have at it. 

You ' ll notice that I sa id l transfer the 
file to the OS/2 machine, meaning I don' t 
use that machine for writing, which is tnre. 
My pri.mary machine remains Big Cheetah, 
which is a 486DX2/33 running DOS 5.3, 
BOOTCON 2.11 , QEMM 7 .5, Windows 
for Workgroups, and a DAT (digital au
diotape) bac kup syste m running under 
Palindrome's Nelwork Archivist backup 
software. This is partly due to inertia ; but 
it 's also an extraordinarily stable and reli
able system. 

More to the point , it 's very fo rgiving. 
That' s important, because I am forever in
stalling and removing oftware on this ma
chine. I have to-the only way I can use 
something is to have it on the machine I do 
mo t of my work on. Alas, some of the 
software I try doesn' t work very well , and 
it 's important that I be able to remove it 
easily and, in case of a crash, recover 
quickly . Big Cheetah with the Palindrome 

erating Systems. 

I've discussed BOOTCON in several previous 
columns. It' s a program that lets you re
configure your DOS system each time you 
boot up. You can have special configura
tions for games. Some games in ist you 
have a memory manager like QEMM or 
EMM386.SYS ; others, like Wing Com
mander 3, are happier if you have no mem
ory manager at all , other than their own. 
Some games want one sound-card config
uration , and some want anothe r. With 
BOOTCON, you can experiment with new 
programs without fear of mucking things 
up beyond repair. 

BOOTCON works just fine with OS/2's 
dual-boot feature . That is, when you boot 
up DOS, you'll see BOOTCON; when you 
boot up OS/2, the system will never know 
it 's th ere . They've recentl y improved 
BOOTCON yet again . and it 's one of the 
first things I install when I get a new DOS 
system. I can' t live without it , and if you 
play games or experiment with DOS con
figu rations, you can' t either. BOOTCON 
gets a User's Choice Award for Utilities. 

The most powerful machine at Chaos Manor 
is Pentafluge, a Pentium system that 's built 
from a PC Power & Cooling tower case, a 
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Turbo-Cool 300 tower-model power sup
ply , and a Pe ntacoo l fan ; a Micronics 
Compute rs M5Pi motherboard ; an ATI 
Technologie Graphics Pro Turbo Mach 
64 graphics card ; a Distributed Process
ing Technology SmanCache Ill SCSI Host 
Adapter; and a Dig ital Equipme nt DEC 
3 107 1.05-GB digital hard dri ve (see my 
Septembe r 1994 column). 

We had some software problems get
ting it set up, and you may recall the one 
hardware problem when I got peanut shells 
in the keyboard, resulting in my thinking 
there was a motherboard failure when there 
wasn' t. Otherwise, it has run qui etl y and 
effi ciently. Even in midsummer the Pen
tium chip was plenty cool, mostly because 
PC Power & Cooling gave a lot of thought 
to the airflow in the box. 

O ver the years, I have had a number of 
machines with po wer upplies from PC 
Power & Cooling, and I have not been un
happy at a ll . It' about time the company 
got some well-deserved recogniti on: PC 
Power & Cooling wins the User's Choice 
Award fo r Power SuppLies. 

Microsoft has made significant improvements 
to DOS, particularl y to the EMM386.SYS 
memory manage r. which has an excellent 
memory test and does a good job of getting 
around the I-MB DOS memory problem. 
However, as qui c kly as Mic rosoft im
pro ved it , Qu art e rd eck moved fa s ter. 
QEMM 7.5 is more e ffi cient and easier to 
use than the memory manager you get with 
DOS . You also get Manifest, a program 
that te ll s you quite a lot about how your 
memory is being u ed, and a den e ly writ
te n manu al that may not be ea y to read 
but is well worth studying. The manual is 
as good a tex t on me mory and memory 
management as you' ll fi nd anywhere. 

l' ve used Quarterdeck products about 
as long as the company has exi sted, and 
while I sometimes complain about one fea
ture or another, I'd be lost without QEMM. 
Q EMM 7.5 gets the User's Choice Award 
for Memory Management Utilities. 

Quarterdeck also has a liule Windows 
she ll program that I like a lo t. It 's a Pro
gram Manager re placement called Side
Bar. While it takes a little getting used to, 
it 's worth the effort to learn it. It 's also 
very OS/2-like . Side Bar wa my favorite 
Windo ws utility of the year. and gets a 
User's Choice Award in that category. 

There are two ways to set up OS/2 Warp. 
One is with HPFS ( High Performance File 
Sys tem); the other is with plain o ld FAT 
(fil e a llocati on table) of the kind used by 
DOS . I think some small part o f your sys
tem has to be FAT. so you can use DOS 
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and Windows. The rest can be HPFS if 
you Like . In my case, I chose to stay with 
all FAT, because it makes it easy to get 
back to DOS and Windows. Warp has a 
dual-boot command that will do just that. 

There arc advantages to HPFS, paiticu
larly when it comes to installing and man
aging a netwo rk. On the other hand , you 
cannot easily transfer liles from the HPFS 
pa1tition to the FAT partition. Also, if you 
have a mostly DOS and Windows network 
(as I do), comm unicati o ns become ex
tremely difficult ; this was another rea on I ~ other functions. Routines 

swtaayy e.d with FAT all the c~ ,.1 i(, r. \\ written in assembly Ian'!\ )\ guage give you a capa1 

secret of my belief-call it a prejudice if 
you like-that compiled Microsoft Pro
fe sional Basic and Visual Basic are the 
fas test and most reliable ways to get com
plex DOS and Windows applications up 
and running. Once you have them running, 
you may or may not want to look into ways 
to optimize performance. 

Crescent Software's programming tools 
come in two main varieties. Tested, reliable 
routines writte n in BASIC let you add 

menu , mouse support , and 

Thl·s morn1·11g I ex 
it ed OS/2 Warp to- .) 

boot up DOS. While I 
had Vali ant (the Va l
uePoint Pentium PS/60) 
in DOS , I used Go lden 
Bow Systems· Vopt to de
frag the system's disk. As you 
probabl y know, disk operating 
sys tems te nd to write fi les as they find 
space fo r them. After a while, the fil es are 
splintered into lots of pieces scattered all 
over the di sk. This is known as fragmen
talion, and it can greatly increase the time 
needed for fil e access. 

I hadn ' t actual ly expected there to be 
any need for defragging. Valiant has a 500
MB hard dri ve with fewer than 200 MB 
o f fil es. Frag me ntation generally takes 
place on full disks. Not this time, though. 
Vopt shows you a map of the di sk be fore 
it begins. I was astoni shed: about half the 
disk was empty. The other half was jam
packed with thoroughl y fragmented files. 
Anyway, in about 4 minutes, Vopt had the 
di sk neat and orderly again . 

OS/2's HPFS doe n' t need any di k de
fragmentation and there are mixed opin
ions about whether you want to use a de
fragger on OS/2 FAT di sks. I did, and it 
doesn' t seem to have done any harm; but 
you ' re probably better off using Vopt on 
DOS syste ms, with or without Windows . 
Of course , Vo pt is a DOS program . It 
won ' t work in a DOS window, because 
Windows keeps some Jiles open, and Vopt 
needs to get at them all. I use Vopt every 
week o r so when I shut a Windows ma
chine down and restart it. It takes only a 
few minutes, and sometimes it speeds up 
disk operations something wonderful. 

Go lden Bow'. Vopt isn' t a gla morous 
product. It just work.. . I' ve used it fo r about 
fi ve yea rs now. It ha a lways bee n the 
safest disk de fragger I know of, and it de
serve a User's Choice Award . 

If you program in BASIC, you need Crescent 
Software' s programming tools. I make no 

) '~ bility not found in BA
.:_ -....~~'/'/ I~~ SIC or greatly speed up 
~JI function s th a t are al

'' \.... .....:._ .' 1
/ ready in BASIC. 

- ,i~· ~ If you do program de
velopment and don ' t use 
BASIC to get things run

ning, you may want to re
think your strategy; if you do use BASIC, 
you de finit e ly need Crescent Softwa re 
tools. There are a whole bunch of them, 
and rather than choosing one, I' m giving a 
U ser 's Choice Award in Programming 
Utilities to Crescent Software's whole line. 

Zenith pretty well invented practical laptop 
computers and for a while thereafter dom
inated the fi e ld . The competition caught 
up and ran past Zenith a few years ago, 
probably as a result of overmanagement 
from Groupe Bull. Now the owners have 
wisely given engineering and development 
control back to the geniuses at St. Jo, and 
the result has been spectacul ar. 

When the USS Tripoli was deployed to 
the Persian Gulf last spring, my son Phillip 
took a Zenith Z-Noteflex color laptop. Like 
all new Zenith laptops, it came with Win
do ws and power management utilities. 

I had promised Zenith a major torture 
test of the machine. It got that. For a while, 
the temperature aboard the Tripoli was 
high enough to melt paint off interior bulk
heads. They went through typhoons. That 
machine got wet, dropped, overheated, and 
generally abused . 

Two probl e ms deve loped . Phillip 's 
model has a trackball that attaches exter
nall y to the fro nt of the mac hine. Thi s 
keeps the laptop smaller, but the detachable 
trackball is ubject to damage; the firs t one 
stopped working be fore they got to sea. 
The Zenith service department replaced it 
under warranty, no questions asked. Phillip 
re po rt s th a t th e re pl ace me nt worked 
throughout the deployment but needed fre
quent cleaning. Zenith portables come in a 
sli ghtl y large r model with the trackball 
built in, which makes for a considerably 
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more rugged machine. 
Ship's power on a helicopter carrier is 

unreliable at best. Phillip had a surge sup
pressor, but the constant power spikes fried 
it, after which a surge got the power con
verter. He was able to find anoth
er of the proper voltage-it had l
belonged to a laptop that died in rn 
the heat-and used that until a 
power surge got it. Then one of r~ 
his crew kludged up yet another 
power supply, which lasted until -/ ~ 
they were on the way home, be- , 17 
fore it too died . Note that the Z- ...._____ 

and sound, and it's jusl plain elegant. Of 
course, the only way I can use it is to pry it 
outofmy wife' s fingers; she really loves it. 
Apple ' s Mac PowerBook 540c wins a 

/. User' s Choice Award and /i a Chaos Manor Orchid as. 
well, and this isn' t the last 
you' II hear of it.--;, The main product at 

Chaos Manor is words. I got 
' my first computer (Zeke, who 

is now on display in the Smith
,..,, sonian Museum of American His-

Noteflex itself continued to work just 1_ L LL'- ~ tory) to write books with Electric 
fine through all this. '- '- L 1.. L ~f Pencil. I'm always looking for the 

Ll-e-,L1... . 
It's sti ll working. The service ..-,::r- perfect word processmg software. 

1department replaced the power <"" I I haven't found it yet, so for the 
supply under warranty, again no ques
tions asked. 

Phillip also notes that for the kind of 
use he put the machine to, it would have 
been better to have a bit thicker case, even 
at the cost of more weight; but barring a 
couple of chips and scratches, it was strong 
enough. Few machines are going to go 
through what that one did. 

Meanwhile, I've stopped carrying my 
ancient Zenith Mastersport monochrome 
computer which lasted me four years and 
went all over the world, including to the 
Mojave in midsummer. 1wouldn' t replace 
it with anything I didn ' t think equally re
liable; but after Phillip' s report, I trust the 
Z-Noteflex. The model I have is larger 
than Phillip's, and it has PCMCIA slots 
and an integral trackball. A Data Race 
RediCard RC-1496 data/fax modem takes 
up one slot. It works jusl fine. 

One quibble: Zenith seems unable to 
make little doors that will stay on. The lit-
tie cover on the PCMCIA slots keeps com
ing off, as did the cover over the serial and 
paraUel ports on my Mastersport. On the 
Mastersport, I solved the problem by dis
carding the cover; the machine never 
missed it. The PCMCIA slots cover seems 
a bit more importanl, so I have applied the 
standard remedy: duct tape. 

My Z-Noteflex has been on half a dozen 
trips by air and in my Bronco. It has not 
failed me. I could wish for a bit longer bat
tery life, but I have to say it has never run 
out of steam on a cross-country fli ght ; and 
in sleep mode (just close the lid) , I can 
leave it for over a week before it quits . 

This isn' t the first User' s Choice Award 
for Zenith laptops, and I doubt it will be the 
last. Zenith makes good PC/Windows 
portables. 

Having said that, the best portable we have is 
Roberta ' s Mac PowerBook 540c, which is 
as powerful as the Quadra. It has great color 

moment I use two different systems for 
writing. For first drafts of shorter works, I 
use Symantec' s Q&A Write for DOS with 
Quinton Systems' Definitions/Plus, Soft
Key lnternational ' s American Heritage 
Dictionary, and Microlytics' Word Finder 
Plus thesaurus, all loaded in a DOS ses
sion under Windows. It's what I'm writing 
this with now. 

I use this for historical reasons: Q&A 
Write was the first really good text 
editor that incorporated the old 
WordStar control character system. This 
was a system in use back before 
keyboards routinely came with function 
keys. Many of us used the "WordStar 
Diamond " so often that we learned it 
down to the cellular level in our fingers . 

Anyway, Q&A Write is a character
based, very fast text editor I find hard to 
improve on for first drafts, and the com-
bi nation of the Q&A database and Q&A 
Write was one of 1he first "office suites" 
around. Q&A and Q&A Write are about 
the easiest to learn of the moderately pow
erful database and text-ediling programs. I 
wrote lots of books and years of these 
co lumns with Q&A Write ; but because, 
alas, Symantec has no intention of im
proving it, I can ' t in conscience recom
mend it any longer. 

My olher editor is Microsoft Word 6.0 
for Windows, which I use for ediling and 
printing. I often use it for creative writ
ing, too. When I do thal, I like it just fine, 
which naturally leads to the question: Why 
not use it all the time? 

I' m used to Q&A Write. I don ' t often 
need a dictionary or thesaurus, but when I 
do, the combination works smooth ly and 
how I want. I also plead efficiency. Some
how it seems like wretched excess to fire 
up a multimegabyte program like Word 
6.0 to dash off a three-line letter. I can use 
Q&A Write on a DOS notebook or palm
top. Mostly, though, I have to confess it ' s 
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sheer inertia that keeps me from changing 
over. 

The important thing is that if l had to 
give up one or the other, I'd give up Q&A 
Write. Word 6.0 has features I need for 
productivity. It handles footnotes and end 
notes. It compares different versions of a 
document. It doe a lot of fancy format
ting, a llowing me considerable contro l 
over layouts. It does faxes, which I can 
send through WinFax directly from Word. 
I use Word a lot, and when I do first drafts 
with it, l like the fact that it changes reh to 
the (and a whole slew of other trivial error 
corrections) on the fly. 

I had some problems with version 6.0 
when it first came out. Actually 1 had a lot 
of problems. There were times when I was 
ready to tear out my hair. Now. though, 
version 6.0c is quite stable and reliable. 

Moreover. Word integrates nicely with 
Excel and Access. Microsoft has done a 
nice job of interface design , and the 
Word/Access combination is as easy to 
use as the old Q&A/Q&A Write combi
nation, only more powerful. I don ' t use 
Excel a lot, once again clue to sheer inertia. 
I got used to SuperCalc when it fir t came 
out, and when l need a databa e. I ve man

aged with Q&A, even though it's on ly a 
flat-file manager. Next year, however, I 
intend to reorganize, and Microsoft Of
fice looks like the right way to go. 

The User 's Choice Award for Word 
Processor of the Year goes to Microsoft 
Word 6.0 for Windows. 

Not to crow too loud, but I was about the 
first writer to recognize the val ue of CD
ROMs. Of course, the rea l credit should 
go to Bill Gates, who not only recognized 
their importance, but did something about 
it by hosting the first big CD-ROM con
ference. 

CD-ROMs led to multimedia, and there 
are a lot of multimedia applications now. 
Many are games, but there are also lots of 
multimedia data disks , educational pro
grams, maps, and so forth. There was a 
time when you cou ld make do with a sys
tem with no CD-ROM and sound capa
bilities, but that time has passed . 

Most new ystems come with CD-ROM 
and sound capabiLities, but a lot of older 
one , some quite powerful , don ' t have 
them. As an example, Valiant had neither. 
Valiant is primarily an OS/2 machine and 
for much of thi s year ran OS/2 2.1 . A few 

weeks ago I converted him to OS/2 Warp. 
It was simple enough. Valiant already 

ran OS/2 LAN Server through an Eag le 
NE2000 Ethernet card, so I used the net
work to save everything onto a Maxoptix 
T3- l 300 1.3-GB read/write optical disk 
dri ve, which is built into Pentafluge. It has 
always worked fl awlessly, so much so that 
sav ing to the T 3- I 300 before trying any
thing radical has become standard proce
dure. The Maxoptix drive hangs off the 
SmartCache llI SCSI Ho t Adapter. It 
works swiftly and flawlessly, and we don ' t 
have to think ahout it. It certainly deserves 
a User's Choice Award for Optical Disk 
Drives. 

Once we had all the files saved, I reformat
ted Yaliant' s hard di sk and installed PC
DOS 6 and the latest version of Windows 
for Workgroups. A caution here for Val
uePoint owners. ff you have a ValuePoint 
Pentium PS/60 with AT! Technologies' 
mach32 AX graphjcs system built onto 
the motherboard, you must put the state
ment ACEPLANAR=ON into your WTN 
.1Nl file in the section called mach. If you 
don' t, you will never get out of VGA. 

Second caution: if you have a network 

Your PC goes Mac ' ' •• 
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card and W4WG, either be sure your 
Ethernet connection is working pro perly 
or bring up Windows with the /n option 
to prevent it from trying to start the net
work. In my case, I had disconnected the 
Ethernet cable from the back of the ma
chine and later restarted and did "win." 
The result was a black screen of death, 
remedied only by reattaching the network 
cable. It may be that it will eventually 
reach a time out, but if so, that's a long 
timer. 

Once I had W4WG running properly 
(including getting the machine connected 
to the network), I installed OS/2 Warp. 
Because the machine had no CD-ROM 
drive, I had to do it from floppy disks. This 
is tedious but uncomplicated, with one ex
ception. lf you have a network card in the 
ystem, once you get Warp going, you 

must use System Setup and do a Selective 
Install to get the adapter card set up. To 
do that, you have to tell OS/2 Warp what 
network card you have. 

That turned out to be easier to say than 
do. An Eagle NE2000 card has absolutely 
no printing on it. lf you don ' t know what 
kind of card it is, you can ' t find out by 
looking at it. Warp doesn ' t seem to rec
ognize it automatically either. 

Fortunately, the dual-boot capability of 
OS/2 Warp makes it easy to go back to 
DOS/Windows; and W4WG has, deep 
within the Windows Setup utility, a way to 
determine what network card you have. 
Open Windows Setup and invoke Change 
Network Settings. From there, open Driv
ers. In there, open Add Adapter and in
voke Detect. The system will trundle for a 
while and tell you what network card it 
thinks it sees. W4WG will also set your 
network card for you (provided you have 
one that is software-settable; some are 
hard-wired with jumpers). 

If you're installing OS/2 Warp, you will 
want to write down those settings. You 
can ' t use W4WG under Warp-not yet 
anyway-but if you leave the network 
card in, you sti ll must have it set up right, 
or you can not run Windows under Warp. 

AnotJ1er caution about W4WG. When I 
say it will et your network card for you, 1 
mean it wil l do it whether you like it or 
not. When W4WG starts up, it looks for a 
network card set the way W4WG believes 
it to be set; if it finds a card with what it 
thinks are the "wrong" settings, it s imply 
reprograms the card-and it does not tell 
you about that. You can get some spec
tacular crashes if W4WG believes your 
card should be set to some fRQ (interrupt 
request) or memory address used by an
other program. 

Once 1 had the network card set, in

stalling Warp was a snap; but I had no net
work capabilities. other than dual-booting 
back to DOS/Windows and using the still
working W4WG to transfer files. What I 
needed was an OS/2 LAN. 

Fortunately I had one. Unfortunately, it 
was on CD-ROM . There was nothing for 
it. If I wanted to install OS/2 LAN Server, 
I'd have to put in a CD-ROM drive first. 

I decided to try lANtastic for OS/2 first. l 
had some insta.llation problems, which I 
can s um up in one sen tence. Insta lling 
LANtastic on a DOS or Windows system 
is quite easy with tlle quick installacion ; 
bu! if you try to do a quick installation as 
opposed to a custom installation on an 
OS/2 Warp ystem, you will regret it. Use 
custom and pay attention. Also, remem
ber the values your network card is set to. 

Given that, LANtastic for OS/2 works. 
It doesn't work very well. It's fast enough 
once it establishes contact with a dislant 
machine, but if it looks for and cannot find 
another machine on the network, it seems 
to take an eternity for it to recover, al
though it eventually does. 

So long as you're running LAN!as tic 
for OS/2 from the OS/2 machine, you ' ll 
have no trouble transferring files to and 
from the machine. However, that's all you 
can do. If you go to a W4WG machine 
and Lry to connect to Valiant (or whatever 
you have named the OS/2 machine), it 
won't be able to find it. You can go back to 
Valiant and send-and receive-files from 
your W4WG machines, but that 's it. If I 
wanted a full peer-to-peer network I' d 
have to inslall LANtastic in my W4WG 
machines ; othe rwi se, Valiant was a client 
but not a server. 

That was a lot better than nothing, but it 
wasn' t really conven ient. 

What I needed was a CD-ROM drive for OS/2. 
Fortunately l had one. Creative Lab re
cently ent me a Sound Blaster Multimedia 
Upgrade Kit, consisting of a double-speed 
CD-ROM drive, a Sound Blaster 16 card , 
and a pair of Labtec-powered speakers. It 
also comes wi th a lot of software, some 
of it rather old, but a lot of it excell ent. 

Installation was astonishingly easy. The 
drive mounted in Valiant's cabinet without 
a hitch. I had a problem with the cable. 
The insta llation diagram is designed for a 
different kit, I. think, because it induced 
me to connect che data cable in reverse, 
wilh the result that the CD-ROM drive 
didn't work at all (and no wonder). Once [ 
fixed that , everything went swimming ly, 
and I now have good CD-ROM and sound 
capabilitie ; in a word, Warped Valiant 
has become a multimedia system. 
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The sound picture remains confused, 
and I keep hearing about new develop
ments coming Real Soon Now. That's fine, 
but you need CD-ROM and sound capa
bilities ri ght now. The way to get them is 
with one of Creative' s excellent Sound 
Blaster kits, which work under DOS/Win
dows even better than under OS/2 Warp. 
Creati ve Labs' Sound Blaster Kits get the 
User's Choice Award for Multimedia Up
grade Kits. 

Once I had the CD-ROM drive installed, I put 
in OS/2 LAN Server. A long story goes 
with that, too, but I don't have room for it. 
The short version is, do not use the ex
press or quick installation. Use the cus
tom installation and be prepared for some 
confusing screens. The express method 
believes your network board is set to IRQ 
3, which isn' t a good setting. It offers you 
no way to tell the program where the board 
is really set. 

If you gi ve LAN Server the name of a 
W4WG workgroup- mine is JerryOne
as the domain, it ' s very easy to make the 
OS/2 computer part of a W4WG network; 
I can find Valiant from any machine in the 

network. It 's a fas t and smooth process . 
Incidentally, if you want to defeat the net
work security, give the guest account sys
tem administrator privileges. You do that 
in the network settings book. 

I am out of space, and I haven't got to the 
Orchids and Onions. For that matter, some 
of the awards still need to be passed out, so 
some of this will continue next month . 

Two games get User's Choice Awards: 
MicroProse ' s XCOM: U FO Defe nse, 
which is the best strategy game I' ve played 
in a long time, and Origin's Wing Com
mander 3. WC 3 is awesome, with lots of 
li ve-action scenes involving believable 
characters and a good story line. One warn
ing: there are some missions I just can' t 
manage. I ' m told you can complete the 
game on the winning track even though 
you lose those missions. 

Logitech gets a User' s Choice Award 
for its WingMan Extreme joystick. It's the 
best one I've come across, and I' ve used a 
lot of them. 

The book of the month is Technological 
Risk by H. W. Lewis (Norton, 1992). It 's 
about the clearest and best-written expo-

For More Information 

sition on the increasingly important subject 
of the risks involved with new technolo
gies. It's readable, too. The computer book 
of the month is by Gary Wolf and Michael 
Stein, Aether Madness (Peachpit Press, 
1994). This is a wacky guide to places to 
go and things to look at on the Internet. 
The glossary has readable explanations of 
ft p, archie, veronica, gopher, and other 
esoterica, and the main body of the book 
will tell you about odd stuff indeed. 

Next month, Orchids and Onions, a few 
more awards, and what's new at Chaos 
Manor.• 

Jen y Pournelle holds a doctorate in psy
chology and is a science fiction writer who 
also earns a comfonable living writing about 
computers present and f uture. Jerry wel
comes readers' comments and opinions. Send 
a self-addressed, stamped envelope to Jerry 
Poume/le, do BITE, One Phoenix Mill Lane, 
Peterborough, NH 03458. Please put your 
address 011 the letter as well as on the enve
lope. Due to the high volume ofletters, Jer
ry cannot guarantee a personal reply. You 
can also contact him on the lmernet or BIX 
atjerryp @bix.com. 

I can't live wi thout BOOTCON 2.11 
($49), and if you play games or 
experiment wi th DOS 
configu rations, you can 't either. 
Contact Modular Software 
Systems, Kent, WA, (800) 438
3930 or (206) 631-5781; fax 
(206) 631·5779. 
Clrcle 1146 on Inquiry Card. 

Crescent Software offers a bunch 
of programming tools. such as 
Graphics QulckScreen 1.12 
($149), QulckPak Professlonal 
4.19 ($199), and QulckPak 
Professlonal 3.22 for Windows 
($199), and I'm giving a User"s 
Choice Award in Programming 
Uti lities to the whole line. Contact 
Crescent Software, Inc., 
Ridgefield, CT, (800) 352-2742 or 
(203) 438-5300; fax (203) 431
4626. Clrcle 1147. 

So long as you' re ru nning 
LANtastlc for OS/ 2 (per node, 
$139; five-user pack, $629; 10
user pack, $1119; 25-user pack, 
$1919; 50·user pack, $3129; 
100-user pack, $4995) from an 
OS/2 machine, you"ll have no 
trouble transferring files to and 
from the mach ine. Contact 
Artlsoft, Inc., Tucson, AZ, (800) 
233-5564 or (602) 670·7100: fax 
(602) 670-7101. Circle 1148. 

The Mac PowerBook 540c (base 
price, $4299) has great color and 
sound, and it"s just plain elegant. 
Contact Apple Computer, Inc. , 
Cupertino, CA, (800) 776-2333 or 
(408) 996-1010; fax (904) 584
7481. Clrcle 1149. 

Microsoft Word 6.0 for Windows 
($339) handles footnotes and end 
notes, compares different 
versions of a document, and does 
a lot of fancy formatting and 
faxes. Contact Microsoft Corp., 
Redmond, WA, (800) 429-9400 or 
(206) 882-8080; fax (206) 883
8101. Clrcle 1150. 

OS/ 2 Warp 3 for Windows (less 
than $BO) and 05/2 Warp 3 Full 
Pack Edition (less than $130) 
aren 't perfect , but for many of us 
they're more than good enough. 
Contact IBM Corp. , Aust in, TX, 
(BOO) 342·6672 or call your local 
IBM dealer. Circle 1151. 

I'd be lost without QEMM 7.5 
($99.95), and SldeBar ($59.95) 
was my favorite Windows utility of 
the year. Contact Quarterdeck 
Office Systems , Santa Monica, 
CA, (BOO) 354-3222 or (310) 392· 
9B51: fax (310) 314-4217. 
Clrcle 1152. 

The way to get CO.ROM and sound 
capabilities right now is with a 
Sound Blaster Multlmedla 
Upgrade Kit ($340 to $599). 
Contact Creative Labs, Inc., 
Milpitas, CA, (800) 998-1000 or 
(408) 428-6600; fax (40B) 428
6611. Circle 1153. 

The 1 .3-GB, multifunction T3
1300 optical disk drive (with 4 MB 
of cache memory: internal, 
$2999; external, $3285) works 
swiftly and flawlessly, and we 
never have to think about It. 
Contact Maxoptlx Corp., San 
Jose, CA, (BOO) 848-3092 or 
(408) 954-9700; fax (40B) 954
9711. Circle 1154. 

The most powerful machine at 
Chaos Manor is Pentafluge, a 
Pentium system that includes a 
PC Power & Cooling tower case 
($279), Turbo-Cool 300 tower
model power supply ($179), and 
Pentacool fan ($29). Contact PC 
Power & Cooling, Inc. , Carlsbad, 
CA, (BOO) 722-6555 or (619) 931
5700; fax (619) 931-698B. 
Clrcle 1155. 

Vopt 4.02 ($59.95) has always 
been the safest disk defragger I 
know of. Contact Golden Bow Sys
tems, Inc., San Diego, CA, (BOO) 
2B4-3269 or (619) 298-9349; fax 
(619) 298-9950. Circle 1156. 

Wing Commander 3 ($65 to $75) 
is awesome, wi th lots of live
action scenes Involving pelievable 
characters and a good story line. 
Contact Origin Systems, Inc •. 
Austin, TX, (800) 245-4525 or 
(512) 335-5200; fax (512) 331
955B. Circle 1157. 

The WlngMan Extreme ($69.95) 
joystick is the best one I've come 
across, and I've used a lot of 
them. Contact Logltech, Inc., 
Fremont, CA, (BOO) 231-7717 or 
(510) 795·B500; fax (510) 792· 
B901. Circle 1158. 

XCOM: UFO Defense (price not 
avai lable) is the best strategy 
game I've played In a long time. 
Contact MlcroProse Software, 
Hunt Valley, MD, (BOO) 879-7529 
or (410) 771-1151; fax (410) 771
1174. Clrcle 1159. 

My Z-Noteflex (B MB of RAM, 
dual·scan screen, PCMCIA slots, 
and an integral trackball , $3379) 
has been on half a dozen trips by 
air and in my Bronco. It has never 
failed me. Contact Zenith Data 
Systems Corp., Buffalo Grove, IL, 
(BOO) 533-0331 or (70B) BOS. 
5000; fax (708) BOB-4482. 
Clrcle 1160. 
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EXPLORE the INTERN ET! 


FIV E HOUR FR EE TRIAL, . 

Dial By Modem 1-800-365-4636, Press r eturn until you get a prompt 

At Username, enter JOINDELPHI. At Password, Enter BYT495 

"frM ollrr •ip!1N 10 """' 1"'1'11>tn Ofl.lr. l1t.111 Oflt! ptt ~ .1nd ~HhCI 104' .1 r l!Ulrd llf!W' A u.hd cr«hl r.1rd n l'f'qVJttd lor m:mnh•lr «Cf·u frirr ,,,.... Molly ~Woe'd on,, 

d11r1rtt 1tw- 1t't!l&u•r ul 1hl' c• lrfld.11 mwnhol ~... lnt'lllhrr lC'ktMll H"<h.lrsr1 •ppl~ d;.onns buww-n l'lwn lt"m 106pm """'l&ld •111 lrml'k"I °' SprmcNri arid lor 
•tCl'H 1)4.IUldr tl'lt ma1nl"t1d US Nt" ~mbtf, /TluU ''' l'r 10 Tron> and Cur1d1Uon\ol rMmllf'n...,,p .. tw-n fllJ\111!1 CUll'lp!t'lr dl'tatll and fllhtl tf'Uf!ClloM /\ft' pru•Hlcd wnn~ lhc: 
lull lrff n·1t11uuon O(LJ>lll INl[RNCT I'. tr•dtrNtk ul ~lph1 ln1Unc'I Stf\l(H (UfpotllUOl'I 

Delphi Internet™ offers you full access to the 

Internet and now you can explore this 

incredi ble resource with no r isk. You get 5 

hours of evening and weekend access to try 

it out for free!" 

Use Delphi Internet's 

ma il gateway to 

exchange 1nessages 9,600
and 

with over 30 mill ion 14,400 
people at universities. bps 

companies. and other 

on line services such as CompuServe® 

and MCI Mail ». Download programs and 

files using ITP or connect in real-time to 

other networks using Telnet. You can also 

meet people on the Internet. Internet 

Relay Chat lets you "talk" wi th people all 

over the world and Usenet News is the 

world's largest bulletin board with over 

20.000 topics! 

To help you find the information 

you want, you 'll have access to powerfu l 

search utilities such as Gopher. Hytelnet and 

WAIS. If you aren't familiar with these terms. 

don't worry; Delph i Internet has hundreds of 

expert online assistants and a large collection 

or help files. books. programs. and other 

resources to help get you started. 

Over 850 local access numbers are 

available across the country. Explore Delphi 

Internet today. You' ll be amazed by what 

you discover. 

\ I I/ 

DELPH
/ 

F 
INTERNET™ Attention Current In terne t User.;: Sec wha1 Dclpln lnicrncr can offr'r your S10ck quo1es. Groller's 

Encyclopedia. ncwswlres. and hundreds of other servrres are JUS l a fl'W keystrokes away. Telne1 10 dclplu com Ques1lons?Call 1·800· 695·4005. 
and enter lhe username and password above for a rrre ma!. Send e-marl 10 INFO @delphl.com 

Circle 70 on Inquiry Card. 

http:delphl.com
http:c�lrfld.11


l~jmrmJHardware 

HEAVY ON POWER 
Weighing 8~ pounds, the base-model Powerlite 85 notebook 
offers 85-MHz MicroSparc II perfonnance, 510 MB of disk 

storage (expandable to 4.4 GB), and a TGX
accelerated 640- by 480-pixel or 1024- by 
760-pixel display. Among its other features 
are a full-size keyboard, 32 MB of memory 
(expandable to 96 MB), an internal floppy 
drive and fax modem, and Solaris 1.1.2. 
Pricing starts at $11,995. 

Comact: RD/ Computer, Carlsbad, 
CA, (800) 734-5483 or (619) 
929-0992. 

C ircle 1271 on Inquiry Card. 

MIX-AND-MATCH STORAGE 
The Mega Drive Enterprise, from 
Mega Dri ve Systems (Beverly 
Hills, CA), is an inte lligent stor
age system that has the ability to 
handle hard drives, optical stor
age, CD-ROMs, removable tapes, 
and DAT. Fiber-ready and com
patible wi th most SCSI host sys
tems, the product includes two 
independent channels that offer 
40-M Bps th roughput usi ng Fast 
and Wide SCSI-2. With a fiber
channel interface, the system's 
throughput reaches 200 MBps. 
The eight-slot system ($ 1200, un
loaded) is available in tower or 
rack-mount configurations. 
Phone: (800) 404-6342 or 
(3 10) 247-0006. 
Clrcle 1275 on Inquiry Card. 

FOUR-WAY VIDEOCONFERENCING 
With the C-Phone Mpltipoinl 
Controller ($3995), frqm Target 
Technologies (Wilmington, NC), 
you can use the C-Phone video 
PBX sys te m ($ 1995) to view 
four other people on your screen 
during a videoconferc nce call 
or d isp lay an alte rn ative video 
source in one or more of the four 
windows. Part ic ipant s can be 
connected Lo your network or call 
in from remote locations. You 
can e ither shri nk the full-screen 
display to a portion of the Win
dows desktop or enl arge one im
age to full-screen size. Audio for 
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all partic ipants is synchronous. 
Phone: (800) 666-2496 or 
(910) 395-6100. 
Circle 1274 on Inquiry Card. 

ETHERNET CARDS 
FOR THE MAC 
Dayna Communications (Salt 
Lake City, UT) offers two Day
naPort E/CS Elhernet NICs fo r 
Macs equipped wi th a commu
nications slot. The LOBase-T ver
sion, the E/CS-T, costs $I 09; the 
thin Ethernet version, the E/CS , 
costs $ I 19. Both cards are Ap
ple Driver- compatible. 
Phone: (80 1) 269-7200. 
Circle 1286 on Inquiry Card. 

UNIVERSAL MODEMS "' 
Un limited Systems (San Diego, 
CA) offers the Konexx Konnec
to r Model I I I ($ 159) and the 
Konexx Koupler Model 204 
($ 149). Both provide high-speed 
d;.ua connections to dig ital PBX 
systems and most hotel , cellular, 
and international phones. To use 

the 28 .8-Kbps Model 111 , you 
unplug the coi led handset cord 
from the te lephone base unit , 
plug in the Model 111 , and plug 
the handset cord into the Model 
111. The 24-Kbps Model 204 is 
an acoustic coupler that you plug 
into a telephone-line jack on a mo
dem and strap onto a telephone 
handset. 
Phone: (800) 275-6354 or 
(6 19) 622-1400. 
Circle 1278 on Inquiry C a rd . 

MINI-CARTRIDGE BACKUP 
A 3~-i nch tape backup device 
from Tandberg Data (Simi Val
ley, CA), the Panther Mini 1000 
(from $799) comes in both in
ternal and external models. The 
complete subsystem features a 
scsr-2 tape drive, a data car
tridge, cables, a user' s manual, 
and software for DOS/Novell/ 
Windows, OS/2, or Unix/Win
dows NT. Using a Sony wide
tape cartridge, you can increase 
the Panther Min i IOOO system's 
standard I-GB storage capacity 
to 2 GB. Its backup speeds can 
reach 18 MB per minute, and a 
read-after-write feature ensures 
data integri ty. 
Phone: (800) 826-3237 or 
(805) 579-1000. 
Circle 1276 on Inquiry Card. 

SERVING UP PRINTING 
The family of multi protocol To
ken Ring printer servers from 
DPI (Waltham, MA) work with 
NetWare and Vines networks . 
The NetPrint/50T ($595) sup
ports priming from NetWare and 
Unix TCP/IP to a parallel pri nt
er, and the NetPrint/I OOT ($795) 
can print Lo paralle l and seri al 
printers. The NelPrint/200T for 
NetWare ($ 1295) also supports 
TokenTalk and permits printing 
to one serial and three paralle l 
printers. The Vine. printer serv
ers-the NetPrint/1 04T ($ 1095), 
the NetPrin t/200T for Vines 
($ 1495), and the JetxPrint/104T 
($ 1 195)- allow users of Vines, 
Unix, and NetWare to concur

rently print Lo the same printers 
using thei r native operating sys
tems. 
Ph one: (800) 243-2333 or 
(6 17) 647- 1234. 
Circle 1289 on Inquiry Card. 

COMBINED POWER 
Desig ned for Mach OS plus 
LAN multiplexers, th e Mac h 
Terminal Server module ($2495), 
from Data Race (San Antonio, 
TX), combines the function s of 
a statistical multiplexer with an 
IP card and a LAT terminal serv
er. IL lets local and remote ter
minals access host systems on a 
single Ethernet connection. Oth
er advantages include service to 
multiple remote si tes with one 
multiplexer; dynamic allocation 
of bandwidth to let data, voice, 
and LAN traffic share a com
posite link; and an SNMP-com
patible interface. 
Phone: (800) 329-7223 or 
(2 JO) 558-1929. 
Circle 1279 on Inquiry Card. 

MODEMLESS COMMUNICATIONS 
Telebyte Technology 's (Green
lawn, NY) Model 234 is an RS
232 modem eliminator designed 
to be placed between two asyn
chronous or synchronous DTEs. 
This perm its them to com muni
cate over a limited distance with
out a pair of synchronous mo
dems. The unit ($ 185) has two 
DB-25S female connectors, sup
ports nine RS-232 leads, and op
erates at speeds from 2.4 Kbps 
to 38.4 Kbps. IL draws its power 
from the data and control leads 
on the DTE connectors. 
Phone: (800) 835-3298 or 
(5 16) 423-3232. 
Circle 1281 on Inqui ry Card. T 
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BRIGHTER IMAGES, CLEARER .t. 
SOUNDS 
The Bedini Clarifier ($39.95), 
from Bedini Electronics (Coeur 
d'Alene, ID) provides a low-cost 
solu tion to removing unwanted 
electrical charges from the sur
face of CDs. The I-pound de
vice polarizes ·ta red data, max
imi z ing color reso luti o n and 
brightness and enhancing sound . 
Phone: (800) 876-0299 or 
(208) 667-8300. 
C lrcle 1285 on Inquiry C a rd. 

ULTRALIGHT VIRTUAL REALITY .t. 
Virtual i-0 (Seattle, WA) offers 
its Virtual i-0 i-glasses, which are 
lightweight, high-tech 3-D glasses 
that create the illusion of a large 
virtual screen noa ting in front of 
you . The company offers an 8
ounce base model ($599) fo r TV 
and video-gam ing and an ad
vanced model ($799) that uses 
head-tracking technology to pro
vide a 360-degree environment 
and a 30-degree horizontal field 
of view. 
Phone: (800) 646-3759 or 
(206) 382-74 10. 
Clrcle :1293 on Inquiry C a rd. 

IMPROVING REMOTE 
COMMUNICATIONS 
An intelligent seria l-port board 
for remote access, the AccelePort, 
from Di giBoard (Eden Prairie, 
MN), provides 230-Kbps un idi
rectional communications, I 15
Kbps bidirectional communica

lions, and a single point through 
which to control traffic.The prod
uct Fea tures on-board serial pro
cessing and lets you connect as 
many as eight asy nchronous mo
dems to an ISA file server. A four
port AccelePort costs $895; an 
eight-port model is $ I095. 
Phone: (800) 344-4273 or 
(612) 943-9020. 
C lrcle :1308 on Inquiry C a rd . 

HIGH-OCTANE DATA TRANSFERS 
The Multiport Model 6400SX, 
from Aurora Technologies (Wal
th a m, MA) , e nabl es users of 
SPARC workstations and servers 
to add 64 hi gh-. peed asynch
ronous serial lines to their net
works. The device (from $5995) 
provides higher throughput and 
lower system overhead by pro
cessi ng I/O on-board . ii links 
modems, DSUs, and other RS
232 , RS-422, or RS-485 serial 
devices, provid ing transfer rates 
a5 high as I 15.2 Kbps from a in
gle host SBus slot. 
Phone: (617) 290-4800. 
C l rc le 1283 o n Inquiry C a rd . 

ASMALL, RUGGED FLASH DISK 
From M-Systems (Santa Clara, 
CA), the PC/1.04 Flash Disk pro
vides I to 32 MB of storage in a 
3 .6- by 3.8-inch package. The 
disk ($99 .95), which plugs into a 
standard PC/I 04 connector, op
erates reliably under conditions 
such as severe shock, humidity, 
dust, and extreme temperatures. 
The uni t offers pcrfom1ance fast-

BROADCAST PRINTING 
A wireless printer sharer that's compatible with 
DOS and Windows, GoPrint transmits data at 
speeds as high as 1 Mbps. Using spread-spectrum 
radio, the unit can broadcast a signal as far as 
3000 feet through nonobstructive material. To set 
up the unit, you plug its transceivers 1$399 per 
pair) into the parallel ports of a computer and printer. Several computers can share a printer, 
and several printers using GoPrint can share an office. 
Contact: AeroC0111111, Lenexa, KS, (800) 492-2320 or (913) 492-2320. 
C i rcle 1272 on Inquiry C a rd. 

er than that of a rotating disk but 
consumes less power. In addi 
ti on fragmentation doesn' t de
grade its performance. The on
board BIOS eliminates the need 
for in ' ta iling software. 
Pilone: (408) 654-5820. 
C lrcle 128 4 o n In quiry Card. 

LOW-COST MONITORS 
Sampo Technology (Norcross, 
GA) offers a line of corporate
grade mon itors. The 14- in ch 
noninterlaced AlphaScan SV 
KM-400 ($269) has a dot 
pitch of .28 mm, is Energy 
Star-compliant, works with 
Macs and PCs, and offers reso
lutions as high as I024 by 768 
pixels for VGA and 832 by 624 
pixels on the Macintosh. The 15
inch AlphaScan 15mx KM-510 
($389) and the t7-inch Alpha
Scan I7mx KM-710 ($699) have 
similar characteristics, but they 
permit a maximum reso lut ion 
of 1280 by I024 pi xels for VGA 
and 1024 by 768 pixe l on the 
Macintosh. 
Phone: (404) 449-6220. 
Circle 1290 on Inq uiry C ard . 

LINK LAPTOPS TO DESKTOPS 
An infrared device, the JetEye 
PC ES1 -9680A, from Extended 
Systems (Boise, ID ), lets you 
transfer data from a desktop to 
a laptop without using a cable. 
The unit works with any porta
ble that supports the lrDA in 
frared s tand ard . 
You attach the Jct-

Eye ($ 135) transceiver to these
rial port on your desktop. To es
tabli sh a connection, you a im 
your laptop ' s infrared port at 
the transce iver. You can access 
data and app li ca tion · from a 
fl oppy di sk or hard drive or 
send data to a printer. The Jet
Eye operates at I 15.2 Kbps. 
Pilone: (800) 235-7576 or 
(208) 322-7575. 
C lrcle 1288 

.t. GRAPHICS ACCELERATION 
A 24-bit true-color graphics ac
celerator card for PCs, the Max
media CX/Pro ($999) u es three 
64-bit processors to give speedy 
performance. From UMax Tech
nologies (Fremont, CA), the card 
supports a max imum resol ution 
of 1600 by 1200 pixels, can dis
play true color when operating 
at refresh rates as hi gh as 120 
Hz, and uses inexpensive DRAM 
chips. Running Windows and 
Autodesk, the Maxmedia card 
enlarges the viewing area beyond 
the screen's limits, creating a vir
tual-desktop area of up to 2048 
by I024 pixe ls. 
Phone: (800) 562-0311 or 
(5 10) 651-8883. 
Clrc le 1282 o n Inq uiry C ard. 
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RECORDABLE CD FOR UNDER $2000 
The RCD-1000 is a 5~-inch Macintosh 

recordable CD system that offers 
double-speed reads and writes. 
Equipped with a 1-MB cache 

buffer, the unit supports ISO 9660, 
HFS, digital audio/video, multisession, 

and mixed-mode formats. Each CD offers 
random access and holds as much as 650 

MB of data or 7 4 minutes of audio. The 
$1995 package includes authoring software 

and a backup utility. 
Contact: Pinnacle Micro, Irvine, CA, (800) 553-7070 or 
(714 ) 789-3000. 
Circle 1273 on Inquiry Card. 

FAULT PREVENTION 
Fiber•Mau-FDX ($299), a full
duplex Ethernet transceiver from 
MiLAN Technology (Sunnyvale, 
CA), uses the company's Link
Sentry remote-sensing technol
ogy to search for errors on a net
work be fore re leasi ng packets 
to their destinations. LinkSentry 
handl es this task without di s
turbing network traffic. If any 
cabling or equipment problems 
arise, the fault-to lera nt tran s
ceiver or hub is not ified to dis
able the transmitting pon. Net
works running S MP can detect 
the di sabled pon. 
Phone: (408) 752-2770. 
Clrcle 1280 on Inquiry C ard. 

LONG-DISTANCE 
COLOR PRINTING T 
The ColorBlaster, from PROS 
(Fremont , CA ), handles color 
PostScript files sent over phone 
lines via a modem. This allows 
Mac, PC, and workstation users 
to print their color documents, 
graphic images, and chans from 
miles away on expensive color 
printers or on color copiers that 
are equipped wi th EFl 's Fiery. 

The unit ($ 1495) comes with a 
14.4--Kbps modem and BBS soft
ware that requests identification 
and billing information from a 
caller before pennitting the caller 
to send files. ColorBlaster auto
matically processes PostScript 
fil es and co nverts fax fi les to 
PostScript format. 
Phone: (510) 226-8930. 
Clrcle 1292 on Inquiry C a rd. 

STORAGE FOR PCS AND MACS 
The Advantage series of storage 
products, from MicroNet Tech
nology (lrvine, CA), now supports 
PC compatibles running DOS or 
Windows, as well as Macs and 
Power Mac .To complement the 
line's PC compatibility, Micro
Net is marketing the hi gh-per
formance Advantage Host Adapt
er ($99) for ISA ystems. which 
comes with Tape Mate II backup 
software, as well as software for 
connecting SCSI devices. Prices 
for the Advantage hard dii ves strut 
at$329 for a 170-MB unit ; prices 
for a SyQuest-based removable 
drive sta rt at $499 for 88-MB 
capacity. 
Phone: (714) 453-6100. 
Clrcle 1.309 on Inquiry Card. 

HIGH-CAPACITY TAPE BACKUP 
The Legacy QIC 10 drive, from 
Legacy Storage Systems (A n
dover, MA), is a 5X-inch, half
he ight tape un it capable of stor

ing 10 GB of compressed data 
on a s in g le qua rte r- inc h car
tridge. Hardware data compres
sion enables the unit to back up 
I GB of data in 11 minutes; the 
SCSl-2 device can locate files in 
an average of 40 seconds. You 
can connect the external model 
($ 1800) or the inte rnal model 
($2098) to a PC, workstation, or 
server. The internal device also 
fits in a Legacy SmartArray disk
array subsy. tem. 
Phone: ( 508) 681-8400. 
Clrcle 1294 on Inquiry C a rd. 

COMMUNICATIONS 
ON THE DOUBLE 
The V4-IS A-650T-RJ multiport 
adapter, from Computone (Ros
well, GA), lets you acid hi gh
speed RS-232 serial ports to an 
ISA-based DOS or Unix system. 
Equipped with 16C650 UARTs, 
the adapter ($495) offers supe
rior buffering and sustained full
duplex data transfer rates of 460 
Kbps. The unit has four bu il t
in RJ-45 connectors, complete 
surge/spike protection, and full 
modem control on each port. The 
four pons can share a single IRQ, 
and you can install two adapters 
in the same system. 
Phone: (800) 241-3946 or 
(404) 475-2725. 
Clrcle 1291 on Inquiry C a rd . 

HIGH-SPEED SCSl-2 .a. 
HOST ADAPTERS 
Buslogic (Santa Clara, CA ) of
fers two Fast and Wide SCSl-2 
host adapters for PCI bus sys
tems: the BT-956C ($399) and 
the BT-956CD ($599). Both sup
pon up to 15 SCSI devices; can 

handle Fast and Wide disk drives 
while nmning 8-bit devices, such 
as CD-ROMs; are PCI 2.0-com
pl i ant; and feature 32-bit bus
master OMA transfe rs as fast 
as 133 MBps across the PCI in 
burst mode. The BT-956C has 
built-in support for the emerg
ing Ultra SCSI specification . 
Phone: (408) 492-9090. 
Clrclo 1277 on Inquiry Card. 

CONSERVE ENERGY .a. 
To reduce the amount of elec
tricity that's consumed by com
puter monitors, Merritt Comput
er Products (Dallas, TX) offers 
PowerMan. The $99.95 package 
tracks the activity of your key
board and mouse, turning the 
monitor off after a speci fied pe
riod of inactivity. You receive 
both a visual and an audio warn
ing before shutdown. In addition, 
PowerMan provides password 
protection and improved data se
curity and lets you tum off the 
moni tor by pres ing a key com
bination. The dev ice works with 
VGA and SVGA monitors. 
Phone: (800) 627-7752 or 
(2 14) 339-0753. 
Clrcle 1287 on Inquiry Card. 

FOR YOUR EYES ONLY 
The wraparound design of the 
PF50 filter ($ 11 9), from 3M Op
tica l Systems (Rosevi lle , MN), 
preserves the pri vacy of travelers 
who use their notebook comput
ers in public pl aces. The screen 
is legible only when viewed from 
directly in front of the display. An 
ant iglare feature improves con
trast and reduces g lare. 
Phone: (800) 553-92 15 or 
(612) 733-4403. 
Clrcle 1310 on Inquiry Card. 
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NSTL Benchmarks Are The Worldwide Standard 

From North America to Asia , South America to Europe. more than 20 publishing partners 
utilize test results produced by NSTL's unique. cross platform lnterMark'"' benchmarks. 
providing more than 8 million readers globally with objective, real world 
product evaluations. 

Think global - and put NSTL to the test. 

Look for NSTL's lnterMark test results in Business Week, BYTE. Data 

Communications. LAN Times. Open Computing, PC Digest and 

Software Digest. For more information call 1-610-941 -9600. 

NS11. • 625 Ridge Pike• Conshohocken, PA 19428 • 1· 610 • 941 ·9600 •Fax: 1· 610 ·941-9952 • NS11. is a dMslon of McGrew-Hill, Inc. 

Circle 86 on Inquiry Card. 



Conwct: Natural 
lm efligence, Cam
bridge, MA, 
(800) 999-4649 or 
(6 17) 876-4876. 
Clrcle 1296 

on Inquiry Card-

l'•'' tmmrlSoftware 

GET ORGANIZED 
DragStrip lets you arrange Mac programs and documents on 
draggable strips and then launch them with a single mouse
click. Applications store the most recently launched docu
ments in a pop-up menu off of each application on your 
strips. Dragging a folder or a hard drive onto a strip displays 
a hierarchical pop-up menu; you click on an item to view it. 
DragStrip supports Apple ControlStrip modules and includes 
its own add-ons, called DragStrip Additions, for such opera· 
tions as changing the system's sound volume or the moni· 
tor's bit depth. Accelerated for Power Macs, the program 
costs $59.95. 

button set costs $59; there's no 
royalty fee. 
Phone: (800) 359-2964 or 
(8 12) 579-5063. 
Clrcle 1301 on Inquiry Card. 

BLANKET PROTECTION 
Developed by Atemi (Cham
paign, IL) for the Mac, Night
Shade (from $ 199) encrypts all 
communications on LocalTalk, 
Ethernet, and Token Ring net
works. You set your preferences, 
and encryption takes place trans
parent ly. The program works 
wi th ARA 1.0 and 2.0, as well 
as across multiple zones and on 
interne ts . The program a ll ows 
unencrypted sess ions wi th ma
chines not running NightShade. 
A DES or tripl e-DES modul e 
costs $99; an AppleShare NLM 
version is scheduled for release 
thi s month . 
Phone: (800) 542-8364 or 
(2 17) 352-3688. 
Clrcle 1302 on Inquiry Card. 

GROUP INTERACTION 
Built on the OLE 2.0 distributed 
container model. lnsitu Confer
ence (from $269), from lnsitu 
(Boston, MA), provides a means 
for groups to generate ideas, edit 
documents, and di scuss an im
age or document displayed on a 
Windows desk top. Its features 
include multiparticipant docu
ment editing and file transfer, 
au tomated telephony conferenc
ing, and a shared whiteboard, on 
which each group member can 
write using one of 16 pens of dif
ferent colors. 
Phone: (617) 720-082 1. 
Clrcle 1306 on Inquiry Card. 

FASTER AUTOCAD 
From Vermont Microsys tems 
(Winooski , YT). AutoMate /Pro 
speeds up the graphics in release · 
12 and 13 of Au todesk' s Auto
CAD for Windows. The product 
improves AutoCA D release I 3's 
pans, zooms, and redraws by as 
much as I 0 ti me. and betters the 

speed oferasing and moves by as 
much as 300 percent. In addition, 
AutoMate/Pro (from $295) offers 
a graphical inte rface for Auto
CAD 12 and 13 for DOS. 
Phone: (800) 354-0055 or 
(802) 655-2860. 
Clrcle 1300 on Inquiry Card. 

IN LIVING COLOR ... 
Color Compass ($ 129) fro m 
Praxisoft (Ashburn, VA) simpli
fies the task of creating, modi
fying, and blending colors on the 
Mac. Using the software's two-, 
three-, and four-color blending 
windows, you can create and ma
nipulate colors by changi ng the 
RGB or CMYK mix. You can 
also drag between windows and 
pal e ttes and maintain link s to 
permit instantaneous upd ates. 
Other features include Superse
lect mode, which lets the palettes 
control the blends; the ab ility to 
display color families; and blend 
reweighting. The package is ac
celerated for Power Macs. 
Phone: (800) 557-7294 or 
(703) 729-3391. 
Circle 1304 on Inquiry Card. 

ANEW TWIST ON LOTUS 
Multi-D Lite ($249), a works ta
tion version of the RServer multi
dimensional database server and 
RGUI graphical she ll , makes it 
easie r to extrac t information 
from a database and drop it into 
Lotus 1-2-3 re lease 4 or Lotus 
1-2-3 for OS/2 spreadshee ts. 
From Renaissance Information 
Technology (Grapevine, TX), the 
nati ve 32-bit OS/2 application 
lets you fi lter data and display it 
in a variety of ways. 
Phone: (817) 42 1-8127. 
Clrcle 1305 on Inquiry Card. 

THE MORE DATA, THE MERRIER 
capaCD Pro, from EWB (Carls
bad, CA), raises the 660-MB 
storage limit on CD-ROM ca
pacity, let ting you record, on av
erage, two to three times more 
information per di sc. After am1

lyzing the types of data to be 
stored. capaCD Pro u es the op
timal compression technique for 
each type. The progra m (from 
$99.95 fo r a 100-platter distrib
ution license) uses industry-stan
dard media; the enhanced discs 
can also be used in ordinary CD
ROM dri ves. 
Phone: (619) 930-0440. 
Circle :1.299 on Inquiry Card. 

PROFESSIONAL CAD 
Mental Automation's ( Bellevue, 
WA) SuperCAD+ for Windows, 
a schematic editor, offers pull 
down menus, dialog boxes, and 
toolbars. Compatible with MDI , 
the progra m ($249) lets you load 
as many as 20 schematic sheets 
simultaneously. Editing features 
include automatic bus generation, 
snap to grid, automatic wir ing, 
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and title-block annotation. You 
can add your own sy mbol s to 
the Ii brary ' s 2600 schematic sym
bols, change the drawing scale, 
and zoom in on a particular area. 
Phone: (206) 641-2141. 
Clrcle 1311 on Inquiry Card. 

ALL BUTTONED UP ... 
MDA (C incinnati . OH ) offers 
two sets of e lectronic buttons , 
from its Electronic Preview Col
lec tion, fo r use wi th any multi
media au thoring program or pre
sentation package. The animated 
buttons are spherical glass ob
jects resembling marbles with 
unusual textures; they come in 
pushed and unpushed sty les. The 
neon buttons resemble miniature 
neon . igns and come in "on" and 
'·off" styles. For PCs and Mac , 
the files are offered as 24- or 8
bit TIF and PICT files. Each 50



NETWORK ASSISTANT 
More than a troubleshooting tool, 
NeLRepon (from $495) provides 
you with infonnation crilical to 
long-term capacity planning. 
From Hawk.Net (Carlsbad, CA), 
lhe program tracks over I I 0 Nel
Ware internals, providing access 
to real-time data and compi ling 
historical data for up to 90 days. 
Customized Windows screens 
display detai ls on every fi le serv
er on the network. To analyze 
network activity, you select from 
12 reponing categories, includ
ing licensing levels and revision 
numbers for NetWare, memory. 
disks, and NLMs. 
Phone: (800) 429-5638 or 
(619) 929-9966. 
C lr clo 1 3 12 on Inquiry C ard . 

STUCK ON YOU 
St ickAround Notes ($24.95) 
from O' Soft (Cambridge, MA) 
lets you put eleclronic notes on 
your Windows display. The hem1 
of the program is a note dispens
er lhat 's always on the screen. 
A single mouse-c lick makes a 
blank note pop up ; everything 
you type on a note is stored au
tomatically. Each time you stan 
Windows, your notes appear ex
actly where you last left Lhem. 
Phone: (800) 888-4437 or 
(617) 225-2010. 
Clrcle 1 3 1 7 on Inqui ry C a rd. 

LOW-COST UNIX CD-ROM 
A Unix operating system for 386 and 
486 PCs, Unux Includes complete 
source code, programming 
languages, hundreds of megabytes of 
utilities, and a printed installation 
manual. Developed on the Internet, 
the $69 CD-ROM package comes 
with drivers for sound cards, CD
ROMs, video cards, IDE interfaces, 
and SCSI host adapters. H also 
includes a demo version of FlagShip, a database development system and one of the first 
native commercial Linux applications. Linux provides support for TCP/IP, NFS, DOS emulation, 
FTP, SLIP, PPP, and Telnet. 
Contact: WorkGroup Solutions, Aurora, CO, (800) 234-7813 or (303) 699-7470. 
Clrcle 1295 on Inqui ry C a rd. 

REAL-TIME ~ 
PROGRAMMING TOOLS 
From Quinn-Curtis (Needham, 
MA), Real-Time Graphics Tools 
for Windows leLs you create real
Lime displays in applications run
ning under Lhe Windows family 
of operating systems. The kit in
cludes dynamic graphs that you 
update in real lime with moolh 
scrolling and only a minimum of 
redrawing and tlicker. Dynamic 
graph types include scrolling, 
sweep, bar, and logic graphs; x,y 
plots; and meters. The base ver
sions, for CIC++ ($600) and Vi
sual Basic ($500), offer 16- and 
32-bit DLLs. The advanced de
ve loper's versions, for CIC++ 
($ 1200) and Visual Basic ($ 1100), 
contain source code. 
Phone: (617) 449-6155. 
C l rcle 1315 on Inq u iry Card . 

PLANNING AHEAD 
PlanMaker, from PowerSolu
tions for Business (St. Loui , 
MO), helps you prepare, formu

late, and publi sh a marketable 
business plan. It prompts you 
to answer queslions, shows you 
how to prese nt concepts, and 
asks for financia l dat a. From 
lhere, it can produce such repons 
as a 12-monlh pro fonna invoice, 
a three-year projected operati ng 
statement, a cash-flow projec
Lion, and a balance sheet. Avail
able in DOS and Mac versions, 
PlanMaker ($ 129) comes with 
an on-screen tutorial. 
Phone: (800) 955-3337 or 
(312) 421-0670. 
C l rcle 1307 o n I n q u iry Ca rd. 

TUNING IN, GETTING ON 
ICL (Reston,VA) offers Embla, 
a Windows application lhat pro
vides access to Internet mail for 
PC users on Unix networks.In ad
dition to Lhe standard collection 
of mail funclions for documents, 
Lhe product (from $99) offers sup
port for sending and receiving 
spreadsheets, multimedia images, 
and sound fil es. Embla automat
ically alens you to incoming mail 
and stores messages in folders 
located eiLher on your PC or on 
a Unix server. The package in
cludes an editor and enables you 
to create aliases and distribution 
groups. 
Phone: (703) 648-3300. 
C lrcle 130 3 on Inquiry C a rd. 

Software Update 

Armour 3.45, Nonnan Data De
fen e System (Fairfax, VA), 
offers a chedulerand a graphi
cal viru scanner that now looks 
for 5700 virus strain .TI1e pro
gram includes SNMP exten
ions for PC-NFS and provides 

modules for DOS. OSl2. and 
Windows. From $ 129. 
Phone: (703) 573-8802. 
Clrcle 1325 on Inqui ry C a rd. 

CaDXpress3 3.3, Applied Voice 
Technology (Kirkland, WA), 
for use with OS/2, features an 
improved telephone u er inter
face and the ability to create 
voice, fax, and E-mail queues. 
You can access all message 
types from one phone call and 
arrange messages by their ur
gency, or on a FIFO or LIFO 
basis. From $6500. CaJIX
press3 Desktop 2.0 for Win
dows offers TCP/IP support, 
the ability to fax documents 
created in Windows programs 
wilhout using a LAN fax 
server, and the ability to send 
voice-annotated faxes to other 
voice-mail ub cribers. Server 
license, $2250. 
Phone: (206) 820-6000. 
C lrcle 1319 on Inqui ry Ca rd. 

dbViewer 2.2, Bluestone (Mount 
Laurel, J), has full Motif J.2 
support, a flexible license 
ervet a new table widget for 

database results, better secu
rity and documentation, and 
an improved interface. $995. 
Phone: (609) 727-4600. 
Clrc le 1322 on Inqui ry C ard . 

RoboHelp 3.0, Blue Sky Soft
ware (La Jolla, CA), includes 
support for 256-color bit 
maps, a more streamlined pro
cess for testing help files, new 
document templates, an editor 
for macros used by the Win
dows Help engine, and an en
hanced vi ual interface. The 
program also comes with the 
company' WinHelp Video 
Kit for integrating video and 
ound. $499. 

Phone: (800) 677-4946 or 
(619) 459-6365. 
Clrclo 132 1 on Inq uiry Card. 
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' 
Communication cards for ·PCM;CIA .include single chan
nel and dual channel RS-232 or RS-422/485 asynchro
nous serial ·adapters, a multi-protocol adapter, and an 
enhanced parallel.port. Check out Quatech's complete line 
of communication and data acquisition cards for PCMCIA. 

Expand your system with the DS-100, a dual channel RS
232 adapter. The QS-1000 is a four channel RS-232 adapter. 
Both feature optional 16550 UARTS, all AT interrupts and 
flexible addressing. The QS-1000 supports OS/2, UNIX, 
Xenix, DOS, and Windows-. The MPA-102 is a dual channel 
multi-protocol adapter utilizing an AMO 85C30-1 OSCC. Other 
communication adapters for the AT bus are also available. 

Call 1-800-553-1170 for more information and a FREE handbook of ourCjl GUATECH complete line of PCMCIA, communication and data acquisition products. 

Foreign Distributor Inquiries Welcome 

Made in the U.S.A. 662 Wolf Ledges Parkway, Akron, Ohio 44311 (Phone 216-434-3154/Fax 216-434-1409) . International Distributors: Australla/lnterworld 
Electronics 61-3-563-5011, Belglum/ Acal NV/SA 32-27-205983, Brazll/ln tercomp Electronica Lida (Sao Paulo) 55-11-8532733, Medusa (Rio de Janeiro) 
55-21-2554745, Canada (Western)/lnterworld VCR 604-984-4171 (Toronto 905-513-7027), Denmark/Jes Rasmussen Aps. 45-4281-6838, England/Diamond 
Point International 44-634-722-390, Flnland/lab Hltech OY 358-0-682-1255, France/Elexo 33-1-69302880, Germany/Jupiter Electronic Systems 49-61
8175041, Hong Kong/Brio Technology ltd. 852-581-1111, lndla/Computaccount 91-11-224-5159, Israel/ACM Ltd. 972-03-6487885, llaly/N.C.S. Computer 
Italia 39-331-770016, Japan/Nictrix Corporation (New Jersey) 201-947-2220, Korea/Sam Boo Enterprise Co. 82-2-5384001 , Netherlands/ACAL Auriema 
31-40-502602, Saudi Arabia/Integrated Computer Operations 966-3-895-1827, Singapore/Bliss Services Pie ltd 65-338-1300, South Africa/Eagle Technol
ogy 27-21-234943, Spain/SANTA Barbara SA 34-3-418-81-16, Sweden/SYSTEC 46-13-1101-40, Switzerland/Technosoftware Ltd. 41-64-519040. 

Circle 96 on Inquiry Card (RESELLERS: 97). 
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Toshiba 'f2400C 
Series 
50MHz color 
notebooks 
• 3.a volt Intctnx2n.1 
50MHz CPU • 4MB RAM s td .. 20MB 
mnx. • 250MB or 320MB h nrd drive 
• 9.5" dual-scan color display 
('1'2 •100CS) • SA" ucti\·e mntrix color 
display (f2400C1') • 1) Type Ill a nd I) 
Typo II PCM CIA slot • Keybonnl· ~-----~ 
integrated AccuPoint- pointing device • 3 year warranty 

T2400CS, 2SOMB... ... .$2399.77 
T2400CS, 320MB. ...... .. ........ ... $2649.46 
T2400CT, 2SOMB ... ...$2879.65 

.. ....$3088.96 

NOVELL 
Notwnro V4 .1 


S User CD. ...........659.95 

10 User CO , .... .................... .. ...........• 1499.68 

25 User CO ... ......... 22HU4 

50 User CO ..... ............................................. 2994.24 

100 User CO ..•..•..••.....•.•..... ......•......•.......- .. 4089.83 


Notwaro V3.12 

5 User 3.s · ............ ···-··· ..·--616.44 

10 User 3.5" ............. .................................... 1397.43 

25 User 3.s· •••.. ......................._•. 2064.22 
50 User 3.s· . ··················-···-· ·2786.57 
100 User 3.s· ............. ...• . .............. ...3189.84 

Gall "or Prlc.ng cin Nol.'c 1! Net\'/are u~<JQe51 

PERSONAL NETWARE V1 .0 
1 User ................................. ........... ····-······59.88 
S Uset . .. ...............- •••. 259.52 

r.:O\'U.1. r m::: ...1G 1SSU8JECT TO CHA/fGE ~C CAU. 
C/:;>11 /;0~ Tt1C !.'OST OJ1'RU(1' PP.>CriG 

3Com· 
.. 159.44 

.. .............. ......... - ... 114.14 
... 479.65 
..111 .14 
..442.36 

123.77 
...526.78 

............ ._....229.91 

..... ,_....229.91 
....... -....623.17 

•.•.215.58 
....169.05 

.. 169.0S 
2000A .............................87.13 
2000T ..... ...... ...............73.62 

t 2000C ........~······ 73.62 

LANtasllC V6.0 ............. ....•••... 79.50 

LANtasUc V6.0 5 us.or .......... .......................... .329.87 

LANtBstlc V6.0 Star1er Kit .............................. .229.13 

Cootral Staton 11 ................ .............-.......-...319.13 

Simply LANtastlc ster1er klt 1&3.79 


~:~=~ ~~~gJ;::::::: .. _.. ...._:::::::::::: ~~::rz 
~SP 

~lol'Cl........"l'DI Nl;)Ol.CTI.• ...-


Multiprolocol prinl 50rver 10BT HP MIO .• •..247.75 

~J~~frg:= r:,1'Jn~~r!o~~e-~ : ::: : ::::: : ~~::: 
~N~:w~=,~~n=~:~~~te·r :::::::::: ~~:~~ 
SNAP ndd<>n transmlller... .......... .................. .... 49.50 

Fo.x Authonly Solo notwor1< lax r.orver. ............499.86 


IBM 
IBM Tokoo AIOQ 16/4 tSA ... .............- ........... .299.14 
IBM Tokon Aiiig 16/4 MCA. ........ ....309.90 
IBM Token Ring MAU ...409.88 

infel. 
ElherE1tpress PR0/10 Fish 10BT ...... . ...... . .... 115.07 
EtherExpross PR0/1 0 Fish IOBT Spt ............482.n 
EtherExpress PROl10 Fish combo. .... 11 5.07 

PA0/10 ASh combo Sok.... .... 505.H 
16 coax .... - .... ..99.33 
16c:oax5pk ..........._454.13 
16 108T ..... ...............a9.33 
16 100T SpJc............ .......•.....•454.13 
16 108T 20pk._... .....••.... 1G98.ll 

105& MCA 108T .. .... 166.52 
1tprosa 16 combo ..... .11fl .77 

ess 1s combo Spk ..................._,_.... 549.72 
oss Flash tOBT......................... ........ 111 .aa 

1tp1oss ~:::i ~~~::: :::::: ::::::::: :: : :: ::~~:~ 

N~~G;:{JW~::;:~~~ ..::::::::::::::::~:::i~:~ 
Notpor1E1pross II 10BT .... .. •.............. 361.15 


MIC RDDVNE 
NE2000T+ ISA 10BT... . ........68.U 

NE2QOOT.,. ISA 10BT Spk ...... 309.93 
NE2000t ISA coax .......... ...75.73 

NE20()().. lSA coax Spk ,..... ......... .~ ... 342.32 

NE2000•3 ISA combo........ ................84.410 

NE.2000""3 combo Spk ...... .... 379.H 
NE3200 EISAcoax .. ................................. .... 4 16.07 

NE3200 EISA 10BT. ....416.07 

CDW 43341 

COW 45054 

CDW 43342 

WHY PAY 

RETAIL? 

CDW®9etts 


for less 


SMC0 

Ultra 16 Etoornot coax .. ............. ... 94.00 

Ullra16 coax 6pk. ........... ....509.88 

Ullra16Ethemel 10BT... . ............. ......... 94.96 

Ultrn16 108T Gpk. .......... ......... .......459.23 

Ultra16 IOBT 24pk......... ...• 1573.71 

Ultra16 Elhemot combo. .. ........ .......... ....... .107.71 

Uttra16 combo Spk ......... .......................... 561.15 

EtherCnrch Eide combo .. .• 139.57 


+:g:~~~g ~~~:r~t~~c·: : : ::....... .... :::: : rs :~ 

Tigetttub TP 12 12 pon. • AUi .....-..... •.•...• 379.79 

3608 Elhomet 8 port hub 108T ... ,................. ..298.85 

3512 Ethcmot 12•2 pon hub 108T .... ........ 548.55 

PC600WS ARCNET coax .......-... ...... 119.93 

PC650WS AACNET TP ......... ........ ........... ..... 119.88 


~~~~~~~~.~.~::::::: ::::::::::::.~!:~ 
A ..,.,,}~!;\·.~ 

TC5143 Etnomet coax. ........ .....99.93 

TC5 143 Ethornot coax Spk .. . ....... ...667.25 

TC5143 Ethomet 106T ............. ......88.59 

TC5143 Etherne t 10BT 6pk .......... ................... 391.14 

TC6242 AACNET 8-bil coax ..... . ....................66.86 

TC6245 AACNET coax .............................. ..... 179.90 

TCe.?40 ARCNET po.ssive 4 pen hub coax .......39.50 

TC S055 Ethernet 8 port hub 10BT .. .... .........339.47 

TC4045 Tok.on Ring 1614 . .............303.63 


Cr:toN Carrie. IM Comp!Qt 
uoe 01TCNS Product. Qill lor OG1a~ls! 

TERMINALS 

~~~ ~~~~~';79~:'rJ!tiiiO· :: ::::: .:::::: ::::::r'O::;: 
Unk ~IC80 14" color ....... ..................-....419..50 
'Wyse 55 amber/groerv'wh1to .... ...................223.21 
Wys4 60 amber/groonlwhltc .... ...................279.60 
Vlyso 160 amberlgrCCNWhite _. ....329.88 

JCircom 
PE310BC pocket Elhemet coax .....................30Ul9 
PE310B2 pocket Ethernot coax .. ....................267.IO 
PE310BT poeke1 Elhemot 100T •.••. .. ..258.31 
PT316CTP pocket Tokon Rirg 111 ....................t55.n 
PPX03 Parnl1ol port mu1Up101tor ..... ......•..n .80 
PS-CE2 PCMCIA Ethcrnol 108T ....209.35 
f>S.CE2 PCMCIA EtherrlOt combo ... ......... ......255.52 
PS·CE2 PCMClA Token Ring .. .... ......458.43 

M f.1Jj:l;13M·l1j.1 :!!j q9.a.t .l:IN4W 

~~ 
Jt.mbo 250 internal .... .......... ........ 155.34 
J urnbo 350 Internal... .•• 174.29 
Jumbo 700 internal ...... •..................266.58 
Jumbo 1400 lnternol .• ••.369.57 
Trakkor 250 paraJlol port.••.·-··-·· ...•.•..289.4.t 
Trekker 350 parallel port.. ..............328.11 
Trakk er 700 paranol port ..........................444.45 
Powortapo 2.4GB SCSI internal... . ........937.51 
Powortapo 2.4GB SCSI e1ttemat ................... ion.99 .

lOmega. 
Tapo 250MB M-Ltomal ... ........... 136.36 

Bernouni 150MB Insider SCSI ...........413.03 

Bernoulli 150MB Insider IDE ......... .. ................389.71 

Bemou!II 230MB Insider SCSI ............4.54.44 

Bomoulll 230MB Trnnspor1ablo ....................... 454 .44 

230MB cartrldgo ................99.81 


MICROSOLUTIDNS 
Backpacit 3.5' 1.44MB noppy parano-1 .. 146.32 
Backpnck 5.25' 1.2MB floppy parall-01 ..... .. ...... 155.28 
Backp3ck 340"4.B HO p.;ual'.e l........ .....43 9.75 
Backpack 250MB tape boc up parallot ........ ...287.58 

Sportster V.34 
28.BKbps
data/fax modem 
+ Tntc V.34: Lrnnsmit dn tn twice ns 
f:J st ns 14, ,100 bps modems + Hi gh·speed protocols: V. 34 
(28.SK bps), V.l'C (28.SK bps), V.32bis (IMK bps) • V.42 
and MNP 2-4 error correction + V.42bis nnd MNP 5 dnt.n 
compression + 7 LED stntus lights, external volu me control 
• Includes: fn.x nnd dnt.'"I software + FREE! ove r S300 in 
onlinc service offers + 5 ycnr wnrrnnty, mnde in USA 

Internal ........................ CDW 45115 


CO::::ER 
Tnpo•stor 250MB ln1ema1 ............ 151.08 

Tapo'Stot 420MB lntemnl •..- ..........................181.17 

Tape'Stor 420MB paralel port ........... ....... ...... 337.29 

Tapo"Stof 8SOMB lntemal ._....................._, .... 273..25 

Tape'Stor 850MB paralol por1 .....429.96 


~Mountain. 

T0-250 2501.tB IOE inU!mal ........- ...·- ......... 15.a.63 
FS8500 305M3 IOE in!ernaJ ..••...Jtl.53 
Skioear 11 305MB parallol.•••••.••- ••-.... ..........309.44 
1200-4 4GB SCSI external ......... .... ... 1634.49 

Cre• tl11• U bs 

Oigltnl School House CO 2X ki1 lntomal ........ .291.95 

Edutainment CO 2X kil internal ••.•••. .....435.14 
Gama Blaster CO 2X kit lnlemal••.. -...... ..389.64 
OmnlC03Xklt lnu1mal ........... ...299.87 
SoundBlastor valuo edition ... ..... ......51 .95 
Sounc1Btas1er Pro v11lut1 edition .. .. .. ....74 .95 
SoundBlasto1 16 value edition .............. ........... .98.95 
SoundBlastor 16 MCO................. ......148.95 
Sour.dBlastor 16 SCSl·2.. ......... 1il.95 
SoondBtasler 16 ASP MCO. .. 171.95 
SoundBlaslor 16 ASP SCSl·2 .. .. .•..•.1H. 95 
SoundBlaster AWE32 value edition .................228.39 
SoundBlaster AWE32···-··-····-·-·-·· ..............29!8.95 

Acoustic Ros PP570 speakers 35W................. 2-Ul.92 

Acoustic Ros PP622 spkrslsubwool er.......•......209.20 

CNnon COS535 CO-ROM ki1 ln!emal ...........-.2U.73 

Chlnon COX53S CO-ROM kit ox1emal ............. 347.IS 

Diamond 4000 Ou.ad co kit internal -·-······.... 38 1.14 

Ofa mond 5000 Ouad CO kit lntomal .................479.98 

Ensoniq Soundscape wavetabffl ...................... 188.88 

Jensen JPS35 speakers SW .....·-·········-··........6.2.18 

Jenson JPS45 speakers 1ow ........ 115.90 

L.ogitech Soo.'"ldMM Wave ...............................119.49 

Mictosolutlons 2X CD parallol ...... ••• 322.« 

NEC 2VI ..................................174.52 

NEC 2V Do-luxe ..........................- ....................289.88 

NEC 3Xp Plus.. ..... ...... ............................ ..... .384.54 

NEC 3Xp Plus Kit ···-· ......... (51.93 

NEC 4XI....... ....... ....... ,. .. ...........379.54 

NEC 4XI K11. ................................. .. .................449.76 

NEC 4Xe........-·······-··· ......................- •••••..•.•••. 479.85 

NEC 4Xe Kit ........ ...... ...... ..... ... ........... ....... ... ....S49.25 

NEC 4X Pro ............- ............ - .....................- •••597.80 

Pioneer ORM604X ¢X 6 disc .. ....................999.00 

Plonoor ORM1804X 4X 18 disc: ... .................. .1969.BS 

P1e1ttoc <4pkJx quad external ......._.._.. ..............579.58 

PI01t1or 4ple1t quad internal •. ...........422.72 

Sigma Designs R(ialMagic Ute..........................219.93 

Sigma Designs n oDIMagic ............. ............379.89 

Sigma Oes.lgns ReelMagic CO Kit .... ................659.22 

Sony COU·S.SE 2X i'ttemal .................- - ......._ 119.U 

Sony COU·55S SCSI 2X lntornat ....................166.57 

Sun Moon Sta1 CO 2X ld1 lnternaL......... ......._149.79 

Sun Moon Siar CO 2X k?t Internal w/:sound ......211 .76 

Tone SuporOuad 4X lntomal ........_244.95 

TOShiba 3501 SCSI 4X Internal ........................329.75 

Toshiba 3501 SCSI 4X extemn1 .......................439.48 

Tul'lle Beach Mon:e ca1to...... ..........83.85 
Tur1to Be11ch Trooez ........ ........ ... . ...... .... 193.67 
Turtlo Boach Monterey •. ..•...•.•307.n 

...UcaJComp 
DB 111 12x12 4 button·--·--···--···-- .......- ...... .. 2.a 8.90 

0Btll 12X12 16bulton .. ..... .. ... .. ...........248.SIO 

OB Ill 12X12 ptKSUro pon .................- ...- •..-.399.85 

Drawing Slate II 12X12 4 button cordless ........241,98 


canon 
IX40 15 color scannor.... ........ 698.28 
IX 3010 scanner ............... -······ 396.13 

ActionScanner ES600C ...•.....518.63 
ES· 1200-ProPC •. ...... .1237.36 

Scan.let 3P ..................................... ........467.40 
Scan.Jc t 3P documenl loeder ... ....... ..179..57 
ScnnJol ucx w nSA 1n1or1ace ..........................959.88 
Sc<lnJot llCX document teeder......--·-·····.....461.50 
Senn.Jet llCX iransparoncy adapter........... .......63J.26 

MICROTEK 
make~ ::~~~.:::::::::::: :::::::::~::::::.J~:~ 

er llSP color•..• _......................._........765.38 

llHA ~ -.-.......................- ....•• 1084.SO 

lll color.............. ... . ... ................. 2409.95 

35T sHdo scanner ...978.72 

Sunnagraphics. 
Summasketcfl IU 12 X 12 16 button ... .289 .60 
Summaskotch 11118 X 12 4 bullon ..................524.44 


Mag lnnovisioo OX15F ..... .............339.00 

Mag lnllOVislon MX15F........................- ........ ..457.44 

t.tag IMO'Yision OX17F .... ······-····-······-·......._639.73 

Mag lnnovision MXP17F ......... •...... ...896.97 

Mag lnnovision MX21F........- ......................... 1612.42 

M11gnavo1t CM2089 14" .28 .... ....•.....•- ...........- 231.60 

Magnavo1t CM2099 14" .26 NI.........................247.« 

Mngnavox CM2015 15· 1024 ...........................298.89 

Magnavo1t CM4015 15· 1280 .................. ....3-47.61 

Magnavox CM4017 1r .31 ..............................609.25 

Magnavox CM4018 1r .28 ..............................639.Sl 

Mognavo1t 20CM64 20' ............ .....................9".00 

NEC'ZI/ 14* ·····················-··········-····••w•·········JJ19.86 
NEC XV15 15· ..... ...... .... ... ................................ 429.81 
NEC XEIS 15• .......................·-·-·· ........... ......539 .50 
NEC XE17 17' ... ..........- ...................................198..cl 
NEC XE21 21"•. ...............1979.74 
NEC XPIS 15' ••••• ................659.49 
NEC XP l 7 17' . ... 1236.86 
NEC XP2121 ' . ... .....2447.49 
Samsung 3 14' ...............................- .......... ..225.65 
Samsung 15GL 15' ................ ... .........- ........... .358.75 
Snmsung 17GLs 11·...... ..8S9.82 
Sony 1SSF 1s· ... •.... ..439.27 
Sony 17SF1 17' ........ ..........879.48 
Sony 20SE1 20' ....... ........ 1895.00 
VlowSonic 150 15' ... .•••...•387.85 
ViewSonlc 170 1T......... .....719.78 
ViewSonlc 21PS21" ...... .. .1693.70 

'Al ·J:i·*fl·•·•·b 
ADS VGA 10 TV EMo Internal ............... .......... 138.82 

ADS VGA to TV Elite cxtem111l ..... _................. 198.83 

ATI Gmphlcs Xpression ISA 2MB ........... ....... 216.80 

ATI Graphics Xpres.sJon VLB 2MB ... ................ 216.60 

ATI GraphcsXpresaion PCI 2MB ................... 216.80 

ATI Graphks Pro Turbo ISA 2MB . .. ...... ...... 389.79 

ATI Graphics Pro Turbo VLB 2MB ...- .............. 389.79 

ATI Grephcs Pro Turbo PCI 2MB .. 389.79 

ATI Graphics Pro Turbo PCI 4MB ....- ............ .. 596.SO 

Diamond Speed$tar Pro ISA 1MB ···- ........95.69 

Oinmond SpeodStar 64 ISA 2MB..... .. ,. 197.40 

Diamond Steallh 64 VLB 2MB VRAM .............. 348.88 

Diamond Stoatth 64 PCI 2MB VRAM .... ......... ..348.88 

Hereulos Dynamite Pro ISA 1MB ........ ........... .. 153.40 

Hotcules Oyn3mite Pro ISA 2MB ............- .......197.48 

Horcules Dyno.mito Power VLB 1MB......... ...... ,149.36 

Hol'CIAG• Dynamite Pro VLB 2MB ···-·········..•·•· 193.26 
Hof"CIAos Tormlnator64 PCI 2MB...·-·····-···.....339.93 
Herculos Terminator 64 VLB 2MB ....................326.97 
lntet Smar! Video Aeeordor Pro........................398.99 

No Surcharge For Credit Cards
If You Find a Better INASDAq j cow• HOURS MOST ORDERS 

Sales 7:00~CSTMon-Frl.Price, Call CDW• if±] ~[ill[ll
BUY WITH CONFIDENCE o-JI C.. .,__..,..,__ _ __ ..,,.••__h _,,, 9:0>6:0'JCSTSat. SHIP THECOWi!!> IS A NASDAQBefore You Buy ...... ....,..,_ ___ ....~-n.. ..._... ~.ll!!..,.IClm)ll.,,.. ______... __.. . ,.. ___ ..111 .. 

TRADED COMPANY 
~.....,_. ,.. ..., .,--~-

_ ,,,________ .... __ ..............,:t ll
(800) 959·4CDW ___.... -- SAME DAY......... ..._.,_... ... _..
- !·---~-...-~ _... ,_"___..... _,__ ... ~_,,., 

http:��w����������JJ19.86
http:COU�S.SE
http:p.;ual'.el
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"1J TEXAS 
INSTRUMENTS 

Texas Instruments 
TM4000M 
1 OOMHz multlmedla notebook 
• 3.3 volt S l..-tu ilumced l ntelDX4"' lOOM Hz CPU • <IMB 
RAM s td ., 20MB max. • Type III PCMClA expansion s lot 
• High performance 524M B IDE hnrd drive • lolcrnnl l&. 
bit Sound Blnsuu> compritible sound card • lntegrnwd 
Adaptcc Fast SCSl-2 aduptcr • Keybonrd· in tcgrutcd 
pointing device + NEW! 9.5" active matrix color d isplny 
+ Optionol CD-ROM docking system 

WHY SETTLE 

FOR LESS? 


CDW® 

SERVICES YOU 


BEi IER 


IBM OS/2
Warp V3.0 
Howlt'•-9lw 
to do more 
• Hich·performanctt 32-bit opcmtin~ 
system • Preemptive multit.Rsking 

~·~j PJ~~~:;arlJbfc•. ~ndhv~~C:e~ 1:nc~~f!~cli~1:~:bfi:~l~s 
+ Enhanced memory mnnA{:ement + Bonus Pnk fo r 0$12 
• Support.ff DOS nnd Windows* appl icnlions 

3.5" ... ........ ... ... ..... $76.22 

CD·ROM . . ......... ........ .. .... .....$76,22 

• & 9Viru Wlndata VLZ. Call for ,.lnJnw.m ~rcq~ 

TOSHIBA 
T1910 200J.18 tnOl"IO .................... - ...............1299.87 

T1910CS 200MBdua1 cok>r .......................... 1741.85 

T1960CS 200MB dunl coklr .. ........................1967.20 

T1960CS 320MB dulll cok>r .......................... .2134.70 

T1960CT 200MB act color.....•...••••••••••. - •••..•. .2599.49 

T1960CT 320MB act color......... ~···· ··---·····...2768.82 

T2400CS 2SOM8 dual COior ................. - •..•.••.2399.n 

T2400CS 320MB dutt1 color ....... .................... 2549.46 

T2400CT 250MB act eolor ....... - .......... - ........ 2879.SS 

T2400CT 320MB act color--·-··- .........,_.._...3088.96 

T2450CT 320MB act cdor .............................. 4059.82 

T2450CT SOOMB act color .............................. 43-49.62 

T3600CT 250MB act cok>r........................... ...3448.73 

T4700CT 320MB act eolor................. - ....... ... 2998.45 

T4600CT SOOMB act cokw ... - .............. - ........ .3999.84 

T4850CT 4175 520MB act color ....... ........... .... 4349.65 

T 4900CT P75 n2MB acl color.. .. .'5278.97 


AST 
Ascentia 910N 4/500 340MB pas color ....... ..2955.16 

AscenUn 9tON 4175 510MB pas color ...........3445.26 

Ascenlla 9 10N 4175 5 10MB sci color ...........4709.82 

Advantage! &JOO 4166 420MB CO ................1S34.7J 

Asoonria 910N 4!75 710MB aci cok>r ···-· ...... 4999.98 

Advantago! 8000 4166 540MB CD .... 1699.83 

Advantagot 6000 5/60 540MB CD ...... ..... ...... 1965.60 

Advantage! 6000 5l90 730MB CO................. 2406.14 

Bravo MS 4J66270MS ............ .. ..... 1519.!.7 

BravoLC-4f100270MB .......................... ..... 1769.83 

Bravo MST 5l90 540MO ........... .2279.82 


canon 
lnnova Media 4/66 .i420MB MT .1389.84 
lnnova /A odia 5/60 420MB MT .. .1799.00 
lnnova Modia Sl90 540MB MT ...................2259.22 

IBM ThlnkPad Portables 

360C 4/335 170MB 6CI color......... .. .............. . 1999.00 

360C 41335 340MB act colof ...... ................... 2399.00 

360CSE 4/500 540MB pas color ....... - ........3<44i..OO 

360CE -4/500 340M!3 act colOC' ..................... .3099.00 

360CE 4f50D 540MB &ct cok>r . ........ ...... ....... 3449.00 


PClOO Serles d esktops 

~=~~=a::::::... .. ...... :~:::::: ;· 399.oo 
PC330 4166 8MB. 364M8 ................... .. ........ 1689.00 

PC330 5/60 16MB. 540MB........................... .2743.DO 

PC350 4/66 8M9, 540MB............................. 1 l!.95.00 

PC350 41100 tMB, 540MB. ..2U5.00 

PC350 5l60 8MB. 364MO....... .. .. ..... ..... 2299.00 


NEC 
Vorsa V 4150 250MB dual color ..................... 2449.77 

Versa V 4150 250MB net cotOf ........ ...•2989.n 

Versa v ·VSO 340MB act color....... .. ......3134.09 

VersaV4/50540MBactcolor .. ... ......... .3 519.93 

Versa S 4J33S210MB mono ...... ............ .......1305.62 

Vorsa S 41335 2 10MB pas color ..... .. ............ 1449.92 

Versa S 4/50 260MB eel cokx ......... . ........... .2411.36 

Versa M 4fl5 250MB dual cir __....... .............3149.8 t 

Vorsa M 4rt5 340MB dU3l cir .............. 3329.55 

Vorsa M 4fl5 340MB acl cir ..........3929.95 

Versa M 4n5 340MB lruo cir... .. ................ 4249.76 

Versa M 4/75 540MB act cir .......... •..C347.73 

Versa M 4/15 540MB hi-res dr ...... ..4734.0S 

Verso M 41 100 3401.AB BCI color ............. ... 4298.86 

Versa M 41 100 810MO ncl color ..................5209.86 

Versa M 4/ 100 540MB hi-res color. .5068.18 

Versa M 41tOOS40M.B true coloc ..... ..49n.27 

Versa M 41 100 e10MB hi-ros cir .... _ ..... 5599.84 

Roady 4/335 270MB CO ... ........ 1336.21 

Ready 4166 340MB co..... ........... . ........ 1486.05 

Ready 4166M 420MB 2X CO ....... ......... 1525.19 

Roa&j 5160M t.20MB 2X CO ............... ......... 1899.SJ 


PACKARD BELL 

Fon:;e 52CO 4/50SX 420MB MM ..1-«9.17 
Force 54CO 4/66 420M8 MM ............ 1449.17 
Fo1ce 57CO 4166 540MB MM .... 1659.84 
Forcc l 02CD 5J90 5"10MB MM .... .......... .2158.42 

......... .... 219.14 
UL.320..................304.•5 
Ul.321 ..................427.40 

...214.95 
L'll..395.. ................ 967.32 
UL39SC .. ............ 1039.74 
IALS20...................369.82 
ULS21 ...................495.18 

....769.78 
.905..50 

......... .209.99 

TM4000M4J50SX 200MB dualcolof ........... .240$..14 

™-'OOOM 4/SOSX 340MB oct colot ... ............3139.85 

TM4000M 41SODX 340MB dual dr .... .... 2576.68 

TM4000M 4/SODX 455MB act dr ... . ............. 3259.03 

TMtOOOM 4175 344MB act color .... . .... ...4109.66 

TM4000M 4115 455MB 004I color .................3429.68 

TM4000M 41100 524MB acl cobt . . ..........4749.87 


M·l·iitt.Si ;if i:li.fj#- i ~i!i:i i3 ;fWM 

184 Turbo 

UL360....... 


UL.590 ...................<129.51 


canon 
B.ll OSX ..... ...244.88 BJ230 ..... .388.00 
BJ200E ................. 229.86 BJC600o cob' .......4&5 .18 
BJC4000 ~ .. colot ................ .. • .359. 78 
LBP430 300dpt 4ppm laser .......... . .. ... 579.00 

EPSOtf 
AP22SO ...... .. ....... 96.55 Ptus .... 1354.86 

AP3250 ........ , ....... 146.31 .... 2259.45 

AP3260 ...... ..167.82 .. 186.85 

l.X300 ••165.0t ......... 199.70 

FX870 ........ ............ 274.56 800• .... ........ 209.88 

FX I 170 .................. 364.00 1000...... _ .... CJC.44 

APSO<X>+ ............... .229.71 Srytus Color ........... 50i1.53 

L01 070+ ........ ..... ... 369.85 Actioolaser 1100 ... 383.62 

l0870 ...... 454.44 Actlonlasor 1400... 660.84 

l01170.................. 623..51 Actionla.ser 1500 ... 458.82 

L0.2550 .................. 116.99 Actiool.asor 1600 ... 7~.:5 


IBM LEXMARK LASER PRINTERS 

WinWritcr 100 lnkjol ..................................... .283,43 
WinW nter 200 lasor .........453.61 
WlnWriler 400 lasor .... . ...... 755.03 
\VinWrllcr 600 !<Iser ........................................ 999.00 

~=:::~~:=~ ~ f:~r~.=~.~.~~~!..::::::::::· · · ::::~;::~ 
~~~-~~-:::::::::::::::::::::: : :::::::::: :: ~~~~~ 

Digital Corporation 

DECwrltcr 5001lnklct .. .. ................ .262."7 


~igr,.:~rr~~::~:::~:::::::::: ·..... ::::::::::::&~.~~ 
DEClaser 51008 ppm ... .. ....................1147.28 


Panasork 
1150.-.. • .. 133.•9 
1624..... . ...... 385.20 
2023 ........... 182.27 
2130.......... ............ ........... .. ....... ........... ........... ..21).4 .40 
2135Color ...................................................... 247 .43 
2624 ................... .. .. . 409.49 
3123 ........ _.,.... . ... ..249 .00 
4400 Laser... ... . . ...... 454.90 
5400 Uuer... ................ .....................495.SJ 

~""" 
mlcroMlltC Color lnltjel .......... .. 33..S.76 

microWriler PS23 ......... . .. ......... 639.65 

microlascr Pro 600 PS23 ............. 11 97.02 

mlctoLaser Pro 600 PS65 ............ 1524.25 

microl.aser Pro E .......................... . .. .... 1395.49 


M~:~~ 
OfliccJot irUQel fax/copier(prlnler ....n9.S9 
Desk.Jet 540................... ....289.75 

OesJUet S60C . . ......479.89 
Desk.Jot 1200C ..999.88 
DoskJet 1200C PS •••15!>9.49 
Laser.Jet 4L ................... ............................... 529..57 
l.aserJel 4P ........ .. .....9S~U7 
la$orJet 4MP ....... ......1367.21 

t=~j:: :~~.::::: .:::~~~:~ 
LaserJet 4V ........... . ..... 1967.31 

LaserJet Coilx ....... .. .... 5929.152 


COSTAR 

labe/Writcr XL OOS/Viin ....139.86 
labe/Wliter XL Plus OOSJWin ... .. ......... .224.89 


~· 
270MB FB!il ·ATA , .......... 169.54 

34SMB SCSl·2 ...... ............. ..... ................ . ...18!l.88 

420MB Fast·ATA ... . .. ............................. ...202 .51 

540MB Fast-ATA ..... 232.84 


MICROPOLIS 
22 171.7GB SCSl·2 . ..... ...... ...... .............. ... 1038.46 

3243 4.308 SCSl-2 ............ .. .. ........ . ... t 759.26 

I 936 3GB SCSl-2......"'"" ......... 1299.87 


C::::.::.::;R 
42st.AB IOE ........ . •.......... . .... .21.&.29 

S4~B IOE ..........................................249.80 

BSOMB Fast·ATA .......... .. .... .317.86 

1.27GB Fas!-ATA ......... ......................... ..... ... .517.97 


All Ccnlw r anvn lu~ R::tWe ctJtr.ple:a n:;Ulbtcn 
l'lall:t.•'Jf'Ollmi~are 

&9seagate 
3'11MB Fasl·ATA .... .. ..... .231.79 
428MB Fasl·ATA .......................... .224.08 
545MB Fast·ATA .... . .. ...... 225.36 
722MB FeS1·ATA2 .. . . ....... 2lili.71 
IGB Fast·ATA2 ... . ...... . 454.52 
1.oGB SCSl-2 ... .. ....... .......... .5M,36 

WESTERN DIGITAL 
Caviar 420MB EIDE ............ .. . ................. 208.06 

Covlat S40MB EIDE .. . -..... ... .. ...... .25-1 .81 

Cavtar 730twtB EIDE ..... - .........................._....219.0S 

Caviar tGB EIDE....... ........ ...... ................. - ..• ...449.14 


CONTROLLERS 
Acculoglc SlDE·3+ wlon·board BIOS ................. 48.90 =~Jg~::Vt~E~~~~-1~:::~:::~~ :~ 
=~A=n;8~~·-lc·o·i<:'ii' .... :::: : ~~! :~ 
Adoptec AHAI 542CF SCSl·2 ......................... ..265.45 

Adoptec AVA2825 VLB SCSl-2/EIDE ..... - ....... 166.87 

Adaptec 2642 VlB SCS~2 ..... ............... " ......... 249.S3 

Promise 2300+- B OE VLB ....... .......59,87 


w1~ 1.1.1.,M·J:li•MM ' 'F"i"• ' • ' hfW 

SPOATSTER MODEMS 

V.34 28.6K Internal wnax. .............................. ..2 19.150 
V.3428.BKcxtcrnaJwnax .... .. ....... .2l7.25 
14.4K Internal w/tax ...... 98.45 
14 .4K external w/fax .. .......... ................. ... ......11 4.79 

COURIER MODEMS 

V .34 tntema.I wtfax ............. -................ .. .•.31ML95 

V.34 external wnax ....... -........ ............. ...422.32 


ACCURA 144 inlem al wnax ..... ............. ............93.i!l 

ACCUAA 144extemalwllax .... 111.18 

ACCURA 288 V.34 lntomal wlfax ................... 188.13 

ACCURA 288 V.34 external w/lax ..................221.« 

OPTIMA 144 oxtomal wllax...... . ...... .374.30 

OPTIMA 144 pocket wl'fax .... . ......... .296.93 

OPTIMA 288 V.34 intem11l w/fax ............. ........ 365.14 

OPTIMA 288 V.34 external wnax .................... 421.54 


14.4 Internal wllax ..... .. . ............ .89.96 

14.4 Mini Tower w/1ax ..... .. . ................... 109.02 

V .34 26.8 ln1emal w/tax .... .. .. ........... 196.59 

V .34 28.8 Mini Towar wllll.X .......... .209.64 

Prnctlcal Pro Series ......... .. ....... . CALL! 


BOCA 

Online Express 14.4 lntcmalwllax ..... .. ........ .64.25 

Onllno Expross 14.4 cxtomal wnax .................79 .78 

V.34 28.8 lntornal wl1ax ........ ........... . ........... 169.89 

V.34 28.8 extomal w/fax _....... ....... . .. - ..209.90 


MICROCOM 

DeskpOrle ES 14.4 ....... ........ . .. ....... 1C6.39 

Oc11kporte Fast ES V.FC 28.8 ... ..... ..... 170.94 

Doskporte Fast EP V.FC 28.8 ... .. ...... - .. .244 . .JO 


American Power Conversion 
BackUPS 280 ···-··-··-·--······-··············-..····-···.99.53
BackUPS 400 ............. . ....... 144.28 

BackUPS 450 ......... . .... ........ 175.81 

BackUPS 600 ....... .. .......... .243.00 

Baci!UPS 900 ...-.. . ............. - ·-···· ......... .345.76 

Bacil.UPS 1250 ..... .. ...... _ .......... 449.29 

Smar1 .....................299.89 

Sman 3.Ja 

Srnan .......................................514.61 

Smart 50.. ........ ..644.24 


~=:~~~..~::....... .........·-···::: :~:ll 

SurgeArrost Notwo1k +Phone ...... 49.98
Lino·A 600.......................... .... .... 119.09 

Tripp Lite 
BC250...... .......94.97 
BC400... ....13U11 
BCSOO..... ......... - .. ............................. ... .. ....173.09 
BCSOO LAN...... - ..... . ............................... ....... 177.51 
BC600 LAN ...... -......... • ................ ...... .231.43 
BC750 LAN.- ... -.... .. ........ .289.D3 
BC900 LAN......_......... .. ......................... 327.59 
BC1 250 LAN ....-............... .......... ... ..... ...426.10 

Tr.,p lite Snuirt UPS Serles 
SMART 250 LAN ... - ...... • ........ .211.97 
SMART 400 LAN ........................262.87 
SMART 500 LAN ....... . ..... .279.4-l 
WART 600 LAN ...... .. .............. 289.16 
SMART 750 LAN ............. ...348.82 
SMART 900 LAN ,_.........422.SB 
SMART 1250l.AN .... .. .555.73 
Isobar 4 OUTlET ........ .. .. .38.95 

ISObar 6 CUTI.ET ...... .. ..........46.38 


iJ'1tt4f. 
3Com EU'lcr1iric 111 8 combo......... ....239.70 

Hayes OPTIMA.144 wl1ax ........ 189.82 

IBM Tokon Ring 1&'4 ............................ 412.46 

Unksys Elhemol combo ......... .............. - ........165.74 

Megahertz 14.4 dataltax ......................... - ....... 179,48 

Megahertz 14.4 Gold datanax XJtlcic ...............198.89 

Megahertz V.34 XJndt ................. ... .... ...385.61 

National Soml t£4100T elhornet 10BT ._..... ... 1n.96 

New IAodia Bus Tom.tor SCSl·2 hosl... ..- ....... .229.42 

Now Med.a Wavo Janvner sound card ... - ....... .248.88 

Simple Toch 14.4K dataJfax ............................. 145,51 

Adllploc APA1460 SCSt-2 ............................... .247.94 

Turtle Boach Audio Advantage ............... - ........ 129.38 

USA SponstCf 14,4K - .................. _ ...... _,_ ...... 189.89 

USA Sponslor \'.34 ..... .. ....368.67 

Xircom Ethernet IOBT .... ... ... .........209.56 

Xircom Ethomtl combo.. .............. . ...255.59 

Xirwm Ethemel..modem 10BT .. - ................... 4n.02 

Xircom Elhemel+modem combO . . .... 547.3! 

Xircom Token Ring 1614 ..449.18 


i t ii :tW•l'l:f ;l•l;ll'I 
lnlcl OvorOrive DX21SO ..................... 125.68 

lnlel OvOfDrive DX2166 ... ............ 188.68 

Intel OverDrive DX4n5 .. .... .... .. .. .. 238.34 

Intel OverOrive DX4/100 .............. ...... .309.88 


$14 tl·l ;SllliJfi;f·i ·I¥ 

Lifetime Warranty! 
AST Ascentia 900 4MB.................... _ ...... ....... CALLI 
AST Pov.·erExoc 4133SL 4MB ..... ..CAW 
AST PoworExec 4fJ3SL 16MB ... . ..... CALLI 
HP LasorJct 4L 1MB . .............................. ......... CALL I 
HP LaserJet 4P4MB .... ..CALLI 
HP LasorJct 4 -CMS...... .CALL! 
HP L..osorJel 4 SMB-..... .. .. C.A.lll 
lBM ThlnkPad 500 4MB ..... CALLI 
IBM ThinkPad 500 SMB .... CALLI 
IBM ThlnkPad 7S5 4MB ....... CALLI 
IBM ThlnkPad 755 8MB..... . ........... CALLI 
Toshiba 1900-4000 4'AB ...-... • ............ ~......CALLI 
Toshib.l 1900-4500 8MB ................................ CALLI 
Toshiba 1900-4&00 16MB .. . .. .. ............... CALLI 
Toshiba 4700/4800 32MB ................. CALLI 
NEC Versa 4MB ..... ............................. .. .. CALL! 
NEC Versa SMS ..... .. .. CALLI 

Picas• call lo r othor npplicallon1. 


Call 1oday for current pricing and l'llllablUtyl 


CDW8 Sells for Less and Services You Better! 
FREE TECHNICAL SUPPORT CALL FOR FREE 

FOR CDWeCUSTOMERS. (800) 959-4CDW CDW® CATALOG 
FAX (708) 465-6800 

http:1250l.AN
http:2lili.71
http:15!>9.49
http:l!.95.00
http:43-49.62
http:Support.ff


----

The 
Databrick-
Now with PCMCIA option! 
The newest addition to Datalux·s family of space-saving computer products! 

This I .4kg unit measures only 26x 12x5cm (I O"xS"x2"), yet is powerful -486SX 

most important. it provides a rugged. portable. flexible PC 

solution. bridging the gap between a laptop and a 

desktop PC. Databrick drives both VGA and Datalux 

LCD monitors. making it ideal for industrial control. 

vehicle. POS. institutional and presentation 

ii!...liiir systems. It can be configured as a diskless unit 

(booting from PCMCIA devices or from a network) or a stand-alone system 

with hard disk, powerful enough for today's CAD or desktop publishing programs. 

Hinged lid is removable. 

Orders and Information: 1 800-DATALUX 
24 -hour faxed data sheets: 703 662-1675 

Space-Saver LCD Monitors 
Keyboards Datalux stand-alone monitors are available in both I .8 

kg . desk/wall (which folds for portability) and 2.7 kg 

mobile/industrial. 64-grey shade, mono or 256 color 

DUAL SCAN versions. Both are 9. 4" diagonal 640 x 

480 VGA and can be fitted with optional touch 

screen with integrated touch controller. The 

mobile/industrial unit (pictured with swivel 

The popular I .Okg desk and mount) is in a rugged aluminum housing with sealed front bezel and 

.4kg portable flat models controls. All models plug directly into the Databrick or are supplied 

save 60% of the normal with a I 6-bit /SA bus controller. 

desk space, with full-travel. 

tactilly responsive keys . Desk/Wall Package 
Footprint is only 28 x I 6 cm The Databrick combined with our LCD monitor is an 

( I I x6"), but the I 00 keys ideal solution when you need a complete, compact 

have standard left-to-right PC and screen in a single unit. When folded or 

spacing. Both models are mounted on a wall, this 4 kg unit measures only 

XT/AT/PS2 compatible and 29x24x I I cm (4 .Sx9.Sx l I ") and is rugged enough 

are available in many to survive as a touch system in harsh environments 

languages. such as kitchens or factories . 

DATALUX Corporation Daralux International, LTD 
I 55 Aviation Drive Euro House 

.............. 

--~--~--............... 
Winchester. VA 22602 Curtis Road. I I Old Water Yard 

Phone (703) 662-1500 Darking, Surrey. UK RH4 I EJAmerican Made Fax (703) 662- 1682 Phone 44 + (0/ 306-8767 18 

Space-Saving Computer Products Fax 44 + (0( 306-876742 
Clrcle 151 on Inquiry Card. 



75- to 90-MHz Portables 

Dolch By The Time You Read This.... 

Dolch's L-PAC 586 90 MHz is a unique system, 
designed primrui ly for engineers. Its 16-pound lunch

box-style design (10.9 by 15.7 by 6.3 inches) is remi
niscent of early luggables, but it is intended to be a true 
desktop replacemen t rather than a mobile companion . 
You can easily install up to three 16-bit ISA adapters and 
enj oy a full- size, I 0 I-key detachable keyboard with a 
dedicated numeric keypad. It has fold-down feet on the 
bottom and a handle on top, but you won't want to carry 
the L-PAC too fa r. It doesn' t run on battery power and 
lacks an integrated trackball and built-in 16-bit sound; 
however, it does provide two conveniently located Type 
II PCMClA slot , and you can configure it with up to 64 
MB of RAM and a 1.05-GB hard drive. The Pentium
powered 

and 
IDE 
dri ve. 

L-PAC 
holds an FCC Class 
A rating and a steep 
price tag. Its $8975 
review-co nfi gura
ti on price includes 
32 MB o f RA M 

a l. 05 GB 
hard 

DO THE EUECTRIC GLIDE 
The GlidePoint from Alps Electric offers a unique alternative to 
traditional point-and-click devices. By gliding your fingertip 
across the GlidePoint's 2.52- by 1.9-inch nonmoving surface, 
you control your screen's cursor. Because it has no moving 
parts, the unit never needs cleaning. The wafer·thin pad pre
sents a major threat to standard pointing devices; it's rapidly 
gaining marketshare. 

Alps Electric applies field-distortion sensing technology, a 
fonn of capacitance-sensing licensed from Cirque (Salt Lake 
City, UT). Two layers of fine elecbical conductors in a planar grid 
create an electrical field on the GlidePoint's sealed surtace. 
When your finger (pencils and erasers don't work) touches 
the surface, you distort the pad's electrical field, allowing it to 
track your fingertip as it moves across the grid. You can "click" 
by tapping your finger lightly on the pad, but the GlidePoint has 
three buttons as well. The driver Alps provides is simple to 
install, and with it you can program the third button. The Glide
Point also works with Microsoft mouse drivers. 

Although Alps touts it as a "natural finger pointing move-

Between the time we began testing and the time you read this, 
vendors will have upgraded their lines with yet more impressive 
features. Two notebooks in particular caught our attention: Tad
pole Technology ' s Pentium-powered P 1000 (it won our "Best 
Po1tablc" award last November at Comdex) and Sharp Electron
ics ' PC-8900 multimedia notebook (particularly impressive due 
to its advanced LCD technology). 

Tadpole designs workstations, and the P 1000 is no exception. It 
runs on Intel's 3.3-volt 100-MHz 815/100 CPU, has an integrated 
256-KB level 2 wri te-back cache, a PCT bus, PCMCIA and SCSI 
interfaces, and maxes out at 128 MB of DRAM. The P I 000 has an 
active-matrix 10.4-inch TFf (thin-fi lm u·ansistor) di splay panel, 
internal microphone, speakers. and audio in/out ports. With a bat
tery, the P lOOO weighs 7.5 pounds and has a base MSRP (with 8 
MB ofR AM and a 340-MB hard drive) of$7495. 

Sharp's PC-8900 runs on an Intel 486DX4/75 processor and 
has an infrared port a Type ill PCMCIA slot, and an Alps Elec
tric GlidePoint (see "Do the Electric Glide"). Its I 0.4-inch active
matrix screen consumes 20 to 30 percent less power than Sharp's 
previous LCDs, runs off a VESA local bus, and internally sup
ports 640 by 480 pi xe ls by 256 colors. !ts multimedi a features 
include 16-bit sound; integrated speakers and microphone; and 
the ability to mi x, edi t, and synthesize audio files. Weighing in at 
6.2 pounds, its target price is $4999. 

-Selinda Chiquoine 

ment," expect to 
spend a litUe time get
ting adjusted to the 
new technology. If 
you're not unhappy 
with your current 
trackball or mouse, 
the GlidePoint might 
not be worth the $96 
investment. The Twin
head Slimnote 5100T 
and the Apple Power- The Al ps Electric GlidePoint pointing device 

Book 500 series currently incorporate trackpads; expect to see 
more notebook vendors adoptingthe trackpad technology soon. 

Epson America, Inc., has announced that all the SYstems in 
its ActionNote 800 series will offer internal TouchPads, and 
WinBook Computer's WinBook XP line will offer internal Touch
Pads or trackballs (centered in front of the spacebar) as a pre
installed option. -John McDonough 
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HONORABLE MENTIONS 


Dubious Achieve:1.T1.en-is 

~ The Compaq LTE Elite 4nSCX Model SlO's integrated trackball is awkwardly placed. 

You must take your right hand off the keyboard and grasp the right-hand side of the display to use the 

trackball. However, its molded buttons (shown below, left) located on the back of the display panel 

conveniently fit your fi ngers. 

The Zenith Z-Noteflex received an above-average 

rating for the feel and response of its 82-key keyboard. 

However, we found the symbols on the Home, End, 

PageUp, and PageDown keys to be very cryptic and of little 

use to novices. And because there is no hard-copy User' s 

Guide, you must consult the system's Windows-based On

line documentation to decipher the function keys function . 

... 
~ The placement of the trackball 
on the AT&T Globalyst 250, NEC Versa 

M/75, and NEC Versa M/75 High Resolution 

(whose exteriors look identical except fo r 

their color and displays) makes it difficul! to use. These trackballs are located 

on the front of the system in between buttons for selecting and draggi ng. 

~~~~~~~~~ 

The Panasonic V41 Multimedia Notebook 
PC fea tures an internal double-speed CD-ROM drive. 

The drive lies beneath the keyboard, which opens with 

a conveniently placed latch on the notebook's front. 

An adj acent slot stores a CD. The IBM ThinkPad 

755CD Notebook and the Aquiline Cyclone also 

feature internal double-speed CD-ROM dri ves. 

However, you must remove IBM 's fl oppy drive to 

install the CD-ROM drive, and the Aqui line ships with 

an external- rather than internal-tloppy dr ive. 

The Digital Equipment HiNote CT475's 
LCD status display is highly visible. It is located to 
the right of the screen, unlike the majority of 
systems which place their status indicators on the 
display hinge or above the keyboard. Status 
indicators are especially useful if they display a 
multilevel battery gauge, and the HiNote's does. 

The Compaq LTE Elite 4nscx Model 510 
fea tures a bui lt-in AC adapter, eliminating a bulky accessory. The 

IBM ThinkPad 755CD Notebook includes a 12-foot power cord 

and a 3-prong plug that pops out of the AC adapter' s box, so there 's 

no need fo r a power cord 

between the adapter and the 

wal l socket. However, be 

careful : IBM discovered that 

the adapters labeled model 

AA 192 10, with a date code of 

9452 or lower, may present the 

risk of electrical shock. 
Although no shocks have been 

reported, IBM is voluntarily 

recall ing these units. 

Two innovative power designs. The 
ThinkPad's is on the lett and the LTE 
Elite' s is on the right. 
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Every user has full multimedia 
capabilities; supports keyboard, 
mouse, video, speakers, 

,~ 
~ 

CeBIT in Hannover, Germany, March 8-15, 1995 Booth #M9, M1 O 
Networld & lnterop in Las Vegas NV, March 28-30, Booth # 5839 

computers; use any platform's peripherals to access 
any type of computer in the system. 

• Multimedi.a 

microphone and 

serial port. 


• Multiplatform 
Supports any combination of PC, Macintosh and Sun 

COME SEE US AT 

COMDEX Spring in Atlanta, GA, April 24-27 1995 Booth #N5762 

CoMMANi>'fRfi·· 
Cybex Corporation 
4912 Research Drive • Huntsville, AL 35805 USA JCcYBEX™ 

(205) 430-4000 • FAX (205) 430-4030 

Circle 147 on Inquiry Card (RESELLERS: 148). 



Don't Settle for l.ess 

Guaranteed Lowest Price 
The Best Brand Nam es 
30·da Mone Back Guarantee 
Never aRestockln Fee 
30-day Prie11 Protection 
F'C Com utin Five Star Awanl 
Ule11me To/I-FmTechnical Su 

Vol ume Purthase Ag reements 
Customer Satisfaction ts TopPriority 

1m 1 

AST 
You Can't Beat Its Value 

ASTAscentia 910N 
.A 10:4' Active and 10.3' dual scan displays 
.A NEW! Lithium Ion Battery for extra long life 
.A PanVision graphics for up to 1024x768 resolution 
.A 2Type II or 1Type Ill PCMCIA slot 

Processor Screen 
486DX2/50 10.3' Dual Scan 
486DX4/75 10.3' Dual Scan 
486DX4/75 10.4' Active 
486DX4/75 10.4' Active 

•Ascantla 91DN 

Ascentia 810N 
.A LARGE,10.4' dual scan displays 
.A 41V!B M M expandable fo 20MB , 
.A Removable"hard drive·and floppy dfive 
~ 2Type II er 1Type Ill PCMCIA slot 

Price 
$2949 
3439 
4719 
4999 

Model Screen Hard Drive Price 
486DX2166 10.4 Dual scan 250MB $2399 
486DX2166 10.4 Dual Scan 340MB ·2539 
4860X2166 10.4 Dual Scan 510M8 2689 

Business Lease: $88/mo. 

~ AST, AST l ogo ~~~ traqemarks of 
~ ASTResearch, Inc.All rights reserved. 

Processor Screen ilal'd Drive-
Pentium 75MHz 10.4"Active BrnMB 
Ca/HorGuaranteed£ow8$J Price! 

·· ,__ 

Trave/Mate 4000M 
~~~~~:=~S1ar .A Brilliant color display a$2549slow as 
ratlnglorsenlceand omallperfonnancelnlts .. 16-bit sound card 
llsllng of the nation's leading direct sellers. I t t d . t' d .

.A n_egra e pom mg ev1ce 

..., 

4860X4175 9.5' Active 510MB 5199 
Business Lease: $87/mo. LTE Elite 

FREE Smart Station on selected models 
CALL for details! 

1111
• .A 2Type II or 1Type Ill PCMCIA slot 

Processor Screen Hard Drive Price 
~i ' ' ' 

1 
' 486DX2/50 9.5' Dual Scan 3'10Ml3 $2549 

" " 486DX2/50 8.4' Active 455MB 3219 
~, , , ' '. ·, '. · .. 486DX4/75 9.5' Dual Scan 455MB 3399 

MB 409486DX4/75 8.4' Active 340 9 
486DX4/75 8.4' Active 455MB 4249 
486DX4/100 9.5" Active 525MB 4799 

800•298•4727 .ii:a susinessLease:$94Jmo• •• : .•. 

lnternet:sales@pcscompleat.com ~ TEXAS · • • ' 
International (508) 624·6400 JNSTRUMENTS ;i;i. :""1111,1• r.1,~. illliU 

6-4195 

CALL TODAY! 

Depe~a!i!!!PH~n9. Free 

Contura410 
.A 486DX2/50 processor 
.& 4MB RAM expandable to 20MB 
.A 2Type II or 1 Type Ill PCMCIA slot 
.A Large built-in trackball 
.A MS-DOS, Windows 3.1, 

Tabworks, Lotus Organizer 
Display Hard Drive Price 
9.5' Dual Scan 351iM8 2369 
8.4' Active 350MB 2839 

BtJsiness Lease: $87/mo• ...._.. 

LTEE/ite 
.... 4/8MB RAM exp. to 20/24MB 

.& Built-in AC adapter 

.& Removable hard drive 
 as Iowas.& 2Type II or 1 Type Ill 


PCMCIAslot 
 $2359.6. lnt!)grated trackball 

.6. MS·DOS 6.2, Windows 3.1, 


MS Video for Windows • •  1 

Run Time,Tabworks 11 l 
Processor Screen Hard Drive Price I \ 
486DX2/40 9.5' Dua1Scan 170MB $2359 _!'iij
486DX2/40 8.4' Active 170MB 2929 ~ - - ~ - - 111
486DX2/40 8.4' Active 340MB 3399 
486DX2/50 9.5' Active 340MB 4439 
4860X4175 9.5' Active 340MB 4899 

-r'h· ,1,,n d"'cnr Sueilrl llanl OOve Price1 i lnn.r'8 11uui;; 
9.5' Dual Scan 340MB $3049Notebooks .... 4MB RAM exp. to 20MB 9.5' DualScan 540MB 3449 

..., Modular designwith lift up 8.4'Active 340MB 3099 
keyboard, removable hard 8.4'Active 540MB 3449 

....~J~££~rarr~~~~11 

.6. IBM DOS 6.3, Windows 3.1 
& 15 FREE software titles $3049 I! 



.,, 

Toshiba Direct 

New Models•••Low, Low Prices 

NEC 	 Hewlett-Packard 
Pentium Power and Unparalleled Displays Quality DeslcJet/LaserJet Printers and Notebooks 

Ve1SB S . ... : · Ve1SB V 	 HP DmniBook Note· HP OmniBook Note· 
A. Upgradable . . '"' A. 4MBRAM expandable to 20MB book PCs 4000 Series book PCs 600 Series

hard drive . • , · ,, A. 2Type II or 1Type 1_11 PCMCIA slot Desktop to-go-PCs Lightweight with Perfonnance 
A. SurePoint integrated pointing device A. Removable hard dnve Processor Screen Hard DrJvePrice Processor Screen Hard Drive PriceA. 2Type II or 1Type 111 PCMCIA slot A. Removable floppy-add 2nd battery 4860X2750 10.3' Dual scan 260MB 52969 486DX2/50 8.5' Dual Scan 170MB 52549
A. Only 4.7 lbs. 	 A. MS-DOS 6.21 ,Windows 3.1 486DX2/50 10.3' Dual Scan 340MB 3349 486DX2/50 8.5' Dual Scan 260MB 2829 
Processor Screen Hard Drive Price Processor Screen Hard Drive Price 486DX2150 t 0.3' Dual Scan 520MB 3729 486DX4175 8.5 DualScan 170 MB 3099 
486SX/33 9.5' Active 21 0M8 S21 79 486DX2/50 9.5"Dual Scan 250MB $2369 486DX2/50 10.4' Aclive 340MB 4459 DX4 5 8 S OM 3379486 5 26 8486DX2/50 10.4' Active 520MB 4839 n · ' Dual can 
486DX2/50 9.5' Active 350MB 2549 486DX2150 9.5' Active 250MB 2889 4BGDX4110010.3·Dual Scan 340MB 4069 HP LaserJet Printers
486DX2/50 9.5' Active 260MB 2369 486DX2/50 9.5' Dual Scan 340MB 2499 

486DX2150 9.5' Active 340MB 3029 486DX4/10010.3' Dual Scan 520MB 4449 HP LaserJet 4L ........ .. ....$499.99 
486DX2/50 9.5' Active 540MB 3399 4860X4/10010.4' Active 340MB 5179 HP LaserJet 4p .. .. ..... . . . . .. 959.99 
486DX4175 9.5' Active 340MB 3399 486DX4/1 0010.4' Acllve 520MB 5559 HP LaserJet 4ML ...... .. ....1019.99Business Lease: $80/mo. 486DX4n5 9.5' Active 540MB 3779 
HP LaserJet 4MP ............1379.99 
Business Lease $87/mo. 

HP laser Jet 4l
VersaMVersa Mand Versa P 	 Now Only $49999 

Pentium-Powered Multimedia 
... 2 Type II or 1 Type Il l PCMCIA slot InkJet Printers 
A. "Removable hard drive, floppy & screen 	 HP OeskJet 320 ....... ..... ..$299.99 

A. Integrated speaker and microphone 	 FIP OeskJet 320 
A. MS-DOS, Windows 3.1, Windows Sound 	 w/Sheet Feeder ........ . ....359.99 


System, MS Video for Windows Run Time HP DeskJet 540........... . ...289.99 

Processor Screen Hard Drive Price HP DeskJet 560C ........... .479.99 

486DX4175 9.5' Dual Scan 340MB $321 9 HP OeskJet 1200C ............999.99 

4860X4175 9.5' Active 540MB 4199 /irr"'iirli-'iG-"i'¥'f"'P HP DeskWriter 320 ............299.99 
486DX4175 9.5' High Res. 540MB 4589 HP OeskWrller 320 
4860X4n 00 9.5' Active 81 OMB 5049 w/Sheet Feeder .............359.99 
Pentium 75 9.5' Active 540MB 5099 --~------ HP DeskWriter 540 ............289.99

Pentium 75 9.5' Active 81 OMB 5599 HEWLETT ® HPOeskWriter 560C ......... .479.99 

Business Lease: $106/mo. " D HP DeskJet 1200C/PS ........1589.99
PACKA M HP OfflceJet . . • .• • • •• • •• . • 769.99 

Satellite Notebooks andSatellite Pro Series ~~ 
l'8ICEI

Perfonnance atan Outstanding Price 
A. Built-in AC Adapter (T2100s) 	 Model Processor Screen Hard Drive Price 
... 	2Typellor1TypelllPCMCIAslot-T2100series, T2100 486DX2150 9.5' Mono 250MB CALL 

T2100 486DX2/50 10.4' Dua1Scan 330MB CALL
1Type II and 1Type Ill POMCIA slot-T2400 series 	 T2100 486DX2/50 8.4' Active 330MB CALL 

A. 82-key keyboard 	 111 [2400 486DX2150 9.5' Dual Scan 250MB S2469 
A. MS-DOS, Windows 3.1 -! 	T2400 486DX2150 9.5" Dual Scan 320MB 2619 
A. 	Accupoint pointing device GI T2400 486DX2/50 8.4' Acilve 250MB 2959 

Vl T2400 486DX2/50 8.4' Active 320MB 3219 
A. 	Enhanced power management ~ T2450CT 486DX4n5 9.5' Active 320MB 3969 

aE T2450CT 486DX4n5 9.5' Active 500MB 4269
Call About The NEW T2150 

With Built-in CD-ROM Drive Business Lease: $90/mo. 


Porteg_e 1asoo 14700, 14800and 14850 
Award-Winning Subnotebook Sight, Sound &Processing Power 
A. Ultra-portability at only 4.4 lbs. 	 A. Brilliant color display with local bus video 
A. BMB RAM expandable to 24MB 	 A. 1 Type II and 1 Type Ill PCMCIA slot 

A. Microsoft Sound System, built-inA. PCMCIA Type II slot ct-~A i:g
A. External 3.5' diskette drive ~ microphone, audio out port 
A. Integrated AccuPoint pointing 	 A. MS-DOS,Windows for Workgroups 3.11 , 

device UltraFont,lndeo video compression software 
Processor Screen Hard Drive Price Model Processor Screen Hard Drive Price
4860X2/50 8.4' Active 250MB S3469 T4700 486DX2/5D 9.5' Active 32DMB S3D79 

T4800 486DX4/75 9.5' Active 50DMB 4189Business Lease: $114/mo. 
T485D 486DX4/75 1D.4' Active 5DDMB 451 9 
T485D 486DX4/75 10.4' Active 772MB 4829 

Business Lease: $101/mo.TOSHIBA 

14900 
Your Dream Machine 
A. 75MHz Mobile Pentium Processor 
A. 8MB RAM expandable to 40MB 
A. 772MB hard drive 
A. 10.4' active matrix color display 
A. 1Type II and 1 Type Il l PCMCIA slot 
A. Accupoint integrated pointing device 
A. 	Microsoft Sound System, built-in micro

phone, audio out port . 
A. 	MS-DOS 6.21, Windows for Workgroup 3.11 , 

Windows Sound System 2.0, lndeo 
Video, and MS Video for Wi!'ldows Run n me 

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

Circle !1..69 on lnqulni Card. 



tlO SURCHARGE FORMC, VISA A£ & DISCOVER 

IBM NOTEBOOK & LAPTOP MEMORY 
CX48S DRx>·25f.Kl .......229 00 

CX48S DRl'·ll/60 ........279.00 
 209.00 

"'
31l9.00 

l<lro ·"'CX486 SRX2 25150....•..229 00 

l!Ull 

i4'JC0'11'9IXI "'"',,,., 
DIMM MODULES 

SIMM MODULES (Add $5.00 for SIPP) 
40NS SONS aotts 70HS IOHS 1DONS 

"400 o1 $.ff.I 4200 4000 
49.00 46 1)) .:1.00 41 00 39 00 

15-' •XI f.49.00 13900 

2~ x36 1 mg 
512 '•362mg
1 me x364 ma 
2,, 8mg 
•h 16mg 
8x 32mo 
tO 
1 x32 4 mg 
h328mo 
4•32 IGmo 

66900 

72 PIN SIMMS (EISA) 
69.00 5900 
9-100 M .00 

1Pt4 .00 174.00 16900 
3!19 00 34!UX> 339.00 
50 9 00 539.00 S39.00 

1149.00 1098 00 
- 2349.00 

15900 154.00 15'*00 
329.00 3 19.00 319.00 
489 00 479.00 479.00 

CYRIX FASMATH PROCESSOR 
Program' u:ecutt<I up lo 3X r.uuir • Pluo A obtKt code compJI. wllntd 

8JD87-40Mttz - 79.00 a3087·33MHL - ..9 .00 83S&7·25SX Ver. - 49.10 
8JSU·33SX- 65.00 PC Wtekl'V rated" ovtl .a math dips 

5 YHI WlltHI)'. · Alt Dow-.nrd Comp•tlbl• " 

AST MEMORY 
MOOCL un. U'°JW:l[O 
Bmo LC "'7SS. 4'1l. 4JJS. 4150:2. 4Uld We"1 

8!A<\l...... 
.UN'C"Q 

Prtf"l.um 4&6/2S.2S£. 33. ll£ 
"rtr.1!!.UTl3WllTC. Ull12SiE. 331[ 
PNM Seu. Pfwi II ll6SXIXI 2! 
PrW!I u3'6.'2) Ja61l3, U6llJ ~ Uh; 
l"rm*Mn le&'33l. Ptrt R65Xfl6 
Ptem. II l96SX:'20. ?) 4"'«1 
J111mWmJ.e&'2S . ll ~t.3&6Sxr1a 1ut0 
P1tml.a.V.US. <llll. ~. ~o weo 
Prtrntl IUWQ 
Prr.T'.ll la.lea 
Prtim1 641.leg 
ASTCu;iid!<I 0-.32:Meg 

""180<0'}5001~ 6.t ('i'll,.,,....,., 
5Ql1S9-002 
)01159-0ll 
S011~ 
~115~ 

50091a.<l01 

ZENITH MEMORY MODULES 

""" 17-• lO 
JJOJO 
61900,,..,. 
,..,. 
,.,., 
!:900 

37900,...,,..,,. 
3111 DO,,.., 

MODEL AMT . UPORADED AS1' PART t PRICE 
Z386133. 25, 20, 33E !Meg=·25, 20, 33E, 4WZ5E ~~= 

ZA3800.'AE 5900 
l.AJSOOMK 1!0 00 

Z·605· 1 mocu~ 119.00 

MAGNAVOX 
28813&6SX·16, 388SX·20. 4'86SX·20 6 386·33 .ii are 72PIA' SIMM: 

lMEG-5900 ..C MEG  l llOOO aMEG  3-'9.00 16MEG  659.00 

Prlcu & Availab ility 
Subject to Cha"9• 

Without Hotke 

l'9.00 
i49.00 

zog_oo~1.oa 

l1Ul-'159.o:t 

"""' 32ilD 
1111.00..,.,,,,., 

COMPAQ MEMORY MODULES 
MOQ[l AMT . UP1iAAIEl CMPOPART 4 PRICE 
~l!fmlWDl. ,,.., ...... W.1«--001 ,..., 
A8&2~'186~ll. 6Mf';llob:!Jlt 116S6HXll "'·"' ~ro~.JL!lkL JlM«l t~Aol llMM-001 m9.00 

tE>Okl 116.569-031 21'l.OO 
Ot$.1Prl) JWZ5. 336'2) IUeQlkJO.M 11l13Hl01 79.0l 

.&JJcvMoOAr: 113132-00 1 199DJ 
OeslPrtl3&6.S-1Wrtr 1Utg b:p6d 11l633-001 U9.00 

C!v'.eohpBd 113634-001 279_00 
1MtQUo0.ole 113'>i 6-001 ,... 
c r.~co t.!odule 1 1~3HYJI 199.00 

OuliPro 3!M<IE 1Mtobpad 11 364 4-001 14900 
OesU>roJ86m( .&Mtobo311 1136A5-001 2791!0 

IMeQl.!odlh llllll-«11 noo........... 113132-001 1'1-l1IO 
Dtlk.PTo2!611,3Wl3'6SX20, IMe~ !.todlll ll!SU«ll S-9.00 
d "'M" W!lltl,l)"#Tlll M'fl, tMto!.!Ollllt 11e-OO>Oill "" ~11·r u1 ~ .4Mfol.lodi:le 11 5690-001 169.00 

...,~ 128a7i-Oll '""' ~I:L.~ 1291&G-001 1'900 
11.ltq ICl)71-0ll ,,., 
"'·~(ii ua:m-0>1 ,,,., 

1·2'l.!tQ [i.pB1 IDI069-0)1 ,,,., 
'""'"lf~~ IOMl70-001 "'"' DeskPto286 11 3012-001 4900°"""'"(). ..6M,><0M } IUOf &.ll ?Kll 149911-001 389.0l 

Prasl;iu~'W l ltUf IWeQK'.11 1 ~ 99-19-001 "9.00 
~ICOS.W tu.OM(S ,,...., .. 1.(99 1 2~1 13$;.00 

Pr:ib';t~.(IX).5166 =" ........ 1 ~ 2913-0ll 1515.00 

=~~~ .aOUlU ' ""l!t~ IAal.&<-:11 579HXl 
1'1T'.l!-Ol1 "'·"' "'" 1AHC2:-001 316.00 

Pr0finu'S6"2~ Al3J. 4~. .&.'66.COS '"~ 1'16!J-O:l1 ...., 
~.llUdProanu,~UfllS ''Jtg IClW-031 mm 

'"" IC\UXt.11 D91ll 
~SfrM. '!&3J c.... U tf.!5.001 nsoo..... """""' 

..,., 
""'' IC91Ci.001 119900 

COMPAQ LAPTOPS & NOTEBOOKS 
LTl1216 """"' 1170!1-00J 11UE 
m.'3!SSl20 """"""' 1211~ """' lTtUTtl20. Z5.25C 4MeQlkCJt l:Ni6H'll2 """' LTtLITE/20, a , r.,c WeoMoO;tt 1a70-0l'l "'"" LT£UTEJ20. 2). & tU.~eoMod-* 1mfr9.00.: 759.CIO 
LIT UlE-'25iCll3Ct'l5E/2~L 4MtQMod..:te "'2337-tm 1119.00 
m: urr .t ZSC/l3Cl2:5Ell!L 5MtQl.kl!Ml 1-'nli{YJ3 ,,.., 
LT£ Ul(.t~E/2:!L 1Wt0Mcdl* 1'23lHI04 .,.., 
Sl.T.'286 '~~ 110l37.Q'Jl 199DJ 

'""" 21.lt:gL!OOW 116»&-001 """ Sl1"86 4MeQ l.~oclil ! 118305-001 21 9.00 
Conctrto,l TEElrle ..... 14'790-001 1B900 

'"" 1.t-1 790-002 S6900 
1Q!t9 1-'CT9'Hl03 699.00 

Corrtur1320l25 '""' 13~57-001 9900 
"J.~ IJiotsa-0)1 159.CO 

"·~ 1 3~*00 1 ll~.00 
Con1uu'OO CMIQ11MOQfl6~~ 1 ~89/709 
Contur~ 41i!S, 4/2SC, 412SCK .tMt<i \4 G520·00 1 189.CO 

"'" 146.521-()01 3.39.00 
16'.lf~ 1~31 -001 ..,., 

Afro"2S Cf.131.. - 190532-0ll IM.00 

""' 190S97-001 3'900 

CUSTOMER SERVICE & TECHNICAL: OPEN M-F, ~ PST 
All piocllcts brand new & guarllllud • We buy e:io:as irMntay 

Trademarks m registered 11?tlr rhelr resp«:rlve rompan/ts. 

<-..:-1;c..;...,.. ,i1 

228!25 Lockness Avenue • Torrance, CA 90501 

MAHU , PAR T I 

PCMCIA VERSION 2.0 g:::~"'t::i! 
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H.P. COMPATIBLE FONT CARTRIDGE 

1-800-433-3716 SECURITY WILL 
ESTAB. CAll WINDOW Mon·Frl, 8:00 a.111- to 5:00 p.m. PST 
1985 MOW OPEN Sat. 10:00 a.m. to 12:00 noon(US and tanada) 

CACHE MEMORY CHANGE YOUR 286 TO A 486 TOSHIBA LAPTOP MEMORY ....12WS tuS 2SftS ,., aoo ~s> 
soo 100 ""'' "" .»Kol{l-lV} .....'"'" ""' 11 00 900 500,.,,.. 1100 900 ,00 ""' .,., 

&.i!I012&mnoo1411ciGI 

t!~g=~1:m1 
6t51 1S3j U•St'QK<! 
6'151 159(~~~) 

IBM PS/1, PS/2 MEMORY MODULES181ld aoo 700 ,00 
128K.tt l900 2100 

~1.00 """,..,.Individual D·RAM Chips ,,.,om amnxrnm 
MlMOllRllUl l m\l 39 00... .... 8(87·2 "5.00 "'"' ... ''"' 

ltifrto;•I --.""' ., .., SC.!17·1 7900 "'"' '""'' 
- '"·~" ,,.,'" '" 8C287·Xl ••oo ""'.,.,1tw,.l (Zlp F\ 

8<387·16DX ,. 00 ,..,.... '"" ""' ~~~.: amB7·20 DX « .00 HSOO "' ,.,"' "' J.1.00 '" .,.,~~, : '" '" gm~:~J8:::l 22'00 "'"'"" "" '" ln:elSX(OoesAll) 69.00 109.DO

"'" ""' "'" ·~ lne1SLMobll ••oo 18::100""""'" M" 1n·e116SX"' '" in 
3'.00 175.00'" lnlel20SX 4'00 115.D)~·· no> 

1!6:tl\'lll0 to . "' Uwest pnce on tmtt CMtllm't dlips :m.ooU>l ""''"" "" 1239. " 00""· 
•HJO 

m.oo NOTEBOOK, LAPTOP MEMORY 
Jl'J.00 

"'·"' 
199.00 
m.mCYRJX DRx2 386 to 486 Upgrade 70.CIO 

Clock Doubler....,.. ..... __
·eox._..,_ 
• Complllble with hka.try dandlnl 3860X CPU 10cbt 

'CompltblilwOOOS.~U.DSn:l.lllllf Z... 

. u.. ~ dlMard CDlt d.r, 
• Easy la lnml-m:U 15 "*--.. 

Circle 166 on Inquiry Card (RESELLERS: 167). 
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With the backpack quad-speed 
CD-ROM drive, you're one coble 
connection away from a world of 
multimedia business advantages: 
Plug it into your PC paralle l port 
to access a universe of CD-ROM 
titles . Toke it with you for portable 
da ta retrieval. Or shore it with 
other PCs. 

. 

Micra5olutiOl1§ 

Call Toll Free - 800.295.1214 

No compatibility problems with 
vir tually any IBM-compatible PC
Windows, DOS or OS / 2 . No 
toking your PC apart to install th is 
quad-speed drive. Just plug it into 
you r PC printer port-plug your 
printer into the backpack. A simple 
solution from the backpack family 
of tape, diskette and hard drives . 

132 W. Lincoln Hwv. DeKalb. Illinois 60115 • Telephone 815.756.3411 • FAX 815.756.2928 

Circle 156 on Inquiry Card (RESELLERS: 157). 



IBM 
TIPAD 766CS DX2/50 4/340MB.......... .................call 

TIPAD 756CS DX2/50 4/5.IOMB...........................call 

TIPAD 756CS 75MHz ~OMB...........................i;all 

TIPAD 756CS 75MHz .(}5.l()MB............................call 

TIPAD 756C 75MHz 4/5.IOMB..............................call 

TIPAD 756CSE DX41100 SERES.......................coll 

TIPAD 756CE DX41100 SERIES.........................call 

TIPAD 756CD DX4/100 SERIES.........................call 

NEW RELEASE 
PC 300 DX21SO 4/270MB....................................1175 
PC 300 DX2166 41Z70MB....................................1260 
PC 300 DX2156 &/5.IOMB.....................................18'0
PC JJO P60 8/5.IOMB PCl... .. .. .... ........ ... ...... ......2299 

PC 700 P/90 16/5.IOMB SCSl.... ........................3399 


Pc 100 P/90 1s11GBMB scsJ........................3999 


;c~oo;~oo~s~Sscsi................ ........... 3650 


PC SERVER 300 SERIES... ................................ call 
PC SERVER500 SERIES........ .... ......... .. ............call 
PS/2 MODELS 

multimedia communication pc 

COMPAQ 
Notebool<s 

LTE Ltt• 4/40C 4/170MB..................... .. ......... 
LTE Lit• 4140CX MHz 170/340MB............... .. 
LTE Lite .u75 MHz 340MBl510MB.. ... ..... ........ 

Prollnea Serles 
PROLINEA DX2/66 8/525MB......... I 
PROLINEA DX4/100 8/525MB....... I 

COMPAQ DESKPRO 
DtskPro XL 4Ai6M, 81535 MB ........................... 1 
Dukpro XL 5160M & 6166 Bl525MB............. .. .. I 

SERVERS 
Proal;nla VS SERIES...... Bundle 
Proslgntasoo SERIES ....... Disc. for 
Prollant 1000 SERIES...... 
Proliant 2000 sER1Es..... Complete 
Prollant 4000 sERJES.. ... Packag
Prollant 1000 RACK SERIE e 

COMPAQ PROLINEA 
DX2/66 CDS 

Mid Tower case ,8MB ram,420MB hard disk, 
1.44MB floppy drive, dos, windows, mouse, 

tabwor1<, Double speed CD Drive, Speakers, 
Sound card. Ms Works. Ms Money, Ms 
Encarta, Ms Golf and lot of other titles.. 

COMPAQ 14" SVGA Monitor .28 1024X768. 

$ 1945 

BFMNP'NAME 
LOW PRICES'tliADER 

SINCE 1983 

DESK.JET 320......290 HP 4V/4MV....NEW 
HP 4+/4M+.1360/1840 1200C..................999 
DESKJET 560C.save 1200 C/ps.......... call 

DESK.JET 540....285 SCAN JET llcx..889 
HP 4SIMX........ 4140 HP 4U4P....... call/915 
HP 451.. ............ 2799 *All printers To c 

HEWLETT PACKARD COMPUTERS 
Notebook 

Bundle Dies for 
Complete Packg 

HP VECTRA VL2 DX2/66 

8MB, 540mb hard disk, pci bus , Integrated 
10base-T network card, Double speed CD 

ROM. HP office card+14.4 fax modem. 16-bit 
sound card, phones. Telephone Answering 

System, dos, windows, mouse, MS Works, MS 
Encardta, MS Money, MS Golf. Fax works. 

$ 

6/10 u1er ....... c-aU 5110 uur.......call FUJITSU optical driv• .......... call 
25/50 usor......call 25/50 usor...... call 
100/250usor...call 100/250unr... call 24/9600 rax modem .... . .. s.ave 

lnstallatiun+sctup+1raining 
free estimate 

Supra 14.4 fax modem ... save 
AT&T 14.4 l'ax modom..Savo 

network products 
call 

Sony 1.3GB SMO-F521/M .... call 
Sony 1.3GB RMO-F570 ....... call 
PINNACLE optical intemal....call 
PINNACLE optical extemal ... ..call 

:liiiP.ifti;ftmftiiiiiill---;::-;;-;:;-~--111BM OPTICAL DRIVE............ call 
TOSHIBA NOTEBOOK APPLE HP OPTICAL DRIVE...............call 

T1910 486SX/33 4/200MB....... P/PC SlOO/SOMHz......call ·CALL FOR PRICES & 
(/PC 7100/66MHz.......call 

1910CS 486SX/33 4/200MB...... P/PC 8100/80MHz......call 
T1960CS DX2/50 200MB/340MB CD CHANGER 
T1960CT DX2/50 200MB/340MB 
T2400CS DX2/50 200MB/320MB 
T2400CT DX2/50 200MB/320MB 
T4850 75MHZ 8/510MB 810M. 
T4900 75MHZ PENTIUM..... 

MODEMS 
SUPRA 14.4 FAX ••••• .• • •• 79 
SUPRA 282.8 Internal ••• •• 1119 
HAYES 14.44 . ..... ...... cal 
INTEL SATISFAXION • ••.•• cal 
U.L Aobotlca 14.4128.B •• •.. cal 

NEC 2X/4X................ ........186/399 
TOSHIBA 2X/ 4X............ ... 286/326 
TEAC 4X....... ..........................299 
PLEXTOR 4x ........... ................ 435 
PANASONIC: 2X.................SAVE 
SONY 2X/2X SCSl.............149.199 

Models 

SOUND CARDS 

.blaster sesl.... ......... ..... ..... ... 199 
urtule Montoroy........ ..........345 
Tape Back-Up Drive!!! 
umbo 120/250.............. 113/159 
umbo J50/700......... .. .....179/J10 
ral<kor250/360........... ...289/J19 
ONNER 420/850..........1851285 
owor Tape 2GB........ <:•D . 
an;t•k 525/1 GB..... . c•ll 
an;tok 4GB 4mm............ . L•ll 
ubyto/ Mountilln 4/8GB... .cilll 

CARRY ALL BRANDS 

Corporate Accounts 
Volume 

Discounts 
Welcome 

Outside California: 1-800- 526- 3482 
Inside California : 818-884-8644 • Fax: 818-884-8253 

7500 Topanga Cyn Blvd, Canoga Park, Ca 91303 
Hours: Monday - Friday: 9 - 6 Sat: 10 - 5 

W NEC HXE................. ......985 
W NEC 21XE........ .. ...........1950 
IEW SONIC 20"/21 ".....1399/1650 
IWSONIC 15 15".................399 
TX 15" /17".......... ............325/599 
ONY 15" /17" ............... 4291935 

PRINTERS 
Kl M..320/321 . 289/4 10 
Kl ML 5901591 ................4401585 
Kl OL410e/410........ .......645/S20 
Kl 810/830....................880/1075 

Epson Stylus..... .. ...... ..SAVE 
anon BJC sooc........SAVE 

2199 

DRIVES 
IBM SLC2/66+ mat co.......180 
IBM BLCJ/75+ math co.....225 
INTEL90MHzcpu+board ..... 945 
INTEL OX2/66cpu+ board. 325 
420/540MB DISK ........ 199/230 
850/ 1GB MB OISK ..... 350/499 
2GB FAST SCSl. ............. 980 
1GB FAST SCSl.. .. ..... ..... 540 
call for quantity discounts. 

s 
W NEC 15XE.. .. .......... .........535 


c.m,aq f lli A flhtM•nd TD41..n:i,. Of 

c.m~11- t8M l• A fbgl\tu1d Tnidrrnar• 


Of lr1brratieMI B1n ht1,, Mach/nu. 

All Qu•t•il Pwl11 • R1ftul Ar.4 Ca\h 


01 ..uunt. Yi....., •L..,hrC..rd Atid Am1riu n 

bpuin, Wltw lqnd•t Alu Att•,bd.


Pri•••Subj1dl• 0.:.nt• With•ut Noti11. 




MICROSOFr FORTRAN 
POWERSTATION 
Develop & run Fortran programs of virtually any size 
& complexity with Microsoft FORTRAN PowerStation 
family of 32-bit development systems! Migrate 
Fortran code from other platforms with little or no 

...,.______ modification! Get unparalleled price/performance! 

Save time in code development and maintenance using the Windows integrated 
development environment. Call NOW to order or request oFREE Test Drive Kit! 

DOS & Windows price .................$339 
Windows NT price ................... .$519 

Statistical Discove1J' Software 
from SAS Institute, Inc. 

Statistics is not just data reduction and analysis, it's 
data discovery. JMP's unique graphical approach to 
statistics allows you to see your data from mony dif· 
ferent perspectives quick~, easi~. JMP's ever-growing 
list of statistical features indudes: extensive linear and 

nontinear model fitfog, induding regression, ANOVA, MAtlOVA, and random effects 
mode~. Statisti<al quatity control analysis, extensive survival analysis, and exdusive 
integrated design of experiments. Available Far Windows 2nd Quarter '95 - (off. 

..........$649 

MICROSOFT® IMSLe 
MATH & STATS LIBRARIES 
Complement Microsoft FORTRAN PowerStolion with 
Microsoft IMSL mathematical ond statistical 
libraries! Seamless interlace with FORTRAN 

Solve mathematical calculations in a live and 
interactive environment. Type equations right 
on the screen, add on ·=· sign, ond Mothcod 
solves instantly. The solutions ore ' live." 
Change any foctor or equation and Mathcad 
PLUS 5.0 automatically recalculates. Mathcod 
PLUS lets you convey ideas without rewriting. 
And incorporate text and graphics with your real math nototion for meaning· 
lul and impressive documents. 

Specialized foalsfor drawing chemi· 
cal structures os well as powerful 
general-purpose drawing and text 
tools. You con organize ChemDraw 
structures with ChemFinder or trans· 
fer them lo Chem3D for molecular 
modeling. 

Win, Mac price .. . . .. ....... . . .. . .. . . . $399 

Academic price ..... . . . ... . ...... .. ..CALL 

Student price ... . .. . ........... . . .. ...$99 


Question 
Easy-to-use survey software for Windows 

'::"'· --~·- ·that makes ii easy lo design, administer 
and onolyze survey data. Questionnaire 
design automatically creoles validated 
doto entry screens. Includes comprehen· 1:;;;;;;======== 
sive descriptive and multivariate statistics including correspondence analysis, 
t tests, multiple regression and easy-to-customize graphics. Lexical analysis lets 
you process open-ended questions. Disponible en version lroncoise. 

Windows price ......................$595 


To order or for more information call 
1..800.622.3345 


ask for our free 116-page catalog with 
more than 1,850 products! 

Resellers coll l .800.622.3320 
SCITech 	 Sciled1 International, Inc. 2525 N. Elston Avenue, Chicago, ll 60647-2003 

Tel312.486.9191, fox 312.486.9234. URL hrtp//wvt11.scitechint.com/scitech/ 

Circle 164 on Inquiry Card (RESELLERS: 165). 



SCSI Adapters from ifDPT' 

-+ Price 


every major category! Adaptec •AHA'-2940 mm 

IJi.. DPT llats Adaptec in DPT .. ·PM2024 mm 

1 · ' DPT ~=;A:= . =-:ha:=a::re:=:ca~§.,.@•.!•fi11@"'"@• ==~~ll> • dd;=:o:;pti:onaI ::rdw =chin·g and RAID 
Adaptec •Non-Upgradable (BUMMER!) 

-+ Compatibility DPT J1o> •Complete, mature drivers in every major OS; 
all DPT drivers work with all DPT boards 

Adaptec •Different drivers for the 1740, 2740 and 
2940. (VERY CONFUSING!) 

--~~~- -~~~~-S.R P..~~.

....Want SlfHJ? 
DPT crlLfts Adaptec in llHEllna~ tests! 

• DPT PM2024--0M B 
• Adaptec AllA-2940 

ADPT PCI SCSI Host Adapter is the smru1 way to tap into tl1e power of PC!. DPT outperforms every major competitor right out of 
the box, and you cru1 add optional hardware caching and IWD for even more power ruid flexibility. So why choose ru1ything else? 

DPT - the smart choice! 

1-800-322-4378 

You maybe eligible for our "ULTIMATE DEN:'- a ;0% sa\ing; on our full line of high-perfonnance ISA, EISA, & PCI products! Call today 

Dislribulcd Processing Technology· 140 Candace Drive, Maitland, FL 3275 1·USA· Phone (407)830·5;22 · Salesfax (407)26o-6690 ·FA,'\ (407)26o-5366 

mailto:�.!�fi11@"'"@�==~~ll>�dd;=:o:;pti:onaI


Featuring these 
two too-rated, 
award-winning
diagnostic 
tools from 
MICRO 2000, Inc: 

..."' 
Funu D/S lndeoendenl 

diagnostic sonware... 

MICRO-SCOPE Universal Computer Diagnostics 

was dc1•eloped to satis~· the expand,ing need for 
accurate system iliagnosis in the rapidly growing 
desktop computei marke~. Patterned after ~upcr-mini 
and mainframe diagnostic routines, MICIW-SCOPE 
runs independently of any standard operating system, 
and is therefore at home on anv machine in the Intel 
world. Speed, ease-of-use, and· razor sharp accuracy 
arc a few of the advantages that arise from this svstem 
independence, together with an imp ressive list of 
[unctions including the ability to perform low level 
formatting on evcrv drive currcntlv manufacwred. 
including all JOE drives. · 

+ I.OW-LEVEL FORM.AT-Performs I.ow-level for
mat on all drive types including JOE drives. This func 
tion cannot hurt IDE drives. + USE CONTROLLER 
BIOS-.Program will access BIOS format built into :my 
hard disk cont ro ller-even Controllers vet to be 
invented. + O/S INDEPENDENT-Docs not rely on 
O/S for diagnostics. Talks to PC on hardware level. All 
tests arc full function regardless of O/S (i.e. Novell , 
UN IX , OS/2) . + TRUE HARDWARE DIAGNOS
TICS-.Accur:uc testing of CPU, IRQ 's, DMA's. memo· 
ry , hard dri ves , floppy drives , video cards, etc . 
+ BATCH CONTROL-All tesL<;, even destructive, may 

be selected for testing. + ERROR LOGGING-Auto
matically inputs errors during testing lo an error log. 
+ AUTOMAPPING-Automati rnlly bad sector maps 
errors found on hard disks. + IRQ DISPLAY-Show 
bits enabled in IRQ chip for finding cards that are soft 
ware driven. (Network, Tape Backup, etc. + IRQ 
GHECK-Talks directly to h:trdware and shows 1/0 
address :u1d rRQ of devices that respond. + MEMORY 
EXAMI NE-Displays any ph ys ical bit of memo ry 
under I Meg. Very useful for determining memory 
connicts. Vc1y useful for determining avail:tble memo11• 
space. + SECTOR EDITOR-Allows th t\J editing of 
anysector of floppyor hard disk mccUa (even u·ack 0). 
+ AND MUCH MORE ...Wc don 't hal'e enough space 
here for e\·eri1hing this software cm do' 

= The on1u Power-on sen-Tes1 
card uou need to debug anu 
"dead" PC... 
" This is the only card tha1 ll'il l function in ereri·S)>· 

tem on the market. The documentation is cxtcn · 
sil'c. and not only corers the expected !'OSI' Codes for 
different BIOS versions, but al so includes a detailed 
reference 10 the hus signals monitored hy the card... 
-Scott Mueller from his globally recogni zed book, 
·upgmdl11g & Repairi11g PCs, Secom/ Edilio11 ' 

Winners of these awards: 

1 @8 

ll"TE 
"You name it, 


this tests it. If you 

maintain PC's, 

you '11 love it." 


-Jerry PoumeUe, 

BYrE Magazine, May 94 


SERVICE NEWS 
PRODUCT OF THE MONTH 

Govt. Serv. #: GS-OOK-94AGS-5396 

+ Includes pads for voltmeter lo a!lach for actual rolt 
agc testing under load. + 4 LEDs monitor +5vdc -5vdc 
+ I2vdc -I 2vdc. + Monitors Hi & Lo clock and OSC 
cycles to distinguish between clock chip or crystal 
fai lure. + Monitors 1/0 Write and 1/0 Read to distin 
guish between write and read erro rs. + Monitors 
memory write/ read to distinguish between address 
line failures and memoiy chip failures. + Monitors 
ALE for proper CPU/DMA operation. • Monitors Reset 
to d l rmin if re et is gccurring during POST: indicat· 
ing short. + Monitors progress of POST witbout POST 
codes. + Read' POST codes from :my IBM or compati· 
hie that emits POST aodes. ISiVE1S1VlvtCA. + Compati
ble with Micro Channlll computers. + Dip switch 
allows C!l15)' selection of 110 pons to read. + Includes 
tri -s tatc LOGIC PROBE to determine aotual ohip 
failures. + Manual includes chip layouL<; :u1d detailed 
POST procedures for all major BIOS's. + AND MUCH 
MORE ... 

Also asM about our otner un1uersa1111 
compatible Products
M1cro-scooe CLIEnT: Thl' prac1ic:1I answer Ill rL'lllOll' 
diag11t1,1ic' (1w modt·m n·quirt·d). 

The COMPUTER CDnSULTAnT: 11111",, :1m1r:11e re:tlt imL· 

hcnchmarhmg tool 

Micro-scope CEnsus: lmtmon sof111:1re to sec and 
rernril I\ hat\ in,idc all · 

ofiourl'Cs. • ....~.~~· 
911-Recouer: Foolproof 
d:ua rl'cmen for caa a 

h1111ow 1tn1' suec1a1 mi1n11: 1-800-864-8008 nl' fa11ll1Bl547-om 

1100 East Broadway, Suite 301 , Glendale, California • Phone 818/547-0125 • Fax 818/547-0397 


International Orders please call: MICRO 2000 Australia: 61-42-574144 • MICRO 2000 Europe (UK): 44-462-483-483 




FIRST IOU·RCE 
MO YI ----------------------------------,ALL YOU NEED TO KNOW IS THE NAME OF YOUR PC! 1 

Ou r upgrade expert& have detailed configuration information on t hou&a nd& of computer& and printer&, from t he I 
olde&t to t he late&t model&. We provide you with an "Easy Upgrade" by providing you with the following information: I 

I . Your Svstem ~!emory Featu res 2. HowMuch ~!emory You !~eallv :\eed 3. ~1 e 1110 1~· Producls Avai lable for Your Si tern I 
4 . The ~lost Cost Effective Upgrade Path fo r Yo ur System 5 . You r System Minimum and .\laximurn ~!emory Capabilities I 

I First Source Internationa l takes t he confusion out of your memory purchase. I 
L _________ _!,a~ ~v!":!fl!.o.!_o!'" ;,;:,c!.a~_:h:_s~i~s~ _________ .J 
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WE SET THE 

STANDARD! 

.... 100% GUARANTEED 
Memorv Guaranteed· 100% 
Compa;iblc in form, lit & fu nction 

....LIFETIME WARRANTY 
On all Paragon l\lcmory products 

....EASY TO INSTALL 
/\II products user i11 srnllablc, 

installation instnictions incluclcd 

with most memory products 


.... FREE SUPPORT 
Free technical support & direct dial 
lines for immediate response 

.... SPECIAL PRICING 
Go\'emmenl & educational pricing, 
special \'Olumc pricin J: 

....PLUS ••• 
Overnight delivery nvn ilnblc 
No surcharge on crcJi1 cnrcls 
Corporme PO\ /\PO/FPO's wclrome 

WHY SETTLE 

FOR LESS! 
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• 'Motherboards also 
·available without 
CPU ! Call for details 

• Diagnostic and 
operating system 
software available ' 

• One-year warranty 

80386SX 40MHz VI/C PU ..... $89.95 
~038\jDX 40~Hz w/CPU .... . 149.95 
80486SX 25MHz w/CPU .. ... 199.95 
B0486SLC 66MHz w/CPU ... .229.95 
80486DX 33MHz w/CPU ... ..299.95 
B0486DX 50MHz w/out CPU 149.95 
B0486DX 50MHz w/CPU .. .. .449.95 

41256·100 
41 256-120 
51 l OOOP -80 
511000P-10 

41256A9A-10 
421000A9A-70 
421OOOA9A·80 

41 256A9B·80 
41256A9B·10 
421 000A8B-BO 
421 OOOA9B·60 
421000A9B-70 
421 OOOA9B-80 

256KBx1 .. ....$1.79 
256KBx1 .. .. ...1.69 

1MBx1 .... .. . 5.95 
1MBx1 .... ... 5.75 

256KBx9 ....$13.95 
1MBx9 .. .. .. 47.95 
1MBx9 ...... 46.95 

256KBx9 .. .. $13.75 
256KBx9 ......10.95 

1MBx8 .... ..41 .95 
1MBx9 ......46.95 
1MBx9 ......45.95 
1MBx9 ......44 .95 

• PC/XT/AT & PS/2 (using PIN 28003) compatible 
• 101 ·Key Enhanced Layout 
• Save desk space by folding the keyboard and 

placing it beside your computer or monit or 
• Fold out legs for slant operation 
119167 Foldable keyboard ..... ..... .... ...... $89.95 

Keyboards & Keypad 
119044 Trackball keyboard ................... $59 .95 
78271 32-key keypad· RS 232 interface ....59.95 
78297 101-key enhanced .. ...... .. .. .. ... ..24.95 
17128 101-key enhanced (Fujitsu) ......... 69.95 

Floppy Disk Drives 
Panasonic 
• PC/XT/AT co mpatible 
• PIN 11 8597: 1.2 MB 5.25", double· 

sided. double·densi~/ 
• PIN 118922: 1.44 MB 3.5", double-sided. hig h 

density 
• Color (faceplate) : beige 
118957 1.2 MB 5.25' ......... ........... ..$49.95 
118922 1.44 MB 3.5' .......... .. .. .........49.95 

EPSON 

Hyundai 2400bps Modems 
• 2400 baud 
• PC/XT/AT and compalible 

computers 
• Hayes compatible 
• 8-bit card 
• CCIT V.22N.22 bis and Bell 103/212A 

compatible 
• Includes communication software 
106569 Internal 2400 Ba ud ..... .. .. ....$19.95 
106577 Ex ternal 2400 Baud .... .... ...... 24.95 

14.4 bps Fax/Modem 
• 286, 386, 486 IBM PC 

& compatible 
computers 
AT ISA bus compatible 
Includes Bitcom and 
Bitfax software for DOS 3.0 or 
higher orWinclows 3.1 
MNP5 and CCITT v.42 bis data compression 

• MNP2·4 and CCITT v.42LAPM data correction 
• Supports international CCIT & Bell standards 
• Industry standard AT command set 
• Tone, pulse and adaptive dialing 
• Call progress detectio n 

116599 Internal 14.4 Fax/Modem ........ $99.95 

Short Haul Modem 
• No external power required 

OCEIOTE se lectab le 
Xon·Xoff or Hardware 
ha ndshaking 
RS232 interface 

Floppy Controllers 
~ and 1/0 Cards 

Up to 38400 ba ud 
Will commu nicate over 
18 miles (max.) of cable 

• Keep your 80486 or 
Pentium cool! 

• Prolong the lite ol your C.P.U. 
• Installation is easy. Just snap it in. 
85497 486 Heat Sink only ............... .. $3.95 
67660 466 Heat Sink with Fan.. ........ .... 8.95 
112379 486 Heat Sink wl fan & heat pump49.95 
117348 Pentium 60166 heatsink with fan 19.95 
118092 Pentium 901100 hea tsink with fan 19.95 

• One-year warran ty on all 
Conner CF se ries 

WDAC280 BOMB 3.5'.......$109.95 
ST3120A 106MB 3 5' ........ 119.95 
7t20AI 120MB 3 5' ........ 139.95 
ST9145AG 120MB 2.5' 

CFS210A 
CFS420A 
CFA540A 
CFA850A 

for ponables .........149.95 
210MB 3 5· ........ 179.95 
426MB 3.5' ........239 .95 
545MB 3.5· ....... . 299 .95 
850MB 3.5' ........ 449.95 

Computer Power Supplies 
• Fits most popular desktop, 

mini vertical and vertical 
cases • One-year wa rranty 

• 8088180286/B0386 and 
compatible • Bu ilt·in fan • 

19465 t50 Watt (8088) .. ........ ..... $59.95 
67467 200 Watt (8088180286) ........69.95 
19545 200 Watt ....... ... .............. 79.95 
19529 200 Watt mini .. .. .... .......... 69.95 
65728 300 Watt ........ ... ........ .. ..119.95 

Network Gender Changers 
• Slim·line ·add only 0.44' to 

existin g cable 
117719: Interfaces D·sub 15·pin 
female to D·sub 15-pin female ......... ..... $4.25 
117743: Interfaces D·sub 15·pin 
male to D·sub t5·pin male .......... .. .. ... ... 4.95 
117727: Interfaces D·sub 15·pin slide-lock 
female to D·sub 15·pin locking stud male ..4.25 
117735: Interfaces D·sub 15·pin captive-lock 
female to D·sub 15·pin locking s1ud male ..4.25 

Parallel Printer 
Cables and 
Adapter 
28695 PPC 
28716 PPC6 6' ·straight cable .. .......... 3.95 
28708 PPC12 12· • straightcable ........... 7.95 
28741 PPR6 6" right angle cable .. .... .. .5.95 
9·Pin Serial Cable 
31721 SAT6 9·pin serial cable .......... ... 3.95 

DB25·Pin Extension Cable 
39538 25M10M Male to male ............ ... 6.95 

• One-year warranty 
• 8088180286/80386 and 

compatible 
19895 8088 Multi 1/0 w/ floppy cn tr. ....$69 .95 
19908 286/386 Multi 110 w/floppy cntr. ..59 .95 
19596 8088 Floppy controller .... ..... ... ..19.95 
19617 Floppy Disk Two-drive controlle1 ..34 .95 
19668 Floppy Disk Four-drive controller ..44.95 
78713 Serial card 16450 UART ...... ... ... 29.95 
67053 Serial card 16550 UART ........ .... 39.95 
104678 Ser ial card· 4 se rial port UNIX .... 69 .95 
117971 110 Card 4 serial. 3 parallel ...... ... 89.95 
105611 l/OCard .. .... .. .... .. ....... .. .... .... 29.95 
105072 VESA IDE super 1/0 card ............29.95 

116581 Short haul modem ......... .. ......$39.95 

External 250MB 
Tape Back-up 
• DOS environment supports 

OIC·40, QIC·BO and PC-36 
• P/N 117786 can be used 

with Norton Back·up or PC 
Tool s Back·up 

• P/N 117751 Includ es easy to use software 
117786 Tape backup without software ..$149.95 
117751 Tape backup with software ..... .. 199.95 

Monitors 
IDE Disk Drive 119124: 

• PC/XT/AT/3B6/486/Pen tium
Adapter Cards and compa tible 
• One·year warranty • 0.28mm dot pitch 
• Manufactured by Silicon Valley • 1024 x 768 Interlaced (I) & 

non-in te rl aced (N I) 
10233 ADP20 16·bit hard ........... ..$22 .95 • DB15 -pin (analog) • TilVswivel base 
10250 ADP 20F 16·bit hard/floppy........24.95 • Horizontal : 31.5KHz. Vert ical: 50·90Hz 
10268 ADP50 8·bit hard .. .. .............54.95 • 120·240VAC . 50·60Hz, BSW max 
10276 ADP60 16·bit ha rd wl BIOS .....59.95 • ~ight: 25.3 lbs. 
10284 ADP60F 16·bit hard/floppy 87978 14"Amber monochrome .... .... $109.95 

w/ BIOS ...................69.95 78676 14' Super VGA (I) ..................269.95 
74114 ADP65F 16-bit hard/quad floppy 119124 14' Super VGA (NI) .......... ...... 299.95 

drive adapler ............. 89.95 66122 14" Supe r VGA (Low radiation)(!) 349.95 
101670 AOP90VLSupe r 1/0 card (VESA) ... 99.95 

Input Devices &Accessories Graphics/Memory Cards 
104441: P=lllBlll I • 8088/80286180386 an d 
• PC/XT/386/486/PS2 and compatible 

compatible computers • One-year warranty 
• Microsofl® Mouse compatible • Expand your memory or 
• One ·year warranty • Weight: 1 lb. enhance your graphics capabilities 

67459 VGA ca rd .. .. ............. ....... $49.95 
104441 3 Button serial mouse .. ..........513.95 104660 Super VGA card ............ .... ..89.95 
111860 Microsoft two-button mouse ... .. .49.95 91230 Monochrome graphics ..........29 .95 
105515 Dual port game ca rd ........ .. .. ...19.95 93542 16·bit super VGA accelerator ...99.95 
110015 Trackball (serial) .. .. ........ ... .....29.95 112141 8MB memory card ..... .. ..... . 114.95 
94641 Pockel au to printer swi tch ...... ...17.95 101688 VESA graphics accelerator ....139.95 

J~!a£~® 
CO MPUTER PRODUCTS 

28612MHz . -
eare-bones System .!........~. ~ 
lncturtes motherboard,computer CilSe, 
power supply & keyboard 

• Intel 28612MHz 
processor 

• 1MBRAM 
• 1.2MB (525") floppy disk ~=II 

drive ;; 
• IDE hard/floppy controller 
·• Five expansion slots -....._.-...,. 
• Two serial & one 

pai:altef port 

115705 28612MHz ........ ... .... ....... $149.95 

486SX 33MHz Bare-bones 
System 
Includes motherboard, 
case,power supply, keyboard 
& 110.Cilrd. 
•·lritel 80486SX·33 CPU 
• Memory expandable to 

32MB 
• 256KB cache memory 
• Two-year warranty 
• 1 parallel. 1 game & 2 RS232 serial P.Orts 
118973 486SX 33MHz ..... ........ , .... $459.95 

486DX 33MHz Bare-~o.ries · 
:System _.-"'· 

• IC lnserterwith pin 
straghtener 

• IC Extractor 
• Extra long 3·claw parts 

holder 
• Screwdriver bits 
• Metric nutdriver 

sockets 
• SAE nutdriver sockets 
• Reversible torque screwdriver bits 
• Potentiometer alignment tools (2) 
• Adapter bit for socket s • Wire cutters/striper 
• Pocket clip screwdriver • Zipper vinyl case 
• Weight: 1.79 lbs. • Size: 9.5'L x 6.8'W x 1.38'H 

Portable IC 
Tester 
• Hand ·he ld &easy·lo· 

operate. 
• Supports TTL, CMOS . DRAM 

41, and DRAM 44 series 
• Size: 7'L x 3.625" • One-year warranty 
73525 Portable IC tes ter ... .... .. .. ...$139.95 

1 Socket 16K·8MB 
E{E)PROM 
Programmer 
• Pro•J rams EPROM' s. 

EEPROM 's. and flash 
mcrrories 

• Programs 16KB to 8MB EPROM 's 
• Menu driven software 
• Full screen buffer editor 
• File formats supported: Intel Hex, Motorola 

S Hex, Tektronix Hex. and Binary 
• 2 & 4-way Binary file splitting programs 
• 2 & 4·way Binary fil e shuffler programs 
• Includes adapte r card, soltware and manual 
• Si ze: 7'L x s.s·w x 1.75'H 
• On e-yea r warranty 
101400 1Socke t 16K·512KB ..........$129.95 
78457 1Socket16K·2MB(above) .. .. . 199.95 
78465 4Socl<et 16K·2MB Programmer 269.95 
104651 1Socket 16K·8MBUniversal .. . 699.95 



Pacific Coast Micro specializes in all your storage needs.. .lfyou see it advertised; 
at a lower price, we will BEAT IT! 

MEJ4e>r· MODEL SIZE 

92& WESTERN DIGITAL 
SPEED TYPE PR ICE 

1210 ••..• . • 212MB ••••• , • . 13MS . .••.••• 3.5' IDE ..••.••. $152 

~' 


· ticro we g11arantee 
eat ~ admtisedprice. 

Call us for the lowest price & fastest 
service on quality products you can 
depend on. And remember. all of 
our memory products have a 
Life1ime Wa11anty. 

tNTEl 486 VLB 

ST9145A6- 120lolB--11MS--..2S lDE.....,..-..$205 
S'l3660 AB--12MS - --3.5'1DE W 
ST3730A--.730MB--10US--3.5' IDE--.299 
ST31220A..- 1.oaGB- - 10MS---3.5' JDE----·-•39 

Byte Magazilre - "Best OveroU'' and 
PC Magazjne.-' Editor's Choice Award" 

2mg to 128mg, 4-72 pin Simms, ~12K 

3VL, 5 ISA Slots, Ami Bios, Opti 3 PCl-5 ISA Slots. Intel Mercury 
Chip Set, Zlffsocl<et, 256 K-Cache Chip Set, Phoenix Bios, tlffsocket 
486 DX 33 ..............................$219 586 P60 ..................................$559 

486 DXM6..............................279 
 586 P66.................................579 

486 DX4-100 ...........,...............449 
 Pentium Boan! w/o CPU _........219 

486 DX W/O CPU ......................95 


Cirrus LPOlc SVGA VlB 1·2. 1MB Upgradable to 2MB ....S85 
DIAMOND PRODUCTS 

SpcedStar24x ISA. max. 1024x768 NI. 
72MH~ 24·blt. 16.7 ml. color.; ...................$119 

SpeedStatVL VL·Bus. 16 mll. WlnMatk. 1MB. 
16. 7 Mii, Color.;, 72MHz................ ................ I I 9 

VlperVLB VL·Bus. 74MHl!. 2MG VRAM, Welteck P9000, 
60 M1tnon WlnMark. 2MB - ...- ......................299 


Stealth 64 PCI or VLB 2M8 .. .. .. .... ......................................._.279 

Stealth 64 PCI or VLB 4M8 ...... .. ... -_...............399 


Promise DC4030VL-VLB, IDE Caching Controller.....$ 95 

Adaptec 15420K-ISA, SCSI Controller .................189 

Adaptec 2742HISA, SCSI Controller...................289 

IDE/10 card, 2S/1p/1g .............................................15 

IDE/10-VLB,2S/1 p/1 g...............................................27 

IDE/10 VLB Enhanced ............................................. 35 

IDE/10 VLB High Speed...........................................45 


Cache, 4 PCI, 2 Vesa, 5 ISA, 19.90, --__.,-;;; 
100 Seleclcjble 8 )f~x13 • " ~outtf It: 

I ijj;h:fi:ijiil: • 
3VL, 5 lsA Slots, Ami Bibs, 'Opti Chip Set, 25~ K-Cache, . 
upgradeable to 486 DX CPU, 486 OLC 40 VLB ...................$185 

PENTIUM PCI 

CD ROMS 
MITSUMI 

FXOOfD Int., double speed, 
250MS, 16 btt card ........,~129 
FX400 Ouadspln ................229 

TEAC. 
CD-55A, OUAOSPIN,195MS, 
600KB Transfer rate ......$225 

NEC 
NEC 3XCDR-510 95MS 
Triple Spin ......._..............$255 

TOSHIBA 
QUAD 

Internal XM3501B...........$299 

EXTERNAL 

TXM3501E 150MG 
Transfer ral8 600KB ..-....S375 

2420 .... . .. 425MB ••.• .. .• 12MS ........ 3.5' IDE .•.••• . .• 179 
2540.. . . . • . 540M8 .•.... . . 12MS .. •..•.. s.s· IDE •• . •. .• •• 235 
2700 ... . . . . 730MB . .. ... .. 10MS . . .... .. 3.5' IDE ...... ... 289 
AC31000 ..... 1Glg ... .... .. tOMS ... .. ... 3.5' IDE ........ . 435 

" 11a Quantum 
lPS S40A -.-540MB------------.3E IDL --··--..$199 

.: $949 

1466DX2-66 .............$169 

14660X33...................139 

CX466DLC-40 ..............49 

CX466DLC-33 ..............42 

566 P60 .....................405 

566 P66 .....................465 

566 P90 .....................595 

466 OX4100...............445 


TAPE DRIVES 
Conner 420...............$169 
Colorado Jumbo 250..139 
Colorado Jumbo 350..169 
DC2120 Tapes ..............15 
Tracker 250 ................269 
Tracker 350 ................329 

540 mg 
IDE 

s219 

SIMMS 

AU. ....AVAIU.. 

1X3·70 8811 1X36·70 8168 
1X9·70 840 2X36·70 8318 
4X9·70 8180 4X36·70 8489 
16X9·70 8618 8X36·70 81• 

PRICE OH 70 HS 

Soundblaster 16, 

2 Labtec Speakers, 


Double Speed 

CD ROM, 


Aldus Photostyler. 

The New Grolier 


El)cyclopedia 

32K x8-20 $6.95 
32K x8-15.... 7.25 
32K x8·12... 12.75 

256x1 ·80.......$2.00 

256x4-80.........5.00 

256x4-70.........5, 75 

1x1·70.. ...........5.75 

1x1-80......,......5.00 


http:540MB------------.3E


Our Family Tree is 


AutoBoot 
Commander 

Personal 
Commander 

Out! 

AutoBoot 
Commander 4xP 

The original AutoBoot; 
lets you monitor and 
operate multiple PCs or 
file servers with just one 
keyboard, monitor and 
mouse. 

Cybex Corporation 

All the features of the 
AutoBoot in a smaller; 
more personal size. 
Measuring under a·· 
across, the Personal 
Commander is perfect 
for the desktop. 

The most streamlined 
member of the Auto
Boot family. At only 
1.75" high, the Slimline 
Commander can be 
fitted easily into your 
computer rack using a 
minimum of space. 

COME SEE US AT 

Adds multiuser, multi
media & multiplatform 
capabilities to the 
Commander line; up to 
4 users can access 
multiple PC, Mac & Sun 
computers from one 
central location! 

CeBIT in Hannover, Germany, March 8-15, 1995 Booth #M9, M10 
Networld & lnterop in Las Vegas NV, March 28-30, Booth # 5839 
COMDEX Spring in Atlanta, GA, April 24-271995 Booth #N57624912 Research Drive Huntsville AL 35805 USA 

(205) 430-4000 (205) 430-4030 fax 

PC is a registered trademark of International Business Machines Corporation. Mac Is a registered X cYBEX™
trademark of Apple Computer, Inc. Sun Is a trademark of Sun Microsystems. Cybex, AutoBoot, 
SUmllne, and Commander are trademark.s of Cybex Corporation. 

Circle 149 on Inquiry Card (RESELLERS: 150). 



I~~ SllNOIRO 
U7&.!5 12NS SCSI $1!5 
mus 121.15 SCSI lSO 
IOGS 10!.lS SCSI 529 

FACTOR! NEW 1·5 !UR WAllRAHll I 05G!I IE.MS SCSI 699 
Sl3l9U. J..IU.13 13MS IOE SI M 2C&G!I 9NS SCSI 11l9 
STJS&O.J. ~ 51J S 121,15 10£ 217 &ZSG!I Ill.IS SCSI ?10 
ST37!CA i22M5 t2MS IOl 2H 21Cl.1! 11J.IS Kil 171 
STJ\221);. 1.0~GS 9MS !OE •11 Js.aus urr:s IDl Ul 
STJ\2<lJ~ l.llSGS 9MS SCSl-1 525 527UI mts IOE 2•6 W. WESTERN DIGITALSJJ !?J'!i t .OOGS 10MS SCSl·2 WJ mus i21.1s 10E lts 
STtt91l011 UG!I 9MS SCSl-2 999 105G9 16.MS lOE m 
ST1Z~O'!'I 2.1G!I 9MS SCSl·2 9•9 
S T32 ~30:i 2. IGS 10MS SCSl·2 999 FACTOR! NEW•3 YEAR WAllRAHTl 

AC2"4 20 ~ 25MB 121.15 !OE Sl f;J
SHHOO 'I HG!I 1IMS &CSl-2 1150 AC25•0 5.COMB 11 1.&S IDf_ 217 
S 1 1S1S~1'1 : .2GS 9MS SCSl-2 1S79 iiiiiiiiiiiiiiiiiiiiiiiiiiiiii....iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii AC2100 130M8 10!.tS IDE 2H
SH lOS:l-ON 9.0G3 tl MS SCS!·2 3299 AC?l!50 a:ioM8 IOIAS IOE J('g
SCSl-WIR.lCUDA • 72DD RPM crs.:20A. • 2DM8 13-l.IS ID[ 1. 185 ACJ1000 1 HiB 1DMS IDE JG9 

FACTORY NEW·1 IEAR WARRAHT1 
Sl 119SOH 1.6G!I 9WS SCSVi 1109 CFA.540A S&Ot.UI 121.!S 10[ 219 ACJ1200 1 ?GB 101.IS 10£ Clll 
Sl325SON 2. 1G5 8MS SCSl-2 1109 CfA!SOA 8SO M!I 101.!S IOE 305
ST151 SON • .2GS &MS SCS1·2 2199 CNRl275A 1.3QS IOl.IS !OE 41!1 

CfP 1060S 1.06G!I 9MS SCSl· 2 SO 
CfP2.10SS 2.108 OMS SCSl·Z IOlS 
CfP2107S 2.108 i MS SCSl·2 1219 
CFP.C201S .t ZGB 9MS SCS l·Z 1'25 

FACTORY NEW·Z YEAR WARRANTY 
rm w.v ~ ZOM il !Zl.IS llE $1&4 
M754Mi' 54D!Ail 12MS ll)E m FUJfTSu 
1Aia5CAV m M3 1ZM5 IJE JOO 
M71260.1.V M3Mil TZMS IOf ~M 
r.roMOA 54D!A3 II SMS SCSI 3"5 
MX1$40S 5-tQ!.!3 e.~ SCSI 34~ 
DR 3'10 1 0~M il MBL MAX PC MCIA 360 



New Version! 

EAGLE 3.0 

AUTOMATED PCB DESIGN Limited Time Offer: 

EAGLE 3.0: 
Layout Editor (32 bit) $499 
Schematic Module (32 bit) $599 
Autorouter Module (32 bit) $799 
Technical Support FREE 

Complete Program $1 ,897 
Demo with Original Manual $12 
16-bit Version Still Available 

Get EAGLE 16-bit version for: 

$500.00 

Including Layout, Schematic 

and Autorouter Module ' 

Finally! High-flying 
PCB design automation 

without sky-high prices for program 
modules, technical support, and 

maintenance! 

With EAGLE 3.0 you get 32-bit power and all the functions you 
need in a single, affordable program. It includes schematic 
capture, layout editor, 100%autorouter, DRC, ERC, drivers, 
and libraries - plus copper pouring. There are no hidden fees 
or charges for maintenance and support. We'll even supply a 
conversion program £hat lets you transfer your current 
program's netlists into EAGLE's layout editor. 

Install EAGLE 3.0 on a 386 or higher andyou'll be productive 
from day one - because we've also eliminated the complexity 
that makes competitive programs so frustrating and 
time-consuming. 

Call for a FREE INFO 
DISK today, and ; ,. (-cl('"\of1
discover why EAGLE '--' \._.CJ J l, 
3. 0 is a value that 

CadSoft Computer, Inc., 801 S. Federal Highway, soars above the rest. 
Delray Beach, FL 33483

800-858-8355 FAX (407) 274-8218, Hotline (407) 274-8355 
All product names are liademartcs of their respective organizations In Germany: FAX: +49 8635 920 Circle 162 on Inquiry Card. 
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lleYada's Larsest "emory Wholesaler 	 I 

IGua·ran-teed ~0·1. - 60°10 Of!f! Llis-t Prlice 
I 

I 
We will not be undersold! 	 I 

I----	 In Tuuch with Tomorrow I 

TOSHIBA I 
IJ O PIN SIMM MODULES --- - ·

Sl.95 
SJ,00 $).15 SJ.20 
$5.95 $6.45 56.95 
SS.75 $6.45 $6.75 

$26,00 Sl'l.00 Sl4.00 
$49.00 

I POWER-EXEC J/25Sl. l/2SSL0 q!. 
4HB 

f6M8 
POWER-EXEC 4/2.5SL •118 

16MB 
PREMIUM EXEC 28&.J86SX/l0;25:25C 

4MB 
8RAVO N8486 4MB 

16MB 

$1'18 
$768 
$1711 
$688 

$ 178 
S l88 
$668 

$l8@6K) 
$98 $164 

$98 $168 

S84 
18'1.Liser 4019. 

1 '40 19E (l~) 
. IBM W... 4029 

$114 $164 

~~ $95' $155 
$104 

NEC95 $88 
OKI~ $88 

' P.ldcaid Bell P89SOO $ 125 $208 
-4410t+f30 $118 $174 
,.,_44l0/4!SO $ 11 8 $ 1711 
l'onuonlc+ISO $98 
P.lr>aonlc, +oooi5'400$129 $ 198 
QMS 410 $ 119 $ 159 

ASCENTIA 900N 4Hll:' 5 198 I TCJlibo Pip W... 6 $99 $ 168 
TI XL/l'S 1711'Sl5 $44 $98 

$168 $3 18 

$2.49 

l llll<8 

10.95 
10.00 
6.95 

54.00 

Oewiption IOONS BONS 70NS 
256X9 S9 Sil SIS 
4Xl $118 
IMEGXJ S35 $ 37 
IMEGX9 S34 $40 $42 
4XB $12< 
4MEGX9 $129 $139 
16 MEG X 9 (36 CHIP) $668 

SIPP ADD $5.00 
72 PIN SIMM MODULES

I Sl2X36 2MEG $88 $94 
I IXll $148 

I ~~ 4MEG $148 :~~ 
I 2X36 8MEG $302 $308 
l 4X32 $488 
11, 4X36 l6MEG $518 $538 
l 8X3632MEG SI 175 
• 16Xl6 64MEG $2695 

~ CPU'S 

j intel 
I 80486 SXllL----~--·-----·578 

i 80486 S)(IJ3 ·  ·--------···-·-·---S98
. 80:486DX/2S . .....;.,_ ____, -~···---- $138 

80486 Diilll .---··-------;;-·•.: $158 

II, 80:486 D.~SO '-l-----··-----·--- $298 
r. ·~o~_..,.__.._..__,.t"..........._...,.... staa 
::> ~86 0~·2166 ·r-··-~--··~---___._.,....,.. $198
I: -· ~86 OX.4115-~-..............,-......,..._..i.-~., SJS9 
11, ,eoile!i ox11roo ----·~---~--~l79 
li_.~ 6,0 ....,_,___...,..-~---·-.....,......_..- ~m 
I':PENTiUl'.I:" ·=,•----··---···-.:...,__- $4(~ 

.~t'~=::...~ ' ~= 
CPU DOUBLERS 

~tx. 
5lria!e ClilP, UwodtClocklloubln(T.........,. 


~""""3'6DXCPUSodiaDOS.~ 
& OS2 ~0... fndomySandordl1alh 

Chlp. EuyTo-· About IS

------~$231 
------~$118-------$l34-------$250---------$11• 

--------~"' 

60NS 
$17 

$41 
$46 

$148 

$108 

$198 

S37B 

$598 
11275 

HODEL MEMORY PART# PRICE 
AMBRA Enterprise 386. Hurdh 386. SprinQ 386 

2H8 NIA $93 
BHB NIA $328 

AMBRA &>mpri,. 486. Hurdb 486. Sj>rinu 486 
4HB NJA $ 198 

16MB NIA $648 
PS/ I and 386.'SX (2121) 2HB 92F'l93S $aa 

4MB 92F'1694 Sl98 
PS/2 30/286:251286; 
Adpt Bn! 149nS9 S3S 

$98 

Compaq Memory 
ME MORY PART# 

Toshiba Memory 
HODE L MEMORY PART# 
PRICE 
TI 000 SEl\.EIXE PA8lllU 
TIOOO SEJlE/XE 
nooo /nooosx 

PA8312U 

TIOOOSX/TI 000 LE 

Tl200XE 

PA2000U $78 
PA2001U Sl98 
PA2002U $lS8 

TI400, TI4SO. T3600 ) .)V PA2019U $218 
PA2020U Sl98 
PAlOlJU $798 

TJIOO PA7135E $13'· 
TJIOO E PA8341U $108 
TI IOO SX PA8308U sroa 

PA831oU $188 ' 
TllOO SX PA8307U ~1 1 8 · 

PA83j)91:1 5(;& · 
TllOO SXC P~leU~flls 

P~ll91J:$l9(. 
TJ100 
TJlOOSI. 

Circle 285 on Inquiry Card. 



MULTIPLEDRIVECOMPUTERSYSTEMSANDENCLOSURES 
• Computers available with '386, '486, or Pentium processors 

+ 8 or 12 slots for Motherboards or passive backplanes 

•All drive bays are shock mounted 

+ Accomodates full height & full length cards 

• Card retainer to firmly hold plug-in cards 

+ 250W power supply w/ front panel on/off switch 

• Front panel keylock/reset switches & LED status displays 

DC 24V and 48V power supplies available for systems a enclosures 

SYSTEMS WITH 9" MONO U 10" SVGA COLOR MONITORS 
•Computers available with '386, '486, or Pentium processors 
+ 8 or 12 slots for motherboards or passive backplanes 
+ Shock Mounted cage for three half-height front panel drives 
+ Internal hard drive bracket holds two half-height drives 
+ 9" MONO or 10" SVGA color monitors with front panel controls 
+ 250W power supply with front panel ON/OFF switch 
+ Front panel keylock/reset switches and LED status displays 

Available in both 20" and 24" deep models 

RACK MOUNTMONITORS 

• 9" MONO & 10" SVGA color monitors • 14" SVGA & Multi-Sync color monitors • 17" Ultra VGA 0.26 dot pitch color monitor 

• Tinted Lexan shield for screen protection • Automatic degaussing • Microprocessor controlled digital adjustments 

• Power, Contrast & Brightness controls in front • Standard 15-pin input connector • Energy-Star & MPR-11 compliant 

d Call us ior quotes on custom rack mount systems! 
~ Ask us about Passive Backplanes and open.frame monitors! 

RACKMOUNTKEYBOARDSANDENCLOSURES 

• Vertical rack mount or desktop 
• Standard 101 keyboard enclosure •Sealed membrane 101 keys • 101 K/B with mouse holder 
• Storage space for K/B and mouse • Selectable on/off audible tone • Full travel (4mm} keys 

• XT or AT operation • Optional protective cover • Slides for rack included 

RACKMOUNTPRINTER 

v.

• Microline 184T dot matrix printer 

• IBM compatible graphics characters 

• All operator controls easily accessible 

• Large storage for roll or fanfold paper 

• Standard IBM parallel printer interface 

• Serial printer interface also available 
• Slides, power & signal cables included 

UniMocfl'M MODULARCOMPUTER SYSTEMS 

+ Independent self-contained 4 or 8 slot computer modules 
+ Individual module power supply and filtered cooling fan 
+Available with '386 or '486 CPU's &various memory &hard drive sizes 
+ 7" TTL Mono or 7'' VGA color or mono monitors available for further flexibility 
+ Multiple configurations can be combined in 7 inches of vertical rack space 
•Available with either AC or DC power supplies 

Call us for UniMod™ combinations andquo1:es 

RECORTEC 1 INC. 
1290 Lawrence Station Road, Sunnyvale CA 94089 
Tel: (408) 734-1290 Fax: (408) 734-2140 

RACKFAX™ 
(408) 734-9374 

Fax-On-Demand System 

800-?Z94?6S4 

Call for free catalog 

El liJ 

9 1 ·' • 
·• 

.I 
I 

Circle 159 on Inquiry Card. 



Schildt's Windows 95 
Programming in C and C++ 
The best way for programmers to make 
a smooth transition to Windows 95 w ith 
special tips for porting from W indows 3.1 . 
by Herbert Schildt 
$29.95 U.S.A., ISBN: 0-07-882081-2 . Available 12194 

C++from the Teach YourselfC, Teach YourselfC++,
Ground Up Second Edition Second Edition 
Learn C++ without a Everything you need to Go bilingual! If you 

I background in C- this _,,.. know to program in C. already know C. this 
book shows you how. in short. easy-to-under book is the ideal way to 
Covers all aspects of C stand lessons. learn C ++. A great --'•1P and C++ in one comI I by Herbert Schildt companion to Teach 
plete volume. y $24.95 U.S.A. YourselfC. 
by Herbert Schildt ISBN: 0-07-8820 I 1-1iii by Herbert Schildt

',.J $27.95 U.S.A. $24.95 U.S.A. • 111·1'111, 
ISBN: 0-07-88 1969-5 ISBN: 0-07-882025-111-·· h 

•'~' .·. ,.
1Ti1 II'I.II. 

Available now at your local book and computer stores or 
call I ·800-822-81 SS any time. Mention key code SFC4BYS 
and use your American Express, VISA, Discover, or MasterCard. 

u 

• .A 

Master 

CIC++ 

with the Master: 
Herbert Schildt 

Find out what millions of people already 

know-Herb Schildt is THE author to 

turn to for C and C++ programm ing 

information and insights. For more than 

ten years, his uncompromising style and 

attention to detail have produced 

numerous best-sellers that have set the 

standard by which other programming 

books are judged. W ith his straight

forward approach, Herb Schildt will have 

you getting the most from CIC++ in 

record t ime . Whethe r you ' re a 

newcomer to C , moving up to C++, 

o r an experienced programmer, Herb 

Schildt has written a book for you. 

Also available 
by Herbert Schildt 
with co-authors 
Chris H. Pappas and 
William H. Murray, Ill: 

Osborne 
Windows 
Programming
Serles 
Volume I: 

The Annotated Programming 
ANSI C Standard Fundamentals 
Do it right! No CJC ++ $39.95 U.S.A. 

programmer should be ISBN 0-07-881990-3 

without a copy of the Volume2: 
standard. Schildt General Purpose 
demystifies it with clear API Functions 

explanations. tips. and $49.95 U.S.A. 
ISBN 0-07-88 1991 -1warnings. 


by Herbert Schildt Volume3: 

$39.95 U.S.A. 
 Special Purp9se 

API Functior.sISBN: 0-07-881952-0 
$49.95 U.S.A. 
ISBN 0-07-881992-X 



------

SIMMs: 
1x36 &32 
2 x 36 & 32 
4x36 

Plug the BuffPort™into your PC and printto any parallel 
printer or device. Transfer data from your PC as fast as the 
printer can accept it,up to 150,000 cps. (A standard PC parallel 
port is typically limited to about 10,000 cps.) Use the BuffPort 
with the HWP for a 150,000 cps printer sharing system! 

If you have an older printer that does not have an 
high-speed interface, thenconnect aCPR buffer to the end of 
your printer cable and send from the BuffPort at 100,000 cps. 
The CPR also works as a printer buffer with a standard PC 
parallel port, but would be limited to the PC port's speed. 

Circle 158 on Inquiry Card. 

Remotely Control PCs over LANs, 
the Internet or Phone Lines with 

Powerful, Full-Featured, 
Easy to Use and Fast! 

Outperforms ReachOut, 
pcAnywhere and Carbon Copy! 

Runs over TCP/IP via Windows 
Sockets, over Netware, 
Netbios, or Windows LANs and 
via modem serial ports! 

100% Windows DLL  requires 
no DOSTSR/ 

Uses less than 200K of 
Windows memory! 

Very low RAM and disk 
requirements! 

Automatically matches video 
color systems and 

REMOTELY POSSIBLE I DIAL 
for home and travel. Supports over 200 
modems up to 230,400bps including 
V.Fast, PCMCIA and ISDN adapters. 
NASI, Int 14 and Telebit ACS support. 
Licensed for 2 PCs. $199 
REMOTELY POSSIBLE I LAN 
supports all networks including Novell, 
Netware, Windows for Workgroups and 
Netbios. Includes one Dial version. 
Licensed for unlimited users per site. $599 

REMOTELY POSSIBLE I SOCKETS 
via Windows Sockets, works over SLIP, PPP and the Internet. 
Prices start at $298 (1 Host and 1Viewer); add-on packs available. 

"Intelligent" Remote Control , File Transfer, 
Chat and Remote Printing - True Windows DLL 
software for all environments! 

-

-

'REMOTELY POSSIBlE .... as last a pe<lonnet as one could hqle lo 

""':"'::,~~~~:::;:,."""' 
supports TCP/IP . 

Best Overal Ease of Use 
~ Cilualltv. Award ,,,;,fjiJ Award 

Byte ~flazlne tnlOWortdTEL: 0049 (0)89 395567 resolutions! 
FAX. 004910)89 392148 

IH THE U.K CALL INTRODUCTORY OFFER! 
DATASOFT LTD SOCKETS Version only $99 (Save $199!) 

tt run•withTEL:Ol60 57001 FAX·Ol60 57060 NetWare (800) 441-2281• I 

~ ~ EEJ 

POWER ~RINTING - 150,000 cps 


, " 
~ 

Printer Sharing: 
SL 6ser. &4par. 
SLP 2 ser. &Bpar. 
HWP 5parallel ports 

4 x 8, 1x3 HXM 2 ser. &2 par.
~ ~ :: :, ~ : :~ r: 

61- :_. t I ' ' o \ : ~ , 11 '>' 1'. r PCMCIA iJ. • : • ~ ·~ ' " ' ( '! "r' 'fj 7' .. HXS 4 serial ports5 3 ~ { ~ c !: "' • ·- iJ ;>; " 1,1 ;:.? 1 l 
1 II 1 1 1J 1 1 0 I) t i l~ 

~ .: :: :: :: : : : : :: :~ !-r:;.: ASB 5parallel ports 
II I• 11 tl 11 01 II 1 1 11:~ii. 
_ gm~gg~~~~da~ ~~m~~ae e ~~ 

BllFlilLOf) (800) 345-23562805 19th St. SE, Salem, OR 97302-1520 FAX: (503) 585-4505 
Circle 144 on Inquiry Card. APR ILl 995 BYTE 26.:1. 



software run . 

91rC?le 1.63 on Inquiry Card. 

Gr•V(J,~g Yo,pr Software .. 
Business:»can ·ae Puzzling ••• 

SoftwareRental 

' 
Introducing Jhe, .ON, •u · '4 M Fo' Your ·Sol~are . 

' 'Now you can protect your softWar@by ' AU ButtonsC(>ntai11 a unique 64-bit serial.nurfibec 
controllingtherighttause. DS14201DButton•: ~"' DS1425MultiBullon~: ~® - · 

Buttons are microchips packaged in coin-shaped, # "Basic security. · - 2Kl?_it~ of ~~r 7an proteC'L 
· srainles steel cans that contain erit:lcal . multipleap_phcatt0 ns: 

information to make your @b514~Un~au11on·: ct;·D's11121_runeButton :t:... ·
. ·~ lK bit of ~emory . ~ .dK bits ofRAM, along with a 

. . sei;>arated mto 4, one-IJlne- .:lf..: tam~r'-proofreal llme dock. 
. wme pages. · · 

~ Buttons ti• together the pieces of y~ur m.usiness puzzle. 

DALLAS 
SEMICONDUCTOR 

+ :Dallas,T~ 75~292 + Tel: 800-258-5061 + Fax: 214-450:-3869 

· iswver the best RAID price/per
formance' in the industry. Raidtec 
is the affordable, open, SCSI-to
SCSI hardware RAID solution for 
complete data protection. Ideal 
for mission critical applications, 
document imaging & multimedia. 

• Fast &Wide SCSI II 

• RAID levels 0, 1, 10, 3/5 

• Programmable RAID Level 
selection 

• On-the-fly hardware parity 
generation eliminates read, 
modify, write-back 
performance overhead 

• Single ended or differential 
• Configurable read & write 

buffers 
• Rackable, 

stackable 

• Enviroi;unental sensor ports 

• "Hot Replac;eable" disk drive 
bays & power supplies 

• Single SCSI ID 

• Solid state load sharing power 
subsystem 

• LCD control panel status 
display 

T HE STAN f>ARD I N ADVANCED M ASS STO RAGE SYSTE MS 
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Save precious desktop space or increase your 
system's capacity wi th JDR's system case. This 
configuration is designed to fill your needs now 
and in the fu ture. Choose the larger case for high
capacity power systems that require room for 
multiple hard drives, floppy drives, a tape drive, 
CD·AOM, etc. The 
larger size also t -~ .improves air flow 
around your 
valuablecards and 
peripherals, so they . .. 
will operate cooler !: --c 
and last longer. The 
upright case is ideal 
for cramped 
desktops, and can 
be placed on the 
floor for add itional 
room. 

Quantity
OesmpllDn 250 50 

M02D·BULK .25 ea .29 ea 

5·1/4" 360Kb OS/DD disks 

MD2H·BULK .41 ea .45 ea 

5·1/4" 1.2Mb OS/HO disks 

3.5D·BULK .35 ea .39 ea 

3-112· 720Kb OS/DD disks 

3.5HO·BULK .39 ea .44 ea 

3·1/2" 1.44Mb OS/HD disks 


Onlyavallab/6 In multlples of50 or 250 diskettes 

BOXDX400P100 ................... $289.95 

Plugs Into 33MHz 486SX or 486DX 
BOXOX400PR100 ................. $289.95 
Replaces 33MHz 486SX or 486DX CPU 
80XOX40DP75 ................... .. $219.95 
Plugs Into 25MHz 486SX or 486DX 
BOXOX40DPR75 ................... $219.95 
Replms 25MHz 486SX or 486DX CPU 
BOXDX200P·66 ................. ... $179.95 
 •ntet
Plugs into 33MHz 486SX or 486DX 
BOXOX20DPR·66 ................. $179.95 1 • 
Replaces 33MHz 486SX or 4860X CPU 

Part I Price 
1MX9·80X3 tM x 9 eons 37 95 
SPECIAL FOR BYTE CUSTOMERS ONLY I 
1MX9·60X3 1M x 9 60ns SIMM 46.95 
4MX9·80X9 4M x 9 80ns SIMM 169.95 
16MX9·70X9 16M x 9 70ns SIMM 699.00 
1MX36·70 1 M x 36 70ns SIMM 184.95 
2MX36·70 2M x 36 70ns SIMM 379.95 
4MX36·70 4M x 36 70ns SIMM 619.00 

This compact unit 
converts your VGA 
output so that you 
can cormect to a 
big·screen TV or 
other NTSC monitor. 
Use it to videotape a 
presentation using your 
VCR, so you can play back 
the presentation without a COlllpll18t,'· c·i.,_,,~.r~~,,, 

Plug one tran smitter 
in each of up to 16 
PC compatible parallel 
printer ports. 
• Extends the parallel 

printer up to 1,250 tt. 
• Transfers up to 11 ,000 characfers per second 
• Time-out independently adjustable on each 

transmitter to 5. 15 or 30 seconds 
CEXT Transmitter for PC ......................................... $49.95 
CEXR Receiver for printer ....................................... $49.95 

JDR Price Guarantee 
If you purchased any item from 


JOH Microdevices In the last 

30 days and we 've lowered 

our price, call us with the 

detalls and we'll promptly 


refund the difference 


Make your 586 CPU 
run cooler with this 
specially designed 
fan. It features easy 
snap-in installation 
so you don't have to 
remove your CPU from the motherboard. 
586-FAN ............ ... ........ ..... ......... ... .. ....................... ... $29.95 

Fan for 60 and66MHz processors 
586-FAN·R ............................................................... $79.95 

Above with electronic refrigeration device 
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Circle 170 on Inquiry Card (RESELLERS: 171). 

Encore, Orchestra! The Fat Lady Sings Tuba! Tuba! Tuba! 
"It ain't over 'til the Fat Lady sings". 

And for makers of 15" & 17" monitors for 
PC's, she's now waiting in the wings. 

She's singing about the edge-to-edge 
display, Energy Star compliance, 
IS09001 quality certification and 
two-year limited warranty that comes with 
each Brass Series monitor. The Tuba 
won CD-ROM Today magazine's Ultimate 
Upgrade Award and was recommended 
by PC Magazine and Byte. 

She's singing about the fact that 
Orchestra monitors have among the 
highest out-of-box reliability rates in the 
industry. 

And she's singing about our new 
French Horn II 15-inch and Tuba II 
17-inch displays, which have on-screen 
controls for all geometric parameters like 
pincushioning, trapezoid and tilt/rotation. 
Not to mention their adjustments for color 
balancing and color temperature. 

Listen to the Fat Lady and call 

Doi Pitch 

Ma.d!llllmRuci~ 
IHCIHnletbced) 

Ttapezo/dalCoo~o/ 

Til1/RGS6M CMtm 

PfllC'.l>'tialCM~ 

CdrtBa~CMtm 

Cdir Tenr.111111 
CM~ol 

ltfktOftOcte!G'I 
CM~oG 

On-saeen Coo~o& 

M.S.RI. 

Tuba II NEC IUG ~EYISOHIC 
SFGt 01.11F 17G 

0.26 0.28 0.2S 0.2S 

1600 1024 1~ mo 
x I l l 

1200 1&S 1024 1rrl4 

YES NO NO YES 

YES YES YES NO 

YES YES YES YES 

YES HO HO YES 

YES NO NO YES 

YES YES PAR!1.ll PAR!1.ll 

YES NO NO YES 

$699 $1045 1199 $945 

Orchestra at (800)237-9988 for more C3 MultiSystems, Inc. 
information. ~ Technology in Concert 

It's easy to get attached to your notebook. 
Notebook to SCSI instantly. 

Now notebook PC users won't have to give 

up their favorite desktop peripherals. Adaptec 

Adaptcc' cmmects virtually any notebook to vir

~ trn1lly any SCSI periphern l including 

!2::~ CD-ROM, hard drives and tape drives. 

It's the quickest way to tap into your database 

or access high quality graphics from any

w here. The MiniSCSI '" Plus kit and the 

MiniSCSl EPP kit con

nect SCSI to your parnl

lel port. TI1e SlimSCSI'" 

kit is for l'CMCIA con

nectivity. All three include software that is 

fully compatible with Windows and DOS. See 

your dealer or call 1-800-934-2766. 

~c:Oadaptec 
VO. NOW MORE IMPORTANT THAN EVER. 

©1994 Adaptec, lnc. AU righls n..~n'L-<l. Adi1ptcc, lhe Ad il ptec logo, !Own re and Sli mSCSI arc trndenmrks ,)( Adilph:.'C. Inc. 

\\'hich may be n...-gislered in some jurisdictions. MiniSCSI is n lradcmil rk o £Tranto r Systems Limitc•d , an Adapll't."romp.my. All other tmdcmarks belon~ to their respecti ve owner.-. 


lo~ 
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- - --- ------ -- - -- --------

Accessories/Supplies 
-

COOL PENTIUM™ MICROPROCESSORS I 
WITH HIGH SPEED HEAT SINKS , 

IERC's ~P dissipators are 
designed for use with Intel 
Pentium™ and other standard 
PGA 21x21 packages. Using 
IERC's long-proven clip* 
technology, the quick connect 

i.:..:.;=;;._..:...;.:____________, clip easily attaches to the micro

processor and accommodates heat spreader. These high 
performance heat sinks offer circuit designers an ideal 
solution to their thermal problems. 
™Pentium is a registered trademark of Intel Corp. *Patent pending. 

t;~l '+-J Internat ional Electronic Res earch Corp.li3 4 ~7 135 W. Magnolia Blvd . • Burbank, CA 91502 
---- -· - TEL: (818) 842·7277 • FAX: (818) 848-8872 

Circle 207 on Inquiry Card. 

Typical glare filters too f®Y 
~~(4, 

ca'*i;M=Ma LITE®1 

• Reduces glare yet increases 
light transmission. 

• Perfect for today's VGA high 
resolution monitor. 

• Straining over "washed out" 
monochrome terminal? 
Glarebanlite" enhances contrast 
- provides crisp, clean viewing. 

Vl.ZIFLEX SEILS, INC. 
16 E. Lafayette St.. Hackensack, NJ 07601 

(201) 487-8080 •Fax: (201) 487-6637 
Contact us for our FREE computer accessory catalog and promotional offers. 

Circle 190 on Inquiry Card (RESELLERS: 191). 

•I 

Accessories/Supplies •Add-In Boards 

A Vtew Vt1u 
VU-TEK'Vision Care FiltersN Can Wurk Wif!t,f 

For more info. or dealer near you 
CALL 1·800·269·8801 
Vu-Tek• Vision Care Filters· 
625 Alaska Ave.. Torrance. CA 90503 
FAX 1-310320·9357 

-- -Vu-Te~ has the most complete line of 
anti-glare filters to give you the ultimate 
in glare control and screen contrast 
enhancement. The light management 
properties control both filter glass glare 
and monitor glass glare. The result: A 
monitor that's very easy on your eyes. 
• Conductive and Non-Conductive Filters 

Conductive filters block up to 99.99%ELFNLF 
E·field radiation and are available in: 
Light, Med. & Dark nnts: 31 %, 53%& 62% 

• Circular Polarizers & Privacy Screens 
• Four Frame Styles: Custom and Universal 
• Affordable Prices 

Circle 232 on Inquiry Card. 
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Communications/NetworkingBar Coding 

S00'4 

delivery and security applications. 
The T"tmeWand II offers the 
durability and computing power 
necessary in applications ranging 
from hospital patient care to 

The TimeWand I offers credit-card warehouse inventory. 
sized portability, ideal in time and 
document tracking applications. Call today to receive a fn-e 
The rugged Dura Wand can take information kit on Videx 
the punishment typically found in portable bar code readers. 

See us at COMDEX, Booth #M5426 

1105 N.E. Circle Blvd., Corvallis, OR 97330 I...4'fti f4!11 
503-758-0521 •Fax 503-752-5285 l' - ._.JJ 

Videx , TimeWand, and DuraWJnd are registered trademarks of Videx, Inc. GC0462B 

When you need easy lo use, 
full -featured bar code printing 
soft ware. look to BarCode 
Labeler 11 . 

This package allows you to create, 
ed it, and print bar codes in all the 
popular bar code ymbologies. 

Circle 188 on Inquiry Card. 

BarCode L1beler II makes ii 
simple to merge 1ex1 or gntphics 
into your labels. Design the ize 
and placement of your labe ls 
with easy to use creen tools. 

Ca ll us today fo r in fonna tion 
on BarCode Labeler 11 . 

Retail price: $149.00 
See us at COMDEX, Booth #M5426 

1105 N.E. Circle Blvd., Corvallis, OR 97330 '•.Af# [J!il 
503-758-0521 • Fax 503-752-5285 l'-  ·-.JJ 

Vidcx is ,1 rcgistcr C.-'(l tr<tdemMk and BJr(cxJe Labeler is J trademar k of Vicicx, Inc. GCOS 10 

Circle 189 on Inquiry Card. 
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., .__.....,.~ . 
• . . . . ····Share Printe 

/12, _ ··. Wires or aNe 
Go'~irelei~ Printer Sharing 

GoPrint is as fast as printing through a tiired connection and fas tel' than .. 
printing over a net work. GoPrint saves you tli e cost of w~ing and installing iiJtt 
expensive ne twork. And, since GoPrint is plt!IJ ·and·pl ay ready, in min~tes your 
printers can now be located where you neid them. Even · they are located 
behind walls or around corners. :. 
& Up to 8 printers can be used • • ' 

by any number of PCs. • 
& Prints up to 500 feet indoors. 
4 Works with 100%IBM ; 

Circle 235 on Inquiry Card (RESELLERS: 236). 

A s a leader rn Computer Teiephon·/ ··, 
Integration platforms, PIK.A: is.np_t 
only redefining technolggy stani:l~td~ 
but also the standards ofvenpor 
commitment to CTI software · 
developers. 

Contact us to find out obout oll1\ 
latest offerings in DSP based 
multi-line voice cards with developer 
kits for DDS, Windows, OSi 2.a_nd·Nf: 

Circle 203 on Inquiry Card (RESELLERS: 204). 



Communications/Networking 

CONTROL 

ALL YOUR PC SERVERS 

Communications/Networking 

Turbocharge your /SON 
connections with . . . 

Nowthere's a serial 1/0 controller that will keep up with 
ISDN terminal adapters. Tu rboPort controllers 
support data rates up to 460.BK bps- more 
than you need for Basic Rate Interfaces. 

Faster than standard serial ports 
TurboPort controllers break the 19.2K bps 
speed constraint of typical ISDN-to-PC con
nections and readily support 64- and 128K bps 
(28 +D) data transmissions. These low-cost controllers 
easily handle data compre ssion that requires even higher baud ratesl 

Maximizes ISDN connections 
EIA·232JEIA·423 combination provides unmatched reliability and 
speed in ISDN-to-PC connections. Offering automatic hardware/ 
software flow control, theadvanced TurboPort hardware eliminates 
costly re-transmissions and data loss. 

For more information, call 1-800-782-7428 
VISA and MasterCard accepted. 

...,S'~.1GJl1r• Star Gate Technologies. Inc. 
29300 Aurora Rd. • Solon, OH 44 139 USA 

"""""""""' .... 216-349·1860 · Fax 216-349·2056 

=11>05 09 1n1trnatlonal Int. ,e'OIGI All ngh".s 1ewrved. 
Alt buv'tl aNI ptOOUCI ~mes ~-;-;~riu: or regis.w.a ttademarlu ot tnelt resptCUve hOldett.• 

Clrcle i 96 on Inquiry Ca rd . 

Turbocharge your modem 
connections with . . . 

Delivering fast, reliable connections for high-speed modems, 
TurboPort serial 1/0 controllers supply the speed 
you need for remote access. Supports 
Windows, NetWare, OS/2 and more. 

Faster than standard serial ports 
Supportsdata ratesup to 460.BK bps
4 times faster than V.34 modems. 

Maximizes modem speeds 
Software-configurable. Offers automatic 
software/hardware flowcontrol. Each port 
serviced by a 16C650 UART. For ISDN terminal adapters or 
modems of all types-9600 bps, 14.4K bps, 28.BK bps ~. 

Multiple-strike surge protection 
The only serial board for remote PC users with complete ESD 
protection to every signal. 

For more Information, call 1-800-782-7428 
VISA and Mas1erCard accepted. 

P'PA ~A"Pr'" Star Gale Technologies, Inc. 
~61~. Mlll5. 29300 Aurora Rd. · Solon, OH 44139 USA 

"""""_.""' 216-349-1860 ·Fax 216-349-2056 

0 1'\l.Cllgi-  "' .DK!.L AB - ,.,..__ 
AA tirana n prCOl.IQ narr-.. men:loned 11e trtdernar'li.I Of ,.giltlflid ttaaemaB.s cl ~ r""*1!W tdderL 

Circ le i 97 on Inquiry Card. 
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FROM ONE KEYBOARD, MONrroR AND MOUSE 

with MasterConsole® 
COMPARE QUALITY 

AND PRICE PERFORMANCEI 

• Save Space. Cui CoslS & Ccni rnlizc 
Control with 100% Reliabili1y 

• '"Plug and Play'" Any Mix of PCs & All 
Video; Suppons PS/2 & Serial Mouse 

• Desktop or Rackmounl Models 
for 2. 4. 8. 16 PC , Expand lO 64 

• Keyboard & Mouse Emulators for 
Error Free PC Operation and Au1oboo1 

• AUTOSCA mi 10 Monitor All PCs 

"No other solution 
stacks up." 

n.,~ 

~ CAU TODAY! 
(908) 874-4072 x 71 RCI 

RARITAN COMPUTER, INC. 10-1 Ilene Court. Belle Mead. NJ 08502 Fax (908) 874-5274 
JO-IHY \10:\EY 11.\CK <a ,\l( .\'.\Tt-.1._ HI.I. 1-YE.\R \\'AtmAYl"Y 

"5ee Us er ctWorld lntcrop Booth #4098 + FOSE Booth #3031 ee us 111 
INTERNATIONAL: Koreu : (82) 2-4 12-5775 COMDEX SprlnR, 

France: ('.!3) 1·6'167 &167 cthcrlunds: (3 1) 10-4423313 Uooth #N65<.7 
Germany: (49) 180-522-8222 Sweden: (46) 020-788850 
lrelund: (353) 1-454-0589 Switzerla nd: (41) 22-7532200 
Ituly: (39) 2-66800548 Tulwun: (886) 2-2 18- 111 7 
Jupan: (8 1) 3-3255· 1517 United Kingdom: (44) 244-520222: (44) 344-424-333 

INTERNATIONAL RESELLERS INQUIRIES WELCOME - CONTACT RCI (908) 874·4072 

Circle 208 on Inquiry Ca rd (RESELLERS: 209). 

Rhetorex 

Voice Processing boards 


make CTI a reality. 

If you' re asking "what's 

en:· you' re missing one 
of the hottest new 
technologies going. 

Computer Telephony 
Integration I.inks PC
based computer appli
cations to the telephone 
network, providing voice/ 
fax mail , interactive voice response, voice/fax servers 
and more. 

Interested? Maybe you're already developing a CTI 
application. Then it 's Lime to di scover Rhetorex."' 

For the best va lue in CTI technology-from our 2 and 4 
port DSP-based voice and fax processing boards, to our 
24-port platform-give Rhetorex a call . And start making 
CTI a reality today . 

I 

I 

liiliieiijMI• 
. 

Rhetorex, Inc., 200 E. Hacienda Ave., Campbell , CA 95008-6617 

Te l. (408) 370-0881: Fax (408) 370-1 171 


All trademarks identified by the TM symbol are trademarks of Rhclorex. Inc . 

All oLhcr 1rodemarks belong LO their respective owners. C 1993 Rhctorex. Inc. 
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Communications/Networking • Computer Systems 

LET YOUR COMPUTER DO TIIE TALKING! 
Integrated • Automated Attendant 

Voice/ Fa....:. Mail 
lntcgr.u o major voice/fax a pplicilions plus • Unlimited Audiotcx 

p rogram cootrol Into o ne full-featured high 

performance: software. rc.AT/ 386/ -186 based. 
 •	 Voice Mail 
Me nu drl\·c n. Easy IO use. Full s upport for •	 Talking Yellow pagesRhcton:x. N<·w Voice, Dlalogic. Bicom. Pika. 
Tn and lnt~I voice and fax hardware. Supports • Telemarketing 

up to 32 ' ""cc llnes and up to 8 fa.'< lines. 


llard\\arc •-.oftware Kit' $595 • Fax Mail 

! \ 'nice llnc"'i kit ,l.,rt~' al 

Fax-on-Demand lines:818-368-4566 or • Fax-on-Demand 

818-368-8848 


S. T I S ftw • Fax Broadcasling 1gma ec 1 o are 
Tel: (818) :168·6 132 rax: (818) 368-7859 • Date/Party Uncs 
IOMO I lli 'IH.trrk Ave.. Nonhridgc, CA 91326 USA • Int'! Call Back 

( Bcsc llcrs/ I Je:tl l'rS 1Ui'.f\ lsl t>nv:i1c !al>l'IS arc welcome) 


Circle 198 on Inquiry Card (RESELLERS: 199). 

GET THE MESSAGE - OR ELSE! 

( 	... 

•	 Voice Mail 

• Auto-Attendant 

• Fax - On - Demand 

1·800·934·4884 
Don't trade your life ior a lost message! 

Circle 187 on Inquiry Card. 

Tel 303.444.7737 
Fax 303.786:9983 

Circle 179 on Inqui ry Card. 
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Computer Systems • Data Acquisition 

Rackmount Solutions 
RACKMOUNT COMPONENTS - QTY 25 PRICING 

Rackmount Chassis 19"x7'X1r S131 
Rackmount VGA Monilor S531 
Rackmount Monilor Shelf S113 
Racmoun1 Cheriy Keyboard Drawer S200 

RACKMOUHT PLATFORMS - Oty 1 Prittrg 
RMS486DX2-€5 EISA S1593 RMS486SX·33 $915 
RMS4860X-33 Sl 136 RMS386SX-3J S665 

RACKMOUNT CHASSIS - 15 Models up lo 20 Board Slols 
SLOT CPU BOARDS - EISMSA 486. 486SX. 386, 386SX 
RACKMOUNT MONITORS - Super VGA & Monochrome 
RACKMOUNT KEYBOARDS - High Oual1:y Cherry KB 
RACKMDUNT SWITCH - Videoll<B up 10 12 CPUs 
RACKMOUNT CABINET - Modular from 21 • 10 96' high 

Exclusive lnlernalional Dislribulor Program now Available 

·w..~·~· ~, 11"'llE".~ .~ ,t~ ...,. • 
TECHNOLOC'r" INC. 

2468 Armstrong Street, LivermoreCA 94550 
(510) 447-2030 FAX: (510) 447-4559 

Circle 193 on Inquiry Card. 

Industrial PC Solutions 

Data Acquisition 

Call 800-800-6889 to 
receive a FREE 100
page Solution Guide for 
your OEM or system 
integration needs. 

AoVANTECH.. 
750 E. Arques Ave. 
Sunnyvale, CA 94086 
408-245-6678, Fax 408-245-8268 

Circle 174 on Inquiry Card. 

250 MSPS AID CARD 
.J 	 Also available 

12 bit, 60 MSPS AJD 

.J 	 Free Scope Software 

.J 	 Drivers in C, BASIC, 
Windows OLL, 
LabVIEW, LabWlndows 

8 bi!. 40MSPS S595 
CS250 8 bil, 100MSPS $3500 

CS2 125 8 bi! , 2SOMSPS $4995 
CS6012 12 bl1, 50MSPS $6995 

5465 Vandon Aboolo, Mon1ront, QC, Canada H4S 151 
From ou1sldo No11h America, call +1·514·337-6893 1-800-567-GAGE Fax: (5 141337-6• 11 , BBS: (5 14) 337·4317 

Circle 176 on Inquiry Card. 



Data Acquisition • Disk & Optical Drives 

The Intelligent Solution For Data Acquisition 

DAP 3200t"" Data Acquis;1io11 Proct.ssor"' 
Analog 1/ 010 769K sample. per~ond On·boord 4S6: SX. 5X2. DX2. or DX4 
Oigit~ll l/O to 1.6~'1 samples per second Rea}:lime Data Aa 111isition-Windows or OS/2 
Up to 512 analog inputs on one OAP™ Real-Time Process Control-Windows or OS/2 
Up to 128 digital inputs on one OAP On·boord fff. FIR. PIO. 
Up to 66 analog outputs on one OAP and more 
Up to lO'l~ digital outputs on one OAP VBX Custom Control 

Ask for FREE catalog and demo diskette. 
206-453·2345 I fax 206·453·3199 
e·mail to info@mstarlabs.com 

MtCROSfAR 

L.\JlORATORlES'} 

2265 116th Avenue NE 
Bellevue, IVA 98004 

Circle 180 on Inquiry Card. 

Terminate SCSI Problems! 
SCSI VueTM 
Terminator 
:~~::Regu l aiio••
• Status Indicators 
• Gold Comacts 
Benefits: 
• Improves SCSI Bus . 

Perfo nnancc 
• Less Errors; More Reliable 

Data Transfer 

Featurc.s: 
• Diagnostic Indicators 
• Lorge Fenilc Filters 
• Triple Shielding 
• Double Gold 20u" 

Pla1cd Connectors 
• Exira Heavy 26 
Gauge Wire 

Bene tits: 
• No Loss Of 

lmportam Daia 
• Faster Performance 
• Tes1 Cable Integrity 

High- Performance 
Active Diagnostic 

• DOS • MAC • UNIX• 

SCSI VueTM 
Gold Cables 

3101 Whipple Rd., Union City, CA. 94587 
Ph: 510-471-6442 Fax 510-471-6267 

Circle 200 on Inquiry Card (RESELLERS: 201) . 

Data Acquisition •Fax Boards/Machines • Keyboards 

SMART FAX MODEM? 
Yes, a fax modem that works with your PC off!! 

Introducing The Fax Modem That Stands Alone ••. 

THE FAXPLUS 9624 
ADVANCED M l!Ll 1-FUNCI ION FAX SYS l'FM 

For< nos, Wr!\'nows & NETWOl<Ks 

i~ ~"D~- -"'~~ · mmmm ~ 
-...; ;E_ • • •; • .-e: 

---~ 

0 Send/Receive Faxes With Your PC Turned Off! 

0 Print Plain Paper Faxes Directly To Virtually 

Any Printer (Dot Matrix, Ink .Jct & Laser) 

Ii'! STORES FAXES I N M EMORY 

Ii'! Vn:w FAXES Bf.FORE PRJNTINC 

Ii'! AC OR BATTERY OPERATION 

Ii'! C OMES WITH FREE SOFTWARE 

Ii'! SUPPORTS CAS APPLICATIONS 

Call our 24 Hour 
Fax-On-Demand System 
for FREE Information. 

Ii'! SEND FAXES WITH ANY SCANNER 

Ii'! V.42, MNP DATA MoDF.M 

Ii'! UP TO 16M8 OF MEMORY 

0 USE YOUR EXJSTINC PRI iTER 

Ii'! AND MuCH, Mum MOREi! 

1-800-209-2418 
OR 510-254-5400 Vo1cEIF"-' 

CUSTOMIZE YOUR KEYBOARD 
• Custom Key Imprinting • all brands! 
• Custom Colored keys for IBM~ DE~ 

Wyse"', Key Tronic'''. Cheny'''. and morel 
• Custom and stock keytop label kits for 

software support & languages. 
• Full color keyboard templates made to 

your exact specifications. 
• Word Perfect Keyboards. 
• Cyrillic, Arabic, Hebrew, etc. Keyboards 

CUSTOM HOTLINE 800 937-1337 
from the leader in Keyrop 1nnovalioru110 Dept. BYTE, 260 Justin Dr. 

Circle 177 on Inquiry Card. 

Cottonwood, AZ 86326 

520 634-7515 
FAX 520 634-4620 
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Multimedia • Programmable Hardware • SecurityKeyboards • Laptops &Notebooks • Multimedia 

REMOVABLE STORAGE MODULES 
FEATURES & OPTIONS· 
,.. Supports most 3.5' hard 

drives 
,... IOE. or SCSI interfaces 
> Hot removability 
,... ~ey look ON/OFF security 
,... Fan cooling option 
,.. Built-in SCSI ID selector 

switGh option 
> Ruggedlzed aluminum or 

low -cost plastic version 
,... Power/Drive activity 

LEDs 
,... Patent protected 

19' rackmount keyboards 
,.. 1 U or 1.75' space 
,... 25 models 
,... Full travel and membrane 
,.. types 

IBM PC >CT/AT. PS2 
> compatible 

US and Intl . versions 
,... Spring-lock front panel 
~ Serial out11ut 16mm, 2 
,... button t rackball 

EallJNL at 
1-800-283-5123 

Circle 215 on Inquiry Card (RESELLERS: 216) . 

The LIGHTEST desktop-to-go PC 
F//0- HEWLETT 

-~-~-~_PA_c_K_A_R_o~The OmniBook 600C 
• Color 8.5" di splay 
• DOS 6.2, Windows 95 ready 
• 2 PCMCIA card slots 
• Full-size keyboard 
• Pop-up mouse 
•Only 3.8 lbs! 

EduCALC 
CALL TODAY FOR 

PRICING & CATALOG 
27953 Cabot Road 
Laguna Niguel, CA 92677 
Fax: 714-582-1445 

Scientific PC Framegrabbers for 

• Machine Vision 
• Medical Imaging 
• Research Labs 
We work with OEM 's. 
Custom b oards/Consulting 

270 BYTE A PR I L 1995 

800-713-6525 
Circle 202 on Inquiry Card. 

1-800-292-1160 
Models: Lower Prices! 
-5 l 2VL: Fast 32 bit Local 

• bus grayscale board $595 
-768: 768x480 HI res !SA 
1 / 2 size. 4 Inputs. NEW! $495 
-512: 512x480 grayscale. 
4 Inputs, LOWER PRICE $395 
-512/24: 24 Bit RGB. 51 2x 
480 Res, 2 Inputs $495 
Money Bock Guarantee 
AMEX/VISA/MC/COD ...... 

ConltolVision ~~~:i~i:(: · 
Box 596 Pillsburg. KS 66762 
3 16·23 1-66·17 Fruc 23 1·58 16 

Circle 175 on Inquiry Card. 

Bright color. Bright price. 

$1,199. 

-

. ·. The New BOXLIGHT ColorShow 1200 
Projection Panel. Call now and order 

our brightest true-color LCD 

Your direct source for 
all the brigh t answers. 
• Widest select ion 

panel at the special intro

dutory price of only 

$2,299. It's an 

unbeatable value

guaranteed. 

• Compact & portable 
• 640 x 480 resolution 
• PC and MAC compatible 
• Free remote and cables 

•BOXLIGHT"' 
..CORPORATION 

Call Today 1-800~762-5757 
Circle 223 on Inquiry Card (RESELLERS: 224). 

• Instant availabili ty 
• Overnight shippin g 
• 30-day guarantee 

p 
trollers are Ideal as1he b 

. cootrol and data.acquisition applica(lilp~ 
Features include digital 110 to 400 lines,ADGs, 
DACs, relays, solenoid drivers, RS232/RS485, 

: battery-backed RAM, clock, watchdog, lCDs, 
keypads, enclosuresand more. Use our sim
ple, yet powerful, Dynamic C™ development 
system ($195 integrate d editor, compiler and 
debugger) for quick project completion! 

1724 Picasso Avenue 24-Hour AutoFAX 
Davis, CA 95616 91 6.753.0618. 
916.757.3737 Call fromyour FAX. 
916.753.5141FAX Request catalog #18. 

Circle 192 on Inquiry Card. 

Circle 237 on Inquiry Card . 



- -

Tape Drives • Voice Technology 

la Tape Solutions llJaJ 

...The Tape Experts 

• 9 TRACK 

• 3480 • 3490 • 3490£ 

•LIBRARIES 

Qua/star Corporation 
6709 Independence Avenue 

Canoga Park, CA 91303 

FAX (818) 592 -011 6 TEL (818) 592-0061 
(800) 468-0680 

Tape Drives •Business • Communications/Networking 

Turns a tape drive into a DOS "disk" 
• Supports SCSI DAT/DDS-2. BMM. QIC 
• Backup & Secondary storage. 
• Read/write files di rectly from/to tape. 
• Fast system crash recovery. 
• Less than $5.00 per Gigabyte. 
• PSM software included ($79.00 value) 

~Call 800-827-3372 WI! Voice 7 15-235-3388 
F I 11 A l I S T FAX 7 15-235-38 18 

TAPEDISK Corporation 

$249.95 

Circle 210 on Inquiry Card (RESELLERS: 211). 

Save up to 65% on Postage 
with MAILER'S+4 

• Po~ol PreiCYfing • CASS certified address correction 
• loOO! Printing • On Une Zip 4 looirup 

• Nome Parse • Duplicate Elimination 

MAILER'S+4 
ZIP+4{i) l995 

• Goo:ielizotioo • Browse and Edff Us~ 
• Both Wlnd<JNs ·ond OOS version included on one CD 

e01'hc®@@c®@@c~£D~ 
970 Calle Negocio, San Clemente, CA 92673 

Circle 225 on Inquiry Card. 

------ 

This? or This. 
ONE BOX. ONE LINE. 

To integrate your legacy and LAN networks, choose the 
CR Svstcms BRANCH COt\ lt\ ISERVER. It combines into one 
box a. bridge/router, ga teway, converter, LAN hub, FRAD and 
CSLl/DSU. PCs and SN A terminals ca n communicate with 
any host/server through one box and over one l ine. 
Protocols supported include SDLC. llSC. Async, l l'X, IP, Nc cBIOS, Burroughs Poll 
Select. Un ivac UTS. X.25, ISD1 and frame relay. 

Phone: 
404-767-8'.230 iiii CR·SYSTEMS iiii 

'Xl::M.\k lr,fo: m.1txmRy

Circle 222 on Inquiry Card. 

FAX : 
404-76 7-137'.2 
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Talk To Me for Windows is an easy-lo 
use and powerful Voice Processing 
Toolkit for MS-Windows. Wilh Talk To 
Me, virlually every MS-Windows user 
is capable of crealing simple voice 
applications, using the graphical box
oriented user-interface. More ex 
perienced users can create complex 
applications, using the rich program
ming language in the Programming 
Box. 

OIAL:Bj? 
Cl±tc· 
To o lk it 
Develope r 

More information? 
Make sure you get our 100% 
functional Evaluation system. 
1: By mail, incl. 400 p. manual (USS 75,-). 
2: Download from TTM BBS (Free). 
3: Via lnlernet, E-mail and WWW (Freel. 

· Tape Transfer and Format Conversion 

• EBCDIC+-+ ASCII Data Manipulation 

• AS/400. TKSO. and \<\" OIC Drives 

• UNIX Tar and DEC Save Set Options 

• Reseller Inquiries lnviled 

QutcKCopy ·· Tape Duplication 

READ/ WRITE 9-TRACK 
3480 • 8MM •DAT on 

YOUR PC NOW! 
(3att. U4, .. . {317) if42-2077 ... 

1-800-248-3475 
1Hdi4 ~ Slf4lutl4. Slltu 1973 

Circle 205 on Inquiry Card (RESELLERS: 206). 

VOICE PROCESSI N G SOFTWAR E 

language Support: 

Talk Ta Me speaks your language!Talk Ta Me comes 

wnh drivers for oll popular language" Ask for lhe list. 

Hardware Support: 

Voice: All popular Oialagic hardware 

fox: lnlel, Gammofox. 


Dislributor. dealer, VAR and OEM enquiri~ welcome. 

TTM nedertand 

Rielveld 10 • 3641 GS Miidrechl The Netherlands Phone 31-2979-88365 Fox 31-2979·81241 

TIM BBS 31-2979-88761E-mail: ltm@xs4oll. nl • hllp:// www.xs4 oll.nl/- llm/ 


Circle 228 on Inquiry Card. 
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Data Acquisition •Database 

New Windows Instrumentation 

Programming Tools 


A new series of application notes outl in ing development tools 
and techniqu es fo r instrume nta t ion p rogrammi ng under 
W in dows is now ava il abl e. Subj ec ts covered in c lu de 
advanced GU I deve lopment and event-dri ven programming 
tech niq ues, interactive C development, execution, and 
debugg ing too ls des igned spec ifica ll y for instru menta tion 
programmers using C under W indows. 

National Instruments 
6504 Bri dge Po int Parkway, A ustin, Texas 78730-5039 


Tel: (5 12)794-0100 

(800) 43 3-3488 (U.S. and Canada) 


Fax : (5 12) 794-84 11 


Circle 181 on Inquiry Card. 

* 

U $ 49 (U.S.&Canada) GB£ 29 (E umpc& .>tlwr) 

Jinfo rmation line : + 44 1762 348406 
Sales T el: + 44 123 2 403 120 

Fax : + 44 1232 403 121 
E-Mail : real_time@delplii.com 

<:, Time Systems Ltd, 381Castlereagh RoaJ . Bdfa1t BTS 6Al3. UK 

US ma t: The Henley Group. Faneu1l Hall M.ukctrlacc : JOl. lloston MA 02 109 

Tel (617) 973- 5076 

[E w ~ 
Engl s? Fr.in1ms Dcut>ch Espanol I 

Circle 238 on Inquiry Card. 
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Data Acquisition • Graphics •Mathematical/Statistical 

'l 11!_/ Ii~ /!l 'f f)a111 M l/fill t/q '' '' 1 ,. " l11({1Jw • 

New and Improved! AOC In ut 

DASY/..ab Version 2 is even better! You can l!i!il!' 0 

scroll a strip chart backwards to see data that has I 

already passed through the window. even whi le 

the system is still running! Stream data to disk al over 200KHz. A new 

even Ifaction feature that not only gives you belier con1rol over the behav ior of 

DASYI.ab . but also lets you control and communicate with other programs. 


And more, too. New display instruments. Grouping of instruments. 
Better reports. A programmable waveform generator. Flex ible displays. 
IEEE support. The list goes on ... 

For more ~ nfomrntion and n demo disk contact: 

DASYTEC® 


P.O. Box 748 • 14 Boston Post Road• Amherst, NH 03031 

Tel. (603) 672-7061 •FAX (603) 673-7892 •Compuserve 73221 ,3360 


Clrcle 233 on Inquiry Card (RESELLERS: 234). 

CGM 

for MS Windows 

The Computer Graphics Metafile is the ISO/ ANSI standard for 
the system independent storage of vector and raster based 
graphical information. Our Windows solutions give you easy 
access to this technology. 

MetaPrint: The CGM printer driver for MS Windows. Installs 

and functions as a standard MS Windows printer driver. 

MetaPrint gives you immediate print to CGM capability from 

any application that uses the GDI print function. 


HSlview: The CGM interpreter for MS Windows. Views and 

prints CGM and WMF files and also translates CGM to/from 

WMF. HSlvlew was developed for 


Microsoft for use with Word, Power 1~~-'"'~
point, etc. and i~ av~ilable as both U F j ±' 
an enduser application and a _.§ •. - '--_ • __ 
developer DLL Youcan llnd us: hall 3, stand 823 

Besides CGM EMATEK supports other ISO/ANSI standards as 
well. Based on the Graphical Kernel System (GKS) and 
Computer Graphics Interface (CGI) standards our GSS graphic 
tools enable you to develop portable, device independent 
graphic applications. Call for an info pack today. 

---~~:~~t~~~~raBe 170 -50823 Cologne, Germany 
Phone: +49-221 -512074 

.A . Fax: +49-221-529666 rn [M]~TI2 rn [K{ 
Email: gsscgi@ematek.de 

Circle 214 on Inquiry Card. 

For High-Quality 
Scientific Publishing, 

use PCTEX 
Typesetting Software. 
Make all your documents and math formulas look their best! 
For a free brochure & demo disk, call 800/808-7906 

Personal TEX, Inc. 12 Madrona Street, Mill Valley, CA 94941 
Fax: 415/388-8865 E-mail: pti@crl.com 

Circle 182 on Inquiry Card. 
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Mathemalical/Slalislical •Programming Languages/Tools 

IMSL Numerical Libraries IMSL Exponent Graphics 
{available for DOS, Macintosh, & {available for Windows NT) 
Windows NT) 

• Presentation-quality graphs for 
• C and Fortran function from Fortran and C development. 

native language syntax. • Interactive graphics library 
• Hundreds of copy-and-paste 	 with over 30 different plots 

examples for qu ick-start In 20 and 30. 
benefits. • Built-in GUI to quickly modify 

• More than 1,000 mathematical plots, access your data, 
and statistical functions. prototype results & perform 

"what if" analysis. 
All products also avallablo for UNIX workstations. 

Request your FREE PC Demo today! 

1-800-364-8880 

Visual~s-
phone (713) 954-6785 fax (713) 781-9260 


e-mail : marketing@houston.vni.com 
IMSL Mosaic URL: http://www.vni.com AD9579 


SuperCom for DOS only $299" • 
SUperCom for Windows, OS/2 or NT each 5399.. 
SuperCom !lirDOS.W1ndows only $528"' 
SuperCom !Oro DOS+Wlndows+OS/2+NT only S9 
f..Please sp!idfYC/C.....or Pascal packa ge) 

Phon e: +1-707-887-3400 
FAX: +1-707-887-1015 

Clrcle 226 on Inquiry Card. 

RS232-Toolkit, SuperCom 
for DOS, Windows, NT, OS/2 

fo r MS CIC++, Visual C++, T11rbo/Borld11d CIC , 
Turbo/Borln11d Pascal (incl. Proteded-Mo e), IBM GIG."¥+ 

upcrCom is the developm \t tool fur ling; ·efial c mmunicalio 
fh are. That means high data • rity and highest transml -on speed. 

The uperCom libraries arc fast '' en in amUlll1askin o rati'n$'S} m 
like \ indows, Windows iTor ,' 2. Tllesameprogranuningrnt&faceis 
usedamong diffol'l!nt la nguages and perntlng< . tel 

• 1ntetlUPl driven: transmission. receplion, tine • lenguagalndejlenderi 01..L C>".,nao";~N_t OOr.!) 
SU!l11$. modemstatus. Up to 115,200 bps: whlcih can be used fOi smi)llaneQll5'!!111lS1ers by 

• Ui\RTS: ~.1 6450, 16550 FIFO. apphcalions . 
• Si'mO!aneous COM_1..COM_36 {and 11111imiled). e MUltiSillial ~ suiwort.1A,ST,ARNET. DiJllBOard 

Dlrect rajisler p(09ramming· .lnlerr\lpt-sllafinq. PCiX. Hi"IO=:>s . STARGATE). Reduces IGading
•	 fk!w conlrci; RTSICTS, OTR-0511, X01i'XGF!! otCPU supponOl inleliigenl D;giBoaril 
~ US81 delinerl. AN$1, TTY,VT52 PCIXe.PCIXi aids (up to 112 ports• !!!). 

• 	ProloCols: ASClli, XMOOEM. Xt.IOOEMICRC, • f.lodem 5'!{lPOll. RS-4221485 support. 
YMOOEM, YMOOEl.l'BATCH, ZMOOEM. e Suppo\"ts1!8S DOS-Extender (e.g. Pnart..ap, Bolti!il} 

• r uner, CtrH!reak and E'Xcep!lon handli(lg. • No resident drivers·. Just link the US. No Royaltiils 
• Multitasking suppoil {Windo11s, NT, 05!2) • FREE technical support.FREE demo 
• Protected Mode lnlellnco' ,386·TeChnology. • Full source code IC or Pascol •nd opllmlzoo ASM). 
• User Evant Roulines un~er DOSand Winao\VS, • SuperCom++ (C++ or Pa5CJI OOP) included. 

Under Windows userC811 even posl messages • Prolecled Mode Interlace {Windows) included. 
to the application using PosrMessage. 

Clrcle 229 on Inquiry Card (RESELLERS: 230). 

Windows 

Got 

Fuzzy ~ 
Mm1bers? ~8 

Convent ional spreadshee ts can' t 
cope wirh uncertain or fuzzy number . 800-472-6183 

FuziCalc~ 
Bur now rhe re' F11 ~ iCalc . This 

Windows spreadshee t uses revolution

ary fuzzy math technology ro achi eve 
breakt hrough perfo rm ance. 

' l 'hc Fuay Spreadshee t'" 

FuziWare: Inc. 
(615) 5 8-4144 Cal l now fo r P' R EE in fo rmation. 

Imagine this: Your 
development team 
easily extracting legacy 
data into a generic 
object format-any 

Circle 217 on Inquiry Card. 
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size, any type, any ~ .,.,.......,, ...- ...,. 
relationship, any reference-
all capable of annotation. Imagine compilable 
specifications, interactive browsing and automated docu
mentation. Imagine transaction management, logical navi
gation and readable code. Now think of how this would 
shorten your ti me to completion of software projects. 

Think of Gamelon, the roya lty-free, full 
cycle development toolkit that signifi

cant database features with a persis
tent store class library. Licenses for 
Windows, 0 5/2 and NT. For C or 
C++. Call 1.800.GAMELON for 

a free demo disk and discover what 
BYTE magazine called " the beauty of Gamelon." 

Menal Corpo ration 
Menlo Park, California 
lnfo@menal.com 
FAX 415.853.6453 

Circle 220 on Inquiry Card (RESELLERS: 221). 

TECH IC.U GRAPllJCS • DATA ANALYSIS • 
DATA A CQU ISITION • \V1NDOWS 

ORIGIN ts your co11111•kl< labor.nory d313 
man.ige: ment solu11on . pro\1ch11g un n\·alcd 
flcX1b1hty. pubhcauon-qualny 1crhnical 
gr.iphmg. 3nd soph1>t1catcd d3ta an•lysts 
capab il H1cs m .111 easy-to-use \Vmdows 
cn\;ronmem. 

Sec us in Atl:1111 a a l Comdex . Uoo1h 11 9J26. 
For a Free Demo, Call 
1-800-969-7 720 

\lr.. r.DI ~1>11-....J:i:. htl.. Un.: R.lundh1•u~ l'IA:..1 r..,111h.impl•n. \V.. OJi,'\()\) 
lei 41 '·~86-.:!0ll • I Jx .q \.,~; llllti 
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Windows 

The Ultimate Technical Graphics 
& Analysis Software 

Graph Gallery of 171 chart types for business, statistical and 
technical users. 
Comprehensive library of statistical functions. 
Interactive presentation-quality 20 and 30 graphics. 
Links large external data flies to a 4-dimenslonal spreadsheet. 
Formula Visualizer graphically displays user-defined equations. 
Curve fitting, contouring, FFT's and data smoothing. 
Complete Windows compatibility, including ODE, OLE and True 
Type font support. 

STANFORD 
GRA PHI CS 

Available for Windows™& Windows NT™ 

Call for a free lnfoPak today! 

1-800-729-4723 

Visual~s.. 
phone (713) 954-6424 fax (713) 781-9260 

e-mail : marketlng@houston.vnl.com 
Mosaic URL: http://www.vnl.com AD9580 
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Senior Analyst 

DATAPRO INFORMATIONSERVICES, a McGraw-Hill Company, the world's 
leadingsource of objective and value added infonnation on computer and 
communications products, is seekinga Senior Analyst in its Infonnation 
SelV'iccs Division. 

Specific responsibilities include: 
• 	Tracking, researchingand analy;-jng data networking hardware/software 

products and market trends 
• 	Analy;-ing vendor strategies, industry trends and 

marketplace competitors 
• Conductinguser and vendor inlelV'iews 
• Developingpositive working relationships with keyvendors and 

industry contacts 
• Making presentations al technology conferences and industry events 
• Writingconcise, factual reports. 

The ideal candidate \\·ill possess: 
• 	At least 3-5years experience in researching, analyzing, and producing 

tecbnic~d reports and articles (or equivalent experience) 
• Strong knowledge of wide area data network products, broadband 

communications and network management systems 
• Practical experience in customconsultingassignments (Big6 

experience a plus) 
• Proven communication and platfonn skills 
• Keen knowledge of multiple product lines and complex infonnation 

techniques (e.g. Client Server) 
• Bachelor's Degree preferred in Computer Science or Commmunications. 

Datapro offers a competitive salary, a full range of comprehensive benefits 
including a matched 40lk savings plan and an opportunityto work wi th an 
industry leader. Interested candidates should send resumes complete with 
salary requirements to: 

DATAPRO 

A'IT:'-1: Paula Lazarich 


600 Delran Pkwy., Delran NJ 08075 

(Co nvenientlylocated 15 miles south of Philadelphia) 


Something Missing? 
Complete your BYTE collection by ordering Baclc Issues todayl 

Special Issues U.S. Delivery $3.00 Foreign $4.001992 199~ 1994 1995 1990·9Hl2·93·94 U.S. Delivery $6.00 Foreign $8.00 Canada & Mexico $6.50 
.S. Delivery $3.00 Foreign $4.00 

Please indicate which issues you would like by checking('1) the 

BYl'E Back Issues, One Phoenix Mill L111e, Peterborough, NJI. 03 58, 

D VlSA D Americ:tn Express 

.Jmmary 

Fe ruari 

March 

April 

May 

June 

July 

August 

September 

October 

N~vcrn ber 

December 

Special 
Issues 

Wtndows '92 \\1nd011.,:'!H 

r orlabllllv '92 Iii Guldt Su mm er 9l 

I Cuiclt Fal l ·~1 L.. 
• 111-

All Issues prior to 1990 U

All checks must be In U.S. funds and drawn on a U.S. bank. 

"!'he above prices include postage in the US. 

boxes. Send requests with payment to: 

,, 

-· •• -ft' l.... I .~ .'I - - ..... 

(603) 924-9281 

Charge: D MasterCard 

Card # 

Exp. Date 

Signature 

IiiName 

.. 
Address • 

City 

State Zip Because the Exp e.r~ decide . 

All orders must be prepaid. Please allow-four weeks delivery. 
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800-345-4220 

Cordless RF Wand and Laser 
A cordless RF bar code wand or lase r wilh a 
range of 100 feet. Plug·N-P lay. No software 
needed. Attaches as 2nd keyboard. For IBM and 
Maci ntosh or any se rial device . Compl e te 
Cordless Wand - S695. Complete Co1dless Laser 
- $1775 . Optional range extenders $200 per 
100' added. 

Worthington Data Solutions 
(408) 458·9938 (800) 345-4220 

I• 

~ 
j, 
II 

i 
~ 

I 

THE BUYER'S MART js a unique classified section or

ganized by product category to help readers locate sup

pliers. Each ad has Inquiry numbers to a id readers re

questing information from advertisers. 

AD FORMAT: Each ad w ill be designed and typeset by 

BYTE. Do NOT send logos or came ra-ready artwor 

Advertisers should furn ish typewritten copy. 

ads can include headline (23 characters maximum), de

scriptive text 300 characters is the 

recommended) plus company name, address , 


ACCESSORIES 

KEYBOARD, VIDEO, MOUSE, AUDIO 

Extend signals lrom PC wilh EXTENDER 


Split signals with COMPANION/PC EXPANDER 

Switch signals among PCs with COMMANDER 


Boosts signals up to 600 feel. Control up to 96 PCs 

with one keyboard, monitor and mouse. 

CYBEX CORPORATION 
4912 Research Dr.. Huntsville. AL 35805 

Phone: 205-430-4000 Fax: 205-43D-4030 

Inquiry 651 . 

~-

VGA Splitters 
Connect 2. 4, or more moni1ors to your computer 
Brighi and cri sp presentation simultaneously 
on all monitors • Gu11rantood 
Works with all VGA, SVGA. end RGB monitors 
Supports t2BO x 1024 - MADE IN USA 
Special VGA oxlens lon cables 10 250 ft 

HALL RESEARCH 800·959·6439SanUl Ana. CA 17 14) 641 -6607 

Inquiry 652. 

BAR CODE 

I_ 

1. 

:~ 

Bar Code Readers 
For PC, XT, AT, PS/2, Macintosh 

and Serial Terminals 
* Attaches as 2nd Keyboard. no software changes 

* Reads 2o15, 128. UPC/EAN. Code 39. etc. 

* External or Internal attachment on PC 

* Wand, CCD. Slot Badge. Magstripe or Laser 

* Supports DOS. Novell, UNIX, Mac OS. etc. 

* 100+ Conllgurable Options 

* Supports USA & International Keyboards 

* 2 Year Warranty, 30 Day S Back Guarantee 

* Direct From Manufacturer 

* Top Rated by Independent Review 

* Complete with CCD Scanner  $624 

* Complete with Laser Scanner - $784 

* Complete Wand only Reader- S329 

Worthington Data Solutions 
3004 Mission St1ee1 • Santa Cruz. CA 95060 408-458-9938 

800-345-4220 

NEW FOR 1995 

COLOR 
IN THE BUYER' S MART!! 

Attract the attention of your customers 
w ith the addition of color to your ad. 

Call Ellen Perham 603-924-2598 or 
Mark Stone 603-924·2695 for Details 

Fax 603· 924·2683 

Inquiry 653. 

BAR CODE 

.. 
11 I' 

phone and fax number. 2"x2'/a " ad has more space for 
descriptive te xt (850 characte rs is the maximum recom
mended) . 
DEADLINE: Ad copy is due approxima tely 2 months 
prior to issue date. For example: November issue 

. closes on September 8 . Se nd your copy and payment 

Mill Lane, Peterborou h, NH 03458. For more infor
maxim u m mation call : Ell e n Per am at 603-924 ·2598 or Mark 

tele- Stone at 603-924-2695. FAX: 603-924-2683. 

2 " x1 '/,." to: THE B OYER'S MART, BYTE Magazin~ 1 Phoenix 

r• 

Portable Reader 
* AA Battery Operated, 64K or 256K 

* Display messages and optional voice messages 
tell operator what to do. Messages are easily 
recorded (like answering machine) In any 
language. This unit Is EASY! 

* Double duty as Non·portable Reader 

* 4x20 Supertwlst LCD Display, 35 Rubber Keys 

* 2 Buill·ln Inventory Programs or create custom 

* Download tables and Pick Lists 

* Wand, CCD, or Laser Scanner Input 

* Serial Interface and Keyboard Interface 

* Reads 2of5, UPC/EAN. 128, Code 39, etc. 

* 2 year Warranly on Reader & Wand 

* 30 Day Money Back Guaranlee 

* 64K Complete with Sleel Wand - S799 

* Small Size and very long battery life 

Worthington Data Solutions 
3004 Mission Stro(l l • Sonia Cruz. CA 95060 

408 -458-9938 FAX 408-458-9964 800·345-4220 
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Labeling Software 
For DDS and Windows wi th dol·matr lx, LaserJet or 
DeskJel. Easy WYSIWYG design. Any lormaVslze. Mix 
big text bar co<les, and PCX graphics. Formals 101 AIAG. 
KMart , Sears, MIL ·STD, Penneys. Wal Mart. File Input. 
LabelRIGHT for DDS-$279. LabelRIGHT lor Wlndows
$295. 

' 


30 Day Money Back Guarantee 

Worthington Data Solutions 
(408) 458-9938 

.------:--::---7"''~Windows Bar Code Fonts 
Add bar codes to any font based Windows 

program . Fo nts designed for dot matrix , 

DeskJet and LaserJet. Prinl Codabar, 2 of 5, 

Code 128, UPC/EAN and Code 39 inside your 

Windows program. T rueType fonts, bitmaps 

and metafile support included. Only $199. 


Worthington Data Solutions 
(408) 458-9938 (800) 345-4220 


...... 


RATES (Jan. 1995) 
J.5 6-11 12 

lssuu luuas issues 
1 ad $731 $701 S614 

2-l'xl 't." 2 ads/issue - 584 
3 adsnssue - 556 
1 ad Sl 462 $1 ,402 Sl ,228 

2" x2't... ; :~~~~uj = ~ . ~~~ 
••••••••COLO - Acid S1QO • • • • • • • • 

BAR CODE 

Portable Bar Code Reade r 
>- Use as a PORTABLE, WEDGE, or SERIAL 
>- 9V Battery Opera tion with Lilhium Backup 
>- 2x16 Supertwist LCD Display 
>- 54 Key Keyboard with Separate Numeric Keys 
>- Real·lime Clock Supports Date & Time Stamps 
>- Reads all Popular Bar Codes ( 16 types) 
>- Wand. CCD, Laser. or Serial Input Devices 
>- Built-In Program Generator 
>- Create Your Own Custom Programs 
>- 6 Built-In Inventory Programs 
>- Up to 250 Programs Can Reside in Memory 
>- Create up to 250 Data Files per Program 
>- Up to 250 Look·Up Files in Memory 
>- Built-In Calculator 
>- Supports HAYES Compatible Modems 
>- 64K Memory wtth Data Compression 
>- 30-day SS Back Guarantee - 1 Year Warranty 
>- Complete Unit wilh WAND Scanner - $795 

AMERICAN MICRO SYSTEM S 
2190 Regal Parkway, Euless. TX 76040 

(800) 648·4452 (817) 571-9015 FAX (817) 685-6232 

BAR CODE READERS 
For PC, XT, AT, PS/2, & Serial Terminals 
>- Emula1es Keyboard: Works Wrth Any Software 
>- Data Appears as Keyboard Input 
>- Uses Enhanced Decoding Algorithms 
>- Accepts 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 140 User Configurable Opllons 
>- Daisy Chain Up lo 96 Readers 
>- Supports NOVELL Networks 
>- SuppMs US & INTERNATIONAL Keyboards 
>- Direct From Manufacturer 
>- 30·day SS Back Guarantee, 1 Year Warranty 
>- Complete Unit with LASER Scanner- $1095 
>- Complete Unit with WAND Scanner - $299 

AMERICAN MICROSYSTEMS 
2 190 Regal Parkway, Euless. TX 76040 

(800) 648-4452 (817) 571-9015 FAX (817) 685-6232 

BAR CODE PRINTERS 
Only $ 1,4951 


Reseller Pricing Available 

Impeccable Print Quality, Rugged Performance! 


THARO SYSTEMS, INC. 
P.O. Box 798, Brunswick, OH 44212-0798 
2 16-273-4408 Fax: 216-225-0099 

Inquiry 654. 
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THE BUYER'S MART 

BAR CODE 

Bar Code Printing Software 

LabelWorks for Windows 


> Prints all Popular Bar Code Types i19 Types) 

> Desk lop Publishing Fealures : WYSIWYG . 
Scalable Fonls, Rulers. Guides. Lines, Shapes, 
Page Zooms (25%-400%). Templales 

> Ro1a1es Texl, Bar Codes, and Graphics 

> Supports Windows Compalible Fonls 

> 	Choose From Over One Hundred Popu lar 
Label Formals or Design Your Own 

> Rich Texl Support: Mix Slyles. Types, & Sizes 

> Aulomallcally Prinls Serial Numbers 

> 	Imports & Exports Graphic Files: 

TIFF. GIFF. BMP, PCX, WPG. WMF, TARGA 


> 	Supporls Virtually all Windows Compalible 

Prinlers (PoslScripl , Laser, & Dot Matrix) 


> 30-day Money-Back Guarantee, $295 

' .. CALL FOR FREE DEMO SOFTWARE• .. 

AMERICAN MICROSYSTEMS 
2190 Regal Parkway, Euless, TX 76040 

(800) 648-4452 (817) 571·9015 FAX (817) 685-6232 

BARCODE & MAG. STRIPE SYSTEMS 
• Keyboard Wedge with HP 


Stainless Slee! Wanc1/Mag. Stripe Reader $249 

• Keyboard Wedge wllh SYMBOL LS2000 


or SP400 Laser & Mag. Siripe Reader S849 

• Keyboard Wedge wilh PSC OuickScan 


Laser/Mag. Stripe Reader S699 

• Software Wedge Decoder wilh HP Slainless Slee1 

Wand or Laser Scam!r (coo &wtH~;-232 or para.lel) Sl 89 + 
• All Wedge Packages Include a Wand or Laser Holder 
• Mag. Stripe Encoder/Reader (3 T rks) 


w/Sollware 51099 

• Prin11ng Software (OC6.llfl,l.NX...) S149 + 
• Portable Data Terminals (r<eK-•.ae) 5599 + 
• Complele POS System: 48640Mhz. S1999 


4MB RAM, morulor, PCS Soffwaro. SP212 Rccetp! Printer. 

M-S Cash Omwor, pclo display, HP s1ainless st~I wand 

and magneuc stripe reador WlJh decoder 


• Appllcalion Software: lnvvn. AsseL Tools, romo & Ane••L 
•Radio Frcquency Termlnals (""'3<1"""111T\/rorTo'•l>lOO) 
• Bar Code Prinling Sottware (DOS) Included with 


each purchase 

• Made in the USA • 30 Day SS Back • Spanish 


Dept. Avai l. • Direct lrom Mfg. 


8ARCODE INTERNATIONAL SYSTEMS (815) 
121 JO Sovom Way, Rlvcraldo. CA 92503 (909) 270-0016 lnt'I 
(800)653-4252US • 1800)219·5178 CAN· FAX (909)270-0920 

Inquiry 655. 

Circuit Design Software for Windows 
Easy-lo-uso schemalic enlry, PCB design, and 
simulal ion so flwaro, sl arling a l $ 149 each. 
Comp lel e PCB package with schematics, 
aulorouter. and layoul for 2-layer ci rcuit boards, 
$399. Enhanced ve rsion wilh auloplacemenl, 
more symbol libraries, and up 10 16 layers, $649. 
CAM file oulpuls. 

Mental Automation, Inc. 
54 15 1361h Place, SE-Bellevue WA 98006 

(206) 641-2141 FAX (206) 649-0767 BBS (206) 641·2846 

Inquiry 656. 

CAD/CAM 

CONTOURING MOTION CONTROL 
FROM A PRINTER PORT! $

249NEW lndVE~;~~Nt~aro VISA/MC 

• ConUols up l o six stop mo1ors simultaneousty 
• L.inenr and Circular lnlerpolation. 
• Now foaturos 10 accommodnto machine control. 
• Easy·IO·U50 DOS dovico drivel. S uper Manunl. 
• CAO.CAM inlerlace nvallablo. 

CorporabOn, 1422 Arnold A~1! .I ' 
Ability Systems Roslyn. PA 19001 12tSl 657·4338 

FAX: 1215) 65H8t5 

Inquiry 657. 
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CD-ROM 

CD-ROM TITLES 
101 lks1 <Oarno •I nr •2 Sl j E1mll) Or ..\nl EJ. 51 
11 Mil l\u_., ln<=M Phllk SIH j ump R.i \cll S;l 

-o ;l.UI llomc l'hlJlr. S,?.\ M:athcni;ulo Uh. S1.\ 

Apo,..'t'<' '" ('On;:11C)l G:ml<1o S IH MKltllc Schonl !'uitc IH 

IU"C'tull C:atds $20 Pin1>oill Dn::.uns DdU..\'.c .?U 

lhNflMi..." M.Wc W~ IS SJ ·9 ' Spon' AJnum .S!O 


C'.A IJ/WRfff,/fA.X H)R !ll(f. l'IULE IJ~ 
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ALLTEX COMPUTERS PllON"<"°''>891·" -'' 
.\900N 1 ~ 1. SuilC'7 t915)(•75·'H:H 
Ab!lcnr, TX ~.O\ 11AX : t9 15) 6i(,_,1.\(',() 

~V.SlH< CAtm - \'ISA - COD • l'RB1.\IU 

Inquiry 658. 

We Buy, Sell & Trade 


CD·ROMS & MEMORY CHIPS 

Resellers Wanted 


Call or wri te for a free product update 


Consolidated CDROM, Inc. 
515 67th Ave Philadelphia PA 19126 USA 
+1·215·276-3657 I+1-215-276-3854 fax 

1-800·8-CDROMS 

Inquiry 659. 

INTERNET on CDROM! 
LINUX Developers Resource 3 CO Sea ..... .. .... . .. .S25 
S1ackware & more! Complete materials to Install & run! 
GICA Windows 3 CD Sci .. .. .. . .. . . .. .. . . . . .. . . .S25 
Thousands of plug & play windows programs! 250• games! 
INTERNET Tools CD·ROM . .. . .. .. . . . . . . . . . .$30 
Networking tools & ulllllles lor DOS & UNIX 
BSOisc (NelBSO & FrecBSD) . . . . . . . . . . . . . . . ..$35 
Ready 10 use lormals wllh Install scripls 
USENET 2CD Sel .. .. .. .. .. .. .. . .. ........S25 
comp.sources & alt. sources .. many FAQ's from 01her groups 
SOURCE CODE CO·AOM .. .. .. .. . .. . S30 
4.4 8SO·Lile. XllR6, MACH, And lfw Windowing 
PERL &TCLJrK CO-ROM . . .. .. . . .. .. 535 
Ullllly lano +command lang & toolkil lar X·Windows 
STANDARDS 2 CD Sci.. .. .. .. .. .. .. .. . • . .. ... 530 
RFC's. IEN's. CCIITnTU Bl uebook, Windows Sockets 
MS-DOS 2 CO Set(51mTel Archival .......... . .....525 
I0,000+ DOS programs. u11h1ies, 885 soltware & docs 

MC, VlSA & AMEX 1-800-800-6613 
tel:+1-602-526-9565 

InfoMagic fax: +H02-526-9j73 
PO.Box 31Xi i0, FLl<)S!<ll, Al. litiOO:Hl37ll info@infomagic.com 

Inquiry 660. 

CD ROM TOWERS & 

JUKEBOX SERVERS FOR 


ALL OPERATING SYSTEMS! 

No Device Drivers/ MSCDEX needed, 

Complete Kit Networks CD Roms, 
unlimited user license, DISCPORT. 

UJES, NONE BEnER AT ANY PRICE" 
Call NOW: 1 (800) 482·1866 305-271-0076 

Inquiry 661 . 

EVERY CD ROM YOU'LL EVER NEED 

TO CREATE EXCITING MULTIMEDIA 


MULTIMEDIA MEGA BUNDLE 
5 DISCS AT AN AMAZING PRICE!!! 


GRAPHICS, AUDIO, MULTIMEDIA, MEGA I & 11 


$49,ll&. $39.95 If you menlion BYTE! 


KNOWLEDGE MEDIA INC. 

435 NUNNELEY RD.. PARADISE, CA 95969 


(800) 78 CD ROM , (916) 872·7487, (916) 872·3826 FAX 

Inquiry 662. 

CD-ROM 

New and Updated CDROM Titles 
C1Cil MS Windows COROM, Thsnds ol Windows prgrms .$29.95 

Gloa Games CDROM, Games !or OOS/Windows................s39.95 

Space and Astronomy. Thsnds NASA lmages/<lata ............$39.95 

CUser Group Library. C source code Dec 93................$49 95 

Simlel MSDOS COROM. DOS Shmwarc/freeware ..........$29.95 

ORZ Ham Radio CDROM. FCC Calls1on Db & ShlYlar .....S29.95 

Hobbes OS/2 CDROM. OS/2 S1tareware/Freeware ..........529.95 

Source Code CO ROM. 650 Mb source. DOS/Umx .... ..... ..$39.95 

Gulenberg Projecl. Lllerature and docs.............. ..$39.95 

Linux Oireraling Sys. 3861486 OS, Xl t, lull src ............ .. .. $49.95 

FrecBSD Operalinu Sys, Ver 1.0, krnl src. XIGNU ............. $39.95 

llbris 8rilannla, MSDOS Tech/ScVEnolnecr... ... ...............$69.95 

X1 IR51Gnu COROM. Full src. SPARC binaries ........... .. .. .. $39.95 

llebula for NeXTSTEP, Proms for Intel NeXT5TEP .......... ..S59.95 

Ada Programming CDROM, Compilers. source. docs .........$39.95 

Arnlnet CD ROM. AmigaShareware/freeware ....................$29.95 

COROM Caddies. Ufelime Guaranlee .................. ........... ...54.95 


Top qua lily CDAOMs. 100% sallslled or fu ll refund . 

WALNUT CREEK CDROM 
4041 Pake Lane. Sle D-212, Concord, CA 94520 


1-800-786-9907 Visa/MC AMEx , Fax: 1·510·674·0821 


Inquiry 663. 

COMMUNICATIONS 

Frame Relay, X.25, BSC, HDLC, SDLC 
Uso our rock solid'. comphant. Inexpensive and robust 

synchronous products for your PC projoct. On board protocol 

support reduces PC overhe.Bd. 


• Suppon for MS·DOS, Vfindows. Umx. OS/2, Neware and olhers. 
• CCITI and ISO compllanl X.25. f!OLC. 
• Frame Relay blankel cenillerJ !or any apphc;ilion. 
• Tesl and datascope programs lor easy debugging. 


Sangoma Technologies Inc. 

Tel 1·800·388·2475 9C5·474-1990 

Fax 905-474·9223 


COMPUTER BOOKS 

COMPUTER BOOKS ONLINE 
Easy onllno ordoring at our Internet , CompuSorvo, & 

NIFTYServe s toros . t 50.:. off rnost books from 140 

publishers !or compute r profos sionals . GO CBK . 

W'NW.compubooks.com/books.html. or flp inlo .1x1 from 

ltp.compubooks.com. Worldwldo shipping. E·mail 10 

lnlo@compubooks.com !or lntormDt1on. 


CompuBooks 

RA1 Box 2710 512·32t ·9652 

Cedar Creek TX 78612 USA Fax 512·32t·4525 


Order line 800-880-6818 

COMPUTER INSURANCE 

INSURES YOUR COMPUTER 
SAFEWARE Compulerowner's coverage provides 

replacement of hardware, media and purchased 

software. As little as 549 a year covers accidenls, 

lhett, power surges and moro. One call does II all. 


1-800-800-1492 
SAFEWARE, The fnsurance Agency Inc. 

PO Box 022 11, 2929 N. High St , Columbus, OH 43202 

Now nvallablo In Ontnrio!! ! 

Inquiry 664. 

COMPUTER TELEPHONY 

Write your own Voice Mail software 
Create advancod, mulli·lme voice/lax mail sys1cms with 

VOS 1., , tho Edllors' Choico. Comple te language for 

computerltolophono lnlegrallon VOS suppons databases, 

LANs. volco rocognilion. toxHo·spooch. con lorencing, 

Switching and lllOl'O. 

Call !or free bookie! Get into Interactive Voice . 


Parity Software 

US: 415·989-0330 lax: 4 15-989-0441 
 ;!I

I-~·· 

Europe: +45-3940.8803 fax: +45-3940-7803 

mailto:lnlo@compubooks.com
http:overhe.Bd
mailto:info@infomagic.com
http:r<eK-�.ae
http:OC6.llfl,l.NX
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CREDIT CARD PROCESSING 

Take Charge! 
DATA/DISK CONVERSION FLOPPY DISKETTE 

3.5-- FLOPPY DISK 
PC-Credi! makes It easy lo add credit card, debil 
card and check guarantee services lo your DOS or 
Windows applica tions . Our products include 
Libraries, DLLs, TSRs and easy 10 interface 
programs thal will provide Iha solutions lo your most 
demanding single or multl·user applications. 

Go Software, Inc. 
31 Sherbome Ad., Savannah, GA 31419 

(800)·725·9264 
(912) 925-4048 Fax (912) 927·0214 

Inquiry 665. 


CROSS ASSEMBLERS 


PC BASED DEVELOPMENT TOOLS 
We offer low·cos l olllclont CROSS ASSEMBLERS end a 
superb llno ol SIMULATOR-DEBUGGERS with full buill· in 
DISASSEMBLERS for lnlel's MC$-40, 51, 85 and 96. and 
for the ZBO lamH~ ot embeddod controllers. Our new sim · 
ulalors for tho 80C198KB nnd 80C196KC are unique in tho 
mar11el , and hove beon rocoivod wi1h rmro reviews. Tho price 
of our SOi'twnro lnciudos unllmitod lroe upgrade privileges! 

Lear Com Company 

24-40 !(;piing St.. S te . 206, Lakowood, CO 80215 


(303) 232-2226 FAX (303) 232·872 t 


Inquiry 666. 


DATA RECOVERY 


We Can Save It! 
All Platforms - All Storage Devices 

Proprietary techniques so advanced we 
rescue data others simply abandon. 

DRIVESAVERS 
Restoring data since 1985 
1-800-440-1904 

415-883-4232 

Inquiry 667. 
! ~. 

-.. ·~. •r~,., .. 
Ontrack 

DATA RECOVERY 
• Professional seMco recommonded by major hard 

drive manufacturers • Expertise in virtually every 
operallng system & media storage device • 24-hour 

support with weekend. priority, & on -sile service 
available • For fast. successful results, call : 

MN:l-800-872-2599 • CA: 1-800-752-7557 

Europe:+44 (0)181 974 5522 •Japan: (0429) 32·6365 


(Mp. Headqunne<s: 632 ' Oury Dnve. Edotl Prairie, MN 55346 

Inquiry 668. 

I~ 

Don't take chances withThe Data your Important data! Let 
Recovery our team of specialists

quickly evaluate and re
Company•• cover your dala from mosl 

storage systems and oper
Total Recall™ ating platforms. We nave 

800/743·0594 lhe experience you need to 
7191380·1616 INTL get bai:k up and running, at 
7191380-7022 FAX a price you can affor~ to 

2462 Waynoka Road pay. References and re
Colorado Sprinas. CO 80915 ferral programs available. 

Inquiry 669. 


DATA/DISK CONVERSION 


THE #1 CHOICE 
In disk & tape conversion 

~~~~i. ~;~~~~~1~:e~~~~-~::: 
Free test • Satisfaction guaranteed 

Graphics Unlimited Inc. 
3000 Second St. North. Minnoooolis. MN 55411 

(612) 588-7571 FAX: (612) 588-8783 
1-800-745-7571 

Inquiry 670. ""' .
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CONVERSION SERVICES 
Convert any 9-lrack magnetic tape to or from 
over 5000 formals including 3W, 5X", a· disk 
formals & word processors. Disk-lo-disk con 
versions also available. Introducing CD·ROM 
conversions. Call for more info. 

Pivar Computing Services, Inc. 
165 M ingtoo Hgts. Rd .. Dept. I B, Buffnlo Grove. IL 60089 
(800) Convert (708) 459-601 o 

111 '·ri "'~ 

Disk & Tape Conversion Services 
Or do It yoursoll w!th Tho Fiio Annlysu It ovorcomos nil mo 
translation end lrnnalor problems. Analyzes unknown lllosl 
Makos old filos ln10 porl oc l ly struc1urod lmpon or 
diont/sorvor fliest Search, romovo & roplaco data/codos. 
Convon botweon nny formal , 6ny databnso. any repon 
generator. ASCII , doUmilod, EBCDIC, spll1, acnn, verlfy. & 
mom. Commerclal and Profosslonal editions used daily n.11 
ove r the v.-or1dl 

THE ALE ANALYST RALPH GARNER ASSOCIATES, lt4C. 
'TheUn,.,.,,eF1/eAnalym 99 .tm.sonA.... 11... V01tHYtOOl6 
& Relvt/TlJ/let' 1<1 212-779-7667 

Inquiry 671 . 

WE WROTE THE BOOK! 
Deal direct wilh the company who developed 
the systems that most o t hers use ... 
S H A F F S T A L L ! Tape/ Disket1e 
Trans fer/Conversion/Duplication. PC/Mi ni/ 
Mainframe/Workslallon Tape Transfer. WP lo 
WP Document Conversion Services . 

1-800·357·6250 317·842·2077 
Shaffstall Corporation (Fax) 317·842·0294 

Inquiry 672. 


DISK DUPLICATION 


FULL SERVICE DISKETIE & CD REPLICATION 
Complete Packaging, Assembly & Printing 
Custom Labels & Sllkscreenlng 
Available in all disk fonmats 
100% virus checked & copy-verified 

MANUFACTURING DISKE7TES IN THE U. S. SINCE 1978 

SYNCOM TECHNOLOGIES INC. 
1000 SYNCOM DRIVE, MITCHELL, SD 57301 

1-800-843-9862 

Inquiry 673. 

EDUCATION 
B.S. & M.S. In COMPUTER SCIENCE 

The American lnstltulo For Computor Scioncos offers an In· 
depth homo study progmm to oorn your Bacholor of Scionce 
at home. B.S . subjoc ts covorod oro: MS/ DOS, BASIC , 
PASCAL. C, C-+-+-, Data Filo Procoasing, Onta. Structures & 
Operating Systoms. M .S. progrnm Includes subjocts In 
Sof1woro Engineering nnd Ar1Ult:h'I lnlolligonco .. Ada and 
Using Windows courses also ovolleble. Accrodllod Membor : 
Worid Association ot UnJ:vcrslUcs and Collages. 

AMERICAN INST. for COMPUTER SCIENCES 
2101-BY Magnolia Ave., Suite 200, Birmingham,AL 35205 
I ·800-767-2427 1-205-323·6191 

d .. ·~~ 
'111:1 

Free Catalog: 1-800-955-2527 
Grantham College of Engineering 

Granlham College Road , S!l doll, LA 70469-5700 

ACCREDITED B.S.C.S. DEGREE 
Computor Science degree progrnrr lndudes C. C..-+. Assembly 
Language, Visual Basic , Oatabuc Ooslgn. Basic. Pascal. 
tletworits. R>rtran. Ada. Artn-cial ln1elligence, Sottwaro Design. 
many more. Software ptovlood al no oxtra chargo. Also degree 
programs In Eloclronlcs & Compuior Engineering Technology. 
Accrodilod member: Olslnnco Educalion and Tmlnlng Council, 
which ts recognized by the U.S. Department ol Education. 

Inquiry 674. 
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RELIABLE & DURABLE 
: ~~~~':'~3f~i~sed~r!°'Jiedeoerrg~:·with OUUJillttti 

C11pp11111 Level 
• A-ble ~roduct1: 2HO. 200. Video tape, CO jewelry oox. 
• Our own t rand MEGA. OEMor bu pack are also available. 
• Ouplicalors &wf'lolesaSers are welco11e. 

YHC Cassette Ind. Lid IHMARK lHD. LTD. 
1~~"~" i~~grr..i~"!f~~i\ 

C.nada MIVJK I Hofil Koll\J 
Tel: \416\321 -1179 Tel: \852 558·2203 
Fax: 416 321·8451 Fax: 852 897-3700 

Inquiry 675. 

FLOWCHARTS 

COBOL STRUCTURE CHARTS 
The new PowerSlruclure for Windows generates 
incredible structure charts DIRECTLY from your 
COBOL source - STRUCTURED or NOTI Forget 
manual ilowcharting. Powe.Structure will diagram 
your spaghetll code, do ii in seconds, and free 
programmers for more lmportanl work. 
Now just 5149. 

CyberMetrics 

5541 s. Marine Drive., Tempe, AZ. 85283 


(602) 838-3310 


Inquiry 676. 
L I ~ Ill ' 
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WINDOWS FLOWCHARTER $129 
RFFlow 3.0 Is a professional drawing lool for 
flowcharts & org. charts. Requires Microsoft Win
dows; 500 shapes auto ad\'ust rn size: diagonal lines 
and curves; auto line rou Ing and re-routing: OLE 
server: clicK on a shape to bring up a suti-chart: 
imporVexport bitmaps and metames: Call for free 
!rial disk. 

RFF ELECTRONICS 
1053 Banyan Coun. Loveland, CO 80538 

Phone: (303) 663·5767 FAX: (303) 669·4889 

FOREIGN LANGUAGES 

OVER 150 LANGUAGES 
Transllltloo, language Lc:irnlog 


Tutorials, Foots, Dictlonarlcs and 

Language Systems for DOS, Mac and W"tndows. 


Japanese, Chlncsc, Spanish speaking staff. 

CaUus first for best prices and e.~pcrt support. 


Character Language Resources 

2 I 30 S:lwtclfc Ulv<.1. 30-iA, 1.os An~clcs. CA 90025 

800-569·2099 fA.X 310·996-2303 

Inquiry 677. 
.... 

HARDWARE 

Pre-Owned Electronics, Incni 
THE Independent Provider, serving lhe Dealer, 


Professional, Corporate. Government. and 

Educational Buyer since 1985. 


APPLE II "' & MACINTOSH~ 

SYSTEMS• PARTS• EXCHANGE REPAIRS 


Call for a Catalog...800-274-5343 

Inquiry 678. 

INT'L: 617-275-4600 •FAX: 617-275-4848 
205 BURLINGTON ROAD • BEDFORD, MA 01730 
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HEWLETT-PACKARD 
Buy - Sell - Trade 

LaserJel CoiorPro 
DeskJel DrahPro 
RuggedWriter DraltMaster 
Electroslalic Plotters DeslgnJet 

HP 9000 Workstations and Vectras also available. 
Ted Dasher & Associates 


-11 17 Second Ava .. S. Birmingham. Al 35222 

Phono: (205) 591-4747 Fnx: (205) 591-1 108 


(800) 6311-4833 


Inquiry 679. 
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THE BUYER'S MART 

:.- .. 

LANS 

Little Big LAN 
The most flexlble network 

Peer lo Peer LAN to 250 nodes 
$75 lotal soflware cost. nol per node! 
Link via serial. parallel. or Modems 
Also via Elhcrnel or Arcnet. or mix! 

• 	 Typically only 40k of RAM 
Information Modes 

8 17-387-3339/ P.O. Orawor F, Oenlon TX 76202 
Fax 617-382-7407 Orders 600-626·7992 

Inquiry 680. 


LASER CHECKS 

....:;~~~~~~~~~~~~~~~~~~ 
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LASER CHECKS 
PERSONALIZED WITH YOUR NAME AND LOGO 


IN SAFETY BACKGROUND 

CALL (714) 773-5811 OR TOLL FREE 

1-800-252-6427 Fax 1-800-439-0158 


FOR SAMPLE (ETC.) 

:MAGNETIC ENCODING: 
MICA-COMP, Inc. 


689 S. Slate College Blvd .. Surto A 

Fullerton, CA 92631 


Inquiry 681. 


PROGRAMMERS TOOLS 


DON 'T DEVELOP NETWORK APPLICATIONS 
wi lhout NPPC, a powerful library subroutine 
package with the simplest API available anywhere! 
Window and DOS, IPX or NetBIOS. Use with any 
language supporting C subroutine calls: C. C++. 
Visua l Basic , FoxPro, etc. 30 day S back 

~~a~r,~~w~~':~~~ifd~e~ ~1e9~0wl~~~r~eub~~s . 
SYNERGY SOLUTIONS, INC. 


2150 Soulh Country Club . Suite 1. Mesa, AZ 8521 O 

(602) 545-9797 FAX (602) 545·9827 BBS (602) 545--0232 


Inquiry 682. 

PUBLICATIONS 

SCSI MYSTERIES UNVEILED 
Whether a neophyte or an expert, find what you 
need in th e "SCSI Bench Reference", "SCSI 
Tutor", and "SCSI Encyclopedia". 

ENDL Publications 
408-867-6642 Fax: 408-867-2115 


Receive Immediate information via FaxAccess. 

Dial 406-741-1600 from the handset. 


order #5 and follow instructions on voice menu. 


Inquiry 683. 

SECURITY 

EVERLOCK - EVERKEY 
Softwa re and hardware based copy prolection. 
Foa lures inc lude - e nc rypl ion, se rlalizalion , 
compression , re mote ly re se l1 ab le d a te a nd 
oxocutlon limits. user data fl aQs and more! 
Call today a nd ask about our low cosl Trlol Kli s 
and lree demo disk. 

Az-Tech Software, Inc. 
201 East Franklin St., Richmond, MO 64085 

(800) 227-0644 (816) 776·2700 FAX (816) 776-8398 

Inquiry 684. 

THE ULTIMATE SOFTWARE SECURITY 
e STOPCOPY lam~y - UNCOPIABLE copy protOC11on 
• STOPVIEW software encryption 
• NETUMIT nolwork license motoring 
• DOS. Windows, Macintosh, 0$12. suppor1 
•	 No source eodo changes required • lor ANY of our prod

ucts tn ANY environment 
• Our products destroy ALL of our competition 
• Coll 	for FREE domo disk, or 10 discuss our producls' 

MANY options 

BBi Computer Systems, Inc. 
14105 Hentage Lane. Silver Spong, MD 20906 

100/TRY-ABBI • 100/179-2224 • 301/171-1094 • FAX:JOl/46o-7545 

Inquiry 685. 
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SECURITY 

CRYPK(Y SOfTWAR( UHNSING SYSHM 
"Hardware key protection without the hardware key" 

CrypKey Is a sottware protectiontool, olforing 
• complele securily trom any diskcopy program 
• complele compatibility v~ih an1•MS·DDS 


or MS WINDOWS based machine 

• complele Invisibility- no disk key. no hardware key, 


less support calls 

• inslant disaster recovery 
• protect programs distributed on CD·ROM. SSS. or lnlemet1 

CrypKey is asales loot, allowing you to sell your program 
· by Increments - enable lheoptions the customer 


purchased 

• by number of runs· e.g .. sell tOO calculations lor St00.00 
• by lime period - e.g .. leaseor demo your program 


lor 60 days 

CrypKey uses anumerickey thal can be transmitted by phone, 
fax. or emall. Sell your customers more options, more copies. 
more lime or more runs instanlly, just by making a lelephone 
call. (great lor overseas customers or distributors) CrypKey is 
produced by Kenonlc Con1rols Ltd.· engineering and sottware 
since t972. 

Kenonic Controls Limited 
7175-IZth Simi South East 

Calgary. Albet1a, Caoada T2H 256 
(403) 258·6200 • tar: (403) 258·6201 

Inquiry 686. 

Cop's Copylock II 
Professional software protection with 


TRUE Machine lnslall. Option Board safe. 

DOS, 0$2, Networks, Windows. Trace 3000. 


DlalCOPS Access Control for mass 

distribution via CD-ROM or lnlernet. 


Known and used world-wide since 1984. 


LINK Data Security 
lnt'I: + 45 3123-2350 Fax: + 45 3123-8448 

KEV-LOK'" SECURITY 

Piracy survival 11 years proves effectiveness 

of powerful multilayered security. Algorithmic 

response. Programmable memory. Econom· 

ical. Transparent to PARALLEUSERIAL port , 

Counters/Rea l-Time-Clock. Mulll-producl/ 

fea ture l icen si n g. DOS/NT/U NI X/O S2 . 

Access control syslems and disk drive locks. 

MICROCOMPUTER APPLICATIONS 


3t67 E. Otero Circle, Ltttteton. CO 80122 

1·800·4KEYLOK (303) 770·1917 FAX: (303) 770-1863 


Inquiry 687. 


SERIAL ANALYZER 


COM-Watch PROFESSIONAL 
Use your PC (even your notebook) to trouble
shoot RS-232, RS-422 or RS-485 communications 
at a traction of the cost of purchasing specialized 
equlpmenl. This menu d riven so ftwa re lets you 
monitor bl-directional communications at speeds 
to 115,200 baud. Package includes RS-232 cable 
adapter. 
CER •P.O. Box 48 • Amhersl , NH 03031 

Tel. (603) 673-8110 •Fax (603) 673-7892 

Inquiry 688. 

SOFTWARE 

CAD to NC CODE Instantly! 
with Fas tPATH™ 

Path complex pa rts to whole nests! 

Hands free , Automatic & Intelligent 

Dos based, Suits all NC profilers. 

Call FastCAM at (303) 667-5059 


or Fax: (303) 667-1990 

Ft . Collins , Colorado, U.S.A. 


Inquiry 689. 

11 · 

SOFTWARE PACKAGING 

FREE SOFTWARE 

PACKAGING CATALOG 


Every1hing you win ncOd 10 Package. Ohmlbute, and Ship Your 
Soltwnro lt From manuals nod bindors to meilem nnd shlppo1s 

LABELS LABELS LABELS 

For your diskonos, plajn or cuslom printod 

dol matrix or laser prinler ... lroo samples 


•••FREE CATALOG-•• 

Hice & Associates 


8586 Monticello Or., West Cheslor. OH 45069 


Phone/Fax: 513-n9-79n 


Inquiry 690. 

SOFTWARE/BUSINESS 

DATA ENTRY SOFTWARE 
Full featured, heads-down data entry 

with two-pass verification, edit language. 
operator stats. much more! Designed Tor 
tho PSIZ", PC, XT, AT or compatibles. 

PCs from 5395 LAN versionavailable 
FREE 30 day trial 

Computer Keyes Tel: 206/77616443 
21929 Makah Rd.. Fax: 206/776·72t0 
Woodway, WA 98020 USA: 800/356-0203 

SOFTWARE/ENGINEERING 

Analog/Digital Simulation!! 
• DOS, Alpha, Macintosh •Model Ubrar6cs, RF, Power 
• Windows & Windows NT • More Than 5000 por11 
• lsSPtc:E4 Raal Time SPICE • Waveform Anaty1ta 
• Analog/Mlxod Slmulatlon • Full SPICE programs 
• Schematic Entry star1 1ng 01 $95. Complcto 
• Now AHOL Modcllng Kit!! systems, $595-$2595 

P.O. Bot 710 San Pedro, CA 90733-0710 • t ft 
(310)833-0710, FAX/310)833-9658 1n uso 

Call for your Froo Demo and information kl!. 

Inquiry 691. 
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SAUNA: 30 THERMAL ANALYSIS 
• Models: PCBs, stacked plates. healsintcs, mulUboard 
enclosures. • All heat transfer modes: conveclion . 
radiallon . conduction • Interac tive menu · dr lvon 
• Thermal par ameters libra ry • Fast "What Ir: 
dimension. mal'I. finish, analyses • Easy to loom & use 
• 	 IBM PC & Macintosh II 

Call or FAX tor free evaluation program 

Tatum Labs, Inc. 
1287 N. Silo Ridge Drive, Ann Arbor, Ml 48 108 

313·663-8810 FAX 313-663-3640 

Inquiry 692. 

SOFTWARE/GRAPHICS 
1, .: .------ -----------, 

1.1 New Version! 
AccuSoft Image Format Library 5.0 
Programmers: Add support for 36 raster 

file formats instantly! 
TIFF, JPEG. PCX, TARGA. DIB. DCX. GIF, BMP. 


WMF, PICT, V/PG, EPS, Group 3, Group 4 

New Formals: Photo CD. PhotoShop. ASCII. 


KoFax. ALE. LaserData. GALS, ATI, CLP, XWD. 

IMG. IFF. SUN, XBM. ICO. IOCA, CX2, XPM. 


CUT. Brooktrout. MAC, MSP. 


Guaranleed to read all rasler images in existence 
in Iha listed formals / 

* Import. export, scanning, conversion. compression* Printing. display, image processing* Supports all languages* Fax lormats and multi-page Images* Rotate, zoom, scale, co lor reduction*Thumbnails, sharpen, special·elfects *Windows, NT. WinPro Gold 32, VBX. VBX32*Watccm, OS/2, MAC, UNIX. Clipper, FoxPrc 

AccuSoft Corp. Call 800-525-3577 
Two WestDolougll81J>in<ssf'af< WesltJOIOOQ11, t.tA015at USA 
TEL (508) 898-2nO FAX (508) 898-9662 

Inquiry 693. 
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H bit Unix compatible OS for 386, 4861 586's 
lndudcsC. C++. Obj, C. l.,..ix":l l, ~m:i lll :d loi, l 'rrl.Xl t llG, TC.1'/11', 
Ill/Cl', l' l' I'. Sli p , NFS, VI, cm;a o . O rxnluuk, pl u!' much mnrc 
Su1 >ports; SCS I, ll>E , f~\ UI , MFM. Vfo\ , SJ, <:GA , C.D· Ro m , 
Soundhb."lcr, fu ll nmn J»J:O, (JOO ~- nu1111;d Inc luded "Full 
lmc: m ct suppon · S'SY 9~ o n CO· RO~' · SM .9S on dhk:I, Dr 
Unus Book S49 YS 

Unux Srstcms ~. ·698R I MiUcr Ca. O~crlkkt, Ml •t80 17 
(800) 954-29.\ff, (HIO) 7 16- l iOO. fax (K IO) 7 16 1703 

SOFTWARE/GRAPHICS 

CAD Developers Kit 
SPEECH RECOGNITION 

1~ 

VTFX Scientific Desktop Publishing 
• Scalable Fonts • Foni effec ts • Typeface customization 
• Equations • Tables • Gra phics • Foreign la ng uages 
• Mulli-lingual spell &hyphenation • !DE • On·lirJ: help 
• Dos. Dos-32 and Windows ve rsions • FromS199 

"TcX of Tomorro1V'-Notices of AMS, March 1991 
Call now for a FREE DEMO DISK 

MicroPress, Inc. 
68-30 Harrow Street, Forest Hiiis, NY 11375 
Tel (718) 575-1816 Fax (718) 575-8038 

EXPERIMENTAL DATA RTTING 
SCIENTIST'M Is 1he leader in experimental data 
fitting . Fit combination s ol user-defined algebraic 
and differential equations or Laplace translonms -
also splines and Interpolating functions. Includes 
30 plotting and a scientific worksheet. Require s 
Windows. 5295. Model libraries also available. 

MicroMath Scientific Software 
Fax: (801) 943-0299 

Multi-Voice I<>< Slnglo lJnG Watson Board: $99 
Multi-Fax !Of CAS (ln1ol Sa1isFAXtion}: 5199 

ITI SOFTWARE 
Fax-On-Demand for Information: (514) 835·2216 

Tel: 51 4-597-1692 Fax: 514-526-2362 BBS: 514-835-5945 

. r..-. -- -

Inquiry 702. 

MARKET 
TO EUROPE! 

The BYTE EURODECK 
offers you 

a unique opportunity 

Joseph Mabe 
for more info! 

(603) 924-2533 

Inquiry 703. 
APR IL t 995 BYTE 279 

'l 

TG·CAD Profoss/onal 5.5, a 'C' Win/DOS SOK. 
RcadlWrileNlew PCX/GIF files & DXF 10 A1 2. Creale 
fonls & !ext. Ray Tracing & Shading. Hundreds a 20 & ..: r 

30 roubnes. Comes as DOS Lib .. Win Lib. & Wm DLL 
Sou rce availablo . Fr ee Technical Wh ite Paper 
available. Call or wr11o loday. 

Disk Software, Inc., Box 941152 

Plano, TX USA 75094-1152 


600-635-7760, Fax 214-423-7266 

Inquiry 694. 

SOFTWARE/MATHEMATICS 

ORSYS - $299 
OPERATIONS RESEARCH SYSTEM 
Linear programs up to 3000 by 15000 
Mixed-integer and dlscrele linear programs 
Nonlinear objective and quadratic programs 
Transportation and Transshipment models 

Eastern Software Products, Inc. 
P.0 . Box 15328, Alexandria, VA 22309 

(703) 360-7600 Fax (703) 360-7654 

Inquiry 695. 

SOFTWARE/SCIENTIFIC 

Inquiry 696. 

1-800-942-6284 

Inquiry 697. 

SOFTWARE/TYPESETTING 

MicroTEX 
Includes LaTEX 2e 


For documents as elfectlve as your words! 

Publish elega n1 documont s - ove n wllh comple x 

mathomallcaVsciontltlc oquoUons or In foreign languages. 

• Exclusive Integrated Quick-Previewer 
• FREE domo disk . FREE ahipPlno 

Micro Programs Inc. 
251 Jackson Ave., Syossel. NY 11791 

Tel : (516) 921-1351 800-Tu4ALL Fa>: (516) 921-1004 

Inquiry 698. 

SOFTWARENOICE/FAX 

HIGH LEVEL C LIBRARIES 
Multl-Votce ind Multi·fax are campltta devdopmeni C toolkits to 

:~~~1:1:!!y.'~:1~~ 1~um:r~:ev~15!:~1~fJ01CCCefao1,~}~ 
:~1r~1!~'~ 1rui~,~~~~=:·~~~~~':are 
Multi-Voice for DlsJogk:. Rhotorox. or Powerffno 11: $599 

TALK TO YOUR PC 
DragonDictate™ speech dictation system 

lets you use your PC in DOS or Windows 


entirely by voice. 


I914 937-2376 L 
SRPA, INC. Members Nationwide 

Inquiry 699. 

UNIX FOR PCS " 

LINUX R ELEASE 1.1 

Inquiry 700. 

WIDE AREA NETWORK 

Access/LAN Wide Area Network 
LAN dial-up system. Access databases from remote 
locations. Up lo 32 lines. Mull ltasking. Connect to 
Novell. LANt.astic. WlndowsNT, POWERLan, AS400 & 
olhers. Arcnet, Ethernet, T·Ring, TCPnP. Use dial-up or 
dedicated lines with modems & multiplexers. Network & 
remote printing. Runs al LAN sneed. Ideal where access 
to cenlralized data Is reQ'd. 

Compumation Software Corporation 
1-800-267-4855 Fax (905) 770-6877 

Inquiry 701 . 

WINDOWS 

*FREE INTERNET 

217·322·1111 

Full Access 14.4K 8/N/1 All Nodes 


Service is FREE "You Pay l.D. Charge 


Voice Help 1-217·322-1212 

J I 

to sell 

your computer products 


to BYTE's 50,000 

European Subscribers! 


Call 

SIMPLY 

THE BEST 


RESOURCE 

FOR 


DIRECT 

BUYERS! 


Use BYfE's fast, conven
ient card deck to find 
the best deals on 
computer products and 
services. Each mailing is 
loaded with essential 
hardware and software 
product information for 
making purchases direct 
from the nlanufacturer 
- and it's absolutelyfree! 

The BYTE Deck is your 
#l resource for: 

• CD-ROM 
• Networking 
• Multimedia 
• \Vindows 

and More! 

The next edition of the 
BYTE Deck mailing will 
arrive in your mailbox 
soon. Don't miss it! 

Advertisers: 

Call Bri:m lliggjns 1oda)1 at 


(603) 924-2596 or fax your order to 
(603) 924-2683 



To order products or request FREE information, call advertisers directly or send 
in the response card by mail or fax! Let them know you saw it in BYTE! 

Inquiry No. Pago No. PhonoNo. 

A 
286 AOAPTEC 
229-230 AOONTEC GMBH 
Zl7 AOVANCEO 

ENGINEERING CONCEPTS 270 310-379-1189 
212·213 AOVANCEO IMAGE COMMNCTNS 269 800-209-2418 

AOVANCEO 
MICRO DEVICES (NA ) 12·13 800·222-9323 

235-236 AEAOCOMM WIRELESS INC 266 800-492-2320 
128-129 AEAONICS INC 39 512-258-8040 
61 ALAOOIN KNOWLEDGE SYSTEMS 87 800·223-42n 
563 AL TEX ELECTRONICS 26-0NE 2·3 800-531 -5369 
564 ALTEX ELECTRONICS 21iOSO 2·3 800-531 -5369 

AMERICA ONLINE INC (N.A.) 180A·B 800·827·6364 
PC#1 069 

174 AMERICAN AOVANTECH 268 800-800-6889 
AMERICAN LUNG ASSOC 250NE 1 

AMERICAN LUNG ASSOC 2;QSO 1 
Al.IERICPN POWER CONV 16A·B 

62 AMERICAN POWER CONV 16-17 800-8()()-4APC 
dept A2 

291-292 ANOATACO 162F·G 800-334-9 191 
ANTH AOCO AP 80 800-325-384 1 

56 1·562 APE PTACEK 
ENGINEERING GMBH 321S 9 ..t9-89·604395.. 

534.535 AAISTO GRAPHIC SYSTEMS 321S 17 +49-40.54747-111 
4-09 ARTECON 88DM 9 800-872-2783 
573-574 AATISOFT UK (INn) 157 +44(0)753 55 •9 99 
158 AVALAN TECHNOLOGY 261 508-429-3179.. 
575 AXIS COl~MUNICATIONS (tNnl 141 +46 46 140500 

B 
299 BADGER COMPUTER 162H 800-3-BADGEA 

BBN SOFTWARE PAOOUCTS (NA)80A·B 
137 BBN SOFTWARE PROOUCTS (NAI 81 800-331-2266 

DX! 130 
BEAM E 8 WHITESIOE S/W 321S 28 919-831-8989 

529 BEAME 8 WHITESIDE SN/ 321S 29 919-831 -8989 
260 BEAME &WHITESIOE SN/ (N.A.) 157 800·216-8450 
63 BELL & HOWELL INC (INTI) 79 708-675-7600 
63 BELL & HOWEU INC (NA) 79 800-SCAN-494 
450 BIX 285 8()()-695-4ns 
501-502 BOCA RESEARC H INC 321S 30 407·997-6227 
m.224 BOXLIGHT CORP 270 800-762-5757 
140 BTG 198 703-876-1920.. 
144 BUFFALO INC 261 800-345-2:156 

BYTE ANNIVERSARY POU (U.S.) 170 

BYTE BACK ISSUES 260NE 4 

BYTE BACK ISSUES 2;oso 4 

BYTE BACK ISSUES (INn) 225 

BYTE EDITORIAL SURVEY 82 

BYTE EUAODECK (CO) 170 

BYTE MOVING 321S 20 

RYTE NETWORKING 210 


65 	 BYTE OH CD ROM 184 
BYTE REAOEA (INTl) 174 
BYTE AEPAlllTS (IITTL) 219 603-924-2525 
BYTE SUB MESSAGE 138 
BYTE SUB MESSAGE 321S 10 

c 
162 CADSOFT COMPUTER INC 257 407-274-8355 
130 CALIFORNIA PC PAOOUCTS INC 229 800-394-4122 
559-560 CALLUNA TECHNOLOGY LTD 3215 22 '44(0)1592 630920.. 
281 CASEWISE LTD 187 800-893·8398 
503 	 CHERRY 

MIKAOSCHALTER GMBH 321512·13 +49·9643· 18·206 
506 COBALT BLUE 3215 24 404-518-1116 
557-558 COMBYTE INC 321S 25 303-229-0660 
Zl9 COMPAQ (NA) 127 800-392-8883 
504-505 COMPEX INC (INTI) 127 714-63().7302 
548 COMPEXPO I COMPFAIR 3215 26 •36-1 ·117-0436.. 
283 COMPLITEA ASSOC·AEALIA 57 800·434-REAL 

dept 26500 
289 COMPUTER ASSOC·UNICENTER 115 800-225-5224 

dop110500 
145 COMPLITEA D\SCT WAREHSE 240.241 800-959-<COW 

COMPUTER MUSEUM 178 

COMPUTER PROFESSIONALS 


BOOK SOC (N.A.) 196A·B 

COMPUTER PROFESSIONALS" 


BOOK SOC (NA) 197 717-794·2191 
507 COMPUTER QUICK 32\S 31 415-861-8330 
146 COMPUTEALANE UNLTD 248 800-526-3482 
284 CONNER PEAJPHEFIALS (N.A ) 225 800-6-CONNER 

CONSEtlSEYS CORP 180M4 800-38S-1896 
175 COllTAOI. VISION 270 311;.231-6647 

COPIA t)ITERNATIONAL l TD 38 708-68~·8898 
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Inquiry No. Pogo No. Phono No. 

66 COREL CD CREATOR 27 61 J.728-3733 
ext28 

222 CA SYSTEMS 271 800-732-3664 
11 5 CREATIVE LABS INC 59 800-998-5227 
240.241 CTX INTERNATIONAL INC 149 909-595-6293.. 
67-68 CURTIS INC 182 612-631 -9512 
147-148 CYBEX CORP 243 205-43-0-4030.. 
149-150 CYBEXCOAP 255 205-43-0-4030.. 
508-509 CYBEX CORP (\Nrl ) Cl\\ 205-430-4030.. 

D 
531-532 DAEWOO (IITTL) 11 .Jl -2503-37214.. 
163 	 DAUAS SEMICONDUCTOR 262 800·258-5061 
233-234 DASYTEC 272 800-731-501 5 
264 	 DATA FOCUS (\Nn) 145 703·818·1532.. 
264 	 DATA FOCUS (NA) 145 8()()-637-8034 
122·1ZI CATA STORAGE 

W.RKETING INC (NA) 36 800-543-6090 
267-268 DATADISC 155 800-DATADISC 
151 DATALUX CORP 242 800-DATALUX 

DATAPAO (tNn) 116-117 800-328-2776 
271·272 DATAPAOOUCTS 1620 818-887-8000 
69 DATASTORM TECH (N.A.) 219 800.315·3282 
565 DECUS /TALLEY 

MANAGEMENT GROUP 260SO 1 
DELL COMPUTER CORP (N.A.) C\\l 800-934-5259 
DELL COMPUTER CORP (N.A.) CIV 800-876-1190 
DELL COMPUTER CORP (NA) CIV 800-873-5533 

70 DELPHI 11/TEANET SERVICES 231 800-695-4005 
243 DELRINA FORMFLOW 135 800-268-6082 
242 DElRINA WIN FAX PAO 133 800-268-6082 
71 ·72 DELTEC INSSI 96 800-335-8321 
414-415 OIGIBOARD 88DM 16 800-551-4794 
287 OIGITAL EOUIPMEllT COA? 106-107 800-STORWORK 

DIGITAL INFO SERVICE (EUAOPE) 321S 21 ,41 ·22·7910885.. 
555-556 DIGITAL INFO SERVICE (EUROPE) 32\S 23 ;41·22·7910885 .. 
549 DISTINCT CORP 32\S 6 408-366-8933 
152 DISTRIBUTED PROCESSING TECH 250 800-322-4378 
5n OR HUGGLE & 

PARTNER GMBH (INTl) 197 +49-24 1-403117.. 

E 
202 EDUCALC 270 80().7 13-6525 
214 El.tATEK GMBH 272 ,49 22 1529666 
572 EMATEK GMBH (IITTL) 97 ,49 i21529666 
544.545 EAGOTRON EUROPE 32\S 7 ,31 20 696.60.65 
553-554 EUAOSOFT TECHNOl.OGY 321S 32 .44 1635 582 660 
512·513 ELITAON 321S 8 .39 35 201003 
73-74 EXABYTE CORP 19 800-EXABYTE 

F 
542·543 F & H SIMULATIONS (INT'L) 69 +3 1 13427516 .. 
51 4·515 FAST HAADLOCK 32\S 27 ,49.59.539500.20 
538-539 FAST MULTIMEDIA 3215 5 t<9-89-50206-199.. 
141 FIELDWORKS 228 612-947-0856 
527 FIRST INTERNATIONAL COMP 32\S 2 •886·2·718-2782.. 
153-154 FIRST SOURCE !Nrl 252 71 4-448-n50 
576 FISKAAS POWERS SYS (trffL) 98 •358 0 452661 
75 FFIAME TECHNOLOGY (N.A.) 97 800·U4FAAME 

ext618 
217 FUZIWARE. INC 273 800-472-6183 

G 
176 	 GAGE APPLI ED SCI ENCES INC 268 514-337-6893 

GATEWAY 2000 49 800-846-2058 
GATEWAY 2000 51 800-846-2058 

n GLENCO ENGINEERING (INn) 103 709-808-0300 
76 GLENCO ENGINEERING (N.A ) 103 800-562-2543 
20Q.201 GRANITE DIGITAL 269 51().471-6442 
516 GREY MATTER l TD (IITTLj 36 -44-{0 36<-53071 .. 

H 
1n 	 HOOLEON CORP 269 520·634·7515 
550.551 	 HYPEASYSTEMS 3215 20 •39· 11 -434-2350 

269 	 IBM (NA) 112· 113 800-IBM-6676 
ext62t 

412-413 ICL (EMBLA) 88DM8 703-648·3326.. 
133-134 \CONOVEX INC (NA) 85 800-943-0292 
296 IEMINC 88DM 23 800-321-4671 
207 IEAC 265 s18-842-12n 
78 INTEGRAND RESEARCH 226 209-651-1203 
41 6 INTEGRIXINC 88DM 11 llCS-375-1055 
566 \NTEGAIX INC (INTI.) 161 805-375-1055 

INTEL CORP (NA) 32A·D 800-538-3373 
244·245 INTERGFIAPH 129 llC(). 763-0242 

Inquiry No. Page No. Phone No. 

400-401 INTEAGAAPH I 
SOFTWARE DIVISION 88DM 19 800-345-4856 

552 \NTEA3\S AUTOMACAO 321S 18 +351 441 2247 
178 IQ TECH 269 216-439-4091 
113-114 ITEFIATEDSYSTEMS 88 8()()-437-2285 

J 
155 JAMECO ELECTRONICS 253 800-83 1-4242 

JOA MICAODEVICES 263 800-538·5000 
215·216 JNL COMPUTER PAOOUCTS 270 510·353-0262 

K 
179 KllA 268 303-444 -n37 
246-247 KINGSTON TECHNOLOGY 147 714-435-2667 
402-403 KINGSTON TECHNOLOGY 88DM21 714-435-1850 
518 KUO FENG CORP (INn) 121 .886-2-754-8498.. 

L 
166-167 LA TRADE 246 800-433-3726 
261 LANSOURCE TECHNOLOGY 162 416-535-3555 
290 LEXMARK 119 800·891-0399 

ex1230 
301-302 LOCUS COMPUTING CORP (\Nn ) 170 .44-1442-871774 
51a LOGIC PROGRAMMING ASSOC 321S 14 800-949-7567 
125 LOGICIELS ET SERVICES DUHEM 228 ,33149700455 

M 
520 MAGIC I MSE (tNn) 71 •972-3-751 -1901 .. 
225 IAAILEA"S SOFTWARE 271 800-800-1.IAIL 
533 MANNESMANN TAllY 32\S 15 .44 (0) 1734 788711 

MCGRAW HIU NRI (NA) 212A·B 
1JS.136 MEDIAON(NA) 174 800-552-7835 
22().221 MENA' CORP 273 800·GAMELON 
161 MICRO 2000 251 800-864-8008 
156·157 MICRO SOLUTIONS COMP PROD 247 800-295-12 14 
194·195 MICAOC AL SOFTWARE INC 273 800-969-7720 
536-537 MICAODATA SYSTEM SRI 3215 18 ,39 1 87 988 460 
277 MICRO-INTERNATIONAL INC 162E 800-967-5667 
116 MICRON COMPUTER C\\, 1 208-465-3434 
243-24 9 MICROPOL\SCORP (N.A.) 116-117 800-395-3748 

MICROSOFT CORP 15 
180 MICROSTAR LABORATORIES 269 206-453-2345 
81 MICAOWAY 222 508-746-7341 
526 MINICCM I CLASSNET VIDEO 3215 10 •972-2-518593 
253-25' MINUTEMAN 120 800·238·7272 
521·522 MINUTEMAN 3215 16 214-446-7363 
280 MIPS OATALINE AMERICA INC 1628 800-898-8560 
300 MITSUBISHI MOTOR 

SALES OF AMERICA IN.A.I 138A·D 800·55MITSU 
250 MKS / MORTICE KE AN SYSTEMS 118 51 9·884·2251 

N 
82-83 NANAO USA CORP (Ii.A.) 71 310·325-5202 
181 NATICl>lAL INSTRUM:ONTS 272 512-794-0100 

NEKOTECH 880M 7 714-58().0055 
285 NEVAOA COMPUTER 258 800·982·2925 
139 NEXGEN 189 408-435-0202 
84-85 NORTON-LAMBERT 63 805-964-6767 
86 NSTL 235 61 ().84 I ·9600 
87 NUMBER NINE COMPLITEA SYS 31 800-GET-NINE 

0 
131 08.IECTS INC 193 508·7772800 
517 OL\VE ITI S.P.A. (\NTL) 12-13 •39-2-45361 
273-274 OMNICOMP GRAPHICS CORP 162C 713-464-2990 
528 ON TIME MARKETING 3215 24 +49-40-t37472 
251-252 OPTIOUEST 162A 909-468-3750 

OFIACLE CORP (NA) 111 800-633-05-<2 
ett 4990 

170.171 	 ORCH:OSTFIA MULTISYSTEMS 264 800-2:17·9988 
OSBORNE MCGFIAW-HIU 4().41 800-822-8158 
OSBORNE MCGFIAW·HILL 260 800-822·8158 
OSBORNE MCGAAW-HIU (INT'\.) 112·113 800-822-8158 

p 
168 PACIFIC COAST MICRO 254 619-581-6040 
llS-89 PC POWER & COOLING 45 800-722-6555 
169 PC"5 COMPLEAT 244·245 508-624-6400 
90 PEASOFT INC m B00-368 ·5283 
182 PERSONAL TEX 272 800-808·7906 
203-204 PIKA TECHNOLOGIES 266 613-591-1555 
91 -92 PINNACLE MICRO 714.727.3300 
93 PKWARE INC 104 414-354-8699 
94 PKWAAEtNC 180 414.-354 -8699 
126-127 PLEXTOR 21 800-886-2683 

http:49.59.539500.20
http:696.60.65


ADVERnSERCONTACTINFORMAnON 

Inquiry No. Page No. Phone No. 

57().571 POL YCON GMBH 
DATA SYSTEMS (INTL) 183 +49·521·9861322 ' . 

255 POPKIN SN/ & SYSTEMS INC (NA.) 153 212·571 ·3434 
11 9 POIVERSOFT CORP (N.A.) 69 80().395-3525 
293-294 PROXIMA CORP 150 800-447-7694 
132 PSI IN.A.I 101 BOO·PSl-0852 

PC#00 140 

Q 
95 ONX SOFTWARE SYSTEMS LTD 8-9 800-676-0566 

eX! 1004 
262·263 QUALCOMM 159 800·2EUDORA 
183 OUALSTAR CORP 271 800-468·0680 
256-257 QUARTERDECK OFFICE SYS 130 31().392-985 1 
9&-97 QUATECH INC 238 800·553·1170 

R 
172-173 RAIDTEC CORP 262 404·664·6066 
98 RAINBOW TECHNOLOGIES 55 800-852·8569 
208-209 RCI 267 908·874-4072 

ex! 71 
238 REAL TIME SYSTEMS 272 +44 1232 403120 
159 RECORTEC INC 259 800·729-7654 
184 RHETOREX INC 267 408-370-0881 
275-276 ROSE ELECTRONICS 1620 80().333·9343 
404·405 ROSS TECHNOLOGY INC 880M 15 800·774·7677 

s 
266 SAMSUNG ELECTRONICS 143 201-229-4053 
258-259 SAMTRON DISPLAYS INC (N.A.) 161 310-537·7000 
120-121 SCEPTRE TECHNOLOGIES 205 80().788·2878 
164·165 SCITECH INTERNATIONAL 249 800·622-3345 
99 SCITOR CORP (N.A.) 183 415-570·7700 
185 SEALEVEL SYSTEMS INC 265 803-843-4343 
100 SEQUITER SOFTWARE INC 169 403-437-24 10 
205·206 SHAFFSTALL CORP 271 BDG-248·3475 

Inquiry No. Pal(e No. Phone No. 

523 SIEMENS NIXDORF INFO (INITL) 111 +49-@-636-48749•• 

198-199 SIGMA TECH SOFTWARE 268 818·368-6132 
SILICON GRAPHICS (N.A.) 141 800·800·7441 

ex10440 
218-219 SILICON WAREHOUSE 265 800-347-4887 
231 SILICON RAX 268 BOO·700·8560 
186 SILICONSOFT INC 269 800·969·4411 
7!HIO SMILE INTERNATIONAL INC (N.A.) 98 800·253·2872 

SOFTBLOX INC 163 800-434-0202 
SOFTWARE PUBLISHER'S ASSOC 191 

297 SOFTWARE SECURITY 160 203 ·656·3932 •• 
142·143 SOFTWAY AMERICA INC 38 303·670-5345 
546-547 SOLID COMPUTER GMBH (INrL) 81 ""49·89·3159146" 
568-569 SOLID COMPUTER GMBH (INrL) 153 +49-89-3159146'• 
101-102 SPSS INC 173 800·543·5835 
524 STAC ELECTRONICS llNITL) CIY +44·1·344-302·900 
103 STAC ELECTRONICS (N.A.) 121 800·677-6262 

ext214 

196 STAR GATE TECHNOLOGIES 267 800·782·7428 
197 STAR GATE TECHNOLOGIES 267 800-782·7428 
104 STATSOFT 95 918·583·4149 

T 
117·118 TADPOLETECHNOLOGY 29 800·232·6656 
187 TALKING TECHNOLOGY INC 268 800·685-4884 
210·211 TAPEDISKCORP 271 800·827·3372 
105 TEKTRONIX 73 800·835·6100 

ex! 1037 
54().541 TELELINK AG 321S 14 +41-42-431081'' 

295 TENON INTERSYSTEMS 880M 10 805-963-6983 
1()6..107 TEXAS INSTRUMENTS 34.35 800-Tl -TEXAS 

THE COMPUTER MUSEUM 220 
138 THE LEARNING CURVE 78 813·736·2295 
108 TOSHIBA AMERICA INC 2·3 800-457·7777 
193 TRI VALLEY TECHNOLOGY INC 268 510-4-47-2030 
410411 TRITEAL CORP 880M2 800·874-8325 

Inquiry No. Page No. Phone No. 

228 TTM NEDERLAND 27 1 +31·2979-88355 

v 
530 VIDEO NT I VITEC (INTL) 101 +33 14613 06 oo·· 
188 YIDEX INC 266 503·758-0521 
189 VIDEX INC 266 503·758·0521 
109·110 VIEWSONIC 47 909·869·7976 
407 VISIONWARE 880M13 415·325·2113 
226 VISUAL NUMERICS 273 800·364-8880 
227 VISUAL NUMERICS 274 80().729-4723 
19().191 VIZIFLEX SEELS 265 201-487-aQBO 
232 VU·TEK VISION CARE FILTERS 265 800·269-8801 

w 
525 WALKER, RICHER & QUINN (INITL) 85 206·217·7100 
288 WATCOM·C.'Ctt 10.0 25 519·886·3700 
282 WATCOM·SOL 164 519·886·3700 
278-279 WIBU (INTLJ 1628 +49·721 -93 1 72 ·2~" 

278-279 WIBU (N.A.) 1628 301·570-3497 
124 WINBOOK COMFUTER CORP (N.A.) 11 80().725-3469 
160 WORLDWIDE TECHNOLOGIES 256 215-922·01 16 •• 

z 
11 1 ZEOS INTERNATIONAL 201 800·554-5226 
112 ZEOS INTERNATIONAL 177 800·554·5226 
192 Z·WORLD ENGINEERING 270 916-757-3737 
' Correspond directly .Whcompany. '' Indicates FAX Number 

Regional Edll lon Deflnlllons: 
CD - Ads only appear in Canada Edition 
DEMO -Ads only appear in Demographic Edition 
EUROPE - Ads only appear in Europe Edi!ion 
IS /INTL - Ads only appear in ln1crnational Ed~ion 
MW - Ads only appear in l.lidwes1 Region Ednlon 
N.A. - Ads only appear in North America Edition 
NE - Ads only appear in Northeasl Region Edillon 
PC - Ads only appear in Pacific Coast Region Edition 
SO - Ads only appear in Scuthem Region E<frtion 
U.S. - Ads only appear in U.S. Edition 
WORLD - Ads only appear in Wortd Edition 

BYTE ADVERTISING SALES STAFF 
Diane Lieberman, Director, Sales Operations. One Phoenix Mill Lare. Peterborough, NH 03458. Tel. (603) 924·2518, Fax: (603 924·2683 

NATIONAL ACCOUNTS EAST COAST MIDWEST NORTH PACIFIC SOUTH PACIFIC 
Kim Norrlo, 0 /roctor (212) 512·2645 NY, NYC. NJ , OE. DC. MO. PA, VA IL MO, KS. IA. NO, SO, MN, NORTHERN CA. OR, ID, MT~ WV, UT OAft,NGECOUNTY 
Jonathan Sawyer (603) 924-2665 M!chao\ Feinberg (212) 512-4811 WI. NE, IN. Ml. OH RoyJ. Kops (415) 513-6861 SAN DIEGO COUNTY 
McGraw-Hill Publk:alions Susan Raslo\linl (603) 924-2656 Lori Silvorsloin (614) 899-4908 Janies eau(603J924·2662 Both Dudas (714) 753-Sl 40 
1221 Avenue ot Amerieas-28th Floor McGraw-Hill Pubfiicalions Ed Ware (603) 924·2664 SILICON VALLEY. HI, WA, AK, IAark Speros (714)753-S140 
NewY0tk. NY 10020 1221 Avenue ol Ame0cas-281h Floor McGraw·H1n Pubficatlol\S W.CANADA Brad Dixon (603) 924-2574 
FAX: (212) 512·2075 Now York. NY 10020 921 Eastwincl Drive , Suilo 118 McGraw·Hlll Publications 

FAX: 1212) 512·2075 WeS1ervllle. OH 43081 ~~:~~:i(~~~ii~iJ~~62 15635 Allon Pkwy., SUlto 290 
HEW ENGLAND FAX: (614) 899-4999 McGraw-Hill Publlca1k>ns Irvine, CA 9271 8 
ME, NH, Upstale NY, VT. Mii. RI. CT. SountEAST 1900 O'FarreUStreot. Sui!e 200 FAX: (714) 753-S147 
ONTARIO NC. SC. GA. FL. AL. TN. MS, AR. LA. SOUTHWEST, Sa~ Maleo, CA 94403 
CANADA & EASTERN CANADA KY. WV ROCKY MOUITTAIN FAX: (415) 513-6867 
Sanford L Fibtsh (617) 86().6344 MaryAM Goukfing (404) 843-4782 co.OK. TX 

Maroo1L. Swanson (603) 924-2651 Jenntter Waker (214) 70Hl496~~;~~~i ~u~~~221 McGraw-Hill PubllCa!lons Kevin Lary (603) 924-2527 
2.4 Hanwell Avenue 4 t70 Ashford-Dunwoody Rd., Suile 520 McGraw-Hill Publications 
Lexing1on. MA 02173 Atlan1a. GA 30319 14850 Ouo1um Or .. Suile 380 
FAX: (617) 86().%99 FAX: (404) 252-4056 Dallas, TX 75240 

FAX : (214) 99H208 

Peterborough, NH Office: Inside Sales FAX: 603-924-2683 Advertising FAX: 603-924-7507 
Hantw.,./aottw.. Showca.. BYTE Deck EURO-OECK ReOonal Achertislna: Sectlona 

Brian Higgins (603) 924-2596 
Fax: (603) 924·2683 

The Buye r'a ..,.rt/ ClaulflHI Joseph Mabe (603) 924-2533~~~eg:c;~) 924-2596Nonhern U.S.: Mark Siano (603) 924·2695 BYTE Publlaulons 
SoU!horn U.S.: Ellen Perham (603) 924·2598 Ono PhoonlK Mill Lano One Phoenix Mill La{1e 
BYTE Publlcalions Pelerborough, N~ 03458 Pete1borough. NH 03458 
One Phoonix Mill Lane 
Pe!erbo(ough. NH 03458 

INTERNATIONAL ADVERTISING SALES STAFF 
Gary Lucas, European Sales Director, 34 Dover Street. London WIX 4BR, England. Tel. +44 71 4956780 Fax: +44 71 4956734 

UNnED KINODOM, BENEWX GERMANY, SWITZERLAND, lTALY, FRANCE, SPAIN, TAIWAN 
Gary Lucas (+44 71 495 6780) AUSTRIA Janet Wang ::.:'!Mori 
Jona1han t.lcGowan ~~-s=~~ert Thod Wave Publishing Corp. Transworkt Media lnc
(+44 71 495 6781) ~::.~~nc. A·Z lntemaoonal Salos Lid. 2nd A .• No. 19·2, Lane 231 702, 2·26'3 N;shigotanda 
McGraw·HJll Inc. Ueblgstrasso 19 70 Chalk Farm Road Fu Hsing Nonh Road Shinagawa·ku, 
34 Dover St. 0·60323 Fronkfun Loodon NW1 8AN Taipei \05 Tokyo 141 
London WI x•BR Germany Englond Taiwan R 0 .C. Japan 
England Toi: +49 697140 7140 Tel: +44 71 2843171 Tel : +886 2 7136959 Tel: +81 3 33887466 
FAX: •44 71 4956734 FAX: +49 69 7140 7146 FAX: +44 71 2843174 FAX: +81 3 37880674FAX: +886 27'189467 

HOHOKOHO 
Dan Ehrtlch Noxus, lflC. 
IS RAEL A. Suzuki 

Zoe Yon 
Ehrlich Communcatlops Jnt'I. 2 ·35-8~ Unok.i, O!a·k Thfrd Wave Publishln&,Corp. 
P.O. 8ox99 Tokyo 146~~,T~K~~~~ahRo~torHe<Zl1ya46101 Japan 
Israel Kowloon, Hong Kong Tel: +81 3 31573n1Subscription Customer Service Tel: +852 764 3830 
Tel: +9n 9 586246 
Tel: +9n 9 586245 FAX: +81 3 37572266 

FAX: +852 764 3857U.S. 1-800-232-2983 FAX : •972 9 585685 AUSTRALIA 
KOREA Phil BushOutside U.S. +1-609-426-7676 Young ·Seoh Chinn Natlonal AdvertisiflQ Services
JES Media International 7·13 Parraween Sttee1 
61h Fl.. Donghye Bldg. Cremome NSW 2090.For a New Subscription 47·16, Myung;t-Ocng Australia 
Kangdong·Gu Tel : +61 2 908 9329U.S. 1-800-257-9402 Sooul 134-070, Korea FAX: +61 2 953 8274 
Tel:+82 24813411 
FAX:+82 2 4813414

Outside U.S. + 1-609-426-5526 

llNOAPORE, INOlA, 
INDONESlA, PAJOSTAH, 
PHIUPPINES, OTHER A5lAH 
AND PACtnc COUNTRIES 
Jonny Kao 
Third Wave Publishing Ccrp. 
2nd A.• No. 19-1, Lane 231 
Fu Hsing Norlh Road 
Truper 1os, Taiwan 
R.0.C. 
Toi : +886 2 7130959 ext. 226 
FAX: +886 2 7189467 

MALAYSIA 
H.K. Um 
Servox (Malaysia) Sdn. Bi.l. 
5th AoOr, Bena Tower 
160, Jalan Ampang 
50450 Kuala Lumpur 
Malaysia 
Tel: +60 3 2624592 
FAX: +60 3 2624591 
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INDEX TO ADVERTISED PRODUCTS 

For FREE product information from individual advertisers, circle the 
corresponding inquiry numbers on the response card! 

To receive information for an entire product category, circle the category 
number on ~he response card! 

Category Na. 

Inquiry Na. Plll/eNa. 


HARDWARE 
1 

128·129 

' 

207 

190·191 

232 


2 

286 

501 -502 

67·68 

41 4-415 

244-245 

155 

87 

273-274 


ACCESSORIES/SUPPLIES 
AERONICS INC 39 

ANTHRO CORP 80 

IERC 265 

VIZIFLEX SEELS 265 

VU·TEK VISION CARE FILTERS 265 


ADD-IN BOARDS 
ADAPTEC 264 

BOCA RESEARCH INC 321S 30 

CURTIS INC 182 

DIGIBOARD 88DM 16 

INTERGRAPH 129 

JAMECO ELECTRONICS 253 

NUMBER NINE COMPUTER SYSTEMS 31 

OMNICOMP GRAPHICS CORP 162C 


203-204 PIKA TECHNOLOGIES 266 

96-97 

185 

218-219 

196 

197 

187 


3 

188 

189 


4 


OUATECH INC 238 

SEALEVEL SYSTEMS INC 265 

SILICON WAREHOUSE 265 

STAR GATE TECHNOLOGIES 267 

STAR GATE TECHNOLOGIES 267 

TALKING TECHNOLOGY INC 268 


BARCODING 
VIDEX INC 266 

VIDEX INC 266 


COMMUNICATIONS/ 
NETWORKING 

212-213 ADVANCED IMAGE COMMUNICATIONS 269 


Clltegary No. 

Inquiry Na. Page Na. 


231 SILICONRAX 268 

546·547 SOLID COMPUTER GMBH (INT'L) 81 

568·569 SOLID COMPUTER GMBH (INT'L) 153 

193 TRI VALLEY TECHNOLOGY INC 268 

112 ZEOS INTERNATIONAL 1n 

111 ZEOS INTERNATIONAL 201 


6 DATA ACQUISITION 
174 AMERICAN ADVANTECH 268 

233·234 DASYTEC 272 

176 GAGE APPLIED SCIENCES INC 268 

178 10 TECH 269 

180 MICROSTAR LABORATORIES 269 

96·97 OUATECH INC 238 

186 SIUCONSOFT INC 269 


7 DISK & OPTICAL DRIVES 
291-292 ANDATACO 162F-G 

409 ARTECON 88DM9 

284 CONNER PERIPHERALS (N.A.) 225 

67-68 CURTIS INC 182 

200-201 GRANITE DIGITAL 269 

246-247 KINGSTON TECHNOLOGY 147 

156-157 MICRO SOLUTIONS COMP PROD 247 

248-249 MICROPOLIS CORP (N.A.) 116-117 

91-92 PINNACLE MICRO 7 


8 DISKmES/DUPLICATORS 
128-129 AERONICS INC 39 


9 FAX BOARDS/MACHINES 

212·213 ADVANCED IMAGE COMMUNICATIONS 269 

203-204 PIKA TECHNOLOGIES 266 


10 GRAPHICS TABLETS/MICE/ 
PEN INPUT 

534-535 AAISTO GRAPHIC SYSTEMS 321S 17 


11 KEYBOARDS 
503 CHERRY MIKROSCHALTER GMBH 321S 12-13 

151 DATALUX CORPORATION 242 

1n HOOLEON CORPORATION 269 

215·216 JNL COMPUTER PRODUCTS VO 


12 LAN HARDWARE 
235-236 AEROCOMM WIRELESS INC 266 

501-502 BOCA RESEARCH INC 321S 30 

504-505 COMPEX INC (INrL) 127 

147-148 CYBEX CORPORATION 243 

149-150 CYBEX CORPORATION 255 

508-509 CYBEX CORPORATION (INT'L) cm 

544-545 ERGOTRON EUROPE 321S 7 

153-154 FIRST SOURCE INT'L 252 

88-89 PC POWER & COOLING 45 


13 LAPTOPS & NOTEBOOKS 
299 BADGER COMPUTER 162H 

239 COMPAQ (N.A.) 127 

202 EDUCALC 270 

141 FIELDWORKS 228 

527 FIRST INTERNATIONAL COMPUTER 321$ 2 


JDR MICRODEVICES 263 

2n MICAO·INTERNATIONAL INC 162E 

517 OLI VETII S.P.A. (INT'L) 12-13 

169 PC'S COMPLEAT 244-245 

120-121 SCEPTRE TECHNOLOGIES 205 

117·118 TADPOLE TECHNOLOGY 29 

106-107 TEXAS INSTRUMENTS 34.35 

108 TOSHIBA AMERICA INC 2-3 

124 WINBOOK COMPUTER CORP (N.A.) 11 

112 ZEOS INTERNATIONAL 1n 

11 1 ZEOS INTERNATIONAL 201 


14 MAIL ORDER 
563 AL TEX ELECTRONICS 260NE 2-3 

564 AL TEX ELECTRONICS 260$0 2-3 

145 COMPUTER DISCOUNT WAREHOUSE 240-241 

146 COMPUTERLANE UNLTD 248 


category No. 

Inquiry Na. Plll/eNo. 


155 JAMECO ELECTRONICS 253 

285 NEVADA COMPUTER 258 

169 PC'S COMPLEAT 244-245 

160 WORLDWIDE TECHNOLOGIES 256 


15 MEMORY/CHIPS/ 
UPGRADES 

ADVANCED MICRO DEVICES (N.A.) 12-13 

153·154 FIRST SOURCE INT'L 252 

' INTEL CORPORATION (N.A.) 32A·D 

155 JAMECO ELECTRONICS 253 

402-403 KINGSTON TECHNOLOGY 88DM 21 

166-167 L A TRADE 246 

139 NEXGEN 189 

404-405 ROSS TECHNOLOGY INC 88DM 15 

160 WORLDWIDE TECHNOLOGIES 256 


16 MISCELLANEOUS 
HARDWARE 

130 CALIFORNIA PC PRODUCTS INC 229 

78 INTEGRAND RESEARCH 226 

168 PACIFIC COAST MICRO 254 

88-89 PC POWER & COOLING 45 


17 MODEMS/MULTIPLEXORS 
212·213 ADVANCED IMAGE COMMUNICATIONS 269 

501·502 BOCA RESEARCH INC 321S 30 

' JOA MIC RODE VICES 263 

196 STARGATE TECHNOLOGIES 267 

197 STAR GATE TECHNOLOGIES 267 

540·541 TELELINK AG 321S 14 


18 MONITORS & TERMINALS 
240-241 CTX INTERNATIONAL INC 149 

531·532 DAEWOO (INT'L) 11 

151 DATALUX CORPORATION 242 

518 KUO FENG CORPORATION (INT'L) 121 

82-113 NANAO USA CORP (N.A.) 71 

251·252 OPTIOUEST 162A 

170-171 ORCHESTRA MULTlSYSTEMS 264 

266 SAMSUNG ELECTRONICS 143 

258-259 SAMTRON DISPLAYS INC (N.A.) 161 

79-aO SMILE INTERNATIONAL INC (N.A.) 98 

109-110 VIEWSONIC 47 


19 MULTIMEDIA/CD-ROM 
286 ADAPTEC 264 

561-562 APE PTACEK ENGINEERING GMBH 321S 9 

223-224 BOXLIGHT CORPORATION VO 

175 CONTROL VISION 270 

115 CREATIVE LABS INC 59 

267-268 DATADISC 155 

538-539 FAST MULTIMEDIA 321S 5 

' NEKOTECH 88DM 7 

273-274 OMNICOMP GRAPHICS CORP 162C 

126-127 PLEXTOR 21 

293-294 PROXIMA CORPORATION 150 

' SILICON GRAPHICS (N.A.) 141 

530 VIDEO NT I VITEC (INT'L) 101 


57 PCMCIA 
559-560 CALLUNA TECHNOLOGY LTD 321S 22 


20 PRINTERS/PLOTTERS 
235-236 AEROCOMM WIRELESS INC 266 

575 AXIS COMMUNICATIONS (INT'L) 141 

271-272 DATAPRODUCTS 1620 

290 LEXMARK 119 

533 MANNESMANN TALLY 321S 15 

273-274 OMNICO ~p GRAPHICS CORP 162C 

105 TEKTRONIX 73 


21 PROGRAMMABLE 
HARDWARE 

144 BUFFALO INC 261 

51 4-515 FAST HARDLOCK 321S 27 

' JOA MICAODEVICES 263 


235-236 

563 

564 

575 

271 -272 

287 

544.545 

526 

203-204 

570-571 

208-209 

184 

275-276 

198-199 

546-547 

568-569 

196 

197 

187 

228 


5 

140 

122-123 

151 


555·556 

269 

416 

566 


179 

135-136 

116 


139 

86 

168 

169 

159 

523 


AEROCOMM WIRELESS INC 266 

ALTEX ELECTRONICS 260NE 2·3 

ALTEX ELECTRONICS 260S02-3 

AXIS COMMUNICATIONS (INrL) 
DATAPRODUCTS 
DIGITAL EQUIPMENT CORP 
ERGOTRON EUROPE 
MINICOM I CLASSNET VIDEO 
PIKA TECHNOLOGIES 
POLYGON GMBH DATA SYSTEMS (INrL) 
RCI 
RHETOREX INC 
ROSE ELECTRONICS 
SIGMA TECH SOFTWARE 
SOLID COMPUTER GMBH (INrL) 
SOLID COMPUTER GMBH ("ffl) 
STAR GATE TECHNOLOGIES 
STAR GATE TECHNOLOGIES 
TALKING TECHNOLOGY INC 
TIM NEDERLAND 

COMPUTER SYSTEMS 
BTG 
DATA STORAGE MARKETING INC (N.A 
DATALUX CORPORATION 
DELL COMPUTER CORP (N.A.) 
DELL COMPUTER CORP (N.A.) 
DIGITAL INFO SERVICE (EUROPE) 
DIGITAL INFO SERVICE (EUROPE) 
GATEWAY 2000 
GATEWAY 2000 
IBM 
INTEGRIX INC 
INTEGRIX INC (INT'L) 
INTEL CORPORATION (N.A.) 
KILA 
MEDIA ON (N.A.) 
MICRON COMPUTER 
NEKOTECH 
NEXGEN 
NSTL 
PACIFIC COAST MICRO 
PC'S COMPLEAT 
RECORTEC INC 
SIEMENS NIXDORF INFO (INrL) 
SILICON GRAPHICS (N.A.) 

141 

1620 


106-107 

32JS7 


321S 10 

266 

183 

267 

267 


1620 

268 


81 

153 

267 

267 

268 

271 


198 

36 


242 

cm 

CIV 


321S 21 

321S 23 


49 

51 


112·113 

88DM 11 


161 

32A·D 


268 

174 


Cll-1 

88DM7 


189 

235 

254 


244-245 

259 

111 

141 
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Catetory No. 
Inquiry No. 

CatetoryNo. Category No. 

Inquiry No. Page No. Inquiry No. Page No. 


SOFTBLOX INC 16328 DATA ACQUISITION I98 
278-279 
192 

56 
152 
172-173 

22 

63 

52 
237 
503 
514·515 
98 
278-279 

23 
128·129 
291·292 
557·558 
284 
73-74 
15&-157 
183 
205·206 
21().211 

24 
62 
71·72 
576 
253-254 
521·522 
88-89 

55 
228 

RAINBOW TECHNOLOGIES 
WIBU 
Z-WORLD ENGINEERING 

RAID DRIVE ARRAYS 
DISTRIBUTED PROCESSING TECH 
RAIDTEC CORPORATION 

SCANNERS/ OCR/ 
DIGITIZERS 

BELL & HOWELL INC 

SECURITY 
ADVANCED ENGINEERING CONCEPTS 
CHERRY MIKROSCHALTER GMBH 
FAST HARDLOCK 
RAINBOW TECHNOLOGIES 
WIBU 

TAPE DRIVES 
AERONICS INC 
ANDATACO 
COMBYTE INC 
CONNER PERIPHERALS (N.A.) 
EXABYTE CORPORATION 
MICRO SOLUTIONS COMP PROD 
OUALSTAR CORP 
SHAFFSTALL CORP 
TAPEDISK CORPORATION 

Page No. 

55 
162B 

270 

250 
262 

79 

270 
321S 12·13 

321S 27 
55 

162B 

39 
162F·G 
321S 25 

225 
19 

247 
271 
271 
271 

UPS/ POWER MANAGEMENT 
AMERICAN POWER CONVERSION 
DELTEC I NSSI 
FISKARS POWERS SYSTEMS (INT'L) 
MINUTEMAN 
MINUTEMAN 
PC POWER & COOLING 

VOICE TECHNOLOGY 
TIM NEDERLAND 

16·17 
96 
98 

120 
321S 16 

45 

271 

233-234 
181 
186 

29 
283 
289 
577 
55().551 
520 
262·263 
238 

30 
519 

31 
506 
553-554 
542·543 
244·245 
552 
113-114 
519 
182 

33 
534·535 
66 
214 
572 
280 
82-83 
293-294 

34 
295 

35 
145 
507 
516 

36 

182 
104 
226 

37 

528 
138 

38 
450 
70 
132 

39 
95 
256-257 
41().411 

40 

DASYTEC 
NATIONAL INSTRUMENTS 
SILICONSOFT INC 

DATABASE 
COMPUTER ASSOCIATES-REALIA 
COMPUTER ASSOCIATES·UNICENTER 
DR HUGGLE & PARTNER GMBH (INT'L) 
HYPERSYSTEMS 
MAGIC I MSE (INT'L) 
QUALCOMM 
REAL TIME SYSTEMS 

EDUCATIONAL 
LOGIC PROGRAMMING ASSOCIATES 
MCGRAW HILL NRI (N.A.) 

272 
272 
269 

57 
115 
197 

321S 20 
71 

159 
272 

321S 14 
212A·B 

ENGINEERING/ SCIENTIFIC 
COBALT BLUE 
EUROSOFT TECHNOLOGY 
F & H SIMULATIONS (INT'L) 
INTERGRAPH 
INTERSIS AUTOMACAO 
ITERATED SYSTEMS 
LOGIC PROGRAMMING ASSOC 
PERSONAL TEX 

GRAPHICS 
ARISTO GRAPHIC SYSTEMS 
COREL CD CREATOR 
EMATEK GMBH 
EMATEK GMBH (INT'L) 
MIPS DATALINE AMERICA INC 
NANAO USA CORP (N.A.) 
PROXIMA CORPORATION 

MACINTOSH 
TENONINTERSYSTEMS 

MAIL ORDER 
COMPUTER DISCOUNT WAREHOUSE 
COMPUTER QUICK 
GREY MATIER LTD (INTL) 

MATHEMATICAL/ 
STATISTICAL 

PERSONAL TEX 
STATSOFT 
VISUAL NUMERICS 

MISCELLANEOUS 
SOFTWARE 

ON TIME MARKETING 
THE LEARNING CURVE 

ON·LINE SERVICES 
AMERICA ONLINE INC (N.A.) 

BIX 

DELPHI INTERNET SERVICES 

PSI (N.A.) 


OPERATING SYSTEMS 
QNX SOFTWARE SYSTEMS LTD 
QUARTERDECK OFFICE SYSTEMS 
TRITEAL CORPORATION 

PROGRAMMING 
LANGUAGES/ TOOLS 

229-230 AOONTEC GMBH 
281 CASEWISE LTD 
506 COBALT BLUE 

CONSENSEYS CORP 
COPIA INTERNATIONAL LTD 

264 DATA FOCUS (N.A.) 
214 EMATEKGMBH 
519 LOGIC PROGRAMMING ASSOC 
520 MAGICIMSE (INT'L) 

MICROSOFT CORPORATION 
81 MICROWAY 
250 MKS/MORTICE KERN SYSTEMS 
131 OBJECTS INC 
528 ON TIME MARKETING 
255 POPKIN S/W & SYSTEMS INC (N.A.) 
119 POWERSOFT CORPORATION (N.A.) 
100 SEOUITER SOFTWARE INC 

3215 24 
321S 32 

69 
129 

321518 
88 

321S 14 
272 

321S 17 
27 

272 
97 

162B 
71 

150 

880M 10 

240·241 
321S 31 

36 

272 
95 

273 

321S 24 
78 

180A·B 
285 
231 
101 

8·9 
130 

88DM 2 

273 
187 

321S 24 
88DM 4 

38 
145 
272 

321S 14 
71 
15 

222 
118 
193 

321S 24 
153 
69 

169 

288 
282 

41 
61 
163 
512·513 
514-515 
n 
76 
98 
297 
278-279 

45 
506 

264 
549 
75 
296 
40().401 
142-143 
295 

WATCOM·C/C++ 10.0 
WATCOM·SOL 

SECURITY 
ALADDIN KNOWLEDGE SYSTEMS 
DALLAS SEMICONDUCTOR 
EUTRON 
FAST HARDLOCK 
GLENCO ENGINEERING (INT'L) 
GLENCO ENGINEERING (N.A.) 
RAINBOW TECHNOLOGIES 
SOFTWARE SECURITY 
WIBU 

UNIX 
COBALT BLUE 
CONSENSEYS CORP 
COPIA INTERNATIONAL LTD 
DATA FOCUS (N.A.) 
DISTINCT CORPORATION 
FRAME TECHNOLOGY (N.A.) 
IEM INC 
INTERGRAPH I SOFTWARE DIVISION 
SOFTWAY AMERICA INC 
TENONINTERSYSTEMS 

41().41 1 TRITEAL CORPORATION 
407 

46 
61 
125 
161 
93 
94 
238 
21().211 
138 

47 
137 

69 
549 
217 
412·413 
133·134 
22().221 
194-195 
82-83 
186 
227 
124 

48 
75 
133-134 
99 

VISIONWARE 

UTILITIES 
ALADDIN KNOWLEDGE SYSTEMS 
LOGICIELS ET SERVICES DUHEM 
MICR02000 
PKWARE INC 
PKWARE INC 
REAL TIME SYSTEMS 
TAPEDISK CORPORATION 
THE LEARNING CURVE 

WINDOWS 
BBN SOFTWARE PRODUCTS (N.A.) 
CONSENSEYS CORP 
COPIA INTERNATIONAL LTD 
DATASTORM TECHNOLOGIES (N.A.) 
DISTINCTCORPORATION 
FUZIWARE INC 
ICL (EMBLA) 
ICONOVEX INC (N.A.) 
MENAI CORPORATION 
MICROCAL SOFTWARE INC 
NANAO USA CORP (N.A.) 
SILICONSOFT INC 
VISUAL NUMERICS 
WINBOCK COMPUTER CORP (N.A.) 

SOFTWARE 
25 
137 
225 

293·294 
238 
138 

26 
534-535 
162 
244·245 
536-537 

27 

573-574 
158 

529 
260 
504·505 
222 
264 
69 
243 
242 
549 
153·154 
412-413 
261 
301 ·302 
84-85 
90 
262·263 
546-547 
101-102 
524 
103 
295 
228 
530 
525 

BUSINESS 
BBN SOFTWARE PRODUCTS (N.A.) 
MAILER'S SOFTWARE 
ORACLE CORPORATION (N.A.) 
PROXIMA CORPORATION 
REAL TIME SYSTEMS 
THE LEARNING CURVE 

CAD/ CAM 
ARISTO GRAPHIC SYSTEMS 
CADSOFT COMPUTER INC 
INTERGRAPH 
MICRODATA SYSTEM SRI 

COMMUNICATIONS/ 
NETWORKING 

ARTISOFT UK (INT'L) 
AVALAN TECHNOLOGY 
BEAME & WHITESIDE SOFTWARE 
BEAME & WHITESIDE SOFTWARE 
BEAME & WHITESIDE SOFTWARE (N.A.) 
COMPEX INC (INT'L) 
CR SYSTEMS 
DATA FOCUS (N.A.) 
DATASTORM TECHNOLOGIES (N.A.) 
DELRINA FORMFLOW 
DELRINA WINFAX PRO 
DISTINCT CORPORATION 
FIRST SOURCE INT'L 
ICL (EMBLA) 
LANSOURCETECHNOLOGY 
LOCUS COMPUTING CORP (INT'L) 
NORTON-LAMBERT 
PERSOFT INC 
QUALCOMM 
SOLID COMPUTER GMBH (INT'L) 
SPSS INC 
STAC ELECTRONICS (INT'L) 
STAC ELECTRONICS (N.A.) 
TENONINTERSYSTEMS 
TIM NEDERLAND 
VIDEO NT I VITEC (INT'L) 
WALKER, RICHER & QUINN (INTL) 

81 
271 
111 
150 
272 

78 

321S 17 
257 
129 

321S 18 

157 
261 

321S 28 
321S 29 

157 
127 
271 
145 
219 
135 
133 

321S 6 
252 

88DM8 
162 
170 
63 

223 
159 

81 
173 
CIV 
121 

88DM 10 
271 
101 
85 

WORD PROCESSING/ DTP 
FRAME TECHNOLOGY (N.A.) 

ICONOVEX INC (NA) 

SCITOR CORPORATION (N.A.) 


GENERAL 

49 
65 

51 

548 

565 
300 

BOOKS/ PUBLICATIONS 
BYTE ON CD ROM 
COMPUTER MUSEUM 
COMPUTER PROFESS' BK SOC (N.A.) 
COM PUTER PROFESS' BK SOC (N.A.) 
OSBORNE MCGRAW-HILL 
OSBORNE MCGRAW-HILL 
OSBORNE MCGRAW·HILL (INTL) 

MISCELLANEOUS 
BYTE ANNIVERSARY POLL 
BYTE BACK ISSUES 
BYTE BACK ISSUES 
BYTE BACK ISSUES (INTL) 
BYTEMOVING 
BYTE EDITORIAL SURVEY 
BYTE EURODECK (CD) 
BYTE NETWORKING 
BYTE READER (INTL) 
BYTE REPRINTS 
BYTE SUB MESSAGE 
BYTE SUB MESSAGE 
COMPEXPO I COMPFAIR 
DATAPRO (INTL) 
OECUS I TALLEY MANAGEMENT GROUP 

25 
164 

87 
262 

3215 8 
321S27 

103 
103 
55 

160 
162B 

321S 24 
88DM4 

38 
145 

321S 6 
97 

88DM 23 
88DM 19 

38 
88DM 10 
88DM2 

880M13 

87 
228 
251 
104 
180 
272 
271 

78 

81 
88DM4 

38 
219 

32IS6 
273 

88DM8 
85 

273 
273 

71 
269 
274 
11 

97 
85 

183 

184 
178 

196A·B 
197 

40·41 
260 

112·113 

170 
260NE 4 
260SO 4 

225 
321S 20 

82 
170 
210 
174 
219 
138 

321S 10 
321S 26 
116-117 

260SO 1 
MITSUBISHI MOTOR SALES OF AMER (N.A.)138A·D 

SOFTWARE PUBLISHER'S ASSOC 191 

THE COMPUTER MUSEUM 220 
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For more information on any of the companies covered in articles, columns, or news stories 
in this issue, circle the appropriate inquiry number on the response card. Each page number 
refers to the first page of the article or section in which the company name appears. 

EDITORIAL INDEX 


Inquiry No. Inquiry No. Pll/l&No.
Pll/feNo. I 
 Inquiry No. Page No. 

1026 
1042 

Rockwell 
R-Tek Research 
RVS Datentechnik 

60 
321S 11 
321S 19 

1290 

5 
Saber Software 
Sampo Technology 

75 
233 

1361 Samsung Electronics America 194 
1372 Sceptre Technologies 194 
1006 Seiter 185 

Secure Computing 99 
Security Dynamics 99 

1021 , Sharp Electronics 321S 13, 321S 18 
1035 

Siemens Nixdorf 321S 3 
Silicon Graphics 28, 67, 88DM 17 

1046, Sof1Key International 321S 19, 
1055 321S 28 

Software Publishers Association 75 
Software Pundits 131 

1032 Spider Systems 321S 18 
Spry 83 
Spyg1ass 83 
Sterling Software 60 

1003 Sun Microsystems 67, 171, 
88DM 5, 88DM 17 

Sybase 88DM5 
1007 Symantec 75, 185 

T 
Tally Systems 75 

1276 Tandberg Data 232 
Tandem 108, 123 

1274 Targe1Technologies 232 
1043 TCP Informatica y 321S21 

Topografia 
1281 Telebyte 232 
1362 Texas Instruments 33, 194 
1310 3M Optical Systems 234 
1363, Toshiba America 194 
1373 lnforma1ion Systems 

Total Clearance 32 
Trimble 60 
Trusted Information Systems 91 

1364 Twinhead 194 

u 
1282 UMax Technologies 233 
1365 Unisys 26, 42. 194 
1278 Unlimi1ed Systems 232 

v 
1300 Vermont Microsystems 236 

ViewSott 30 
1293 Virtual i-0 233 

w 
1045 Widget Software 321S 32 
1366 WinBook Computer 194 
1424 WinSott International 321S21 

WordPerfect 30 
1295 Worl<Group Solutions 237 

y 
1423 	 Yonowat 321S 26 

z 
1160, Zeni1h Data Systems 194, 221 
1367 
1368 Zeos International 

A 
1272 AeroComm 233 
1031 	 ALPS Electric Ireland 321$ 13 

ALA 42 
American Mobile Satellite 60 
Andyne Computing 139 

1002, Apple Computer 22, 33, 165, 
1149 175, 221, 88DM 17 
1319 Applied Voice Technology 237 
1346 Aquiline 194 
1049 Arc lnformatique 321S 24 
1029 Arcom Conrrol Systems 32fS 11 
1421 Ark Angles 321S 31 
1148 Artisott 221 
1427 Asgard Software 321S 28 
1422 Associa1ed Computer 32fS 28 

Experts 
1347 AST Research 42. 194 

AT&T 42, 67, 123, 321S 3, 88DM 17 

Inquiry No. 

Mercury Research 
1287 Merritt Computer Products 
1357 Micro International 
1309 MicroNet Technology 

Micropath 
1057 Micro Planning 

International 
1000 Microplex Systems 
1159 Microprose Software 
1005, Microsoft 10, 26. 75. 108, 131 , 
1008, 1150 151 . 167, 175. 185. 215, 221 

1369 AT&T Global 
Information Solutions 

1302 Atemi 
1053 Anar Software 
1283 Aurora Technologies 
1348, Austin Direct 

1358, NEC Technologies 194 

1349 

1044 

1285 
1321 
1322 

1277 

Au1odesk 
Automated Programming 
Techniques 

B 
BBN Internet Services 
Bedini Electronics 
Blue Sky Sohware 
Bluestone 
Borland International 
Bridgette 
Burton Group 
Business Research Group 
BusLogic 

c 
CheckPoint Software 
Technologies 

1056 	Cheyenne Software 
Ciscc Systems 

1350 	 Compaq Compu1er 
CompuAdd 
CompuServe 

1004, Computer Associates 
1010 International 
1036 Computers Unlimited 
1291 Computone 
1426 Contemporary Software 
1153 Creative Labs 
1147 Crescent Software 

Cutting Edge 

D 
Data General 

1279 Data Race 
1286 Dayna Communications 
1351 Dell Computer 
1352 DFI 
1308 DigiBoard 

194 

236 
321$31 

233 
194 

28 
321S 19 

91 
233 
237 
237 

30, 175 
22 
26 
75 

234 

89. 99 

321$ 20 
139 

23, 194 
22 
26 

179, 185 

321S 14 
234 

321S 24 
221 
221 

22 

88DM 5 
232 
232 

42, 194 
194 
233 

1289 
1354 

1039 

1041 
976 
1299 
1288 

1050 

1156 

1312 
1058 

1059 

1355 

1030 

1151 

1356 
1303 

1022 
1306 

977 

1038 
1028 

1047 

1294 
1020 
1158 

1154 

1301 
1275 
1311 
1425 

DP! 

DTK Computer 


E 
Ecosystems 
Elan Computer Group 
Emultek 
ERA Technologies 
EWB 
Extended Systems 

F 
4-Sight 
Frye Computer Systems 

G 
Gartner Group 
Gateway 2000 
Global Information Systems 42 
Golden Bow Systems 22 1 

H 
HawkNet 237 
Headway Image Enab:ing 321S 19 
Group 

Headway Technology 321S 22 
Group 

Hewlett-Packard 23. 33. 42, 108, 
175, 194, 213, 321S 4, 88DM 5, 
88DM 17 

Highmead Technologies 321S 13 
Hitachi 33 
Holistic Systems 139 

IBM 23. 33, 42, 67, 108, 123, 139. 
175, 211, 221 , 88DM 5. 88DM 17 

1353 Digital Equipment 42, 99, 108, 
123, 151 , 194. 88DM 17 

Digital Pathways 99 
Dimensional Insight 139 

1370 Dolch Compu1er Systems 194 

IBM Personal Computer 
ICL 
fconovex 
IMC 
lnsitu 
Intel 
Interference Technology 
International 

lnterleaf 
fmerlink Communications 
lsocor 

K 
Karl Net 
Kenan Technologies 
Koch Media 

L 
Legacy Storage Systems 
Logi 
Logttech 
Lotus Development 

M 
Magellan Systems 
Maxoptix 
McAfee Associates 
Mccarter & English 
McCormick Software 
MDA 
Mega Drive Systems 
Menial Automation 
Mercury Interactive 

232 
194 

321S 18 
75 

321S 20 
321S 10 

236 
233 

321S 19 
75 

75 
42 

194 
237 
83 

321S 14 
•236 

33, 42 
321S 10 

83 
321S 16 
321S 14 

91 
139 

321S 21 

234 
321S 11 

221 
131 

60 
221 

75 
32 
60 

236 
232 
236 

32fS 26 

1280 
1371 
1146 

1024 
1284 

1296 

1359 

1054 

1001 
1037 
1325 

1052 
1051 

1157 
1317 O'Soft 

1023 
1360 
1155 

1025 

1273 

1307 
1304 
1292 
1270 

1152 
1315 
1027 

1271 
1305 

Milan Technology 
Mttsuba 
Modular Systems 
MoSys 
Motorola 
M-Systems 

N 
National Institute of 
Standards and Technology 

Natural Intelligence 236 

Netscape Communications 28, 83 

Neural Computer Sciences 321S 22 

New World Mgijia 26 
Next Computer 175 
Nighthawk Electronics 321S 16 
Norman Data Defense 237 
Systems 

Norton Innovations 30 
Novell 123 
Number Nine Visual Technology 24 

0 
Optonica 
Opus One 
Oracle 
Orange Micro 
Origin Systems 

p 
P&L Systems 
Panasonic Personal Computer 194 
PC Power & Cooling 221 
Personal Assets 75 
Management lnsli1ute 

Perspective Scientific 32fS 13 
Pi lot Software 139 
Pinnacle Micro 234 
Planning Science 139 
Polhemus 28 
Power Computing 22 
PowerSolutions for Business 237 
Praxisoh 236 
PADS 234 
Progess Software 88DM5 

Q 
Quarterdeck Office Systems 221 
Ouinn·Curtis 
Ouintek 

R 
Radius 
ADI Computer 
Renaissance Information 
Technology 

IS pages appear only in the International edition. OM pages appear only in the Demographic edition. 
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Page No. 

24 
234 
194 
234 

75 
321S 20 

181 
221 

181 , 234 
194 
221 

24 
211 , 321S 11 

233 

28 

321S31 
32fS 32 
88DM 5 

22 
221 
237 

321S 11 

237 
321S 16 

22 
232 
236 

194 



BIR: Vour [oac:h 

to th~ Int~rn~t' 


Give BIX a try with our new 5 for Free Offer! Join BIX 

today and get 5 hours of evening and weekend access for freel 

Take the rest of the calendar month to explore BIX, and then 

contin ue for our standard $13 monthly m embership fee.ee Further details and complete rate information are 

provided during registration . Using any communications 

program, dial 1-800-695-4882. At the " logon " prompt enter bix . 

Then at the " name?" prompt enter bix .byte39. If you have any 

questions, ca ll us at 1-800-695-4775 (voice). Or fax us at 617-491 -6642. 

Send Internet mail to info@bix.com. Windows users can order BIXnav, our graphical 

interface for BIX, for easy point and click access. Details are available during registration . 

Under the s '°'Free plan, day!JfllEI rates (S9/hr.)apply for access during pnmo time hours. The S lor Frco 0!!01is va11d lor fl1&Hlmo members only 

Circle 450 on Inquiry Card. 

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 BIXI 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 yo_u're looking for. 

Anytime you need help, just join our 

special 'internet' conference and get 

fast answers to your questions. 

As you become more fami liar with the 

Internet. you'll be able to download 

files from all over the world using FTP, 

connect to other sites and services 

through te lnet. 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 technica l team! 

IJIX 
If you caH hack it 

mailto:info@bix.com


Commentary Sal Salamone 

Compatibility Testing 
Tips for finding happiness in a 

heterogeneous environment 

A 
re you having trouble in your personal re
lationships? Does it take you too long to 
reali ze you ' ve got nothing in common 
with your companion? Too many dates 

where you discover that the person is a psycho, but you 
failed to read the clues? Well , friend s, don ' t de pa ir. 
Computers can help. 

You can avoid disastrous dates and even find a soul 
mate by using thi s simple technique: Study how that per
son uses a computer. After a ll , computers reveal a lot 
about a person's temperament, philosophy of life. and 
mental welt-being. 

If, for instance, the person you ' re intere ted in uses 
three or four virus-scanning programs simultaneously 
and has devi ed seven levels of password protection (in
cluding some based on tokens and biometric input) just 
to get pa ·t the DOS prompt, you might be dealing with 
someone who is, shall we say, a tad insecure. 

Want to know how someone feel s about the whales 
and environmental issues? Check their desktop to see if 
they leave lots of applications open. lf they do, chances 
are they are not attuned to Planet Earth. Memory i like 
water: There's lots of it around, but it 's not unlimited. A 
person who wastes memory is probably careless with 
other limjted resource , too. 

What other traits can you tell from studyi ng a per
son's computer habits? How about tas te? ( Like, if t11ey 
have any.) You can bet the woman with argyle wallpaper 
and the Hotdog Stand desktop ( bright red on brighter 
yellow) doesn ' t own many Donna Karan outfit . And 
the guy with a start-up screen that hows him sta nding 
next to the bloodied deer he bagged on his last hunting trip 
probably doesn' t wear Armani. 

Many things reveal a computer user's hidden person
ality traits. Is he or she easi ly impressed by size? Power? 
Clock speed? You' ll be a disappointment until you've 
gotten that big promotion. Does he or she always want 
products with glitzy features t11at cost a lot? Be careful. 
This person is going to expect a Caribbean vacation eve1y 
time a little anniversary ro ll s around. Computing habits 
provide so many clues to the real inner person. 

Software-purchasing habits are also a good indicator of 
how a person will be in a relationship. After all. whether 
you ' re looking for a mate or buying software, you' re re
ally looking for two things: compatibility and as little 
retraining as po sible. Some people spend a lifetime look
ing for the perfec t one; for others, three or four will do. 

Once you ' ve found that special person or software 
package, you' re dea ling with the same set of issues. 
There's that exc itement at the start of a relationship that 's 
the same as exploring the features of a new spreadsheet, 
word processor, or object-oriented development toolkit. 
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Tr ' s a lways fun at the beginning, but ome peopJe 
quickly tire of the familiar. Studying a person' software 
upgrade habits will give you a good indication of how tllat 
person wi ll re pond when the excitement of a new rela
tionship dies down. People who rush out and buy up
grades as soon as they ' re available are like ly to dump 
you for what they perceive to be a more enticing re la
tion hip. 

The irony i that most often, nothing really changes. 
When you upgrade to a new software package, you typ
ically use tlle same features the o lder version had. Like
wi e most people settle into the same routine tl1ey had 
with the previous partner; they eat at the same restau
rants, go to the same movies watch tlle same TV shows, 
etc. etc. , etc. 

Is loyalty important to you? lf you 're seeking someone 
who will stick it out in a relationshjp, find omeone who 
hasn' t upgraded their software in years. Look for some
one who's still using DOS versions of their favorite pro
grams. ( I d like to point out that tru article wa written 
with XyWrite n Plus 1.0, which was released in 1983.) 

Once you've found that special someone, you can use 
your computer skill s to make the relationship work. Con
sider, for example, how you'd handle an interfaith mar
riage. You have to make adj ustments. You have to fine
tune some settings. You have to honor the other person's 
holidays and try to understand the ir per. pective . 

Well , that 's a snap if you've worked in a mixed-oper
ating-system or multiprotocol environment. Dealing witll 
the most ardent rehgious zealot is notlling compared with 
trying to get a Mac disc iple to use an IBM PC or an old 
MCl Mai l user to get onto the Internet. 

The bottom line is that computers reveal a great deal 
about a person to potential suitors. They' re not called 
personal computers for nothing. • 

Sal Salamone is a news editor who is located in BYTE's 
Ma11ha11a11 bureau. You ca11 reach him 011 the lmem et or BIX 
m ssala111011e@ bix.co111. 

mailto:ssala111011e@bix.co111


IMAGINE 128-BIT 

Now you Jo n't have to because the Dell Dimension XPS P90 

system comes with the Imagine 12 Graphics Accelerator. W ithVIDEO. features such as nn awe-inspiring 128-bit graphics engine. And 

·corchingly fa t PC! local bus video. 

The result, states PC Campwing, is "the fastest 1:,iraphics ever." 

The Imagine 128 card provides a 128-bit data path between the 

graphics controller and the 4MB of high-performance VRAM. 

Which ensures that graphics performance remains as constant as 

possible acrossall colormodes, even true color. ( 16.8 million colors.) 

And who else but Dell wo uld be the fir. t to put this 

technology in a personal computer. To order the fastest video 

money can buy, call us today. You'll like what you see. 

TO ORDER, CALL NOW. 

800--876--1190 
Mun-Fu i .11n ·9rmCT • S.u 10am -6rmCT 

Sun llpm. Sp\\ CT 

In C3nada: Ca ll S00-668-3021 
h1q ://www.us.dcll.com/ 

IKcycodc #01012 1 

Dell's lealured computer 
artist is Diane Fenster 
ol Pacifica. CA. 

http:www.us.dcll.com


XPS P100 POWER 

Dell Dimension XPS P100 
A Pentium™ Processor-based 

100MHz System 


• Updated Pentium Chip 
• Mini Tower Model 
• 16MBRAM 
• 1 GB Enhanced !OE Hard Drive (lOrTIS) 
• VS17 Monitor (17" CRT. NI) 
• Imagine 128 Grapllics Accelerator 

witll 4MB VRAM 
• 4X Mulli-session CIDE CD-ROM Drive 
• Sound Blaster 16 Sound Card 
• Allee Lansing ACS-31 Speakers 
• 256KB Writeback Cache 
•	 MS Office 4.3. MS Booksllelf. 


ViS10 Express for MS Office 

• 3.5" Diskette Drive 
• Spacesaver Keyboard 

-" • MS-DOS 6.2/Microsoft Windows t 
T 3.1/ Mouse 

$3899 
Business Lease: $140/Mo. 
OrdorCode f 500049 

P75 UNDER 52000 

Dell Dimension XPS P75 
A Pentium Processor-based 

75MHz System 


• Updated Pentium Cl1ip 
• Mini Tower Model 
• 8MBRAM 
• 540MB Hard Drive (12ms) 
• VS15 Monitor (1 5" CRT. NJ) 
• 64 -bit PCI 2MB DRAM Video Card 
• 	·IX Multi -session EIDE CD-ROM 

Drive 
• 256KB Writeback Cache 
• 3.5" Diskette Drive 
• Spacesaver Keyboard 
• MS-DOS 6.2/Microsoft Windows 

3 1/MousP. 

* Add a 3COM ELl"'K Ill fl.lerwork 

l•nertace C3rd fer s12;! more. 


Business Lease: $72/Mo. 
O.dcr Code •500046 

XPS P100 WORKSTATION 

Dell Dimension XPS P100 
A Pentium Processor-based 
100MHz System 

• Updated Pentium Chip 
• Mini Tower Model 
• 16MB RAM 
• 1GB Enhanced JOE Hard Drive (1om 
• VS17 Monitor (17" CRT. NI) 
• Imagine 128 Graphics Accelerator 

with 4MB VRAM 
• 4X Multi-session EIDE CD-ROM Dm1 
• 256KB Writeback Cache 
• 3.5" Diskette Drive 
• Spacesaver Keyboard 
• MS-DOS 6.2/Microsoft Windows 


3.1/Mouse 


* Upgrade to 32MB of RAM tor }'Oll 

most demanding applicaricns tor 
just $600 more. 

$3549 
Business Lease: $128/Mo. 
OrdorCodo•S00048 

4660 POWER SYSTEM 

Dell Dimension 4660 
lntelDX2'u 66MHz System 

• 8MBRAM 
• 365MB Hard Drive (12ms) 
• VS15 Monitor (1 5" CRT. NI) 
• Accelerated Local Bus Video with 

1MBDRAM 
• 128KB Cache 
• 3.5" Diskette Drive 
• Spacesaver Keyboard 
• MS-DOS 6.2/Microsoft Windows 

3. 1/Mouse 

* Add a f4.. 1 fax modem for 1us1 

S99more. 


Business Lease: $55/Mo. 
O.dcr Codo •400041 

P75 OFFICE WORKSTATION 

Dell Dimension XPS P75 
A Pentium Processor-based 

75MHz System 


• Upclated Pentium Chip 
• Mini Tower Model 
• 8MB RAM 
• 1GB Enhanced IDE Hard Drive {10ms} 
• VS 15 Monitor (15' CRT. NI) 
• 64 -bit PCI 1MB DRAM Video Card 
• 4X Multi-session EIDE CO-ROM Drive 
• Sound Blaster 16 Sound Card 
• AJtec Lansing ACS-31 Speakers 
• 256KB Writeback Cache 
• MSO!lice 4.3 . MS Bookshelf. 


Visio press for MS Office 

• 3.5" Diskette Drive 
• Spacesaver Keyboard 
• MS-DOS 6.2/Microsoft Windows

f 3.1/Mouse 

$2399 
Business Lease: $89/Mo. 
Ord c rCodo•500042 

Dell's 1ea1ured compuler artist is Diane Fenster ol Pacilica. CA. 

P90 VALUE SYSTEM 

Dell Dimension XPS P90 
A Pentium Processor-based 
90MHz System 

• Updated Pentium Chip 
• Mini Tower Model 
• 8MB RAM 
• 540MB Hard Drive (12ms) 
• VS15 Monitor (15" CRT. NI) 
• 64-bit PCI 1 MB ORAM Video Card 
• ·1X Mulli-session EIDE CD ROM Drive 
• 256KB Writeback Cache 
• 3.5" Diskette Drive 
• Spacesaver Keyboard 
• MS-DOS 6. 2/ Microsoft Windows 

3.1 /Mouse 

• lncre..1so your avaJ/ablo resolurron
upgrade to 2/\ ra OPAi.A tor 559 more. 

Business Lease: $81 /Mo. 
OrderCode•500043 

• t J tu!TGJll l't'.) tmu6hlc 1111hc u . .s vnh fur Tl"J..-0h.'TCJ i)\l11('r .S nf Ddl Drmen..W lll l )\h.' HU r>md11~d u/fL'T rll /93 linJ Ddl Lu lf l.UU sy~h.'Tfl'o flurduucJ (lj ll'T /8N~ . ' Fur a complctl.! CC 'fl 

111 c~m1 fn nute bcm1tms .. Ol311)Zn,·n k .umg tDTclni;:c·:..I 11) l..ca.sm~ Gr011p, lr.c • Pnct1 11nJ .sp<'nflamons ' "'t11J 111 rlic U S. emf::- mL.J su hj(Cl cv dums:t u11hou1 rnmu . Tht 
FO RTUNE GLOBAL 500 i:s 11 trn.:knurrk of th..· Tune Inc. Mnct1:=:mt: Corf>. H.1wkE)'c 1s u l'l't:i.w..7-f~·,f mukmark n/ Numlici 1 ult' Corp. Dd/ disclaim~ /1rupni:t.:ry imc..•rc-'>f Ill Uk: mari 
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XPS P90 WORKSTATION 

Dell Dimension XPS P90 
A Pentium Processor-based 
90MHz System 

• Updated Pentium Chip 
• Mini Tower Model 
• 16MB RAM 
• lGB Enhanced IDE Hard Dnve (10ms) 
• VS15 Monitor (15" CRT, NI) 
• 64-bit PCI 2MB DRAM Video Card 
• 4X Mull i-session EIDE CD-ROM Drive 
• Sound Blaster 16 Sound Card 
• Altec Lansing ACS-5 Speakers 
• 255KB Writeback Cache 
• 3.5" Diskette Drive 
• Spacesaver Keyboard 
• MS-DOS 5.2/Microsoft Windows 

3.1/Mouse 

* Add a Conner 2fXJ/400MB tape 
• b..1ckup umr for fJSI 5199 more. 

$2899 
Business Lease: $107/Mo. 
Ordor COdo 1500047 

4660 WORKSTATION 

Dell Dimension 4660 
lntelDX2 66MHz System 

• 4MBRAM 
• 270MB Hard Dnve (13ms) 
• VS15 Monitor (15" CRT. NI) 
• Accelerated Local Bus Video with 

lMBDRAM 
• 128KB Cache 
• 3.5" Diskette Drive 
• Spacesaver Keyboard 
• MS-DOS 6.2/Microsoft Windows 

3. 1/Mouse 

* Double your PAM for JUSI 5150 

more. 


.$1299 
Business Lease: $48/Mo. 
Order Code • 400043 

ACTIVE MATRIX 100MHz 

Dell Latitude XP 
lntelDX4 lOOMHz System 

• 9.5" Active Matnx Color 
• 8MB RAM (36MG Max RAM) 
• 340MB Removable Hard Drive 

(810MB Max) 
• Smart i..Jth1um Ion Battery with 

Advanced Po ver Management 
• 32-bit Local Bus Video. 

lMB Video RAM 
• 5. t Pounds 
• 3-year Warranty' 
• 30-day Money-back Guarantee" 
• Expansion Options Available 

$4199 
Business Lease: $151 /Mo. 
Order Code 160001 2 

lOOMHz ONLY 53299 

Dell Latitude XP 
lnte1DX4 lOOMHz System 

• 9.5" Dual Scan Color 
• 8MB RAM (36MB Max AMI) 
• 340MB Removable Hard Drive 

(810MB Max} 
• Smart 1..Jth1um Ion Battery with 

Advanced Power Manag·=ern 
• 32-bit Local Bus Video. 

lMB Video RAM 
• 5 9 Pounds 
• 3-year Warranty 
• 30-day Money-back Guarantee 
• Expansion Options Available 

Business Lease: $122/Mo. 
Orde rCcx:te•600025 

NEW 75MHz POWER 

Dell Latitude'M 
lntelDX4 75MHz System 

• 9.5" Dual Scan Color 
• 4MB RAM (20MB Max RAM) 
• 	34 B Upgradeable Hard Dnve 
(52~MB Max) 

• S99 more for 2nd N1MH Baltery 
(Sltdes into floppy drive to achieve 
ext>nded battery I fe) 

• 	22-bit Local Bus Video. 

1MB Video RAM 


• 5 Pounds 
• 1-year Warranty' 

• • 30-day Money-back Guarantee 

$2399 

Business Lease: $89/Mo. 
OrdorCode#600036 

SOMHz NEW LOW PRICE 

Dell Latitude 
lntelDX2 50MHz System 

• 9.5" Dual Scan Color 
• 4MB RAM (20MB Max RAM) 
• 260MB Upgradeable Hard Drive 

(524MB Max) 
• S99 more for 2nd N1MH Battery 

(Slides into floppy dnve 10 achieve 
extended battery lrfe) 

• 32-bit Local Bus Video. 

!MB Video RAM 


• 6 Pounds 
• 1-year Warranty 
• 30-day Money-back Guarantee 

t $1999 
Business Lease: $74/Mo. 
OrdorCodc•600022 

DELL SPECS 

A ll ofDell 's 

systems with 
Pent ium 
processors 

• ship with the 
new upd ated Penti um chip. 

Dell 's SelectC are'" program 
gives yo u a 3-yea r, o n-site, 
parts-and-labo r wa rranty 
(moni tor included) Dn a ll 
Dell Dimension deskrops fo r 
$ 199. A reassuring benefi t not 
offered by ot her competitors. 

uperio r 7-day-a-week , 24
ho ur-a-day cu ·romer service 

including guar:mteed : nexr
busi ncss-day, on -site service:' 

l 00% money-bnck guarantee: 
If ynu're not fully sa t isfied, 
return within 30 dnys fo r a 
full refund of purcha ·e price . 

Dell Computer Corporation , 
a ' 3 bi llio n company, is a 

memhc r of t he FORTUNE 
GLOBAL 500. '" 

TO ORDER, CALL NOW. 

800--934--5259 

~ lon-Fn 7am-9rm CT • S.u IO. un -6rm CT 


Sun 12p111 -5 p111 CT 


In ""'"da'. Ca ll 00·66 '-3:)2 1 

In l\1cno Rico'. Call -805-8030 

(In Sranbh .md Engli,hl 
h11p://www.11 >.Jell.c1 m1/ 
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WORK LONGER 
WITH LITHIUM IN YOUR 

Ir's amazing what a little lithium can do. SYSTEM. 
The Dell Latitude XP notebook is the first full -size notebook to 

introduce the smart lithium ion battery. This vastly superior technology 

instantly provides up to 30% more energy for the same weight as other 

batteries. Perhaps that's why Computerworld recently stated about the 

XP, "We have seen the future, and its Lithium." 

But our incredible battery life story goes beyond lithium ion. O ur 

battery includes its own microproce sor that communicates with the 

C PU to optimize energy usage. You can fa t charge in 1 Y? to 2 hours, 

even while yo u're using the Dell Latitude XP. And you never have to 

dra in the battery before recharging. 

Ca ll today to order this sleek linle ix-pound no tebook. You'll 

work such extended hours, your boss just might have you tested. 

TO ORDER, CALL NOW. 

800-873-5533 
M1 1ll ·Fri 7:'im -9pmCT • S.11 IJ.un-6pml.T • Sun l!r111 ·5rm CT 

In Canada: Call 00-668-302 1 
htrp://ll'ww.us.dell.com/ 

http:htrp://ll'ww.us.dell.com
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